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c a r b o n a te  o f  l im e  to  n e u t r a l is e . th e  e x c e s s iv e  a c id it y  o f  
t lie  w a te r  lia s  b e e n  a p p a r e n t ly ^ s u cc e s s fu l  in  so m e  ca se s .
I f  t lie  c o n ta m in a te d  w a te r  is  f i lt e r e d  t h r o u g h  s u ffic ie n t ly  
a c t iv e  a n im a l c l ia i 'c o a l*  th e  le a d  is  r e m o v e d , p r o b a b ly  
o w in g  to  th e  fo r m a t io n  o f  a n  in s o lu b le  p h o s p h a te . A s  
r e g a r d s  th e  su b s t itu te s  f o r  le a d  p ip in g  th e  f o l lo w in g  a re  
th e  c h ie f  : le a d  pipefe l in e d  w ith  b lo c k  tin  o r  a  b itu m in o u s  
c o a t i n g ;  ir o n  p ip e s , p la in  o r  g a lv a n is e d  o r  c o a te d  in t e r ­
n a l ly  w ith  A n g u s  S m ith ’ s v a r n i s h ; fin a lly , p ip e s  m a d e  o f  
f ru s t le s s  ir o n ’ b y  th e  B a r f f  p r o c e s s , o r d in a r y  ir o n  p ip e s  
b e in g  e x p o s e d , w h ils t  h o t , t o  s u p e r h e a te d  s tea m , th e  re su lt  
b e in g  th e  fo r m a t io n  o f  a th in  c o a t in g  o f  m a g n e t ic  iro n  
o x id e ,  F e 3 O 4. A  c le a n  fr e s h  s u r fa c e  o f  le a d  is  m o s t  r e a d ily  

* a t ta c k e d , h e n c e  n e w  p ip e s , o r  p ip e s  m u c h  b e n t  a n d  th e r e b y  
c r n c k e d  s u p e r f ic ia l ly ,  o r  p ip e s  w h ic h  a re  a lte r n a te ly  fu l l  
a n d  e m p ty , y ie ld  m o s t  le a d  to  th e  w a te r . W h e r e  le a d e n  
p ip e s  m u st  b e  u se d  th e  ta p  s h o u ld  b e  a llo w e d  to  ru n  f o r  a 
lit t le  t im e  b e fo r e  th e  w a te r  is  d r a w n  f o r  u se .

W a t e r  c o n t a in in g  tr a c e s  o f  Z in c ,  A r s e n ic  o r  C o p p e r  h a s  
g e n e r a l ly  b e e n  p o l lu t e d  b y  a c c id e n t a l  c o n ta m in a t io n  a n d  
s h o u ld  a lw a y s  b e  r e je c t e d .

T h e  I n o r g a n ic  im p u r it ie s  in  w a te r  a re , w ith  th e  e x c e p t io n  
o f  le a d , m o s t ly  im p u r it ie s  o f  s o u r c e , i.e., t h e y  a re  p r e s e n t  in  
th e  w a te r  b e fo r e  it  is  c o l le c t e d .  T h e  a n im a l a n d  v e g e ta b le  
im p u r it ie s  a re  g e n e r a lly  a d d e d  s u b s e q u e n t ly  i. e., im p u r it ie s  
o f  s t o r a g e  o r  d is t r ib u t io n . W a t e r ,  e s p e c ia l ly  in  I n d ia  is 

e x t r e m e ly  l ia b le  t o  b e  f o u le d  d u r in g  s to r a g e  w ith  d is ­
a s tro u s  re s u lts  t o  th e  u se rs  o f  th e  w a te r . T h e r e  is  p e r h a p s  
s a y s  P a r k e s  “ n o  p o in t  in  w h ic h  th e  a t te n t io n  o f  th e  
S a n ita r y  o ff ic e r  s h o u ld  b e  m o r e  c o n s ta n t ly  f ix e d  th a n  th a t  
o f  th e  s t o r a g e  o f  w a te r  e ith e r  o u  a  la r g e  o r  sm a ll s c a l e ”  
W h e r e  th e  d is t r ib u t io n  is  b y  h a n d  fr o m  a  d ir e c t  s u p p ly  
s itu a te d  in  a  c r o w d e d  s t r e e t  a n d  c o m m o n  to a ll u se rs  th e  
c h a n c e s  o f  a d d e d  im p u r it y  a re  e n o r m o u s ly  in c re a s e d  T h e  
w a te r  ca r r ie r s  o f  th e  E a s t  in c lu d in g  th e  lu d fn n  pal-dli n n d

* v. Filtnitiun of Wuter.
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bhisti d e r iv in g  t lie ir  w a te r  as th e y  to o  o f t e n  d o  f r o m  
p o llu te cL so u rce s  e n d  d is t r ib u t in g  it  in  filth y  sk in s  o r  b a r r e ls  
a re  u n d o u b te d  a n d  fr e q u e n t  d is s e m in a to rs  o f  e p id e m ic  
d ise a se  w h ic h  is  b y  n o  m ea n s c o n f in e d  to  th e ir  cu s to m e rs , 
a n d  in  th is m a tte r  th e ir  c o n g e n e r  is th e  dhobi.

Varieties# of D rink ing  W aters .— A c c e d i n g  as th e  so u rce  
o f  a  w a te r  s u p p ly  v a r ie s  so  w ill  th e  n a tu re  o f  th e  w a te r  
v a r y .

R a in  w a te r  is  w h o le s o m e  b y  its  p u r ity  a n d  a g r e e a b le  
b e ca u s e  h ig h ly  a e ra te d , c o n ta in in g  fr o m  3 to  3 0  c . c . o f  g a s  
in  a  l it r e . T h e  p r o p o r t io n  o f  o x y g e n  in  th e  m ix e d  g a s e s  
is  h ig h e r  th a n  in  a tm o s p h e r ic  a ir , a m o u n t in g  to  3 2 — 3 8  
p e r  c e n t . C a rb o n ic  a c id  c o n tr ib u te s  2 5 to  3 p e r  c e n t .
O th e r  s u b s ta n ce s  a re  m e t  iu  th e  a tm o s p h e r e  a n d  d is s o lv e d  
o r  c a r r ie d  d o w n  m e c h a n ic a lly .  T h u s  a m m o n iu m  c a r b o n a te  
a n d  n itra te  (th e  la t te r  m o re  e s p e c ia l ly  d u r in g  th u n d e r ­
s to rm s ), p h o s p h o r ic  a c id , h y d r o c h lo r ic  a c id  (n e a r  th e  s e a ), 
su lp h u re tte d  h y d r o g e n  o r  s o lu b le  su lp h id e s , f r e e  a m m o n ia , 
s o d iu m  c h lo r id e  (so m e tim e s  e v e n  as m u c h  as 2 c e n t ig r a m s  
in  a  l i ir o )  tra ce s  o f  p o ta ss iu m  a n d  c a lc iu m  c h lo r id e s , c a lc iu m  
c a r b o n a te  a n d  c a lc iu m  su lp h a te  m a y  b e  fo u n d  in  s o lu t io n  
iu  ra in  w a te r  d ir e c t ly  .c o l le c te d . I r o n ,  a lu m in a , s i l ic a , 
p a r t ic le s  o f  c a r b o n , l ig h t  o r g a n ic  s u b s ta n c e s  (a s  p o l le n )  a re  
fo u n d  in su sp e n s io n . T r a c e s  o f  n it r o g e n o u s  o r g a n ic  m a tte r  
d e r iv e d  p a r t ly  fr o m  th e  a tm o s p h e r e , p a r t ly  p r o b a b ly  fr o m  
th e  s u r fa c e  on  w h ic h  th e  ra in  fa l ls ,  a r e  a lm o s t  a lw a y s  
p re s e n t , a n d  h a v e  b e e n  k n o w n  to  a m o u n t  e v e n  t o  8 m ill i ­
g ra m s  p e r  litr e . T l ie  to ta l s o lid s  o f  ra in  w a te r  m a y  b e  ta k e n  ■

!  a t  a  m ea n  o f  32  m ill ig r a m s  p e r  l it r e , th e  g r e a te s t  q u a n t ity  
o b s e r v e d  h a v in g  b e e n  0 -0 5 0 9  g r in . T h e  im p u r it ie s  o f  m o s t  
im p o r ta n c e  a re  a m m o n ia , f r e e  a n d  a lb u m in o id , a n d  su lp h u r ic  
a c id , th e  la st b e in g  so m e tim e s  s ty le d  a  “ m e a su re  o f  th e  
s e w a g e  o f  th e  a ir .”  I n  I n d ia  o w in g  to  th e  a b s e n c e  o f  c o a l -  
s m o k o  in  th e  a tm o s p h e re  th e  a m o u n t  o f  th is  la t te r  im p u r ity  
is  p r o b a b ly  v e r y  sm a ll. F r e e  a m m o n ia  h a s  b e e n  fo u n d  to  
r a n g e  fr o m  0 T 8 0  to  9 T  m g r m s . p e r  l i t r e ;  a lb u m in o id  fr o m  
0 '0 3 4  to  0 '4 ; s u lp h u r ic  a c id  fr o m  2 ‘0 6  to  7 0 1 9 ,
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B e s id e s  th e  im p u r it ie s  w h ic h  ra in  w a te r  d e r iv e s  f r o m  th e  
a tm o s p h e re  th r o u g h  w h ic h  it  p a sses , it  n e c e s s a r ily  ta k e s  u p  
o th e rs , an d  in  la r g e r  q u a n tity , f r o m  th e  f r e c e iv in g  s u r fa c e ’ 
o n  .w h ich  it  fa lls . W h e n  th is  is a  r o o f — a  fla t  o n e  m o re  
e s p e c ia lly — d u s t , o r g a n ic  a n d  in o r g a n ic ,  e x c r e t a  o f  b ir d s , 
b o n e s  a n d  fe a th e ijs , d e a d  iu s e c ts , e t c . ,  c o n t r ib u te  to  th e  
im p u r ity  o f  th e  s u p p ly . W h e n  th e  s o u r c e  o f  s u p p ly  is  a 
ta n k  fi l le d  b y  s u r fa c e  d r a in a g e , a ll th e  im p u r it ie s  o f  th e  
d r a in a g e  a re a  w ill , o f  c o u r s e , b e  lia b le  to  b e  p r e s e n t  iu  th e  
w a t e r ;  a n d  in  th is  c a s e  ra in  w a te r  is  n o  p u r e r  o r  b e t te r  
th a n  th e  w a te r  o f  s h a llo w  w e lls . I u  th e  fo r m e r  ca se , w h e r e  
th e  ra in  is  c o l le c t e d  as it  fa l ls ,  th e  d e g r e e  o f  p o l lu t io n  is 
in s ig n if ica n t , a n d  th e  p r o b a b i l i t y  o f  th e  g e r m s  o r  p o is o n s  o f  
s p e c if ic  d ise a s e s  f iu d iu g  th e ir  w a y  in to  th e  s y s te m  t h r o u g h  
th e  d r in k in g  w a te r  is  r e d u c e d  a lm o s t  to  a  m in im u m . I t  is 
d e s ir a b le , th e r e fo r e ,.th a t  w h e n  th e r e  is n o  s u ita b le  in d ir e c t  
s u p p ly , th is  s o u r c e  o f  w a te r -s u p p ly  s h o u ld  b e  ta k e n  a d v a n ­
t a g e  o f  a s  m u c h  as p o s s ib le ,  a n d  th a t  m e a n s  s h o u ld  b e  
a d o p t e d  fo r  th e  c o l le c t io n  o f  a ll  r a in  fa l l in g  o n  th e  r o o fs  oE 
b a r r a c k s , ja ils  a n d  o th e r  la r g e  b u i ld in g s .  F i lt r a t io n  t h r o u g h  
a u  o x id iz in g  m e d iu m  is  s t ill  n e c e s s a r y  b e f o r e  u se .

I c e-w a t er  is ‘ f la t ’  a n d  u n p a la ta b le , b u t  th e  u su a l a d d i ­
t io n  iu  I n d ia  o f  a e r a te d  w a te r s  t o  i c e  le s se n s  th is  q u a lity .
I n  A m e r ic a  th e  c o n s ta n t  u se  o f  i c e d -w a t e r ,  i.e., w a te r  f r o z e n  
s o lid  iu  v e s s e ls  a n d  th e n  d r u n k  w h ils t  m e lt in g ,  is  th e  ca u se  
o f  a  c o n s id e r a b le  a m o u u t  o f  d y s p e p s ia .

T h e  c o m p o s it io n  o f  Well-water d e p e n d s  u p o n  th e  s tra ta  
t h r o u g h  w h ic h  a  w e ll  is  s u n k , th e  c o n d it io n  o f  th e  u e ig h -  
b o u r in g  s u r fa c e  a n d  th e  m e a s u r e s  ta k e n  t o  p r e s e r v e  th e  
w a te r  f r o m  c o n t a m in a t io n .*  A c c o r d i n g  to  c ir c u m s ta n c e s , 
w e ll-w a te r  m a y  b e  t h o r o u g h ly  p u re  a n d  w h o le s o m e , s t r o n g ly  
m e d ic in a l, i.e., fu l l  o f  m in e r a l  a n d  g a s e o u s  im p u r it ie s , o r  

s im p ly  l iq u id  s e w a g e . t

* v. Storage, p. 54.
t “ Shallow well-water is the worst of all waters. Some of the shallow 

wells in or near villages are no better than cess-pools, and the people often 
drink their own diluted orduro and urine, mixed With those of the domestic
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Springs are supplied immediately by subterranean reser­
voirs whicli are themselves dependent upon the rain perco­
lating through the strata overlying and surrounding them.
I he water which they yield is liable to the same kind of 
impurities as that of wells, though generally in a less 
degree; and most of the precautions and protection which 
the latter require are in many cases applicable to springs.

l l i e  u su a l so u rce s  o f  th e  n u m e ro u s  m e d ic in a l w a te rs  a re  
d e e p  n a tu ra l s p r in g s  fr o m  th e  m o n th  o f  w h ic h  th e  w a te r  
w e lls  u p  c o n t in u a lly , a t  a n y  t e m p e r a tu r e  u p  to  b o i l in g  
p o in t ;  o fte n  h ig h ly  .c h a r g e d  w ith  c a r b o n ic  a c id  o r  su l­
p h u r e t te d  h y d r o g e n  a n d  h o ld in g  in  s o lu t io n  v a r io u s  sa lts  
su ch  as m a g n e s iu m  su lp h a te  (E p s o m  S a lts ) o r  s o d iu m  su l­
p h a te  (G la u b e r ’ s S a lts ), e tc .

A  S tream  or  S m all R iv e r  o c c a s io n a lly  su p p lie s  w a te r  to 
a  tow n  o r  c a m p . I n  a d d it io n  to  th e  o r d in a r y  im p u r it ie s  o f  
th e  s p r in g s  w h ic h  flow  in to  it  a  s trea m  is l ia b le  to  p o llu t io n  
b y  s u r fa c e  d r a in a g e , d e a d  o r g a n ic  m a tte r , faeca l im p u r it ie s  
w a s h e d  in  b y  flo o d s , a n d  s u s p e n d e d  c la y , e tc .,  f r o m  th e  
sa m e  s o u rce . 'H ie  s u p p ly  is  p re c a r io u s , th e  s m a lle r  s trea m s , 
as a ru le , d r y in g  u p  in  th e  h o t  sea son  (th o u g h  w a te r  m a y  
a lw a y s  b e  fo u n d  b y  d ig g in g  in  th e ir  b e d s ). T h e  b e d s  w h e n  
th u s  d ry  a re  l ia b le  t o  m u ch  p o llu t io n  w ith  o r g a n ic  a n d  
n o x io u s  m a ter ia l, w h ich  s u b s e q u e n t ly  is  ta k e n  u p  b y  th e  
w a te r . I t  is o b v io u s , th e r e fo r e , th a t  a s tre a m , e s p e c ia l ly  
i f  v i l la g e s  are  s itu a te d  on  its  b a n k s  a b o v e  th e  p o s it io n , is  
in  g e n e r a l a  m o st  o b je c t io n a b le  so u rce  o f  w a te r -s u p p ly , a n d  
o n e  in d ic a t in g  c a r e fu l  filtra t io n  o r  b o i l in g  as e sse n tia l.
T h e  w a te r  fr o m  ju n g le  s trea m s th o u g h  c le a r  a n d  a p p a -

animnls, and the washings of their bodies, clothes and household utensils 
along with all the other dirt which may find its way into the water from' 
the surface and from the air. What wonder that such people are never 
free from internal parasites, and that they are debilitated and die bv 
millions from diarrhoea, dysentery, cholera and fevers ? What wonder that 
their soil should be the “ breeding ground of cholera” ? . * # # # #
One of the most urgent and primary sanitary measures required everv 
wherein India is the filling up of surface pools and dangerous shallow 
wells.” —McNally.
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r e n t ly  p u re , is  c o n s id e r e d  d u n g e v o u s  b y  m a n y , as it  a p p e a rs  
t o  b e  th e  fr e q u e n t  v e h ic le  o f  m a la r ia . T h is  p o in t  is  u u se t- 
t le d  as  y e t .  I t  o c c a s io n a lly  h a p p e n s  th a t  t r o o p s  m a r c h in g  ■ 
t h r o u g h  an  u n in h a b ite d  o r  t h iu ly -p e o p le d  c o u n tr y  m a y  f in d  
in  a  s tre a m  a  c o n v e n ie n t  a n d  w h o le s o m e  s u p p ly . I n  s u ch  
a  c a s e  p r e c a u t io n s  s h o u ld  b e  ta k e n  t o  p r e s e r v e  i t  f r o m  
b e in g  fo u le d  b y  th e  c a t t le  o f  th e  c a m p  o r  b y  w a s h in g  
c lo th e s  o r  p e r s o n s  in  it  a t  a n y  p o in ts  a b o v e  th e  m o s t  c o n ­
v e n ie n t  p a r t  f o r  o b t a in in g  w a te r  f o r  d r in k in g  a n d  c o o k in g .
T h e  s p o t  b e s t  s u ite d  f o r  th is  p u r p o s e  h a v in g  b e e n  s e le c te d , 
a n o th e r  f o r  w a t e r in g  c a tt le , lo w e r  d o w n  th e  s tre a m , s h o u ld  
b e  c h o s e n , a n d  a  th ird , b e lo w  th is , f o r  w a s h in g  o f  e v e r y  

k i n d *

M a n y  p o p u la t io n s  a re  d e p e n d e n t  u p o n  R ivers  f o r  th e ir  
w a t e r -s u p p ly .  I u  th is  c o u n t r y - t h e  p e r io d ic a l  ra in s  a n d  th e  
h a b its  o f  th e  p e o p le  o f t e n  r e n d e r  th is  s o u r c e  o f  s u p p ly  
h ig h ly  u n s a t is fa c to r y . I n  t im e  o f  f lo o d  r iv e r s  b r in g  d o w n  
s u s p e n d e d  c la y , sa n d , e t c .,  in  la r g e  q u a n t it ie s , b e s id e s  th e  
w a s h in g s  o f  th e ir  b e d s ,  fo u le d  w it h  e v e r y  im p u r ity  d u r in g  
th e  d r y  sea son , a n d  o f  th e  n u lla h s  w h ic h  o p e n  in to  th e m . 
D e a d  b o d ie s  a re  o f t e n  th r o w n  in to  r iv e r s , a n d  th e  s e w a g e  
o f  t o w n s  and  d r a in a g e  f r o m  ta n n e r ie s , s la u g h te r -h o u s e s , 
d y e -w o r k s ,  e t c . ,  a r e  c o n d u c t e d  in to  th e m . O n  th e  o th e r  
h a n d  th e  im p u r it ie s  a re  la r g e ly  d i lu te d , w h ile  th e  c o n t in u a l 
e x p o s u r e  o f  f r e s h  s u r fa c e s  to  th e  a ir  p r o m o t e s  t l ie  o x id a ­
t io n  o f  p u t r e s c e n t  o r g a n ic  m a t t e r f  n n d  t l ie  d e p o s it io n  o f  
c a r b o n a te s  h e ld  in  so lu t io n  b y  c a r b o n ic  a c id .  I t  is  e v id e n t  
th a t  w a te r  ta k e n  d ii ’e c t ly  f r o m  r iv e r s , e s p e c ia l ly  in  t im e  o f  
f lo o d , s h o u ld  b e  c a r e fu l ly  f i l t e r e d  b e fo r e  u se  ; o r , i f  th is  b e  
im p r a c t ic a b le ,  i t  s h o u ld  b e  w e ll  b o i le d .

* An excellent plan to obtain good water from a shallow river is to dig 
small pits or shallow wells some distance from the water’s edge. These 
depressions gradually become filled with clean filtered water.

f  The actual amount of oxidation of imparities which take place in 
running water is still a matter of dispute. It is certainly not so great 
as was'formerly supposed. When the water is very much polluted the 
effect of oxidation is trifling. Subsidence of suspended matters takes 
place to a certain extent ami the process of purification (oxidation ?) is 
also assisted by water plants and micro organisms (?).
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T h e  fo l lo w in g  t a b le *  g iv e s  a g o o d  id e a  o f  th e  c o m p a r a ­
t iv e  m er its  o f  th e  d iffe r e n t  s o u rce s  o f  drinking w a te r  (in  
E n g la n d ) .

{1. S p rin g -w ater .
2. D e e p  w e ll  rvater.

3. U p la n d  s u r fa c e  w a te r .

{4 . S to r e d  rain  w a te r .
5 . S u r fa c e  w a te r  fr o m  c u lt iv a te d  

la n d .
r 6 . R iv e r  w a te r  to  w h ic h  s e w a g e  

D a n g e r o u s . -j g a in s  a c c e s s .
v. 7. S h a llo w ^ w e ll w a ter .

A s  r e g a rd s  p a la ta b il i t y  1 &  2 are  v e r y  ! p a la ta b le .
3 &  4  „  m o d e r a te ly  „

5 , 6 & 7 „

T h e se  ta b le s  p r o b a b ly  h o ld  g o o d  fo r  I n d ia  w ith  th e  
e x c e p t io n  o f  N o . 3 (u p la n d  s u r fa c e  w a te r ) w h ic h  is c o n s i­
d e r e d  d a n g e r o u s  b y  so m e  as b e in g  a  fa v o u r it e  v e h ic le  f o r  
m a la r ia , sa v e  a t g r e a t  e le v a t io n s , e.g., th e  N i lg ir i  p la te a u  
(7 ,0 0 0  fe e t ) .

N o t  o n ly  th e  q u a n tity  o f  th e  w a te r  d e r iv e d  fr o m  th e  
so u r c e s  a lr e a d y  co u s id e i-e d , b u t  a lso  i t s  q u a lity , v a r ie s  
w id e ly  w ith  th e  season, a n d  th is  p o in t  has to  b e  c o n s id e r e d  
in ju d g in g  o f  th e  f itn e ss  o f  a  ta n k , w e ll,  s p r in g , s trea m  o r  
r iv e r  f o r  s u p p ly in g  p a r t ic u la r  w a n ts . In  d r y  w e a th e r  
e v a p o r a t io n  c o n c e n tr a te s  w a te r , in c r e a s in g  th e  p r o p o r t io n  
o f  s o lid  im p u r it ie s , a n d  th e  a c c o m p a n y in g  h ea t, fa v o r s  
p u tr e fa c t io n  o f  o r g a n ic  m a tte rs . In q u ir ie s  s h o u ld  a lw a y s  
b e  in s t itu te d  as to  th e  permanence o f  a s o u r c e  o f  w a te r -s u p ­
p ly  ; a n a ly se s  sh o u ld , i f  p o s s ib le , b e  m a d e  a t  tw o  o r  th r e e  
d i f fe r e n t  p e r io d s  in  th e  y e a r , a n d  i f  on e  o n ly  ca n  b e  m a d e , 
th e  sea son  a n d  its  p r o b a b le  e f fe c t  u p o n  th e  w a te r  s h o u ld  
b e  c o n s id e r e d  a n d  a l lo w e d  fo r .

A t  sea  a n d  in  c o a s t  to w n s  w h e r e  th e  r a in fa ll  is s c a n ty  
a n d  p r e c a r io u s  (as a t A l ie n ) ,  D istilled  w a te r  is o f t e n  used.t

* From Vltli Repprt of Rivera’ Pollution Commissioners, 
t  In the lute Egyptian campaign enormous quantities of water for

U a

III . „§L— '£ /  DRINKING WATERS— IMPURITIES. b l



V A ® y  ‘7  82 WATER.
\%>— ;̂ > y

N o w -a -d a y s  n e a r ly  e v e r y  v e s s e l  c a r r ie s  a p p a ra tu s  f o r  t lie  
d is t il la t io n  o f  sea  w a te r *  o r  f o r  c o n d e n s in g  s tea m  fr o m  its  
e n g in e -b o i le r s  j b u t  in  ca se  o f  fa ilu r e  o f  fre sh  w a te r  on  b o a r d  
a sh ip  a n y  m ea n s  o f  b e a t in g  sa lt  w a te r  a n d  c o n d e n s in g  
th e  v a p o r  w ill a f fo r d  a s u p p ly . T h e  s te a m  m a y  b e  c o l le c t e d  
o n  a m e ta ll ic  s u r fa c e , o r  o n  an  e a r th e n  d ish , c h a n g e d  w h en  
i t  b e c o m e s  h e a t e d ;  o r  m a y  b e  r e c e iv e d  in  a  c le a n  w o o lle n  
c lo th , w r u n g  o u t  f r o m  tim e t o  t im e  as it  b e c o m e s  sa tu ra te d . 
W a t e r  th u s  o b ta in e d  is  in s ip id  a n d  p e rh a p s  in d ig e s t ib le ,  
o w in g  t o  a b s e n c e  o f  a e ra t io n . T h is  d is a d v a n ta g e  is o b v i ­
a te d  b y  e x p o s in g  it  to  a ir  in  d iv id e d  s trea m s . I t  m a y  c o n ­
ta in  s o d iu m  c h lo r id e , b u t  n o t  to  a n y  c o n s id e r a b le  d e g r e e . 
M a g n e s iu m  c h lo r id e  v o la t i l iz e d  a n d  d e c o m p o s e d  m a y  c o n ­
t r ib u te  h y d r o c h lo r ic  a c id , w h ic h  s h o u ld  b e  n e u tr a liz e d  b y  
a  l it t le  s o d iu m  c a r b o n a te .

DISEASES PRODUCED BY DRINKING IMPURE WATER.

T h e  q u e s t io n  o f  th e  p r o d u c t io n  o f  d ise a s e  b y  th e  u se  o f  
im p u r e  w a te r  is  o n e  o f  s u r p a s s in g  in te r e s t  in  th is  c o u n tr y  
b u t  s p a ce  d o e s  n o t  p e rm it  m o r e  th a n  a  su m m a ry  o f  th e  
p r e s e n t  s ta te  o f  o u r  k n o w le d g e  in  th is  m a tte r . S u s p e n d e d  
I n o r g a n ic  (m in e ra l)  Im p u r it ie s  in  e x c e s s  m a y  p r o d u c e  d ia r ­
rh oea . D is s o lv e d  I n o r g a n ic  (m in e ra l)  Im p u r it ie s  in  e x c e s s , 
as in  th e  ca se  o f  w a te rs  w ith  a  h ig h  d e g r e e  o f  p e r m a n e n t  
h a rd n e s s , m a y  ca u se  d y s p e p s ia  a n d  c h r o n ic  c o n s t ip a t io n  o r  
in  o t h e r  c a s e s , e.g., w h e r e  la r g e  q u a n t it ie s  o f  m a g n e s iu m  
s u lp h a te  a re  p r e s e n t , d ia rrh oea  a n d  in te s t in a l ir r ita t io n , th u s 
w e a k e n in g  th e  in te s t in e s  a n d  p r e d is p o s in g  to  c h o le r a  o r  
e n t e r ic  fe v e r .

T h e  e f fe c t s  o f  D is s o lv e d  O r g a n ic  I m p u r it ie s  a re  n o t  s u p ­
p o s e d  t o  b e  so  fo r m id a b le  as th o s e  o f  S u s p e n d e d , th e  
la t te r  in c lu d in g  s u c h  d ise a s e s  as a re  p r o p a g a t e d  b y  m e a n s  
o f  o r g a n iz e d  g e r m s  o r  s p o r e s , th e  f o r m e r  th o s e  d u e  t o

tlie nse of tlie troops on slmre were distilled daily from Bea-water l>y 
steamers fitted with powerful condensin': apparatus. „

* Zinc must not. he used in any part of the condensing apparatus on ac­
count of the lead it generally contains ; so also red lead is objectionable. 
In the best D i-ms of such apparatus (•Nortnanbys’ ) the water is aerated 
artificially before distribution.
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ir r ita n t  p o iso n s . O f tlie  tw o  c la sses  o f  d is s o lv e d  im p u r i­
ties  o f  o r g a n ic  o r ig in , th e  v e g e ta b le  a re  c e r ta in ly  th e  less  
h u r t f u l ; in d e e d  it  is d o u b tfu l w h e th e r  a n y  ill -e f fe c ts  can  
b e  tra ce d  to  th em . P u tre s ce n t  a n im a l m a tters , o n  th e  
o th e r  h a n d , e s p e c ia lly  th ose  a r is in g  fr o m  faecal c o n ta m in ­
a tion , are  o fte n  p r o d u c t iv e  o f  se r iou s  con secp ien ces . T h e  
in te s tin a l tra c t  is  m ost lia b le  to  d is tu rb a n ce , a n d  d iarrh oea  
a n d  d y se n te ry  a re  n o t  u n fr e q u e n t ly  d u e  to  th is  ca u se . T h e  
c o m p o s it io n  o f  th e  p o is o n  p r o d u c in g  th ese  re s u lts  is  n o t  
k n o w n ; a n d  it  h a s  o fte n  b e e n  o b s e r v e d  th a t  w a te r  a b o u n d ­
in g  in  o r g a n ic  m a tter , h a v in g  b e e n  d ru n k  for  m o n th s  o r  
ev en  y ea rs  w ith  im p u n ity , h a s  s u d d e n ly  d e v e lo p e d  p o is o n ­
ou s m a ter ia l. I n  som e cases th is  m a y  be d u e  to  u n s u s p e c t ­
e d  co m m u n ica t io n  w ith  a fo u l  d ra in  o r  c e s s -p o o l , s u d d e n ly  
e s ta b lish e d  o r  e n la r g e d : in  o th e rs , u n u su a l e le v a t io n  o f  
te m p e ra tu re  m a y  h a v e  c o n c e n tr a te d  th e  w a te r  o r  se t u p  
p u tr e fa c t iv e  c h a n g e s  o r  m a y  h a v e  fa v o r e d  th e  fo r m a t io n  o f  
th e  fa t ty  a c id s  w h ic h  a re  k n o w n  ev e n  in  m in u te  a m o u n t to  
b e  h ig h ly  ir r ita t in g  to  th e  b o w e ls . E p id e m ic s  o f  d y s e n te r y  
o r  d ia rrh oea  r e c u r r iu g  a n n u a lly  in  th e  h o t  sea son  a re  p r o ­
b a b ly  a t tr ib u ta b le  to  o n e  o r  o th e r  o f  th ese  e ffe c ts  o f  h e a t  
u p o n  d r in k in g  w a te r . D ia rrh oea  m a y , in  g e n e r a l, b e  e x ­
p e c te d  i f  the w a te r  con ta in s  fr o m  5 to  15 m illig ra m s  o f  p u t r e ­
sce n t  a n im a l o r g a n ic  m a tte r  p e r  litre  (p a rts  p e r  1 0 0 0 ,0 0 0 ), 
a lth o u g h  la r g e r  a m o u n ts  m a y  b e  p re s e n t  in  c le a r  a n d  s p a r k ­
l in g  w a te r  w ith o u t  a p p a re n t  i l l -e f fe c t , u n til th e  o b s c u r e  
p u tr e fa c t iv e  o r  fe r m e n ta t iv e  c h a n g e s  m e n tio n e d  a b o v e  ta k e  
p la c e .*  N o  d o u b t , o th e r  im p u r it ie s  a re  a lso  p r e s e n t , a n d  
it  is  not* p o s s ib le  to  a llo c a te  d e fin ite ly  th e  sh a re  w h ic h  
an im al o r g a n ic  im p u r ity  c o n tr ib u te s  to  th e  p r o d u c t io n  o f  
in te s t in a l ir r ita t io n  ; b u t  i t  m a y  b e  la id  d otv n  th a t  th e  u se  
o f  w a te r  c o n ta in in g  th is  in g r e d ie n t  sh o u ld  n e v e r  b e  p e r ­
m itte d  a n d  th a t  w a te r  c o n ta m in a te d  b y  p e r c o la t io n  t h r o u g h  

b u r ia l-g r o u n d s  is th e  m ost n o x io u s .

# A case is reported in the Lancet of April 29th, 1871, in which nn 
epidemic of dinrrbwa in a girls’ school is attributed to the ubo for washing 
of water which had stood for two years in a cask.
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H o w  fa r  S p e c if ic  D isea ses , as e n te r ic  f e v e r  a n d  c h o le ra , 

a re  d e p e n d e n t  u p on  dissolved' o r g a n ic  im p u rit  ies  c a n n o t  be  
s ta te d . I t  is  k n o w n  t l ia t  t lie  fo r m e r  is  p r o p a g a t e d  b y  
w a te r  p o l lu te d  w ith  fte ca l im p u r it ie s , a n d  th a t  a  la r g e  p r o ­
p o r t io n  o f  th o s e  w h o  d r in k  w a te r  c o u ta iu iu g  th e  s p e c if ic  
t y p h o id  p o is o n  a re  a t ta c k e d  b y  th e  d is e a s e  : b u t  w h e th e r  
th is  p o is o n  is  a  p o s s ib le  p r o d u c t  o f  faecal s e w a g e  s im p ly , 
o r  n e c e s s a r i ly  o f  s e w a g e  in c lu d in g  th e  e v a c u a t io n s  o f  
e n t e r ic - f e v e r  p a t ie n ts , is  s t ill  a n  u n d e c id e d  q u e s t io n . I t  
is  s ta te d  th a t  p r o p a g a t io n  b y  w a te r  is  le ss  c o m m o n  th a n  
b y  a ir  b u t  th a t  th e  p e r io d  o f  in c u b a t io n  is  s h o r te r ,  a  la r g e  
q u a n t ity  o f  th e  p o is o n  o b t a in in g  e n tr a n c e  to  th e  sy s te m  
a u d  c o m in g  m o re  im m e d ia te ly  in to  c o n t a c t  w ith  th e  in te s ­
t in a l t ra c t . I t  m a y  b e  th a t  th e  s p e c if ic  m e a n s  b y  w h ic h  
th is  d ise a s e  is  c o m m u n ic a te d  is  n o t  a  d is s o lv e d  a n im a l 
p o is o n , b u t  a  s u s p e n d e d  o r g a n iz e d  g e r m ; a n d  in  th is  ca se  
p u tr e s c e n t  a n im a l p r o d u c t s  w o u ld  fa v o r  its  s p r e a d  b y  
e x c i t in g  n o n -s p e c i f ic  d ia rrh oea  a n d  a c t in g  as a  p r e -d is p o s -  
iu g  c a u s e . T h e  sa m e  r e m a r k  a p p lie s  t o  c h o le r a . D ia rrh o e a  
r e s u lt in g  fr o m  th e  u se  o f  w a te r  h o ld in g  a n im a l m a tte r s  in  
s o lu t io n  is  s a id  to  in c r e a s e  th e  s u s c e p t ib il i t y  to th e  s p e c if ic  
c h o le r a -p o is o n  o r  c h o le r a -g e r m . E ith e r  d ir e c t ly  o r  i n ­

d ir e c t ly ,  t h e r e fo r e ,  w a t e r  th u s  p o l lu t e d  fa v o r s  th e  s p r e a d  
o f  th e s e  s p e c if ic  d is e a s e s . I t  m a y  b e  a d d e d  th a t  th e  
d ia rrh o e a  r e s u lt in g  f r o m  w a t e r  c o n t a in in g  a  la r g e  a m o u n t  
o f  p u t r e s c e n t  a n im a l m a tte r  is  f r e q u e n t ly  c h o le r a ic  in  ty p o  

a n d  in  s e v e r ity .

A s  r e g a r d s  m a la r ia  a n d  its  p o s s ib le  c o m m u n ic a t io n  b y  
d r in k in g  w a te r  th e r e  is  s t ill  n o  c e r t a in t y  e ith e r  w a y .

I t  is  p r o b a b le  th a t  v e s ic a l  c a lc u l i  a re  e s p e c ia l ly  c o m m o n  
in  d is t r ic t s  w h e r e  h a r d  w a te r  is  d r u n k .

T h e  c a u s a t io n  o f  g o it r e  is  s t ill  d o u b t fu l  b u t  a  c o m m o n  
idea.a u d , i t  is  b e l ie v e d ,  a  c o r r e c t  o n e  is  th a t  th e  o c c u r r e n c e  
o f  th is  d is e a s e  is  in t im a te ly  a s s o c ia te d  w ith  th e  c o n s ta n t  
u s e  o f  w a te r  d e r iv e d  f r o m  lim e s to n e  o r  d o lo m ite  ( C a C O

M g C 0 3) r o c k s * _____________________________________________________

Goitr^is extremely common in Kashmir and the Chin country, either
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diseases produced by drinking  impure w ater . 8 d * -

A  la r g e  n u m b e r  o f  a n im a l p a ra s ite s  (w it li t l ie  d is e a s e s  
r e s u lt in g  th e r e fr o m ) f in d  e n tr a n c e  to  th e  h u m a n  b o d y  b y  
m e a n s  o f  im p u r e  d r in k in g  w a t e r .*  I n  so m e  ca se s  th e  o v a  
p a s s  d ir e c t ly  in to  th e  a lim e n ta ry  ca n a l, in  o th e r  ca se s  
th e r e  is  an  in te r m e d ia te  h o s t . S e v e r e  b le e d iu g  f r o m  th e  
m u c o u s  s u r fa c e s  o f  th e  m o u th  a n d  th r o a t  h a s  b e e n  c a u s e d  
b y  sm a ll le e c h e s  (Sanguisuga sp.) ta k e n  iu  w it h  th e  d r in k ­
in g  w a te r  in  A lg ie r s  a n d  M in o r c a  : i t  is p r o b a b le  th a t  th is  
a lso  o c c u r s  so m e tim e s  iu  I n d ia  a n d  B u ru n d i. T h e  f o l l o w ­
in g  a re  th e  p r in c ip a l  k n o w n  p a r a s ite s  w h ic h  f in d  e n tr a n c e  
b y  m e a n s  o f  im p u r e  d r in k in g  w a te r . S o m e  o f  th e m  a re  c o n ­
v e y e d  to  th e  h u m a n  b o d y  m o r e  u s u a lly  b y  o th e r  s o u r c e s , 
e.g., f o o d ,  b u t  im p u r e  w a te r  is  a lm o s t  c e r t a in ly  o n e  v e c h ic le  
o f  in fe c t io n  iu  th e  ca se  o f  a ll th e  p a r a s it e s  m e n t io n e d .

Taenia Solium  ( ? )— th e  c o m m o n  ta p e  w o r m  o f  m a n  d e r iv e d  
f r  m  e a t in g  m e a s ly  p o r k .  I t  is  p o s s ib le  th a t  p ig s  g e t  in ­
f e c t e d  b y  d r in k in g  w a te r  f o u le d  b y  h u m a n  e x c r e t a  c o n ta in ­

in g  th e  o v a . t

Taenia m ediocanellata— th e  ta p e  w o r m  o f  m a n  d e r iv e d  
f r o m  e a t in g  m e a s ly  b e e f .  T h e  c a t t le  d e r iv e  t l ie  o v a  f r o m  
w a te r  f o u le d  b y  in fe c t e d  h u m a n  e x c r e t a .t

Bothriocephalus Sp . ( ? ) — p r o b a b ly  f r o m  fish  w h ic h  h a v e  
l iv e d  in  w a te r  in to  w h ic h  th e  o v a  o f  th is  ta p e  w o r m  h a v e  

o r ig in a l ly  b e e n  d is c h a r g e d .^

Distom a Hepatic am— th e  l iv e r  f lu k e  c o m m o n ly  f o u n d  in  
s h e e p , o c c a s io n a lly  in  m a n ;  in te r m e d ia te  h o s t  a  sm a ll f r e s h  

w a t e r  m o llu s c .

of which districts, but especially the latter, from the absence of many 
disturbin'” factors, offers excellent material for research m this matter.
The disease seems chiefly confined to women, but one sometimes sees male 
Chins with goitre, and at least one sepoy in the old 3bth Itegb., B. 1. 
became affected, (v. also Neve I. Med. Record,- \ ol. Ill, p. 332).

# The subject is by no means worked out in India either as regards 
human beings or other animals. Tank waters swarm with neniatoid worms 
and other organisms of which the life-history and raison d’ etre are but 
little understood. For further details of life-history, etc., 0. the works of 
Leuckhart, Cobbold, etc. . , ,

f  The common food of pigs and cattle m many Indian towns during 
drought is simply dried human ordure.

% v. Moore, Diseases of India, 2nd ed,, p. 556.
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Ascaris Lumbricoides— th e  r o u n d  w o r m , e x t r e m e ly  c o m ­
m on  t h r o u g h o u t  I n d ia  a n d  th e  t r o p ic s  g e n e r a l ly .

Anchytystom nvi Duodenale— p r o d u c e s  th e  d is e a s e  k n o w n  
as a n c h y lo s to m ia s is  in  A s s a m  a n d  in  v a r io u s  o th e r  p a r ts  o f  

I n d ia .*

F ila riaD racu n cu lu s— o r  g u in e a  w o r m , fo r m e r ly  s u p p o s e d  
to  o b ta in  e n tr a n c e  to  th e  h u m a n  b o d y  d u r in g  b a th in g . 
In te r m e d ia te  h o s t  is  a  C y c lo p s , a  sm a ll f r e s h  w a te r  c r u s ­
ta c e a n  a b o u n d in g  in  I n d ia n  ta n k s . T h e  in t r o d u c t io n  o f  
p u re  d r in k in g  w a te r  h a s  c a u s e d  its  d is a p p e a r a n c e  in  v a r io u s  
p a r ts  o f  I n d ia ,  e.g., P e r a m b u r  (in  M a d r a s ) .

F ila r ia  Sangu in is Eo m in is— th e  e m b r y o  o f  w h ic h  is 
a b s t r a c t e d  b y  th e  m o s q u ito  f r o m  th e  b l o o d  o f  in fe c t e d  
p e rs o n s , w h e n c e , a f t e r  u n d e r g o in g  c e r ta in  d e v e lo p m e n ta l  
c h a n g e s , it  is  d e p o s it e d  in  w a te r  a n d  is  p r o b a b ly  ta k e n  
d ir e c t ly  in to  th e  a lim e n ta r y  c a n a l o f  m a n  a lo n g  w ith  th e  

w a te r  d r u n k .

B ilh a rz ia  Hcematobia (?)

Tricocephalus D ispar— th e  c o m m o n  w h ip  w o rm .

General conclusionst — I. A n  e n d e m ic  o f  d ia rrh o e a , in  
a  c o m m u n ity , is  a lm o s t  a lw a y s  o w in g  e ith e r  to  im p u r e  a ir , 
im p u r e  w a te r , o r  b a d  f o o d .  I f  i t  a f fe c t s  a  n u m b e r  o f  
p e r s o n s  s u d d e n ly ,  i t  is  p r o b a b ly  o w in g  t o  o n e  o f  th e  t w o  
la t t e r  ca u se s  : a u d i f  it  e x te n d s  o v e r  m a n y  fa m ilie s ,  a lm o s t  c e r ­
ta in ly  to  w a te r . B u t  as  th e  ca u se  o f  im p u r it y  m a y  b e  t r a n ­
s ie n t , it  is  n o t  e a s y  to  f in d  e x p e r im e n ta l  p r o o f .— 2. D ia rrh o e a  
o r  d y s e n t e r y  c o n s ta n t ly  a f fe c t in g  a  c o m m u n ity , o r  r e tu r n in g  
p e r io d i c a l ly  a t c e r ta in  t im e s  o f  th e  y e a r ,, is  fa r  m o r e  l ik e ly  
t o  b e  p r o d u c e d  b y  b a d  w a te r  th a n  b y  a n y  o th e r  ca u se .
___g  a . v e r y  s u d d e n  a n d  lo c a l is e d  o u tb r e a k  o f  e ith e r  e n te r ic
f e v e r  o r  c h o le r a  is  a lm o s t  c e r t a in ly  o w in g  t o  in t r o d u c t io n

# Sometimes called also beri-beri, bnt mast bo carefully distinguished 
from the true form of that disease with which it has nothing in common 
beyond the fact that the patient becomes aummio in both diseases, 

f  From Parkes—Notter, p. 81.
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o f  t lio  p o is o n  b y  w a te r * — 4 . T l ie  sa m e  fa c t  h o ld s  g o o d  in  
ca se s  o f  m a la r ia l fe v e r , a n d , e s p e c ia l ly  i f  th e  ca se s  a re  
v e r y  g r a v e ,  a  p o s s ib le  in tr o d u c t io n  b y  w a te r  s h o u ld  b e  
c a r e fu l ly  in q u ir e d  in t o — 5. T h e  in t r o d u c t io n  o f  th e  o v a  
(o r  e m b r y o s )  o f  c e r ta in  e n to z o a  b y  m ea n s  o f  w a te r  is  p r o v e d  
in  som e  ca s e s — is p r o b a b le  in  o th e r s — G. A l t h o u g h  it  is 
n o t  a t  p r e s e n t  p o s s ib le  to  a s s ig n  to  e v e r y  im p u r ity  in  w a te r  
its  e x a c t  sh a re  in  th e  p r o d u c t io n  o f  d ise a s e , o r  to  p r o v e  th e  
p r e c is e  in flu e n ce  o n  th e  p u b l ic  h e a lth  o f  w a te r  w h ic h  is  n o t  
e x t r e m e ly  im p u r e , i t  a p p e a r s  c e r ta in  th a t  th e  h e a lth  o f  a  
c o m m u n ity  a lw a y s  im p r o v e s  w h e n  a n  a b u n d a n t  a n d  p u re  
w a te r  s u p p ly  is g iv e n  ; a n d , a p a r t  f r o m  th e  a c tu a l e v id e n c e , 
w e  a re  e n t it le d  to  c o n c lu d e  fr o m  o th e r  c o n s id e r a t io n s , th a t  
a b u n d a n t  a n d  g o o d  w a te r  is a  p r im e  sa n ita ry  n e c e s s ity .

PURIFICATION OF ‘WATER—FILTRATION.
T h e  p u r if ic a t io n  o f  w a te r  b y  s u b s id e n c e  o f  th e  s u s p e n d e d  

m a tte rs , b y  f i lt r a t io n  t h r o u g h  th e  s o il  a n d  b y  e x p o s u r e  to  
v a r io u s  o x id is in g  m e d ia  is  c o n s ta n t ly  g o in g  o n  in  n a tu r e , 
b u t  a lm o s t  as  c o n s t a n t ly , in  th e  ca se  o f  s u r fa c e  w a te rs  a t 
le a s t , f r e s h  im p u r it ie s  a re  b e in g  a d d e d . I t  is  n e c e s s a r y , 
a c c o r d in g ly ,  in  m a n y  c a s e s  t o  p u r i fy  a  w a te r  a r t i f ic ia l ly  
b e fo r e  u se . O n e  o f  th e  f o u r  f o l lo w in g  p la n s  m a y  b e  a d o p t ­

e d , s e p a r a te ly  o r  c o m b in e d  w ith  o n e  o r  m o r e  o f  th e  
o th e r s , viz :—

1. D istilla tio n  ; 2. P rec ijn ta lio n  ; 3 . Boiling-, 4 . F ilt r a ­
tion. T h e  first  m e th o d  h a s  a lr e a d y  b e e n  d e s c r i b e d . f

Precipitation is e ith e r  n atu ra l o r  a rtific ia l. B y  th e  firs t  
m e th o d  th e  s u s p e n d e d  m a tte rs  a re  s im p ly  a l lo w e d  to  s in k  
to  th e  b o t t o m , as in  ‘  s e t t l in g  ta n k s  b y  th e  s e c o n d  s o m e  
s u b s ta n c e  is  a d d e d  w h ic h  b y  m e a n s  o f  th e  fo r m a t io n  o f  a  
b u lk y  p r e c ip it a t e  c a r r ie s  d o w n  th e  im p u r it ie s  in  its  m e s h e s .
S u c h  s u b s ta n c e s  a re  v e r y  n u m e ro u s , a. A lu m , e s p e c ia l ly  
i f  c a lc iu m  c a r b o n a te  is  p r e s e n t , a c ts  v e r y  w e l l .  C a lc iu m  
s u lp h a te  is  f o r m e d  a n d  a  b u lk y  p r e c ip it a t e  o f  a lu m iu iu m  
h y d r a t e .  S ix  g r a in s  o f  a lu m  to  a  g a l lo n  o f  w a te r  is  a  g o o d

* It may be, in the form of ice. t v- P- 81. J v. p. 52,
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p r o p o r t io n , b. L im e , i f  a d d e d , c o m b in e s  w ith  th e  C 0 2 a n d  
th u s  ca u se s  th e  p r e c ip ita t io n  o f  th e  CaCO a a lr e a d y  p r e s e n t , 
c. P o ta s s iu m  p e r m a n g a n a t e ;  im p u r it ie s  a re  o x id is e d , e s p e ­
c ia l ly  i f  th e  w a te r  is  s l ig h t ly  w a rm , a n d  in  a d d it io n  a  p r e ­
c ip ita te  o f  m a n g a n ic  o x id e  is s o m e tim e s  fo r m e d  w h ic h  
a c ts  m e c h a n ic a lly .  A  g o o d  p la n  is to  a d d  th e  p e r m a n g a n a te  
f i is t  a n d  th en  a lu m , o r  e lse  filter  th e  w a te r , d. I r o n ;  e ith e r  
as s c r a p  ir o n  o r  s p o n g y  i r o n *  * * § (w ith  a g ita t io n  o f  th e  w a t e r ) f ,  
o r  as th e  p e r c l i lo r id e  (a b o u t  2 £  g r s .  p e r  g a l lo n ) .  I n  b o t h

ca se s  o x id a t io n  a n d  p r e c ip ita t io n  ta k e  p la c e , e. T h e  ‘ A n t i -
c a lc a r e ’  o f  M a ig n e n  c o n s is t in g  c h ie f ly  o f  lim e , a lu m  a n d  
c a r b o n a te  o f  s o d a . T h e  c a r b o n a te  o f  s o d a  a c ts  o n  lim e a u d  
m a g n e s ia . / .  C e r ta in  V e g e t a b le  m a tte rs , e s p e c ia l ly  th o se  
c o n t a in in g  ta n n in , e.g. t e a , t  k in o , e t c . ,  a n d  in  I n d ia  th e  
f 1 n it o f  th e  istvychnos Potatorum  w h ic h  sw e lls  u p  a n d  fo r m s  
a g e la t in o u s  p r e c ip ita te , its  a c t io n  b e in g  p u r e ly  m e ch a n ica l.

B o iling  is a  m o st  u s e fu l  m e th o d  f o r  th e  p u r if ic a t io n  of 
w a te i  e it lie i  a lo n e  o r  as a  p r e l im in a r y . L o n g  c o n t in u e d  
b o i l in g  d e s tr o y s  a ll l iv in g  o r g a n is m s ; in  a d d it io n  a n y  t e m ­
p o r a r y  h a rd n e s s  is  p r e c ip it a t e d  a n d  s u s p e n d e d  im p u r it ie s  
p a r t ly  g o t  r id  o f .

T o  su m  u p  th e n  im p u r it ie s  a re  m o s t  r e a d i ly  r e m o v e d  th u s§  
(e x c lu s iv e  o f  f i lt ra t io n ) :

C D is t i l la t io n , b o i l in g ,  e x p o s u r e

O r g a n ic  m a tte r  b y  \  t o  a ir> a Iu m > p e r m a n g a n a te s ,
j  tannin, and by agitation w ith 
V. iron, etc.

C a r b o n a te  o f  l im e  b y  J  B o i l in g ,  o r  a d d it io n  o f  c a u s t ic
(  lim e .

I r o n  b y  f  B o i l in g ,  lim e , a n d  in p a r t  b y
( c h a r c o a l .

* v. Bischof’s filter, pp. 92—3. t  v. p 90
“ 1,tranp . C0llntV  ’V 8, nn eXC(3llenfc n e w  to drink water gavein the form of tea, unless it has passed through an efficient filter The 

Hotmn of t he tea is threefold . - ( 1 )  The water is boiled (should be well 
boiled in tins case) (2) The leaves form a mechanical strainer. (31 The 
tan inn forma insoluble tannates. ' '

§ Allan, op. c.it., p. 20,



(t\ f t )i) (fiT
\ ' i \ S / , 7  PURIFICATION OP WATER —  FILTRATION. 8 9  [ | j  j

T h e  e f fe c ts  o f  F iltration  a re  th r e e fo ld .  S u s p e n d e d  m a t ­
te rs  a re  r e ta in e d  in  th e  in te r s t ic e s  o f  th e  p o r o u s  m a te r ia l o f  
w h ic h  f ilte r s  a re  c o m p o s e d  ; d is s o lv e d  in o r g a n ic  m a tte r  is 
s im ila r ly , t h o u g h  to  a less  e x te n t , s e p a r a te d  ; a n d  o x id iz -  
a b lo  o r g a n ic  m a tte r , s u s p e n d e d  o r  d is s o lv e d , is  o x id iz e d ,  
e ith e r  b y  o x y g e n  s to r e d  in  th e  f i lt e r in g  m a ter ia l o r  b y  su ch  
su b s ta n ce s  as a lk a lin e  p e r m a n g a n a te s  a d d e d  to  it .

A r t i f ic ia l  f i ltra t io n  is  c a r r ie d  o u t  on  th e  la r g e  o r  sm a ll 
(d o m e s t ic )  s c a le , b u t  th e  p r in c ip a l  is e x a c t ly  th e  sa m e  in  
b o t h  ca ses .

O n th e  large scale, t lie  w a te r -s u p p ly  o f  to w n s  o r  e x te n s iv e  
b u i ld in g s  is , a f t e r  th e  s u b s id e n c e  o f  th e  c o a r s e r  s u s p e n d e d  
im p u r it ie s  in  s e t t l in g  r e s e r v o ir s , a d m it te d  to  f i l t e r in g  b e d s  
c o m p o s e d  o f  sh a i’p  sa n d  w ith  u n d e r ly in g  g r a v e l  in c r e a s in g  
in  c o a r s e n e s s  to w a r d s  th e  b o t to m . T h e  b e d  w ill  b e  th r e e  
f e e t  o r  m o re  in  th ic k n e s s , s o m e w h a t  m o re  th an  a  th ir d  b e in g  
s a n d . T h e  r a te  a t w h ic h  w a te r  p a s se s  th r o u g h  s u c h  a f ilte r  
d e p e n d s  u p o n  th e  p r e s s u r e , a n d  th is  u p o n  th e  d e p th  o f  th e  
w a te r  in th e  b e d ,  w h ic h  is  u s u a lly  a b o u t  tw o  fe e t .  I n  
g e n e r a l  th e  d is c h a r g e  m a y  b e  e s t im a te d  a t 70  g a l lo n s  in  
2 4  h o u rs  f o r  e a c h  sq u a re  f o o t  o f  f i lt e r in g  s u r fa c e . F in e ly  
d iv id e d  c la y  i f  p r e s e n t  in  c o n s id e r a b le  q u a n t it y *  w ill  p a s s  
t h r o u g h  su ch  a  filte r , b u t  m o s t  s u s p e n d e d  m a tte rs  w ill  b e  
r e ta in e d , l h e  a m o u n t  o f  d is s o lv e d  m in e ra l m a tte rs  w i l l  b e  
c o n s id e r a b ly  d im in is h e d  in  p r o p o r t io n  to  th e  th ic k n e s s  o f  
th e  la y e r  o f  sa n d , w h ic h  a lso  p r o m o te s  o x id a t io n  o f  o r g a n ic  
im p u r it ie s . M ic r o -o r g a n is m s  a re  e f fe c tu a l ly  r e m o v e d  fo r  
a  s h o r t  t im e , b y  c e r ta in  s a n d s , b u t  th is  p o w e r  is lo s t  in  a 
fe w  d a y s . I t  m u s t  b e  r e m e m b e r e d  th a t  th e  m o re  e ff ic ie n t  
a  f i lt e r in g  b e d  is, th e  m o r e  r a p id ly  w ill it s  in te r s t ic e s  
b e c o m e  c l o g g e d  a n d  its  p o w e r  o f  p u r if ic a t io n  le s s e n e d  o r  
d e s t r o y e d  ; a n d  e s p e c ia l ly  th a t  d is s o lv e d  m a tte rs  a t  firs t  
r e m o v e d  w ill , a t  a  c e r ta in  p o in t , b e g in  to  b e  r e s to r e d  to  (h e  
o u t f lo w in g  w a te r . T h is  s h o u ld  t h e r e fo r e  b e  e x a m in e d

*The turbid water of the Hooghly carries flown so much fine clay at 
some seasons as to block and render useless the sand-filters.

1 2 o
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fr o m  tim e  to  t im e , a n d  th e  sa n d  r e m o v e d  a n d  c le a n e d  w h e n  
n e c e s s a ry . I t  fo l lo w s  th a t  tw o  f i lte r in g  b e d s  sh o u ld  a lw a y s  
b e  p r o v id e d ,  in  o r d e r  to  a d m it  o f  p e r io d ic a l  c le a n s in g . In  
so m e  w a te r -w o r k s  a s o -c a l le d  Revolving P u r if ie r  is in  u se .
I t  co n s is ts  o f  n u m e ro u s  sm a ll c y l in d e r s  r o t a t in g  on  a  h o r i ­
z o n ta l o r  in c lin e d  a x is , e a c h  c y l in d e r  b e in g  filled  w ith  l it t le  
a n g u la r  p ie c e s  o f  i r o n *  ly in g  lo o s e  in  th e  c y lin d e r . T h e  
w a te r  p a sses  s lo w ly  t h r o u g h  th e  r e v o lv in g  c y l in d e r  a n d  is  
“  c h u r n e d  u p ”  w ith  th e  ir o n , w h ic h  la t te r  c o n t in u e s  to  o ffe r  
a b r ig h t  c le a n  s u r fa c e  o w in g  to  th e  c o u s ta n t  f r i c t io n .
F in a lly  th e  w a te r  is f i lt e r e d  t h r o u g h  sa n d  to  g e t  r id  o f  th e  
c o lo i ’a t io n  im p a r te d  b y  th e  ir o n . I n  y e t  o th e r  ca se s  t lie  
1 m a g n e t ic  c a r b id e ’  o f  i r o n *  o r  B is c h o f ’ s ‘ s p o n g y ’ i r o n *  
a re  u se d , th e  w a te r  b e in g  p r e v io u s ly  p a s se d  t h r o u g h  s e t t l in g  

ta n k s  a n d  ro u g h  sa n d  filte rs .

F o r  th e  filtra t io n  o f  w a te r  on  th e  sm all scale a  g r e a t  m a n y  
s u b s ta n c e s  h a v e  b e e n  u s e d  b u t  o f  th e se  o n ly  a  fe w  ai’ e t r u s t ­
w o r t h y .  Organic filtering  media such as sponge, cotton wool 
cr flannel should never be used : a n y  a d v e r t is e d  f ilte r  c o n ­
ta in in g  th e m  s h o u ld  b e  r e je c t e d .  P o r o u s  s a n d -s to n e  filte rs  
in  th e  fo r m  o f  ja r s  a re  la r g e ly  u s e d  b y  t r a v e lle r s  in  th is  
c o u n t i ’y  : b y  th e m  tu r b id  w a te r  is  r e n d e r e d  c le a r  a n d  o f  
p le a s a n t  a p p e a r a n c e  b u t  th e ir  a c t io n  on  d is s o lv e d  m a tte rs  
is  p r a c t ic a l ly  n il. A s  a  m a te r ia l f o r  th e  p r e l im in a r y  s tr a in ­
in g  o f  s u s p e n d e d  im p u r it ie s  n o t h in g  is  e q u a l to  c lo s e ly -  
w o v e n  a s b e s to s  c lo t h .  T h is  m in e ra l, as is  w ell k n o w n , is 
u n a ffe c te d  b y  o r d in a r y  h e a t  a n d  th e  c lo t h  ca n  th e r e fo r e  b e  
p u r if ie d  b y  w a s h in g  it  a n d  h e a t in g  it  in  a  fire , b y  w h ic h  
m e a n s  a ll im p u r it ie s  in  its  m e sh e s  c a n  b e  g o t  r id  o f .  O f  
f i l t e r in g  m e d ia  p r o p e r  th e r e  a re  o n ly  twro  w o r th  c o n s id e r ­
in g ,  viz., Charcoal a n d  Iron. T h e y  m a y  b e  u s e d  s e p a r a te ly  
o r  in  th e  fo r m  o f  c o m p o u n d s  p r o d u c e d  b y  h e a t in g  th e m  

t o g e t h e r .

C harcoai. is derived from the destructive distillation of or­
g a n ic  m atter either anim al— bones, etc., or vegetable— wood,

* i>. Iron, p. 92,



' p e a t , s e a -w e e d , e tc . C o k e , d e r iv e d  as it is  f r o m  fi le  sa m e  
p r o c e s s  a p p lie d  to  c o a l  (i.e ., m in e r a lis e d  v e g e t a b le  m a tte r ) ,  
m a y  b e  l o o k e d  u p on  as m in e ra l c h a r c o a l .  A l l  o f  th e se , i f  
t lie  la y e r  is su ffic ie n t ly  d e e p , r e m o v e  su s p e n d e d  m a tte r  fr o m  
w a te r  f i lte r e d  t h r o u g h  th e m  so  th a t  th e  la t te r  p a s se s  ou t  
c le a r  a n d  s p a r k lin g . A s  r e g a r d s  s u s p e n d e d  o r g a n ic  im p u r i­
t ie s  a n im a l c h a r c o a l  e x e r ts  th e  m o s t  p o w e r fu l  in flu e n ce  o n  
d e a d  o r g a n ic  m a tte r  b u t  is  m u ch  in fe r io r  to  v e g e t a b le  o r  
m in e ra l c h a r c o a l  in  p r e v e n t in g  th e  p a s s a g e  o f  m ic r o -o r g a n ­
ism s. F r e s h  a n im a l c h a r c o a l  e n t ir e ly  o x id is e s  d is s o lv e d  
o r g a n ic  m a tte r  a n d  r e m o v e s  a ls o  d is s o lv e d  m in e ra l m a tte rs , 
e s p e c ia l ly  le a d . B u t  it  s o o n  lo s e s  its  p o w e r , m o r e  e s p e c ia l ly  
as r e g a r d s ‘th e  o x id a t io n  o f  d is s o lv e d  o r g a n ic  im p u r it ie s .

T h e  c o n c lu s io n s  to  b e  a r r iv e d  a t w ith  r e g a r d  t o  c h a r c o a l  
as a  f i lt e r in g  m e d iu m  a re  th e s e *  :— “  (1 ) I t  a c ts  b o t h  c h e m i­
c a l ly  a n d  m e c h a n ic a l ly ,  a n d  is a t  fir s t  b o t h  r a p id  a n d  
e ff ic ie n t . (2 ) W i t h  a  g o o d  b u lk  o f  m a te r ia l , w a te r  m a y  b e  
p a s s e d  t h r o u g h  n e a r ly  as r a p id ly  as  it  c a n  f lo w , a n d  b e  

w e ll  p u r if ie d . (3 j W a t e r  m u st  n o t  b e  le f t  in  c o n t a c t  w ith  
th e  c h a r c o a l  lo n g e r  th a n  is  n e c e s s a r y  f o r  f i lt r a t io n , a s  it  is 
a p t  to  ta k e  u p  o r g a n ic  m a tte r  a g a in . (4 ) W a t e r  f i lt e r e d  
t h r o u g h  c h a r c o a l  m u st  n o t  b e  s t o r e d  f o r  a n y  tim e , b u t  m u st 
b e  u se d  im m e d ia te ly , as  i f  k e p t  it  is a p t  to  b e c o m e  c h a r g e d  
w ith  m in u te  o r g a n is m s . (5 ) S iu c e  f r e s h  o r g a n ic  m a tte r  
m a y  p a ss  t h r o u g h  it  u n c h a n g e d ,  a n im a l c h a r c o a l  c a n n o t  b e  
c o n f id e n t ly  d e p e n d e d  u p o u  t o  p u r i f y  w a te r  f r o m  d is e a s e  
p o is o n . (0 ) T h e  p o w e r  o f  c h a r c o a l  is l im i t e d ; w ith  a  m o d e ­
r a te ly  g o o d  w a te r  it  r e m a in s  e f f ic ie n t  f o r  s o m e  t im e , b u t  
w ith  an  im p u re  w a te r  it  so o u  b e c o m e s  in a c t iv e .  I n  a ll ca s e s  
i t  o u g h t  t o  b e  c le a n e d  o r  r e n e w e d  a t le a s t  e v e r y  th r e e  
m o n th s , a n d  w ith  im p u re  w a te rs  m u ch  o ft e n e r , s a y , e v e r y  

w e e k  o r  e v e r y  fo r tn ig h t /. ”  H a v in g  r e g a r d  t o  N o .  5 it  
m ig h t  b e  a d v is a b le  in  a  c h a r c o a l  f i lte r  to  h a v e  t w o  la y e r s , 
o n e  o f  a n im a l a n d  th e  o t h e r  o f  v e g e t a b le  01 m in e ia l  c h n i -  
c o a l . W h e n  c h a r c o a l  is  u s e d  it  m u st  b e  p o u n d e d  a n d

* I’aikes—Notter, pp. 86—7.

X-S*6 ' g°$ pX

, P  m
\- \ ^  / • /  PURIFICATION OF WATER— FlLTKATION. 91 ' N  I .



' g°SpX  •
■ p

Is ( 2  9 0  water. V a i l

: fr o m  t im e  to  t im e , a n d  th e  sa n d  r e m o v e d  a n d  c le a n e d  w h e n
n e c e s s a ry . I t  fo l lo w s  th a t  tw o  f i lt e r in g  b e d s  sh o u ld  a lw a y s  
b e  p r o v id e d , in  o r d e r  to  a d m it  o f  p e r io d ic a l  c le a n s in g . In  
so m e  w a te r -w o r k s  a  s o -c a l le d  R e v o lv in g  P u r if ie r  is  in  u se .
I t  co n s is ts  o f  n u m e ro u s  sm a ll c y l in d e r s  r o t a t in g  on  a h o r i ­
zo n ta l o r  in c lin e d  a x is , e a c h  c y l in d e r  b e in g  filled  w ith  l it t le  
a n g u la r  p ie c e s  o f  i r o n *  l y in g  lo o s e  in  th e  c y lin d e r . T h e  
w a te r  p a sse s  s lo w ly  t h r o u g h  th e  r e v o lv in g  c y l in d e r  a n d  is  
“  c h u r n e d  u p ”  w ith  th e  ir o n , w h ic h  la t te r  c o n t in u e s  to  o f fe r  
a  b r ig h t  c le a n  s u r fa c e  o w in g  to  th e  c o n s ta n t  f r i c t io n .  
F in a lly  th e  w a te r  is f i lt e r e d  th r o u g h  sa n d  to  g e t  r id  o f  th e  
c o lo r a t io n  im p a r te d  b y  th e  ir o n . I n  y e t  o th e r  ca se s  th e  
‘ m a g n e t ic  c a r b id e ’  o f  i r o n *  o r  B is c l io f ’ s ‘ s p o n g y ’ i r o n *  
a re  u s e d , th e  w a te r  b e in g  p r e v io u s ly  p a s se d  th r o u g h  s e t t l in g  

ta n k s  a n d  ro u g h  sa n d  filte rs .

F o r  th e  f i ltra t io n  o f  w a te r  on  th e  sm all scale a  g r e a t  m a n y  
s u b s ta n c e s  h a v e  b e e n  u s e d  b u t  o f  th e se  o n ly  a  fe w  a re  t r u s t ­
w o r t h y .  Organic filtering  media such as sponge, cotton icool 
cr flannel should never he used : a n y  a d v e r t is e d  filte r  c o n ­
ta in in g  th e m  s h o u ld  b e  r e je c t e d .  P o r o u s  s a n d -s to n e  filte rs  
in  th e  fo r m  o f  ja r s  a re  la r g e ly  u s e d  b y  t r a v e lle r s  in  th is  
c o u n t r y  : b y  th e m  tu r b id  w a te r  is  r e n d e r e d  c le a r  a n d  o f  
p le a s a n t  a p p e a r a n c e  b u t  t h e ir  a c t io n  on  d is s o lv e d  m a tte rs  
is  p r a c t ic a l ly  n il. A s  a  m a te r ia l f o r  th e  p r e l im in a r y  s tra in ­
in g  o f  s u s p e n d e d  im p u r it ie s  n o t h in g  is  e q u a l to  c lo s e ly -  
w o v e n  a s b e s to s  c lo t h .  T h is  m in e ra l, as is  w ell k n o w n , is 
u n a f fe c te d  b y  o r d in a r y  h e a t  a n d  th e  c lo t h  ca n  th e r e fo r e  b e  
p u r if ie d  b y  w a s h in g  it  a n d  h e a t in g  it  in  a  fire , b y  w h ic h  
m e a n s  a ll im p u r it ie s  in  its  m e sh e s  c a n  b e  g o t  r id  o f .  O f  
f i l t e r in g  m e d ia  p r o p e r  th e r e  a re  o n ly  t w o  w o r th  c o n s id e r ­
in g ,  viz., Charcoal a n d  Tron. T h e y  m a y  b e  u s e d  s e p a r a te ly  
o r  in  th e  fo r m  o f  c o m p o u n d s  p r o d u c e d  b y  h e a t in g  th e m  

t o g e t h e r .

Charcoal is derived f r o m  the destructive distillation of or- 
ganic matter either animal— bones, etc., o r  vegetable— wood,

* v■ Tron, p. 92,
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’ p e a t , s e a -w e e d , e tc . C o k e , d e r iv e d  as it is fr o m  th e  sa m e  
p r o c e s s  a p p lie d  to  c o a l  (h e ., m in e r a lis e d  v e g e t a b le  m a tte r ) ,  
m a y  b e  l o o k e d  u p on  as m in e ra l c h a r c o a l .  A l l  o f  th e s e , i f  
th e  la y e r  is su ffic ie n t ly  d e e p , r e m o v e  su s p e n d e d  m a tte r  fr o m  
w a te r  f i lte re d  t h r o u g h  th e m  so  th a t  th e  la t te r  p a s se s  o u t  
c le a r  a n d  s p a r k lin g . A s  r e g a r d s  s u s p e n d e d  o r g a n ic  im p u r i­
ties  an im a l c h a r c o a l  e x e r ts  th e  m o s t  p ow erF u l in flu e n ce  on  
d e a d  o r g a n ic  m a tte r  b u t  is  m u ch  in fe r io r  t o  v e g e t a b le  o r  
m in e ra l c h a r c o a l  in p r e v e n t in g  th e  p a s s a g e  o f  m ic r o -o r g a n ­
ism s. F r e s h  a n im a l c h a r c o a l  e n t ir e ly  o x id is e s  d is s o lv e d  
o r g a n ic  m a tte r  a n d  r e m o v e s  a lso  d is s o lv e d  m in e ra l m a tte rs , 
e s p e c ia l ly  le a d . B u t  it  s o o n  lo s e s  its  p o w e r , m o re  e s p e c ia l ly  
as r e g a r d s  t h e  o x id a t io n  o f  d isso lv ed ! o r g a n ic  im p u r it ie s .

T h e  c o n c lu s io n s  to  be  a r r iv e d  a t w ith  r e g a r d  to  c h a r c o a l  
as  a  f i lt e r iu g  m e d iu m  a re  th e s e *  :— “  (1 ) I t  a c ts  b o t h  c h e m i­
c a l ly  a n d  m e c h a n ic a l ly ,  a n d  is a t  fir s t  b o t h  r a p id  a n d  
e ff ic ie n t . (2 ) W i t h  a  g o o d  b u lk  o f  m a te r ia l , w a te r  m a y  b e  
p a s s e d  th r o u g h  n e a r ly  as  r a p id ly  as it  c a n  flo w , a n d  b e  

w e ll  p u r if ie d . (3 ) W a t e r  m u s t  n o t  b e  le f t  in  c o n t a c t  w ith  
th e  c h a r c o a l  lo n g e r  th a n  is  n e c e s s a r y  f o r  f i lt r a t io n , as it  is  
a p t  to  ta k e  u p  o r g a n ic  m a tte r  a g a in . (4 ) W a t e r  f i lte r e d  
t h r o u g h  c h a r c o a l  m u st  n o t  b e  s t o r e d  f o r  a n y  t im e , b u t  m u st 
b e  u se d  im m e d ia te ly , as i f  k e p t  it  is  a p t  to  b e c o m e  c h a r g e d  
w ith  m in u te  o r g a n is m s . (5 ) S in c e  f r e s h  o r g a n ic  m a tte r  
m a y  p a ss  t h r o u g h  it  u n c h a n g e d , a n im a l c h a r c o a l  c a n n o t  b e  
c o n f id e n t ly  d e p e n d e d  u p o n  t o  p u r i f y  w a te r  f r o m  d is e a s e  
p o is o n . (6 ) T h e  p o w e r  o f  c h a r c o a l  is  l im i t e d ; w ith  a  m o d e ­
r a te ly  g o o d  w a te r  it  r e m a in s  e f f ic ie n t  f o r  s o m e  t im e , b u t  
w ith  an  im p u re  w a te r  it  s o o n  b e c o m e s  in a c t iv e . I n  a ll ca se s  
i t  o u g h t  to  b e  c le a n e d  o r  r e n e w e d  a t le a s t  e v e r y  th r e e  
m o n th s , a n d  w ith  im p u re  w a te rs  m u c h  o ft e n e r , s a y , e v e r y  
w e e k  o r  e v e r y  f o r t n i g h t . ”  H a v in g  r e g a r d  to  N o . 5 it 
m ig h t  b e  a d v is a b le  in  a  c h a r c o a l  f i lte r  to  h a v e  tw o  la y e r s , 
o n e  o f  a n im a l a n d  th e  o th e r  o f  v e g e t a b le  o r  m in e r a l c h a r ­
c o a l .  W h e n  c h a r c o a l  is  u s e d  it m u st  b o  p o u n d e d  a n d

* l’ntkes—Not tor, pp. 86 — 7.
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c o m p r e s s e d  so  as to  re ta in  t lie  w a te r  f o r  a b o u t  fo u r  m in u te s  • 
in its  p a s s a g e  th r o u g h  th e  f i lt e r in g  m e d iu m .

I r o n  as a  f i lt e r in g  m a te r ia l is  c h ie fly  u s e d  in  th e  fo r m  
o f  s o -c a l le d  s p o n g y , ir o n  (B is c h o f ’ s) w h ic h  is  o b ta in e d  b y  
r o a s t in g  h e m a t i t e  ir o n  o re . I t  c o n s is ts  c h ie f ly  o f  p o r o u s  
m e ta ll ic  iro n . A s  a  f i lt e r in g  m e d iu m  it  r a n k s  v e r y  h ig h , its  
a c t io n  b e in g  b o th  m e c h a n ic a l  a n d  c h e m ic a l. I t  a r re s ts  
s u s p e n d e d  m a tte r  a n d  m ic r o -o r g a n is m s , o x id is e s  d is s o lv e d  
o r g a n ic  m a tte r  a n d  re m o v e s  le a d . U p o n  d is s o lv e d  m in e ra l 
m a tte rs  it  d o e s  n o t  h a v e  m u ch  e ffe c t . I n  a ll ca se s  its  a c t io n  
is  s lo w  b u t  w a te r  th a t  h a s  b e e n  f i lt e r e d  t h r o u g h  it  d o e s  n o t  
b e c o m e  d e te r io r a te d  f o r  a  l o n g  t i m e *  B e s id e s  th e se  th e r e  
a re  n u m e ro u s  o th e r  m a te r ia ls  th a t  h a v e  b e e n  u s e d  fr o m  
t im e  to  t im e  o f  w h ic h  th e  im p o r ta n t  o n e s  a re  n e a r ly  a ll 
c o m p o u n d s  o f  ir o n  (o r  m a n g a n e s e ) a n d  c h a r c o a l .  S u c h  
a re  m a g n e t ic  c a r b id e , m a n g a n o u s  c a r b o n , c a r b a lit e  u sed  in  
C r e a s e ’ s fi lte rs  in  th e  R o y a l  N a v y , p o la r it e  o r  m a g n e t ic  
s p o n g y  c a r b o n  m u c h  u se d  a t th e  p r e s e n t  t im e  b o t h  on  th e  
la r g e  a n d  sm a ll s ca le , e tc .

A  s o m e w h a t  n e w  id e a  is th e  f ilte r  k n o w n  as th e  P a s t e u r -  
C h a m b e r la u d , w h e r e  th e  m e d iu m  is  s im p ly  a c y l in d e r  o f  
p o r c e la in  t h r o u g h  th e  p o r e s  o f  w h ic h  th e  w a te r  p a s se s  
u n d e r  p r e s s u r e  d ir e c t  f r o m  th e  ta p . I t  e f fe c t u a l ly  r e m o v e s  
s u s p e n d e d  m a tte rs  a n d  m ic r o -o r g a n is m s  b u t  h a s  l it t le  a c t io n  
e x c e p t  Avhen p e r fe c t ly  n e w , on  d is s o lv e d  o r g a n ic  m a tte r .
T h e  la te s t  f i lte r  is  th e  B e r k e fe ld  m a d e  s o m e w h a t  a f t e r  th e  
p a t te rn  o f  th e  f o r e g o in g ,  b u t  in  th is  la t te r  c a s e  th e  c y l in d e r  
is  m a d e  o f  d ia to m a c e o u s  e a r th , i . e . ,  o f  in n u m e r a b le  s i l ic e o u s  
‘ s k e le t o n s ’  o f  fo s s il  d i a t o m s  w h ic h  fo r m  an o p e n  o r  p o r o u s  
s t r u c tu r e , th e  m e s h e s  b e in g  e x t r e m e ly  m in u te . I t  is  sa id  
to  p o s s e s s  th e  fo l lo w in g  a d v a n t a g e s (1) I t  w il l  f i lt e r  la r g e  
o r  sm a ll q u a n t it ie s  a c c o r d in g  t o  p r e s s u r e ; (2) th e  f i lt e r e d  
l iq u id  w ill b e  a b s o lu t e ly  fr e e  f r o m  a n y  s o l id  p a r t ic le s  a n d  
fr o m  g e r m s  ; (3 ) th e  f i lte r  c a n  b e  e a s ily  c le a n e d  ; (4 ) e a c h  
f i lte r  c a n  b e  t h o r o u g h ly  s te r i l is e d  b y  b e in g  b o i le d  in  w a te r  
f o r  a n  h o u r , a n d , m o r e o v e r ,  o n e  c y l in d e r  w i l l  la s t  f o r  y e a r s .

* Cf. Charcoal, p. 91 (4).
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DOMESTIC FILTERS.

I. (a) Filtre Kapide (Maignen), in section. A. Filter case proper; R. Re­
servoir for the filtered water; M. Filtering frame secured within 
the case by pure asbestos washer (W ); E. Asbestos cloth attached 
to filtering frame with asbestos cords; D. Layer of powdered Carbo- 
Calcis; C. Layer of granular Carbo-Calcis put in loosely to fill 
space between (D) and the screen (B).

(b) Shows method of cleansing the filter by removing the frame (M) and 
washing away the used Carbo-Calcis.

II. Spongy Iron Filter (Bischof), in section. A. Filter case proper; R. Re­
servoir for the filtered water; B. Fine Spungy Iron ; C. Pyrolusite; D. Abes- 
tos cloth bag. „

III. Circulating Filter (Morris). An ordinary outer case or vessel, A, is 
divided into two parts by the division, B, which forms part of a separate vessel 
dropped into the outer case and hanging by a broad rim. In the centre, and 
formiug part of the divisiou B, is a tube, or chamber, C, the lower portion 
of which protrudes an inch or two, so as to form—with the aid of the capil­
lary attraction of the material—a siphon arrangement, whereby the filter is 
drained perfectly dry at each operation.

The lower end, or outlet, of the vessel C, is provided with a strainer of fine 
holes, the upper mouth, or inlet, being left open. Into this containing vessel, 
and over the tube C, is loosely placed a second circular tube or chamber, D, 
with its mouth downwards. This vessel is made to stand higher thau the 
central tube, C, and is also of much larger diameter, so that the interior space 
of the filter is partitioned vertically at regular distances by the chambers C 
and D. The upper part of D forms a flat plate, having an open air tube, E, 
rising from the centre, and the diamoter of this flat plate being a little less than 
that of the containing vessel, leaves an annular space or clearance around it of 
about 5 in. at F. Water poured into the upper part, G, of the filter, and 
around E, must therefore find its way through the annular space at F, down 
one section of filtering material under the chamber D, up through another 
section of material till it flows over the top of chamber C, and so down through 
a third column of medium and through the strainer into the lower compartment 
of the filter. If now the filtering medium in the central tube or chamber C, be 
coarse and porous as at J, and that in the spaces H and II' of a very fine and 
close nature, it follows that the water will percolate very slowly down the 
space H and up the intermediate section H', but will rapidly escape down the 
central tube orchamberC, and instead of nceumulatiugnnd flooding the interior 
of the filter, it tricliles down from particle to particle of porous carbon—highly

■ G° C \HI . §L
To face p. ?2.
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charged with air—thus leaving the mass of material in a semi-dry state, and 
allowing a supply of fresh air to penetrate down the air tube E, into the very 
centre of the filter. The action is therefore automatic, the flow of water 
drawing a current of air down into the carbon, which absorbs it, but gi\es it 
up again to the water as it porcolates down the central tube. [Note. Tho 
letters are, unfortunately, not very clear in the plate, but, if the above descrip­
tion be carefully followed, the action of the filter eau be easily understood].

IV. Pasteur-Chamborland Filter. A. Water-tap attached, at A, to water- 
pipe ; B. Outer case of filter; C. Mouthpiece ; D. Porcelain Cylinder or ‘ Cau­
dle ’ (v. also fig. 1, pi. v.)

/ /
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To face p. 93.
P L A T E  V .

LARGE FILTERS FOR HOSPITALS, BARRACKS, Etc.

Figure. 1. Large Pasteur-Cbamberland Filter for use in Permanent Build­
ings. A. Covered iron reservoir tank on the top of the build­
ing, which can be of any desired size and depth. B. Metal 
case enclosing the Candles, either Porcelain or h ie s e lg u h r  

(Berkefeld form), from which passes a pipe connecting it 
with 0., the Filtered Water covered receptacle. In India, the 
filtered water reservoir may have an Ice case surrounding it, 
if desired, as shewn in the drawing. (For further details v.

Orig. Art. by Surg.-Col. Roe, I.M.G., March 1S93).

Figure 2. Macnamara Filter, d. Delivery pipe, c. Coarse Sand, a. Animal,
Charcoal above, Fine Sand below, b. Coarse Sand. At a and c 
Perforated Zinc Trays are placed, at 6 a Perforated Earthenware 
Disc. In the left hand corner, the filter (reduced) is shown 
removed from its cask. (a-, p. 94).
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A V ^ / y  PURIFICATION OF WATER— FILTRATION 9 3  k H  J

I t  is  b e l ie v e d  t lia t  o n e  o f  th e se  tw o  la tte r  f i lte r s  is  to  
r e p la c e  t lie  M a cu a m a ra  filte rs  a t p r e s e n t  in  u se  in  b a r r a c k s , 
h o s p ita ls , e t c .,  in  th is  c o u n t r y .*

T h e  e ss e n tia ls  o f  a  g o o d  filte r  a re  th e  fo l lo w in g  :—

(1 ) T h a t  e v e r y  p a r t  o f  th e  f i lt e r  sh a ll  b e  e a s ily  g o t  
a t  f o r  th e  p u r p o s e  o f  c le a n in g  o r  o f  r e n e w in g  th e  m e d iu m .
(2 ) T h a t  th e  m e d iu m  h a v e  a  su ffic ie n t  p u r i fy in g  p o w e r  b o t h  
as to  c h e m ica l  a c t io n  o n  o r g a n ic  m a tte r  in  s o lu t io n  a n d  
a r re s t  o f  o r g a n is m s  o r  th e ir  s p o re s  in  su sp e n s io n , a u d  b e  p r e ­
se n t in  s u ffic ie n t  q u a n t ity . (3) T h a t  th e  m e d iu m  y ie ld  
n o th in g  to  th e  w a te r  th a t  m a y  fa v o u r  th e  g r o w t h  o f  lo w  
fo r m s  o f  l ife . (4 ) T h a t  th e  p u r fy in g  p o w e r  b e  r e a s o n a b ly  
la s t in g . (5 ) T h a t  th e re  sh a ll b e  n o t h in g  in  th e  c o n s t r u c ­
t io n  o f  th e  f i lte r  i t s e l f  th a t  sh a ll b e  c a p a b le  o f  u n d e r g o in g  
p u t r e fa c t io n  o r  o f  y ie ld in g  m e ta l l ic  o r  o th e r  im p u r it ie s  to  
th e  w a te r . (6 )  T h a t  th e  f i lt e r in g  m a te r ia ls  sh a ll n o t  b e  
l ia b le  to  c l o g  a n d  th a t  th e  d e l iv e r y  o f  t h e  w a te r  sh a ll b e  
r e a s o n a b ly  r n p id .” t

F ilte r s  f o r  o r d in a r y  d o m e s t ic  u se  a re  s o ld  in  v e r y  m a n y  
sh a p e s  a n d  s ize s , b u t  th e  n u m b e r  o f  r e a l ly  g o o d  o u e s  as 
ju d g e d  b y  th e  f o r e g o in g  s ta n d a r d  is  v e r y  sm a ll. T h e y  a re  
r o u g h ly  d iv is ib le  in to  c la s s e s  a c c o r d in g  to  th e  m a te r ia l  u se d  
f o r  f i l t e r in g  as fo l lo w s ^  :—

(1) T h o s e  c o n t a in in g  a n im a l c h a r c o a l  in  g r a n u le s  o r  
p o w d e r .  (2 ) A n im a l c h a r c o a l  c o m p r e s s e d  in to  b l o c k s  b y  
a d m ix tu r e  w ith  s i l ic a  a n d  o th e r  s u b s ta n c e s . (3 ) S p o n g y  
i r o n  f ilte rs . (4 ) M a g n e t ic  ir o n  f ilte r s . (5 ) C y lin d e r s  o f  
p o r o u s  in o r g a u ic  m a te r ia l  s u c h  as p o r c e la in . (C) T h o s e  c o n ­
t a in in g  o t h e r -s u b s ta n c e s  o f  v a r y in g  n a tu r e , c h ie fly  m in e ra l.
T h r e e  o f  th e  b e s t  k n o w n , a n d  m o s t  e f l ic ie n t  p a t te rn s  a re  th e  
F i lt r e  f t a p id e  (M a ig n e n ’ s ) ,  th e  M o r r is  C ir c u la t in g  F i lt e r

* “ The sterilisation of fluids by mere and comparatively rapid filtration 
must be regarded ns a distinct aud important advance in bacteriological 
Science.” Lancet, 12th September 1801 : v. also Sanitary Record, 15th No- 
veinber 1892.

t  v . Ptirkes—Noiter, p. 89, for further information.
J Ib i d .  loc.  c i t .— altered.
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a u d  th e  S p o n g y  I r o n  F ilt e r  (B is c h o f ’ s ) .  T o  tliese  m u st b e  
a d d e d  th e  P a s te u r -O h a m b e r la u d  a u d  B e r k e fe ld  as d e s c r ib e d  
a b o v e .  T h e  c o n s t r u c t io n  a n d  w o r k in g  o f  th e s e  v a r io u s  
fo r m s  a re  s u ff ic ie n t ly  e x p la in e d  in  th e  d ia g ra m s .

I n  I n d ia  a  fa v o u r it e  fo r m  is  th e  f ilte r  m a d e  o f  th re e  
chatties o r  ghurrahs o n  a  b a m b o o  s ta n d . T h e  u p p e rm o st ' 
is h a l f  f ille d  w ith  p o u n d e d  c h a r c o a l ,  th e  m id d le  o n e  w ith  
fin e  s a n d *  a n d  a la y e r  o f  sm a ll s to n e s  u n d e r n e a th  : b o t h  a re  
p e r fo r a t e d  w ith  s m a ll h o le s  in  th e  b o t to m . T h e  lo w e s t  
c h a t ty  c o n ta in s  th e  f i lt e r e d  w a te r . I t  is  a g o o d  f ilte r  i f  
very carefully looked after. T h e  f i lt e r in g  m e d ia  m u st b e  as 
c le a n  as p o s s ib le  in  th e  fir s t  in s ta n c e  a n d  a n y  s u rp lu s  m u st  
b e  s to r e d  in  c le a n  ch a t t ie s  o r  b o x e s . T h e  c h a r c o a l  s h o u ld  b e  
r e n e w e d  e v e r y  f o r t n ig h t  o r  o n c e  a  w e e k  i f  th e  w a te r  is  v e r y  
f o u l ; th e  sa n d  a u d  s to n e s  s h o u ld  b e  ta k e n  o u t , c le a n e d  a n d  
d r ie d  o n c e  a  m o u th , a lso  th e  c h a tt ie s  th e m s e lv e s . T w o  
filte rs  m a y  b e  k e p t  so  th a t  o n e  c a n  a lw a y s  b e  c le a n e d  w h e n  
n e c e s s a ry . T h e  c h a t t ie s  s h o u ld  a ls o  h a v e  r e m o v a b le  p e r f o ­
r a te d  lid s  a n d  th e  lo w e s t  o n e  s h o u ld  b e  r e n e w e d  w h e n  it  
lo s e s  its  p o r o u s n e s s . T h e  h o le s  s h o u ld  n o t  b e  q u ite  a t  th e  
lo w e s t  p o r t io n  n o r  t o o  la r g e , o th e r w is e  th e  w a te r  is  a p t  to  
ru n  s t r a ig h t  t h r o u g h  w ith o u t  p r o p e r  p u r if ic a t io n . T h e  d a ily  
f i l l in g  o f  th e  f i lte r  m u st b e  s u p e r in te n d e d  b y  so m e  r e s p o n s i .  
b le  p e rso n  ; i f  n o t , th e  w a te rm a n  o r  b h is t i  w il l  b e  c e r ta in  
to  p o u r  th e  w a te r  s t r a ig h t  in to  th e  lo w e s t  c h a t ty  to  s a v e  
t im e  a n d  tr o u b le .

F o r  la r g e  in s t itu t io n s  s u c h  as b a r r a c k s , a sy lu m s , sh ip s , 
e t c . ,  v a r io u s  s p e c ia l  t y p e s  o f  f i lte r s  a re  in  u se  b u t  th e y  a re  
e ith e r  im ita t io n s  o n  a  sm a ll s c a le  o f  th e  la r g e r  sa n d  f ilte r s j 
o r  e ls e  th e  sa m e  in  p r in c ip le  as th e  f i lte r s  d e s c r ib e d .  O n e  
t y p e  o f  f i lt e r  h o w e v e r ,  v iz ., th e  M a c n a m a r a , d e s e r v e s  s p e c ia l  
m e n t io n  as it  is  th e  f i lt e r  o f f ic ia l ly  s u p p lie d  to  M il i t a r y  
h o s p ita ls ,  b a r r a c k s , e t c . ,  t h r o u g h o u t  I u d i a . f  I t  c o n s is ts  
o f  a  s to u t  c y l in d r ic a l  z in c  v e s s e l  c lo s e d  a t  th e  u p p e r  e n d

* Both tlie charcoal and the sand should ho well pressed down 
f v .  I. A. It., Vol. VI., Medical, Madras, 1885.
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e x c e p t in g  w h e re  th e  d e l iv e r y  p ip e  is a t ta c h e d , w h ils t  b e lo w  
it  fits in to  a  tra y  c o n t a in in g  a p e r fo r a t e d  e a r th e n w a r e  d is c .
T h e  in te r io r  o f  th e  v e sse l is  d iv id e d  in to  c o m p a r tm e n ts  b y  
r e m o v a b le  p e r fo r a te d  z in c  t r a y s  a n d  is  so  c h a r g e d  w ith  
f i lt e r in g  m a te r ia ls  th a t  a t th e  t o p  th e r e  is  a  l it t le  c o a rs e  
sa n d , b e lo w  th is  a d e e p  la y e r  o f  c o a r s e  a n d  fin e  a n im a l c h a r ­
c o a l , b e lo w  th is  is  fin e  sa n d  a n d  fin a lly  c o a rs e  sa n d  r e s t in g  
u p o n  th e  p e r fo r a t e d  e a r th e n w a r e  d is c . W h e n  r e a d y , th e  
f i lte r  is p la c e d  iu a  t l ir e e -q n a r te r  c a s k  th e  in n e r  s u r fa c e  o f  
w h ic h  is  c h a r r e d , a n d  th e  d e l iv e r y  p ip e  c o n n e c t e d  w ith  th e  
ta p  a t ta c h e d  to  th e  la t te r . T h e  c a s k  is  th e n  f i lle d  w ith  w a te r , 
th e  lid  fa s te n e d  d o w n , a n d  u p w a r d  filtra t io n  ta k e s  p la c e .
T h e  a r r a n g e m e n t  a n d  w o r k in g  o f  th e  f i lte r  c a n  b e  u n d e r ­
s to o d  fr o m  th e  a c c o m p a n y in g  d ia g r a m s , it  b e in g  r e m e m ­
b e r e d  th a t  th e  f i lte r  is  tu r n e d  u p s id e  d o w n  d u r in g  th e  
p r o c e s s  o f  c h a r g in g .

No filte r is self-cleansing t h o u g h  m a n y  a re  s ta te d  to  b e  
so . T h e  p r o p e r  m a n a g e m e n t  o f  th e  v a r io u s  fo r m s  o f  f i lte r  
o n  a  la r g e  s c a le  r e q u ir e s  a  g o o d  d e a l o f  e x p e r ie n c e  a n d  
t e c h n ic a l  k n o w le d g e .  D o m e s t ic  filte rs  m u s t  b e  m o s t  c a r e ­
fu l ly  a tte n d e d  to  o r  e lse  t h e y  s im p ly  b e c o m e  th e  c h ie f  s o u r c e  
o f  im p u r ity  t o  th e  w a te r  p a s s e d  t h r o u g h  th e m .

Charcoal is  b e s t  c le a n e d , so  to  s p e a k , b y  r e n e w in g  it  bufc 
i f  th is  c a n n o t  b e  d o n e  it  s h o u ld  b e  h e a te d  to  r e d n e s s  in  th e  
a b s e n c e o f  a ir *  i f  p o s s ib le ,  a n d  th e n  w a sh e d  w ith  c le a n  w a t e r ;  
i f  th is  is  n o t  p o s s ib le  it s h o u ld  b e  b o i le d  w ith  p e r m a n g a n a te  
o f  p o ta s h  s o lu t io n  to  w h ic h  a  l i t t le  d i lu te  h y d r o c h lo r ic  
a c id  h a s  b e e n  a d d e d . Sand  in  la r g e  f i lt e r s  s h o u ld  b e  
p a r t ia l ly  r e n e w e d  fr e q u e n t ly  b y  s c r a p in g  a w a y  th e  to p  la y e r  
a n d  a d d in g  f r e s h  c le a n  s a n d  a n d  s h o u ld  b e  c o m p le t e ly  
c h a n g e d  a t  lo n g e r  in t e r v a ls  o f  s ix  m o n th s  o r  so . In  
sm a ll f i lte r s  i t  m a y  b e  r e n e w e d , o r  ta k e n  o u t , w a s h e d  a n d  
th en  h e a te d  b y  b a k in g  o r  e x p o s u r e  t o  th e  su n  a n d  a f t e r ­
w a r d s  w a s h e d  a g a in  w it h  p e r m a n g a n a te  o f  p o ta s h  s o lu t io n .
Spongy iron  la s ts  f o r  a  l o n g  t im e — s ix  m o u th s  to  a  y e a r — it

* By placing it in a perforated metal cylinder which is caused to revolve 
slowly over a fire.

►
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s h o u ld  th e n  b e  r e n e w e d  i f  p o s s ib le ;  if  n o t , it  m u st  b e  h e a te d  
to  a  lo w  r e d  h e a t  a n d  a ft e r w a r d s  w e ll w a s h e d  w ith  c le a n  
w a te r  o n ly .*

W h e n  t r a v e l l in g  in  I n d ia  a n d  o b l ig e d  to  d r in k  d o u b t fu l  
w a te r , i f  n o  b e t t e r  raeau s o f  p u r if ic a t io n  is  a t  h a n d , th e  
w a te r  s h o u ld  b e  m a d e  in to  te a  a n d  d r u n k  in th a t  fo r m  o n ly . 
T r a v e lle r s ,  h o w e v e r ,  i f  u n p r o v id e d  w ith  a g o o d  f i lte r  s h o u ld  
a lw a y s  c a r r y  a  sm a ll s to n e w a r e  b o t t le - f i l t e r t  a n d  an  o u n c e  
o r  tw o  o f  p e r m a n g a n a te  o f  p o ta s h . F ir s t  a d d  a  f e w  g r a in s  
o f  p e r m a n g a n a te  o f  p o ta s h  a n d  th e n  h e a t  g e n t ly  ; a d d  
m o re  p o ta s h  sa lt  t ill  th e  p in k  t in g e  re m a in s  f o r  a b o u t  ten  
m in u te s  b o i l  t h o r o u g h ly ,  c o o l  a n d  sh a k e  w e ll  in  som e  
c o n v e n ie n t  v e s s e l  a n d  th e n , a ft e r  s u b s id e n c e  o f  th e  c o a r s e  
s u s p e n d e d  m a tte rs , f i lte r  th r o u g h  th e  s to n e w a re  f ilte r . In  
th is  w a y  a s u p p ly  o f  d r in k a b le  w a te r  ca n  b e  easily ' m a d e  a n d  
u s e d  t ill  th e  n e x t  h a lt in g  s t a g e .§ I t  is  ju s t  w ith in  th e  
lim its  o f  p o s s ib i l i t y  th a t  In d ia n  R a ilw a y  C o m p a n ie s  w ill  
s o m e  d a y  p r o v id e  r e a l ly  p u r e , c o o l  w a te r  in  a b u n d a n c e  f o r  
a ll t r a v e lle r s .

EXAMINATION OP WATER.
T h e  e x a m in a t io n  o f  w a te r  w ill o n ly  b e  c o n s id e r e d  v e r y  

c u r s o r i ly  h e re , f o r  it  is  a  h ig h ly  t e c h n ic a l  s u b je c t  r e q u ir in g  
a  sp e c ia l  t r a in in g  a n d  a  fu l ly -e q u ip p e d  la b o r a to r y .

The Collection of Samples of W afer .— T h is  is  a  v e ry  im ­
p o r ta n t  d u ty  w h ic h  .m a y  h a v e  to  b e  p e r fo r m e d  b y  a n y

m e d ic a l  o ff ice r . T h e  fo l lo w in g  d ire c t io n s !)  s h o u ld  b e  m o s t  
c a r e fu l ly  a d h e r e d  t o  :—

A n a ly s is  o f  W a t e r .— B e fo r e  f o r w a r d in g  a  s a m p le  o f  w a te r

* In a filter where the medium is spongy iron, the latter most nl ways be kept 
covered with water: in the newest form of Bischof’s filter this is provided for.

f  Obtainable all over India and Bnrmnh,
X As judged by pouring a little of the water from time to time into a 

tumbler or clear glass bottle.
§ The small amount of trouble involved in the above process will be amply 

repaid by freedom from sickness and in many cases by one or more lives 
saved. If the Pastenr-Ghamberland, Berkefeld or other types of pressure 
filter come into the Indian market, it is worth while remembering that very 
considerable pressure may be obtained by hanging the vessel containing 
the water high up in a tree or on the top of a house and connecting it by 
rubber tubing with the filter near the ground level.

|| Extract from Q.O.O., Madras, No. I0G2, Public, doled 30Ik Afny 1883, 
Chemieo-legal Examinations.
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to  th e  C h e m ica l E x a m in e r  f o r  a n a ly s is , it  is n e c e s s a ry  to  
w r ite  to  th e  C h e m ica l E x a m in e r  a n d  a sce r ta in  w h e n  i t  w ill 
b e  c o n v e n ie n t  to  r e c e iv e  th e  sa m p le  o r  sa m p le s  w h ic h  m a y  
re q u ir e  to  b e  e x a m in e d , it  b e in g  d e s ir a b le  th a t  sa m p le s  
s h o u ld  b e  e x a m in e d  s h o r t ly  a ft e r  th e y  a re  r e c e iv e d  at th e  
L a b o r a t o r y .

(2) 'th e  d u ty  o f  c o l le c t in g  th e  s a m p le s  s h o u ld  a lw a y s  b e
u n d e r ta k e n  b y  a  r e s p o n s ib le  p e r s o n . T h e  e m p lo y ­
m e n t  o f  p e o n s  o r  s e r v a n ts  f o r  th is  p u r p o s e  is  s t r ic t ly  
p r o h ib ite d . T h e  b o t t le s  u s e d  sh o u ld  b e  t h o r o u g h ly  
c le a n s e d , a n d  th en  w e ll w a s h e d  o u t  tw ic e  w ith  
w a t e r j f r o m  th e  sa m e  s o u r c e  it  is in te n d e d  t o  fill 
th e m  fr o m , ju s t  b e fo r e  fin a lly  f i l l in g  th e m .

(3 ) G la ss  s t o p p e r e d  b o t t le s  a re  b e s t , b u t  i f  th o se  a re  n o t
p r o c u r a b le , n e w  c o r k s  a re  to  b e  u se d  w ith  th e  o r d i ­
n a ry  q u a r t  w in e  b o t t le  o f  l ig h t  c o lo r e d  g la s s . In  
f i l l in g  th e  b o t t le s  a  l it t le  s p a ce  s h o u ld  b e  le f t  
b e tw e e n  th e  c o r k  a n d  th e  w a te r . [T h e  m ou th  o f  
th e  b o t t le  sh o u ld  b e  p lu n g e d  u n d e r  th e  su r fa ce , 
b u t  s h o u ld  n o t  t o u c h  th e  b o t t o m .]

(4 ) N o t  less  th a n  o n e  g a llo n  o f  e a ch  sa m p le  o f  w a te r  is
to  b e  fo r w a r d e d .

(5 ) E a c h  b o t t le  to  b e  la b e l le d ,  w ith  th e  n a m e  o f  th e  w ell
[ o r  ta n k , e t c . ] ,  a n d  d a te  o f  c o l le c t io n .

(6 ) O n f o  m vard in g , w a te r  fo r  a n a ly s is , th e  M e d ic a l  O ffice r
s h o u ld , a t  th e  sa m e  t im e , fo r w a r d  s e p a r a te ly  a 
le t te r  to  th e  C h e m ica l E x a m in e r . T h is  le t te r  sh o u ld  
c o n ta in  :— ■

(rt) A n  im p r e s s io n  a n d  d e s c r ip t io n  o f  th e  sea l u se d  in 
c lo s in g  th e  b o t t le s .

v ')  I n fo r m a t io n  as t o  th e  n u m b e r  o f  s a m p le s  se n t, a n d  a 
s ta te m e n t  as  t o  h o w  th e  sa m p le s  h a v e  b e e n  f o r ­
w a r d e d . [B y  h a n d , ra il, s te a m e r , e t c . ]

(c ) ^ -u e x p la n a t io n  as to  th e  re a so n  fo r  w h ic h  th e  e x a m in ­
a t io n  is r e q u ir e d , a n d  in fo rm a t io n  as to  b y  w h o m  
it  is d e s ir e d .
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(d) A  s ta te m e n t  as to  th e  s o u r c e  fr o m  w h ic h  e a ch  sa m p le  
w as c o l le c t e d , a n d  b y  w h o m  a n d  w h en  ea ch  sa m p le  
w as c o l le c t e d .

T h e  in fo rm a t io n  g iv e n  u n d e r  6 (d) s h o u ld  b e  as fu l l  a n d  
c o m p le te  as p o s s ib le ,  h a v in g  r e fe r e n c e  to  th e  g e o lo g i c a l  
a n d  m e te o r o lo g ic a l  c o n d it io n s  o f  th e  p la c e , d is ta n c e  o f  th e  
w e ll ,  e t c .,  f r o m  p o s s ib le  s o u r c e  o f  im p u r ity , n a tu re  o f  th e  
c o l le c t in g  s u r fa c e , s u p p o s e d  c o n n e c t io n  w ith  o u tb r e a k  o f  
a n y  p a r t ic u la r  d ise a s e  a n d  a n y  o th e r  in fo r m a t io n  o b ta in a b le .

I
l f  th e  w a te r  is v e r y  b a d  o r  i f  a  v e r y  c o m p le te  m in e ra l 
a n a ly s is  is  d e s ir e d , tw o  g a l lo n s  o r  m o re  s h o u ld  b e  se n t.

F o r  th e  b a c t e r io lo g i c a l  e x a m in a t io n  o f  a w a te r  s p e c ia l  
m e th o d s  a n d  p r e c a u t io n s  a re  n e c e s s a r y  w h ic h  it is u n n e c e s ­
s a r y  to  d e ta il  h e r e .*

I n  p r a c t ic e  th e  e x a m in a t io n  o f  w a te r  f o r  h y g ie n ic  p u r ­
p o s e s  a d m its  o f  d iv is io n  in to  f o u r  d e g r e e s  o f  a c c u r a c y .

I .  T h e  v e r y  r o u g h  a n d  s p e e d y  e x a m in a t io n  w h ic h  h as 
f r e q u e n t ly  to  b e  m a d e  b y  a  M e d ic a l  O ffice r  a t th e  e n d  o f  a 
l o n g  m a r c h  o r  jo u r n e y  w h e n  m a n y  th ir s ty  s o ld ie r s  o r  o th e r  
p e r s o n s  a re  w a it in g  to  b e  a llo w e d  to  d r in k . T h e r e  m a y  b e  
s e v e r a l  s o u r c e s  t o  c h o o s e  f r o m — o n e  o r  m o r e  w e lls  o r  ta n k s , 
a  s h a llo w  s tre a m , th e  b a c k w a t e r  o f  a  la r g e  r iv e r ,  e t c . ,  e tc . 
F r o m  w h a t  h a s  b e e n  s a id  b e fo r e  a  g o o d  id e a  c a n  b e  
g a t h e r e d  as to  w h ic h  is  l ik e ly  t o  p r o v e  th e  b e s t  s o u r c e  o f  
s u p p ly . A f t e r  in s p e c t in g  th e se  r a p id ly  th e  M e d ic a l  O ffice r  
s h o u ld  e x a m in e  s a m p le s  o f  th e  w a t e r  b r o u g h t  t o  h im  fo r  
th a t  p u r p o s e  b y  s ig h t ,  ta s te  a n d  s m e ll, r e m e m b e r in g  th a t  
in  t a s t in g  a  w a te r  it  is  u n n e c e s s a r y  to  s w a l lo w  a n y  o f  it .

I I .  Ph ys ica l examination. T h is  t h o u g h  r e q u ir in g  n o  
c h e m ic a ls ,  o fte n  g iv e s  v a lu a b le  h in ts  as to  th e  im p u r ity  
o r  o t h e r w is e  o f  a  w a t e r  a n d  c a n  b e  m a d e  b y  a n y  e d u c a t e d  

p e r s o n  w h e n  t h e r e  is  a  l it t le  t im e  to  s p a re , e. g., in  c h o o s in g  
th e  s ite  o f  a  t e m p o r a r y  c a m p  w h ic h  is  to  b e  o c c u p ie d  a  d a y  
 ------------------------ ------------------------------------------------

* v. Mnnl. Pratique D’Annlyse Bacteriulogique des Emix, Le Dr. Miquel, 
Chapitre I, Paris, 1891.
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o r  tw o  la te r . T h e  p o in ts  to  b e  in q u ir e d  in to  r e g a r d in g  th e  
w a te r  a re  as fo l lo w s  :—

1. Colour.— T h is  is b e s t  e x a m in e d  b y  p o u r in g  som e  o f  
th e  w a te r  in to  a  ta ll  c y l in d r ic a l  g la s s  v e s s e l  on e  a n d  a h a lf  
to  tw o  fe e t  in  d e p th , w h ic h  is  th e n  p la c e d  o n  c le a n  Avliite 
p a p e r  a n d  th e  c o lo u r  c o m p a r e d  w ith  a s im ila r  v e sse l f i l le d  
w ith  d is t i l le d  w a ter . I f  n o  d is t i l le d  w a te r  is  a v a ila b le  th e  
o r ig in a l  v e s s e l  m a y  b e  f i l le d  h a lf  fu ll  a n d  th e  c o lo u r  o f  th e  
w a te r  c o m p a r e d  w ith  th e  co lu m n  o f  a ir  a b o v e  it. T h is  te s t  
m u st  a lw a y s  b e  d o n e  in  a g o o d  l ig h t .  D is t i l le d  w a te r  is  
a lm o s t  c o lo u r le s s  ; p u r e  w a te r s  h a v e  a  fa in t  b lu is h  t in g e .
G re e n  w a te rs  a re  v e r y  co m m o n  in  I n d ia ,  e s p e c ia l ly  in  
ta n k s , th e  c o lo u r  b e in g  d u e  to  m in u te  f r e s h  w a te r  algae.
Y e l lo w  o r  b r o w n  w a te rs  a re  so  c o lo u r e d  b y  a n im a l o r  v e g e t ­
a b le  o r g a n ic  m a tte r  o r  a re  c h a ly b e a te . I f  th e re  is  th e  
r e m o te s t  c h a n c e  o f  th e  p o l lu t io n  b e in g  d u e  to  a n im a l m a tte r  
th e  w a te r  s h o u ld  b e  r e je c t e d ,  b u t  in th is  c o u n t r y , sa v e  c lo s e  
to  toAvns o r  v i l la g e s ,  s u ch  c o lo u r a t io n  d u r in g  th e  r a in y  
se a s o n  is  g e n e r a lly  d u e  t o  v e g e t a b le  m a tte r .

2 . Clearness.— S h a k e  u p  th e  s a m p le  o f  w a te r  so  as t o  
d iv id e  th e  s u s p e n d e d  m a tte r  e q u a lly  a n d  th e n  p o u r  s o m e  
in t o  th e  c y l in d r i c a l  v e s s e l  as b e fo r e .  In s te a d  o f  th e  w h ite  
p a p e r  p u t  a  p ie c e  o f  o r d in a r y  n e w s p a p e r  u n d e r n e a th  a n d  
b y  g r a d u a l ly  a d d in g  a  l it t le  m o r e  o f  th e  s a m p le  a s c e r ta in  
th e  e x a c t  d e p th  a t w h ic h  t h e  p r in t e d  m a tte r  b e c o m e s  
o b s c u r e d . T h e  la t t e r  c a n  e a s i ly  b e  r e a d  t h r o u g h  2 4 -iu c h e s  
d e p th  o f  d is t i l le d  w a te r .

3 . Taste .'— T h is  is  n o t  a  v e r y  r e l ia b le  te s t , f o r  t h o u g h  a ll 
g o o d  w a te rs  a re  p r a c t ic a l ly  ta s te le s s  a n d  a n y  w a te r  w ith  a 
b a d  ta s te  is  a t  o n c e  r e je c t e d ,  th e  im p o r ta n t  f a c t  r e m a in s  
th a t  m a n y  o f  th e  w o r s t  w a te r s  a re  f r e e  fr o m  a n y  d is a g r e e ­
a b le  ta s te . I f  m in e ra l m a tte rs  a re  p r e s e n t  in  la r g e  e x t e n t  
th e  w a te r  w i l l  p r o b a b ly  b e  o b je c t io n a b le  in  ta s te . A  sm a ll 
a m o u u t  o f  iro n  w i l l  d o  n o  h a r m  in  w a te r  f o r  t e m p o r a r y  u se .

4  Sm e ll .— I f  th e  w a te r  h a s  a d is a g r e e a b le  sm e ll it  s h o u ld  
b e  r e je c t e d .  ‘W a r m in g  th e  w a te r  g e n t ly  o r  e v e n  b o i l in g

' CV \
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s o m e t im e s  b r in g s  o u t  its  p e c u lia r  sm e ll, p a r t ic u la r ly  it  th e re  
is  m u c h  a n im a l im p u r ity  p re s e n t. I u  som e  fo u l w a ters  th e  
1 c s e  ce  ol. h\ d r o g e n  s u lp h id e  is  th u s  r e n d e r e d  p e r c e p t ib le .

• ). Sediment.— T h is  i f  p r e s e n t  in  la r g e  q u a n t ity  ca u  he 
a p p r o x im a te ly  e s t im a te d  b y  p o u r in g  th e  w a te r  in to  a  n a r ­
r o w  c y l in d r ic a l  v e s s e l , e.g. a  lo n g  te s t  tu b e , a n d  a l lo w in g  it to 
s e tt le . T h e  n a k e d  e y e  a lo n e  o r  a  sm a ll l ia u d  len s  ca u  o fte n  
d e t e c t  th e  p r e s e n c e  o f  n u m e ro u s  an im al a n d  v e g e t a b le  
im p u r it ie s , e.g., c r u s ta c e a n s  (cgclops, daphne, etc.), w o rm s , 
a lgm , larvae, e t c . ,  b u t  it s h o u ld  a lw a y s  b e  e x a m in e d  w ith  a 
m ic r o s c o p e  if  p o s s ib le .  I f  th e  n u m b e r  o f  a n im a lcu le s  a n d  
m ic r o b e s  is v e r y  g r e a t  so  th a t  th e  h e ld  o f  th e  m ic r o s c o p e  
sw a rm s  w ith  th e m  th e  w a te r  s h o u ld  b e  r e je c t e d .*

G. The Lustre .— T h e  d e g r e e  o f  “  s p a r k le ”  in  a  w a te r  is 
.s o m e tim e s  r e c o m m e n d e d  to  b e  n o te d  as in d ic a t in g  th e  
a m o u n t  o f  a e r a t io n  b u t  is  o f  n o  p r a c t ic a l  v a lu e  as  s o m e  o f  
th e  w o r s t  w a te rs , e.g. from  w e lls  su n k  in g r a v e y a r d s ,  h a v e  
th e  m o s t  b r i l l ia n t  lu stre .

I f  th e n  o n  th e  o n e  h a n d  a  w a te r  is d e e p ly  c o lo u r e d ,  v e r y  
.  t u r b id , b a d  ta s t in g  o r  s t r o n g ly  s m e ll in g  it  s h o u ld  be  r e je c t e d  

as u n fit l o r  use , b u t  i f  on  th e  o t h e r  h a n d  it is  c o lo u r le s s , c le a r , 
ta s te le s s  a n d  o d o u r le s s  it  m a y  b e  a c c e p t e d  p r o v is io n a lly  p r o ­
v id e d  th a t  m o re  th o r o u g h  m e a n s  o f  a n a ly s is  a re  n o t  a v a ila b le .

I I I .  Qualitative examination .— T h is  c a u  b e  c a r r ie d  o u t  
in  a n y  s ta t io n  o r  in s t itu t io n  w h e r e  th e  o r d in a r y  c h e m ic a l 

, r e a g e n ts  a re  a v a i la b le  a u d  in d ic a t io n s  o f  c o n s id e r a b le  
v a lu e  m a y  b e  th u s  o b ta in e d . T h e  p h y s ic a l  a u d  m ic r o s c o ­
p ic a l  e x a m in a t io n  s h o u ld  fir s t  b e  c a r e fu l ly  c a r r ie d  o u t  a n d  
i f  th e  w a te r  is  n o t  c o n d e m n e d  b y  th e s e  te s ts  th e  chem ical 
e x a m in a t io n  m a y  b e  p r o c e e d e d  w ith . T h e  fo l lo w in g  ta b le  
sh ow 's  th e  v a r io u s  tests  c l e a r l y . f

* The number of objects, both animate and inanimate, that may be found 
in water by microscopic examination is so great that it is imnossible to <dve 
any adequate description of them within the limits of this manual. In 
addition, the recognition of each form and the probable value attachable to 
its presence, needs special training and experience not to be gained from 
any book.

t  'i’uken by permission of the author and proprietors (Messrs. Churchill) 
from Parkes b’ otter op, cit., p. t58t> et seq. ’
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QUALITATIVE EXAMINATION OF DISSOLVED SOLIDS.

T h e  w a te r  m a y  b e  e ith e r  a t o n c e  tr e a te d , o r , iu  th e  cash  o t  
som e  c o n s t itu e n ts , it  s h o u ld  b e  c o n c e n tr a te d  b y  e v a p o r a t io n . '

W ater not Concentrated.

Substance Reagents to be used,' ,, .
sought for. j and effects. j Remarks.

-  j - —

Reaction Litmus and turmeric Usually neutral. If acid, and acidity
papers ; usual red 1 disappears on boiling, it is due to 
or brown reactions.1 carbonic acid. If alkaline and al­

kalinity disappears on boiling, to 
ammonia (rare). If permanently 

| alkaliue, to sodium carbonate.

Lime ‘ Oxalateof ammonium. \ Sixgraitfs per gallon (9 per 100,000) -
White precipitate. give turbidity; sixteen grains (23

per 100,00(1) considerable precipi­
tate.I ' '

Chlorine Nitrate of silver, and One grain per gallon (1'4 per 100,000)
dilute nitric acid. gives a haze; four grains per gal- 

White precipitate be- Ion (G per 100,000) give a mark­
coming lead colour. ed turbidity ; ten grains (14 

per 100,000) a considerable preci­
pitate,

Sulphuric Acid Chloride of barium One nnd-half grains (2 per 100,000) 
and dilute hydro• of sulphate give no precipitate uu- 
chloric acid. til after standing; three grains (4

White precipitate. per 100,000) give an immediatehazg,
and, after a time, a slight precipi­
tate.

L'itric Acid > Brucine solution and The sulphuric acid should be poured 
! pure sulphuric acid. gently down to form a layer under 
A pink and yellow the mixed water and brucine sola- 

zone. lion ; half a grain of uitric acid per
gallon (—0'7 per 100,000) gives a 
marked pink and yellow zone; or, 
as recommended by Nicholson, 2 
c. c of the water may be evapo­
rated to dryness ; a drop of pure 
sulphuric acid and a minute crystal 
of brucine be dropped in ; 001 grain 
per gallon l— 00143 per 100,000) 
can be easily detected.

Nitrous Acid ; Iodide of potassium Add the solution of iodide of potas- 
and starch in solu- sium and starch, and then the acid ;

* tion and dilute sul. tho blue colour should be iuimedi-
phurik acid. ate ; malft a comparative experi-

An immediate blue meat with distilled water, 
colour.

/ 'jS *  ■ e° i x
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Substance Reagents to be used, T, / ,
sought for. aud effects. Remarks.

. ______________________ _______

Solution of metavhe- This is a very delicate test; a yellow 
nylenediamine aud colour will appear in the water iu 
di lu t e sulphuric half an hour, if there be only one 
acid (Griess’s test) par.t of nitrous acidiu 10,000,GUO of
—a yellow colour water, 
more or less imme- 

/ diate according to
amount of nitrous 

i acid.

Ammonia ! Nessler’ s solution. If in small quantity, several inches in
A yellow colour or a depth of water should bo looked 

yellow browu pre- 1 down through on a white ground.
1 cipitate.

Iron Red and yelloiv prus-; The red for ferrous and the yellow for
states of potash, and j ferric salts. 
dilute HCl.

Blue colour.
I

Hydrogen A soluble salt of ! When the water is heated the smell
Sulphide lead. Black preei-! of hydrogen sulphide may be per-

pitate. | ceptible.

Alkaline Nitroprusside of so-1 A black precipitate with lead, but no
Sulphides dium. colour with nitroprusside shows

A beautiful violet- , that the hydrogen sulphide is un- 
purple colour. ! combined.

Osidisable Gold chloride. The water, which should be neutral
• matter, iuclud- Colour varying from or feebly acid, must bo boiled for 

i u g organic rose-pink through 20 minutes with the gold chloride.
•matter I violet to olive; a If no nitrous acid be present, the

dark violet to black reaction may generally be consider- 
preoipitate. ed due to organic matter.

1
Ho. Note the darkening of j Compare with a precipitate produced

the silver chloride iu a pure solution of a chloride, 
in testing for chlo-1 

. rine.

Lead or Copper* Ammonium sulphide. Place some water (100 c. c.) in a 
Dark colour, not white dish, and stir up with a roil
cleared up by by- dipped in ammonium sulphide;
droelrloric acid. wait till colour produced, then add

a drop or two of hydrochloric acid.
It the colour disappears, it is due 
to iron ; if not, to lead or copper.+

* Kidney Harvey (Analyst, vol. vi. p. 14Gj recommends small crystals of 
potassium bichromate. According to him of a grain per gallon gives an im­
mediate turbidity, aV, alter 15 minutes, and after 30 minutes. These 
numbers equal respectively OBI, 0'U7, and 0 03 per 100,000, = 

t  Wauklyn,
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Substanoes Reagents to be used, ! R.mnj „
sought for. and effects. xtemarKS.

Zinc Hydrogen Sulphide. This test is not possible if there be
A white precipitate- iron present, should the water be 

If zinc be in consider- alkaline. It forms, however, in
able quaulity, it is perfectly neutral waters, but not in
generally present acid. A little acetate of sodium
as bicarbonate, and greatly aids this ; or ammonium
gradually forms a sulphide with an alkaline solution
film of carbonate in excess; or acidulate water with
on the surface of hydrochloric acid and add pot.as-
the water. This sium ferrocyanide ; a white preci-
film may be collect- pitate appears, pale greenish if
ed and heated on there is iron in the hydrochloric
platinum foil. If acid,

j the residue remain 
I jellow when hot 

and white on cord­
ing, the presence of 
zinc is indicated.
This reaction is 
very delicate.*

Water Concentrated to (in a Porcelain Dish.)
Magnesia I Oxalate of ammoni- \ A precipitate forms in 2-1 hours, and

urn to precipitate is the triple phosphate either in the 
lime, then after fil- shape of prisms or in feathery crys- 
tration a few drops tals. 
of phosphate of so­
dium, of chloride 
of ammonium and
of liq. ammonice. • .
A crystalline preci­
pitate in 24 hours.

Phosphoric Molybdate of ammo- Add the nitric acid, and stir with a
Acid ilium and dilute glass rod, then add twice the quart-

nitric acid. tity of molybdate and boil.
A well-marked yellow 

c o l o u r ,  and on 
standiug a precipi­
tate.

Nitric Acid Brucine test. If the nitric acid is in small quantity,
it may not be detected in the un- 

| concentrated water.

Silicic Acid Evaporatetodryness, The residue may be weighed,' and
moisten with strong thus the silica determined quanti- 
hydrochloric acid; tarively. A little clay or oxide of
after standing, add iron will be sometimes mixed with
b o i l i n g  distilled it.

* Frankland, Water Analysis, 18S0, p. 44.
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Substances Reagents to be used. ,
soughlit for. i and effects. Remarks.

______________ i_____

wat e r ;  pour off /
fluid ; dry, ignite; 
repeat the treat­
ment with hydro­
chloric a c i d  and 
water; dry, ignite 
ngain, and the re­
sidue is silica, or 
silicate of alumini­
um.

Lead or Copper As before. If quantity be very small.

Arsenic Marsh’s or Tteinsch’s Water should be rendered alkaline
tests. with sodium carbonate before con­

centration, then acidulated with 
hydrochloric acid.

*̂nc Evaporate to dryness; This is necessary if the quantity be
treat residue with small, or if iron be present. 
caustic potash or If a film of carbonate forms on con. 
ammonia,filtc-r and centration, it may be tested on 
test filtrate with platinum foil, ns before described. 
hydrogen sulphide; 
a white precipitate 
falls.

t C h lo r in e  is n e a r ly  a lw a y s  p re s e n t  b u t  i f  in  c o n s id e r a b le  
q u a n tity  g iv in g  a  m a rk e d  tu r b id ity  o r  a d is t in c t  p r e c ip ita te  
its  p r e s e n ce  is im p o rta n t. I t  is d e r iv e d  fr o m  soil c o n ta in in g  
c h lo r id e s  o f  s o d iu m  a n d  ca lc iu m , fr o m  s e a -w a te r , o r  fro m  
co n ta m in a tio n  b y  u rin e  o r  liq u id  se w a g e . I n  tlie  la tte r  
ca se  som e  o r  a ll o f  th e  fo l lo w in g  su b s ta n ce s  w ill b e  p re se n t 
in  e x c e s s , n itr ic  an d  n itro u s  a c id s  a n d  a m m on ia , p h o s p h o r ic  
a c id , a n d , i f  th e  im p u r it ie s  a re  re ce n t, o x id is a b le  o r g a n ic  
m a tte r .— A m m o n ia  sh o u ld  n o t  lie p re s e n t  in  su ffic ien t  
a m o u n t to  g iv e  th e  N e s s le r  r e a c t io n  in  th e  u n d is t ille d  
w a te r .— I f  th e  p h o s p h o r ic  a c id  re a c t io n  is  d is t in c t  it is h ig h ly  
p r o b a b le  th a t  th e  w a te r  is  co n ta m in a te d  w ith  s e w a g e .—  
S h o u ld  it  c o n ta in  a n y  m e ta l o th e r  th a n  iro n  o r  th e  a lk a lin e  
a n d  e a r th y  m eta ls  it  is  u n fit  f o r  u se .— I f  th e  w a te r  is  
‘ h a r d ’ lim e  w ill b e  p r e s e n t  in  la r g e  q u a n tity  ; if  h a rd n e s s  
is  ‘  te m p o ra ry ’ , as C 'aC O , w h ic h  is p re c ip ita te d  b y  b o i l in g , 
i f  ‘ p e rm a n e n t ’  as C a S 0 4, C a  C l2', C a ( N 0 3 ) a ,4  I I a O , an d

X â e ■ c° i x



(»(§)}) (CT
quantitative  exam in ation . 105 k y  4- -

is  n o t  p r e c ip ita te d  b y  b o i l in g .— I f  th e re  is an  a b u n d a n t  
p r e c ip ita te  o f  m a g n e s ia  in  2 4  h o u rs , th e  w a te r  s h o u ld  b e  
r e je c t e d .  T h is  is  a  c o m m o n  im p u r ity  in  In d ia .

I\  . Complete Quantitative examination .— T h is  r e a l ly  
m ea n s th e  a c c u r a te  d e te r m in a t io n  o f  th e  q u a n t ity  o f  e a ch  
b a s ic  a n d  a c id  r a d ic a l  a n d  in  a d d it io n  th e  q u a n t ita t iv e  
e x a m in a t io n  o f — 1. The dissolved solids— (a) total (b) fixed 
a n d  (c) volatile. 2. The hardness— (a) total (b) fixed  (c) 
removable. 3. The free or ‘ saline’ ammonia a n d  th e  n i t r o ­
g e n o u s  o r g a n ic  m a tte r  (r e c k o n e d  as ‘ albuminoid’ ammonia).
4. The oxidisable matter. I n  p r a c t ic e  th e  w h o le  o f  th e  
b a s ic  a u d  a c id  ra d ic a ls  a re  r a r e ly  e s t im a te d . T h e  fo l lo w in g  
a re  th e  m o re  im p o r ta n t  as w ill b e  u n d e r s t o o d  fr o m  w h a t  
h a s  b e e n  sa id  b e fo r e . 1. C h lo r in e . 2. N it r o u s  a n d  N it r ic  
a c id s . 3 . P h o s p h o r ic  a c id . 4 . S u lp h u r ic  a c id .

I h e  o n ly  q u a n t ita t iv e  p r o c e s s  th a t  n e e d  b e  r e fe r r e d  to  
h e re  in d e ta il  is th e  Estim ation of the Hardness of a water. 
i h e  tw o  b a se s  lime a n d  magnesia (as w e ll  as  iro n , b a r y ta , 
a lu m in a , e t c . ,  to  a le s s e r  d e g r e e )  w ith  free acid (w h ich  a c ts  
b y  d is s ip a t in g  a la th e r  a lr e a d y  fo r m e d  a u d  w h ich  in th is  
c o u n tr y  is  o n ly  l ik e ly  to  b e  c a r b o n ic )  a re  th e  ca u se s  o f  
H a rd n e s s , a n d , th e r e fo r e , th is  q u a lity  is  a te s t  o f  th e ir  
p re s e n ce  a n d  m a y  b e  m a d e  a m e a s u r e 'o f  t h e ir  a m o u n t.
O rd in a ry  soaps are. s te a ra te s  (o r  o le fite s ) e ith e r  o f  p o t a s ­
s iu m  o r  s o d iu m , s o lu b le  in  p u r e  w a te r . W h e n  d is s o lv e d  in  
w a te r  a n d  th e  s o lu t io n  w e ll sh a k e n , a lather, o r  c o l le c t io n  
o f  m o r e  o r  le ss  p e r m a n e n t  b u b b le s , is  fo r m e d . I f  sa lts  o f  
th e  a lk a lin e -e a r th  m e ta ls  ( in c lu d in g  m a g n e s iu m ) o r  o f  ir o n , 
e tc .,  a re  p re s e n t , th e  a lk a lin e  s te a ra te s  a re  d e c o m p o s e d  a n d  
in s o lu b le  s tea ra tes  a re  fo r m e d  in s te a d , a p p e a r in g  as a  c u r d y  
scu m  a n d  u lt im a te ly  as a  p r e c ip ita te . T h e s e  in s o lu b le  
s te a ra te s  a re  u se less  f o r  c le a n s in g  p u rp o se s  a n d  so  m u ch  
soa p  as is  th u s  d e c o m p o s e d  is  w a s te d . H a r d n e s s , t h e r e ­
fo r e , is  a q u a lity  o f  g r e a t  im p o r ta n c e , e c o n o m ic a lly  in  th e  
first p la c e  a n d  sa n ita r ily  in  th e  s e c o n d , in a sm u ch  as a n y  
ca u se  w h ich  re n d e rs  c le a n lin e ss  o f  .c lo th e s , d w e l l in g s  a n d  
p eison s  m o le e x p e n s iv e  a u d  11101*0 d ifficu lt  o f  a tta iu iu e iit  is
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n e ce s s a r ily  d e tr im e n ta l to  h e a lth . F u r th e r , as on  th e  • 
a d d it io n  o f  an a lk a lin e  stea ra te  to  w a te r  n o n e  w ill re m a in  
in  so lu tion , a n d  co n se q u e n tly  n o  la th e r  w ill b e  p o s s ib le , 
u n t il  th e  w h o le  o f  th e  ca lc iu m , m a g n e s iu m  a n d  ir o n  sa lts 
h a v e  (in  th e  a b se n ce  o f  f r e e  a c id )  b e e n  c o n v e r te d  in to  
stea ra tes , the q u a n tity  o f  soa p  w h ic h  h as to  be  a d d e d  to  a 
g iv e n  qu a n tity  o f  w a te r  in  o r d e r  to  p r o d u c e  a  la th e r  is  a 
m ea su re  o f  th e  a m o u n t o f  c a lc iu m , m a g n e s iu m  a n d  iro n  
sa lts in  so lu tion  ; in  o th e r  w o r d s , o f  th e  h a rd n e s s  o f  th e  
w a ter . T h e  q u a n tity  o f  soa p  re q u ire d  is  a s ce r ta in e d  b y  
u s in g  a s ta n d a rd  so a p  so lu t io n .

A  s ta n d a rd  s o lu t io n  o f  b a riu m  n itra te *  is  first re q u ire d .
T h is  w as fo r m e r ly  m a d e  o f  su ch  a  s tr e n g th  th a t  it  c o n ta in ­
e d  an  a m o u n t o f  b a r iu m  n itra te  e q u iv a le n t  to  16 g rs . 
ca lc iu m  c a r b o n a te  in  1 g a llo n  o f  d is t i l le d  w a te r— o r , as it  
w as ca lle d , 16° o f  h a rd n e s s  on  C la rk ’ s S c a le t  (in  w h ich  
th e re fo re , ea ch  1 ° = 1  g r . C a C 0 3 p e r  g a llo n  o f  w a ter .)

I t  is m o re  in a c c o r d a n c e , h o w e v e r  w ith  m o d e rn  m e th o d s  
to  e x p re s s  th e  h a rd n e s s , in  c o m m o n  w ith  o th e r  q u a n tit ie s , 
in  M ill ig r a m m e s  p e r  100  c u b ic  c e n t im e tr e s ,!  i.e., p a r ts  p e r
1 0 0 ,0 0 0 . A c c o r d in g ly ,  a so lu t io n  o f  b a r iu m  n itra te  c o n ­
ta in in g  0 26  g e m s . B a ( N 0 3) 2 in 1 litre  o f  d is t i l le d  w a te r  
is  m a d e , so  th a t  .e a ch  1 c . c . o f  th e  so lu t io n  co n ta in s  0 2 6  
m gm s. B a ( N 0 3) . ,§ .  • N e x t ,  a so lu tion , o f  soap]| is  m a d e  
a n d  te s te d  o r  ‘ s t a n d a r d is e d ’ b y  th e  a b o v e  so lu t io n , m o re  
o f  the so a p  o r  o f  th e  s o lv e n t  b e in g  a d d e d , u n til 2 ;2 c . c . o f  
th is  soa p  s o lu t io n  p r o d u c e  a  p e rm a n e n t  la th e r  w ith  50  c . c . 
o f  th e  ba riu m  n itra te  so lu t io n . N o w , e a ch  c u b ic  c e n t im e tre  
is d iv id e d  in to  ten  p a rts  a n d  th e se  te n th s  a re  c o m m o n ly  
c a lle d  ‘ m e a su re s ’ , i.e., ea ch  1 c . c . =  10 m ea su res , o r  2 '2

* Or selenite (hydrated calcium sulphate) may be used; v. gravimetric 
analysis in glossary.

t  From I)r. Clark of Aberdeen, inventor of the process v. p. 73.
t  The so called centesimal scale.
§ 1 litre (1000 c. 6 ) water =  0 26 gi'm. Ba(N03)„.
■ ■ 1 c'.c ' " '“ ter =  0 00026 ffi-m. Ba(N0.3)s =  0'26 mgm. Bu(NOB)a.
I, tj “dried Unstile soap (said to contain 60 % olive oil) is (lie best : 25 

grms. of this in 1 litre of weak alcohol will give a solution of almost 
the exact strength desired. Tf this cannot be obtained, ordinary B. P, soft 
soap may be used and standardised by the bariumhiitrate solution.

|(1 )s <SL
1 0 6  WATER.
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c. c . =  22  m ea su res . F r o m  tliis  2 m ea su res  m u st b e  s u b ­
t r a c te d  as n e c e s s a r y  to  g iv e  a la th e r  e v e n  w ith  th e  p u re s t  
w a te r . H e n c e , 2 c . c . o r  20  m e a su re s  a re  =  (h e ., g iv e  a 
p e rm a n e n t  la th e r  w ith ) 50  c . e. o f  th e  s ta n d a r d  b a r iu m  
n itra te  s o lu t io n . F r o m  th is  it  f o l lo w s  th a t  1 c . c . o f  th e  
soa p  so lu t io n  is  =  2 ’ 5 in g m . C a C 0 3 a n d  1 m e a su re  is  =  0 -25  
m g m s . C a C 0 3 .*  K n o w in g  th is , a ll th a t is  n e c e s s a r } ' is 
to  f in d  ou t  h o w  m a n y  m e a su re s  o f  s o a p  s o lu t io n  a re  r e ­
q u ir e d  to  g iv e  a  la th e r  w ith  a  d e fin ite  a m o u n t  o f  th e  w a te r  
to  b e  te s te d  a n d  it b e c o m e s  ea sy  to  c a lc u la te  th e  a m o u n t 
o f  h a rd n e s s , expressed as calcium carbonate, th a t  is  c o n ­
ta in e d  iu th e  w a ter .

T h e  m e th o d  o f  p r o c e d u r e  is  as fo l lo w s  :—

I n to  a  s to p p e r e d  b o tt le  o f  a b o u t  200  c . c . c a p a c i t y ,  w h ic h  
h a s  b e e n  p r e v io u s ly  w e ll  r in s e d  w ith  d is t i l le d  w a te r , a re  
p u t  5 0  c . c .  o f  th e  w a te r  t o  b e  e x a m in e d . N e x t ,  a g r a d u ­
a ted  b u r e t te  is  f i l le d  w ith  so a p  so lu t io n . F r o m  th is  b u r e t te  
th e  so a p  s o lu t io n  is a l lo w e d  to  ru n  s lo w ly  in to  th e  b o t t le , 
th e  la tte r  b e in g  r e m o v e d , s to p p e r e d  a n d  w e ll  sh a k e n  a t 
in te r v a ls . W h e n  a  la th e r  b e g in s  to  fo r m  o n  s h a k in g , th e  
b o tt le  is  la id  u p o n  its  s id e  a n d  i f  a t th e  e n d  o f  f iv e  m in u te s  
a  d is t in c t  f r o t h y  la th e r  re m a in s  it is  sa id  to b e  ‘  p e r m a ­
n e n t .J T h e  e x p e r im e n t  m a y  r e q u ir e  to  b e  r e p e a te d  tw o  o r  
th re e  t im e s  w ith  f r e s h  5 0  c . c . o f  w a te r  t ill  th e  e x a c t  
a m o u n t  o f  s o a p  s o lu t io n  n e c e s s s a r y  is  d e t e r m in e d .t  S u p -

* Calculated as follows, by the gravimetric method (v. glossary) : 20 
measures of soap solution are required for 50 c.c. of tbe barium nitrate 
solution

50 x 0 00026
.-. 1 m easu re .......................=  -------^ ------- grm. Ba(N03)a.

• Since the basicity of one molecule of Bu(N03)3 =  one of CaCO
260 pts. by weight of Ba(NO3).,=100 pts. by weight of CuC03. '

2G0 and 100 being the molecular weights of Ba(N03)a and CaCO, 
respectively.

. o,-n • . 50 X 0 00026 . . 200 : 100 . . ---------—-------- grm. : x
x = 0  00025 grm. = 0  23 mgnt. C»C03.

f  It is customary to make longer experiments with 50 c. c. of the water 
to ascertain the amount required approximately and thou to repeat the 
process very carefully after adding almost the required amount at once. *
f'or further details v. Wanklyn’s Water Analysis—Stevenson’s and Mur. 
phy’a Hygiene—Purkers-Notter, ote.
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p o s e  13 m e a su re s  a re  r e q u ire d . T h e n , s u b t r a c t i n g  2 
m e a s u r e s  as a b o v e -m e n t io n e d , 11 m e a su re s  so a p  so lu t io n  
a re  =  5 0  c . c. o f  th e  w a ter . B u t  1 m ea su re  1s =  0 2 5  
m g m . C a C 0 3 a n d  50 c . c. o f  th e  w a te r  w e re  ta k e n ,
. • . '1 1  X 0 '2 5  x 2  =  5 '5  m g m . C a C 0 3 in  100  c . c. o f  th e  w a te r

{h a rd n ess  0
in  te rm s  > p e r  1 0 0 ,0 0 0  p a r ts  o f  th e  

o f  C a C O ;i )
Avater. T o  e x p r e s s  th is  r e s u lt  iu  C la rk ’ s S c a le , m u lt ip ly  
5 '5  b y  th e  sh o rt  fa c t o r  0 -7 =  3 85° h a rd n e ss  a n d  i.e., 3 '8 5  
g ra in s  ca lc iu m  c a r b o n a te , or its equivalent, iu  1 g a llo n  o f  
th e  w a ter .

The foregoing, of course, gives the total hardness of the 
water. To find the permanent hardness, 250  c.c. of the Avater 
are taken and boiled over a naked flame for half-an-liour, 
the loss by evaporation being replaced from  time to time 
by added distilled water so that there are alw ays about 
230  c. c. in the bottle. Then filter the water quickly into a 
graduated flask, w ash ing the filter Avith a little boiling  
distilled Avater. W h e n  cold, add as much distilled water as 
is necessary to m ake up the amount to 2 5 0  c. c. exactly.
T a k e  50 c . c . a n d  t itra te  Avitli th e  soa p  so lu tion  as b e fo r e . 
S u p p o se  9 m ea su res  o f  soa p  so lu tion  a re  r e q u ir e d . T h e n , 
s u b tr a c t in g  2 m ea su res , p ro ce e d  as b e fo r e , i.e., 7 x 0 '2 5 x 2  
=  3 '5  m g m s . p e rm a n e n t  h a rd n e ss  e x p r e s s e d  as C a C 0 3 in  
100 c . c . o f  th e  w a te r . T o  fin d  th e  temporary o r  removable 
h a rd n e s s  su b tr a c t  3 '5 , th e  p e rm a n e n t h a rd n e s s , fr o m  5 '5  —
2 p a r ts  per 1 0 0 ,00 0  o r  on  C la rk ’ s S ca le  ( 2 x 0 7 ) = T 4 .  T h e  
p e rm a n e n t  h a rd n ess  o f  a  Avater s h o u ld  n o t  b e  m o re  than 5C 
o f  th e  ce n te s im a l (3 -5° C la r k ’ s) S cale .*  I f  m a g n e s ia  is 
p re s e n t  in  th e  w a te r  th e  a m ou n t o f  h a rd n e ss  due to magnesia 
may b e  r o u g h ly  d e te r m in e d  b y  a  m o d ifica t io n  o f  th e  a b o v e  
p r o c e s s .f  ‘

* Regarding ilie signification of <be results obtained by the above 
pn cess refer buck to tbo impurities of drinking water, pp. 73-4. 

t  v. opera cit. supra.

fif,/mx§\' 1 C*
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It is  o n ly  o f  la te  y e a r s  tliafc s y s t e m a t ic  a t te n t io n  h a s  b e e n  
p a id  to  th e  s t u d y  o f  th e  g r o u n d  o r  s o i l  w h e r e o n  w e  l iv e  in  
its  r e la t io n  to  h y g ie n e .  T o  th e  G e r m a n s , e s p e c ia l ly  v o n  
P e t t e u k o f fe r  a n d  h is  s c h o o l ,  b e lo n g s  t h e  c r e d i t  o f  in i t ia t ­
in g  s u c h  s y s te m a t ic  s t u d y .  I n  th is  c o u n t r y ,  o w in g  to  
w a n t  o f  e n c o u r a g e m e n t  a n d  th e  a b s e n c e  o f  f a c i l i t i e s ,  b u t  
l it t le  h a s  b e e n  d o n e  b y  m e d ic a l  o ff ic e r s , s a v e  in  th e  s p e c ia l  
c a s e  o f  L e w is  a n d  C u n n in g h a m  a t  C a lc u t t a .*  T h e  s u b ­
j e c t  is  o n e  o f  e x t r e m e  in t e r e s t  a n d  im p o r t a n c e  a n d  i t  is  
e a r n e s t ly  h o p e d  th a t  t h e  G o v e r n m e n t  w ill  in  fu t u r e  
e n c o u r a g e  its  e lu c id a t io n  b } 7 a ll  m e a n s  in  th e ir  p o w e r . f  .

B e fo r e  p r o c e e d in g  t o  e x a m in e  in to  th e  n a tu r e  o f  th e  
in t im a te  c o n n e c t io n  th a t  is  b e l ie v e d  to  e x is t  b e t w e e n  th e  
g r o u n d  w e  l iv e  o n  a n d  th e  o c c u r r e n c e  o f  c e r t a in  d is e a s e s , 
it  is  n e c e s s a r y  to  h a v e  a  c le a r  u n d e r s t a n d in g  a s  t o  w h a t  is  
r e a l ly  m e a n t  b y  th is  t e r m  ‘ s o i l . ’ if Iu  th e  f ir s t  p la c e  i t  is 
d iv id e d  in t o  th e  ‘ s u r fa c e  so iP  a n d  th e  ‘ s u b -s o i l5, t e r m s  w h ic h  
a re  m e r e ly  r e la t iv e  a n d  n o t  e x a c t .  A  p e r f e c t l y  p u r e  s o i l  
w o u ld  c o n s is t  s im p ly  o f  c e r t a in  m in e r a l  m a t te r s  t h e  r e s u lt  
o f  th e  w e a t h e r in g  o r  d e c a y  o f  t h e  s u b ja c e n t  r o c k s .  B u t , 
ju s t  a s  w e  f in d  th a t  in  n a tu r e  th e  a ir  is  s o m e t h in g  m o r e  
th a n  a  m ix t u r e  o f  o x y g e n  a n d  n i t r o g e n  a n d  w a t e r  s o m e ­
t h in g  m o r e  th a n  a  c o m p o u n d  o f  h y d r o g e n  a n d  o x y g e n ,  so  
a ls o  th e  s o i l  w i l l  b e  f o u n d  t o  b e  a  h ig h ly  c o m p le x  m ix t u r e .
I t  c o n s is ts  th e n , f r o m  th e  p o in t  o f  v ie w  o f  a  s a n ita r ia n ,

* v. Physiological and Pathological Researches, by the late Surgn..Major 
T. Lewis (in concert with Surgn.-Major 1). D. Couiiingham, Calcutta.)

t  i.e., by systematic help ami encouragement as opposed to the spasmodio 
appointment of ‘ Commissions.’ It is a subject requiring years of study 
and observation and that not only in one city but in many cities. V. post,
Ground air.

J Defined by Parkes as including, in this relation, “ all that portion of 
tho crust of the earth which by any property or condition can effect health.”



o f  mineral mutters o f  e v e r y  p o s s ib le  v a r ie ty , o f  organic 
matter— b o th  a n im a l a n d  v e g e ta b le , l iv in g  a n d  d e a d — o f  
a ir  a n d  o f  ivuter.

T h e  e x a c t  n a tu re  o f  th e  M in e ra l c o n s t itu e n ts  d o e s  n o t  
c o n c e r n  us h e re  sa v e  o n ly  as r e g a r d s  th e ir  g e n e r a l o r  

.  c h e m ic o -p b y s ic a l  p r o p e r t ie s , e.g., th e  d e g r e e  o f  a g g r e g a ­
t io n  o f  th e  p a r t ic le s , th e ir  p o w e r  o f  a b s o r b in g  h e a t , l ig h t  
o r  m o istu re , th e ir  s o lu b ility  o r  th e  r e v e rs e , e t c . ,  a ll o f  
w h ic h  w ill  b e  r e fe r r e d  to  a g a in .

T h e  O rg a n ic  m a tte r  m a y  b e  p re se n t in  a n y  a m o u n t fr o m  
n e a r ly  n il to  c o n s t itu t in g  th e  m a jo r  p a r t  o f  th e  so il, a n d  it  
m a y  b e  o f  a n y  n a tu re  a n d  o f  a n y  a g e  f r o m  l iv in g  p r o t o ­
p la sm  up  to  th e  s ta g e  o f  in c ip ie n t  m in e ra lisa t io n , as seen  
in  som e p e a ty  d e p o s its . T h e  so il, in  fa c t ,  m a y  b e  lo o k e d  
u p on  as a vast u n d e r g r o u n d  la b o r a to r y  in  w h ic h , u n d e r  
th e  in flu en ce  o f  a n  a lm o st  c o n t in u o u s  n e tw o r k  o f  v e g e ta b le  
ro o ts , o f  m y r ia d s  o f  a n im a ls ,*  a n d , m o s t  im p o r ta n t  o f  a ll, o f  
co u n tle ss  m ic r o -o r g a n is m s , an  u n c e a s in g  se r ie s  o f  c h e m ic a l  
ch a n g e s  a n d  re a c t io n s  is f o r  e v e r  in  p r o g r e s s . B y  m e a n s  
o f  th ese  v ita l  a g e n c ie s  th e  s u b -s o il  is  s lo w ly  b u t  su re ly  
ra ise d  to  th e  su r fa ce  w h ile  th e  s u r fa c e  so il is  as s u r e ly  
c a r r ie d  d o w n w a rd s . Y e t  a g a in , in  th e  n e ig h b o u r h o o d  o f  
c it ie s  a n d  e v e n  v il la g e s  th e  in flu e n ce  o f  m an  h im se lf  is 
h a r d ly  less p o te n t  q u a n t ita t iv e ly  w h ils t  q u a lita t iv e ly  its  
p o w e r  fo r  the p r o d u c t io n  a n d  sp re a d  o f  d isea se  is fa r  g r e a te r .

B u t  in  a d d it io n  to  th e  m in era l a n d  o r g a n ic  c o n s t itu e n ts  
w e  h a v e  th e  v e r y  im p o r ta n t  o n e s  o f  A ir  a n d  W a t e r ,  b y  
m e a n s  o f  w h ic h  th ese  la b o r a to r y  p r o d u c ts  as it w e re  a re  

d i f fu s e d  in to  th e  a tm o s p h e re  o r  c a r r ie d  u lt im a te ly  in to  th e  
w a te r -s u p p ly  o f  co m m u n it ie s . N o t  o n ly , it  m u st  b e  r e ­
m e m b e r e d , d o  th e  v a r io u s  v ita l  fo rm s  r e a c t  u p o n  a n d  
c h a n g e  th e  s o il  b u t  in  its  tu rn  th e  so il b y  its  m in era l a n d

* v. e.g. Earth worms, by Darwin, lhe amount of Boil that is annually 
turned over, raised to tlie surface and in various ways filtered or exposed 
by burrowing animals, and by ants and other insects in India must bo 
enormous. A study of this subject conducted experimentally on the same 
lines as Darwin’s researches would well repay the trouble expended by a 
careful observer.



o r g a n ic  n u tr im e n t , its  l ie a t  a n d  its  m o is tu re , b e c o m e s  th e  
m o s t  fa v o u r e d  b r e e d in g  g r o u n d  o f  n u m e ro u s  a n im a l a n d  
v e g e t a b le  o rg a n is m s , som e  h a rm le ss , som e  o f  g r e a t  u se  a n d  
y e t  o th e rs  o f  d e a d ly  p o te n c jn

T h e  so il on  -w hich  a  h o u se , t e n t  o r  o th e r  d w e l l in g  is 
p la c e d  m a y  in flu e n ce  th e  sa n ita r y  c o n d it io n  o f  th e  in h a b i­
ta n ts , th r o u g h  th e  climate, t h r o u g h  th e  a ir  b r e a t h e d  a n d  
th r o u g h  th e  water u s e d  f o r  d o m e s t ic  p u rp o s e s . T h e  c i r ­
c u m sta n ce s  w h ic h  a f fe c t  th e  climate o f  a  p la c e  h a v e  r e f e r ­
e n ce  p r in c ip a l ly  to  th e  c h e m ic o -p h y s ic a l  p r o p e r t ie s  o f  th e  
so il  a n d  a re  r e s p e c t iv e l }7, (a ) th e  c o n fo r m a t io n  o f  th e  
g r o u n d  a n d  its  r e la t io n  t o  th e  n e ig h b o u r h o o d  as r e g a r d s  

■position  a n d  e le v a t io n , (b) th e  v e g e t a t io n  w h ic h  it s u p p o r ts ,
(c ) th e  p e r m e a b il ity  o f  th e  so il a n d  s u b -s o il  b y  w a te r , (<?) 
th e ir  c a p a c it y  f o r  a b s o r b in g  a n d  th e ir  p o w e r  o f  r a d ia t in g  
h e a t , a n d  (e) th e  c o lo r  o f  th e  s u r fa c e . M a la r io u s  o r  o th e r  
m ia sm a tic  e m a n a tio n s  m a y  c o n ta m in a te  th e  air, a n d  th e  
water w ill b e  a f fe c te d  b y  th e  s o lu b le  s u b s ta n c e s , o r g a n ic  
a n d  in o r g a n ic ,  w h ic h  it  ta k e s  u p  in p e r c o la t io n  t h r o u g h  
th e  so il.

LOCAL INFLUENCE OF SOIL ON CLIMATE.

F ir s t ly  th e n ,m u s t  b e  c o n s id e r e d  th e  r e la t io n  w h ich  th e  so il 
b e a r s  to  th e  C lim a te  o f  a n y  lo c a lity .

Conformation.— B o th  th e  te m p e ra tu re  a n d  th e  h u m id ity  
d e p e n d , to  a g r e a t  e x te n t , o n  th e  c o n fo r m a t io n  o f  th e  g r o u n d  : 
in c lu d in g , i f  th e  p la c e  b e  u n e v e n , th e  r e la t iv e  e x te n ts  o f  
h ig h  la n d  a n d  v a l le y s ;  th e  d e g r e e  o f  e le v a t io n  o f  th e  h ig h e s t  
p a r t s ;  th e  fo r m s , d e p th , w id th , s lo p e , a n d  n a tu re  o f  th e  
s id es  o f  th e  v a l l e y s ;  th e  p o s it io n  a n d  d ir e c t io n  o f  th e  lin e s  
o f  d ia in a g e  : a n d , i f  th e  le v e l be  u n ifo rm , th e  d e g r e e  o f  
s lo p e  a n d  th e  c a p a c it y  a n d  d ir e c t io n  o f  th e  w a te r  c o u rse s .
T h u s , as h ills  c o o l  b y  n o c tu r n a l r a d ia t io n  m o re  r a p id ly  th a n  
lo w e r  la u d , a  c u r r e n t  o f  c o ld  a ir  w ill  flow  d o w n  a  v a lle y  o r  
ra v in e  b y  n ig h t , d e p r e s s in g  th e  te m p e r a tu r e  a t th e  o u t le t .
I f  th e  o u t le t  be  n a r r o w e r  th a n  th e  m a in  v a lle y  o r  ra v in e , so  
th a t  th e  w a te r  d r a in in g  fr o m  a b o v e  h a s  n ot s u ffic ie n t  m e a n s  
o f  e sca p e , d a m p n e ss  w ill b e  a d d e d  to c o ld n e s s  a n d  a lte rn a -
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t ion s  o f  te m p e ra tu re . A s  a ru le , p o s it io n s  a t th e  to p  o f  a 
s lo p e  w ill  b e  fo u n d  b e s t ;  th e ir  te m p e ra tu re  b e in g  lo w e r  a n d  
m o re  u n ifo rm  an d  fr e e  d ra iu a g e  p r e v e n t in g  a ccu m u la t io n  o f  
w a te r  in  th e  so il. A s  th e  c o n fo r m a t io n  o f  th e  su r fa c e  o f  a 
d is tr ic t  is  g e n e ra lly  a c o n s e q u e n ce  o f  its  g e o lo g ic a l  s t r u c ­
tu re , a .k n o w le d g e  o f  th e  la tte r  o f t e n  a ffo rd s  an  in d ica t io n  
o f  th e  n a tu re  o f  th e  lo c a l  c lim a te  a n d  its  p r o b a b le  e ffe c t  on  
h ea lth . T h u s g o o d  sites  m a y  b e  e x p e c t e d  w h e re  g r a n it ic  
o r  m eta m orp h ic  o r  tra p  r o c k s  p r e v a i l ; b e c a u s e  th ese  g e n e ­
r a lly  im p ly  e le v a te d  p o s it io n s , a f fo r d in g  m o d e r a te  te m ­
p era tu re  and fr e e  n a tu ra l v e n tila t io n , as w e ll as s lop es  
fa v o ra b le  to d r a in a g e  a n d  c o n s e q u e n t  a b s e n ce  o f  e x c e s s iv e  
h u m id ity . D e p o s its  o f  c la y ,  on  th e  o th e r  h a n d , a re  g e n e -  
r a lly  flat, so th a t  a ir  s ta g n a te s  a n d  w a te r  lo d g e s .

Relative Position .— C lo se ly  c o n n e c te d  w ith  th e  fo r m  o f  
th e  g r o u n d  it s e l f  is . its R e la t iv e  P o s it io n  w ith  r e s p e c t  to  
th e  n e ig h b o u r h o o d . In ' a  h i l ly  c o u n tr y  a  s ite  m a y  b e  u n ­
h e a lth y , o w in ^  to  its  b e in g  so  s u rro u n d e d  b y  h ills  th a t  
v e n tila t io n  is  im p o s s ib le  a n d  th e  a ir  is  s t a g n a n t ;  a n d , as 
b e fo r e  o b s e r v e d , n a r r o w  v a lle y s  o r  ra v in es  m a y  b e c o m e  
ch a n n e ls  f o r  cu rre n ts  o f  c o ld  a ir , w h ic h  c h ills  a t n ig h t  a 
p la ce  so  s itu a te d  as to  b e  e x p o s e d  to  its  in flu e n ce . A 
lo w e r  d e g r e e  o f  th e  sa m e  c o o l in g  e f fe c t  o f  e le v a t e d  la n d  
m ay a ct  b e n e fic ia lly  w h en  th e  m o re  r a p id  ra d ia t io n  o f  h e a t  
fro m  th e  la tte r  p r o d u c e s  a d iffu s e d  c o o l  b r e e z e  in s te a d  o f  
a c o ld  d r a u g h t . O n  th e  o th e r  h a n d  a  lo w  r o c k y  h ill, 
r a d ia t in g  at n ig h t  th e  h e a t  a b s o rb e d  d u r in g  th e  h o u r s  o f  
su n sh in e , o fte n  r e n d e r s  p la c e s  at its  f o o t  p e r m a n e n t ly  h o t  
aiid , i f  o th e r  ca u se s  c o m b in e , u n h e a lth y .*  A  s ite , a g a in , 
m a y  b e  sh e lte re d  fr o m  th e  a c t io n  o f  a p r e v a i l in g  w in d  b y  
th e  in te rv en tion  o f  a  h ill o r  r a n g e  o f  h ills — a c ir c u m s ta n c e  
w h ich  m ay b e  u se fu l, as w h e n  th e  w in d  b lo w s  o v e r  a. m a rsh , 
o r  in ju r iou s , as w h e n  a s e a -b r e e z e  o r  o th e r  r e fr e s h in g  eu r - 
ie n t  o f  a ir is in te r c e p te d . T h is  p o w e r  o f  h ills  to  s h e lte r  
f io m , o r  a lte r  th e  a p p a re n t  d ir e c t io n  o f ,  th e  p r e v a i l in g

As seen very frequently in Central and Southern India,
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w in d  sh o u ld  b e  b o r n e  in  m in d  w h e n  w e  are  c h o o s in g  a  s ite  
f o r  te m p o ra ry  o r  p e rm a n e n t  o c c u p a t io n .

R e la t iv e  p o s it io n  h a s  to  b e  c o n s id e r e d  w ith  r e fe r e n c e  to 
m o is tu re  a lso . A  p o s it io n  a t th e  f o o t  o f  h ills  m a y  su ffe r  
b y  e x c e s s  o f  w a te r  f lo w in g  fr o m  t h e m ;  e ith e r  d m e e tly  
th r o u g h  h u m id ity  d u e  t o  d e f ic ie n t  d r a in a g e  o r  in d ir e c t ly  
th r o u g h  m a la r ia  p r o d u c e d  b y  e x u b e r a n t  v e g e ta t io n . In  a 
p la in  it s e l f  a  p a r t  d e p r e s s e d  b e lo w  th e  g e u e r a l  le v e l  m ay  
b e  d a m p  iu c o n s e q u e n c e  o f  th e  te n d e n c y  o f  th e  d r a in a g e  : 
a n d  in  th is  w a y  so ils  w h ic h  w o u ld  u n d e r  o r d in a r y  c ir c u m ­
sta n ce s  b e  d r y  a n d  h e a lth y  (as g r a v e ls )  m a y  b e  in  som e  
in s ta n c e s  d a m p  a n d  p r o d u c t iv e  o f  d ise a se .

Vegetation.— S o  fa r  as th e  m e re  p r o c e s s  o f  g r o w t h  is 
c o n c e r n e d , V e g e ta t io n  ca n  b e  p r o d u c t iv e  o f  g o o d  e f fe c ts  
o n ly  : b u t  e x u b e r a n t  g r o w t h  in v o lv e s  e x c e s s  o f  d e c o m p o s ­
in g  v e g e t a b le  m a tte r , w h ic h , u n d e r  th e  in flu e n ce  o f  h e a t  
a n d  m o is tu re , is a lm o s t  u n iv e r s a lly  b e l ie v e d  t o  b e  th e  
s o u r c e  o f  m a la r ia . O n  th e  w h o le , th e  g o o d  e ffe c ts  o f  
v e g e ta t io n  e x c e e d  th e  b a d . H e r b a g e  in te r ce p ts  m u c h  o f  
th e  so la r  h e a t  a n d , b y  fa v o r in g  g r a d u a l  e v a p o r a t io n , c o o ls  
a n d  e q u a liz e s  th e  te m p e r a tu r e . R e t a in in g  a  la r g e  p r o p o r ­
t io n  o f  th e  r a in fa ll ,  it  r e g u la te s  th e  h u m id ity  o f  th e  a tm o s ­
p h e r e  w h ile , b y  p r e v e n t in g  t o o  r a p id  d r a in a g e , it h e lp s  to  
m a in ta in  th e  w a te r -s u p p ly  in  th e  so il. U n ir r ig a t e d  c r o p s  
a c t  s im ila r ly , a n d  n e ith e r  th e y  n o r  h e r b a g e  a r e  e v e r  i n ­
ju r io u s  to  h e a lth . S h r u b s  a n d  tr e e s  h a v e  th e  sa m e  e f fe c t  
u p o n  te m p e ra tu re  a n d  h u m id ity  ; b u t  th e  fo r m e r  a lw a y s , 
a n d  th e  la t te r , e s p e c ia l ly  th e  p a lm s , d u r in g  th e  e a r lie r  
s ta g e s  o f  th e ir  g r o w t h , a re  l ik e ly  to  o b s t r u c t  s e r io u s ly  th e  
fr e e  c ir c u la t io n  o f  a ir . Iu  th e  n e ig h b o u r h o o d  o f  d w e l l in g s ,  
t h e r e fo r e , b r u s h w o o d  is o b je c t io n a b le  a n d  sh o u ld  b e  kept, 
c u t  lo w  o r  b e  a lt o g e t h e r  r e m o v e d , w h ile  fu l l -g r o w n  tre e s  
s h o u ld  h a v e  a ll th e ir  b r a n c h e s  w ith in  10 o r  12 f e e t  o f  
th e  g r o u n d  c u t  o f f ; u n le ss , as  s o m e tim e s  h a p p e n s , a  b e l t  
o f  tr e e s  s h e lte r s  a  s ite  f r o m  a  c o ld  w in d  o r  in te r v e n e s  
b e tw e e n  a  p la c e  a n d  a s o u r c e  o f  m a la r ia . F in a lly ,  s in c e  th e  
sa n ita ry  e f fe c t  o f  h e r b a g e  a n d  o f  fo r e s t  t r e e s  is  a lm o st
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a lw a y s  g o o d ,  tlie  g r o w th  o f  th e  fo r m e r  sh o u ld  b e  e n c o u r ­
age*. to  th e  u tm ost, a n d  the la t te r  s h o u ld  b e  p la n te d  ju d i ­
c io u s ly  in  a n d  a b o u t  e v e r y  in h a b ite d  p la ce . I n  d is tr ic ts  
w i e i e  th e  d e s tru ct io n  o f  t im b e r  h a s  ra ise d  th e  tem 'per- 
a tu ie  a n d  d im in is h e d  th e  r a in fa ll ,  th e  in ju ry  d o n e  to  th e  
c im ate  a n d  sa n ita ry  c o n d it io n  o f  th e  p o p u la t io n  sh o u ld  b e  
l e p a i ie d  as fa r  as p o s s ib le  b y  p la n ta t io n .*

Peomeability. A lm o s t  a ll so ils  a re  p e r m e a b le  in  som e  
, e8|ee b y  w a t e r ; b u t  th e  p o w e r  o f  a b s o r b in g  a n d  r e ta in ­
in g  it v a r ie s  w ith in  w id e  lim its , d e p e n d in g  on  th e  n a tu re  o f  
th e  s u ifa c e  a n d  o f  th e  s o d  it s e lf .  I n  c o n s id e r in g  P e r ­
m ea b ility  th e  c h ie f  p o in t , in  r e la t io n  to  h e a lth , is  th e  r e te n ­
tion o f  w a te r  in  e x c e s s iv e  q u a n t ity  b y  th e  s o i l ; p r o d u c in g  
d a m p n ess  o f  th e  a ir  a n d  r e d u c in g  te m p e ra tu re  in  all ca ses , 
au d  g e n e r a t in g  m a la r ia  i f  th e  o th e r  c o n d it io n s  n e ce ssa ry  to  
its p r o d u c t io n , h e a t  a n d  th e  p r e s e n c e  o f  d e a d  v e g e t a b le  
m a tter , a re  fu lfil le d . S u c h  ro c k s , as  trap, granite, clay-slate 
a n d  th e  h a r d e r  honestones, a n d  doloonites, a re  p r a c t ic a l ly  
im p e rm e a b le  a n d  ir r e te n t iv e  o f  m o is tu re , n o t  o n ly  in  c o n ­
se q u e n ce  o f  t h e ir  s tr u c tu r e , b u t  b e ca u s e  th e y  g e n e r a lly  
p re se n t a s lo p e  w h ic h  p r e v e n ts  th e  lo d g m e n t  o f  w a te r  on  
th e ir  su r fa ce . On th e  o th e r  h a n d , clays a re  c o m m o n ly  flat, 
so  th a t  w a te r  lie s  u p o n  th em  ; a n d , th o u g h  th e y  a re  lit t le  
m o ie  p e im e a b le  th a n  th e  h a r d e r  r o c k s , sa tu ra t io n  p r o c e e d s  
to  th e  u tm o st . I n  som e  ca se s  c la y s  a b s o rb  a u d  re ta in  as 
m u c h  as 10 per c e n t , b y  w e ig h t  o f  w a te r . T h r o u g h  sand­
stones, <hall,, a n d  still m o re  th ro u g h  lo o s e  sand, w a te r  
p a sses  r e a d ily  a n d  r a p i d l y ;  b u t  it m u st  b e  r e m e m b e r e d  
th a t  th e  a d m ix tu r e  o f  ev e n  a sm a ll p r o p o r t io n  o f  c la y  im ­
p a irs  th e  p e r m e a b il ity  o f  san d  a n d  in c re a s e s  its  r e te n t iv e -  
n ess . Humus, o r  d e c a y in g  w o o d y  fib re , a b s o rb s  a n d

* This is now being done in many parts of India by t},e Forestry
Sanc t i o n1 m - r  t 'TO 68 Hl,'e"dy exi8tin  ̂ are protected from ne8tiaction by r,be ignorant. 1 here is no surer way of rninino- a district
w a w /S n lv 8 1 7  r,,0fci° "  °f hS f0,'e7  !l" d * " > ■ '  -he" sources of public bensLicn conversely, no one has a greater claim to the title of
a w e l | . S  a" TO " 11,8 cm " " ed 'l bare ,u" 1 barren land into
in t.lnceof f " nt,'y !'.nd S17611 a (',ea" a,,d permanent supply of water piace of former scantiness and pollution. . 1
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re ta in s  fr o m  4 0  to  50  tim es as m u ch  w a ter  as s a n d . !  T h e  
o ld  la cu s tr in e  d e p o s its , c o m m o n ly  c a l le d  cotton soil, a re  
h ig h ly  a b s o r b e n t  a u d  r e te n t iv e  ; a n d  so  a lso , t h o u g h  to  a 
less  d e g r e e , is  th e  so il r e s u lt in g  fr o m  d is in te g r a te d  g ra n ite , 
w h ic h  y ie ld s  m u ch  o f  o u r  red soil. Laterite  is  p e r m e a b le  
au d  ir r e te n t iv e , a n d  gravel e m in e n t ly  so . L a s t ly ,  th e  ro o ts  
o f  l iv in g  vegetation im p e d e  th e  p a s s a g e  o f  w a te r  th r o u g h  
a  so il.

T o  a p p ly  th e se  fa c t s  to  th e  e f fe c ts  o f  p e r m e a b il it y  on  
h e a lth , it  m a y  b e  la id  d o w n , as a  g e n e r a l  ru le , th a t  th e  
so ils  w h ic h  a re  d r ie s t , w h e th e r  b e c a u s e  th e  w a fe r  w h ic h  
fa l ls  on  th em  ru n s  o f f  im m e d ia te ly  o r  b e c a u s e  it  p a sses  
th r o u g h  th e m  r a p id ly , a re  a lso  h e a lth ie s t . W h e r e  w a te r  
lo d g e s , on  o r  in th e  g r o u n d , th e  a ir  is d a m p  a u d  c o ld  ; a u d , 
as a  c o n s e q u e n c e , th e re  is  a  t e n d e n c y  to  c a ta r r h s  a n d  
rh e u m a tic  a ffe c t io n s , to p h th is is  a n d  to  m a la r io u s  in t o x ic a ­
tion . AY h e re  th e  so il is d r y  th e  a ir  a lso  w i l l  g e n e r a lly  b e  
d r y , th e  in h a b ita n ts  w ill  b e  f r e e  fr o m  th o se  d ise a se s  a n d  in 
o th e r  r e s p e c ts  w ill  b e  iu b e tte r  h e a lth . H e n c e , th e  h a rd e s t  
so ils , f r o m  w h ich  th e  w a te r  ru n s  o ff , a n d  th e  m o s t  p e r m e ­
a b le , th r o u g h  w h ic h  it  p a s se s  r a p id ly , w i l l  (o th e r  th in g s  
b e in g  e q u a l)  b e  th e  h e a lth ie s t . A  g r a v e l  h ill  o r  s lo p e  
c o m b in e s  b o th  th e se  a d v a n ta g e s . B u t  th e re  is  an  a p p a r e n t  
e x c e p t io n  to  th e  r u le  th a t  p e r m e a b il ity  o f  a  so il  im p lie s  
h e a lth in e s s . G r a v e l, f o r  in s ta n c e , m a y  o c c u p y  a  h o l lo w  
e ith e r  in  h a r d  r o c k  o r  in  c la y , w h ic h  h o ld s  th e  w a te r  in  : 
so  in  th is  w a y  a  m a te r ia l n a tu r a lly  p e r m e a b le  m a y  b e ­
c o m e  sa tu ra te d  w ith  m o is tu re . I t  m a y  b e  a d d e d  th a t  e v e n  
a p e r m e a b le  so il, r e ta in in g  w a te r  f o r  b u t  a  s h o r t  t im e , m a y  
g e n e r a te  m a la r ia  i f  o r g a n ic  m a tte r  b e  p r e s e n t . !

Sea t absorbing power.— T h e  n a tu re  o f  th e  s u r fa c e  a n d  o f  
th e g r o u u d  b e n e a th  it  d e te rm in e s  th e  p o w e r  o f  A b s o r b in g

, much so that in Queensland, in seasons of drought, it is customary 
to cut down numbers of the “  bottle-tree” which the cattle eat greedily oil 
account. of tbe moisture they contain.
MuliV'16 Si" iĉ  6°*' ^le ^ ecC!iM illustrates this latter exception, v. post,
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H e a t , a n d  in  th is  w a y  a ffe c ts , e ith e r  b y  c o n d u c t io n  o r  
ra d ia t io n , th e  te m p e ra tu re  o f  th e  p la c e . T h e  a ir  im m e d i­
a te ly  in  c o n ta c t  w ith  h o t  g r o u n d  b e c o m e s  h e a te d , b u t  r ises  
a n d  is r e p la c e d  b y  a  c o o le r  s tra tu m . T h e  m ost a b s o rb e n t  
so ils , th e r e fo r e , b e in g  th e  h o tte s t , w ill b e  m o st  p r o d u c t iv e  
o f  a ir -cu rre n ts  b y  c o n d u c t io n  a n d  c o n v e c t io n . T h e  b e s t  
a b s o rb e n ts , a g a in , a re  g e n e r a lly , b u t  n o t  a lw a y s , th e  b e s t  
ra d ia to rs , g iv in g  o u t  m ost r a p id ly  th e  h e a t  w h ich  th e y  h a v e  
r e c e iv e d . D u r in g  th e  d a y  boLli p ro ce ss e s  a re  g o in g  on  
t o g e t h e r ;  b u t  in  th e  e v e n in g , w h e n  so la r  h e a t  is  d im in is h e d , 
a n d  a t n ig h t  w h en  it  is a b se n t , r a d ia t io n  a lon e  p r o c e e d s , 
am i th ose  so ils  w h ic h  a re  m o s t  a b s o rb e n t  o f  h e a t  c o o l  
m ost r a p id ly . In  w arm  w e a th e r  c o m p a c t  so ils  are  on the 
a v e ra g e  w a rm er th an  th e  lo o s e ;  in  w in te r , o r  on  a fa ll  o f  
te m p e ra tu re  in  h o t  w ea th er , c o ld e r . A ls o , in  w a rm  w e a th e r  
c o m p a c t  so ils  a re  w a rm e r  b y  d a y  a n d  c o ld e r  b y  n ig h t  th a n  
lo o se  so ils , a n d  are  s u b je c t  to  g r e a te r  flu ctu a tio n s  o f  te m ­
p e ra tu re . i

T h e  M a te r ia l o f  w h ic h  th e  so il is c o m p o s e d  in flu en ces  
p o w e r fu lly  th e  d e g r e e  o f  a b s o rp t io n  a n d  ra d ia tio n . T h e  
fo l lo w in g  ta b le  sh ow s  th e  re la t iv e  p o w e r  o f  h e a t -a b s o rp t io n  
p o sse sse d  b y  som e  o rd in a ry  so ils  :—

S a n d , w ith  lim e  •... . . .  100-0
P u re  sa n d  . . .  . . .  9 5 -6
L ig h t  c la y  . . .  . . .  76-9
G y p s u m ...  . . .  . . .  73-3
H e a v y  c la y  . . .  . . .  7 l ' l
C la y e y  e a r th  . . .  . . .  6 8 '4
P u re  c la y  . . .  . . .  6 6 7
F in e  c h a lk  61 -8
H u m u s  . . .  . . .  . . .  490

I t  fo l lo w s  th a t  in  c o o le r  c lim a te s  c la y s  au d  c u lt iv a te d  so ils  
a re  c o ld  ; in  w a rm e r  c lim a te s  c o o l  : ou  th e  o th e r  h an d  
th a t  sa n d y  so ils  a re  h o t  a n d , as w ill  b e  seen , h o tte r  in  p r o ­
p o r t io n  to  th e  d a rk n e s s  o f  th e ir  c o lo u r .

T w o  R a n g e s  o f  T e m p e ra tu re  are o b s e r v a b le  in  so ils— on e



d iu rn a l, t lie  ofclier a n n u a l .*  T h e  fo r m e r  e x te n d s  to  a  d e p th  
v a r y in g  w ith  th e  so la r  h e a t  a n d  th e  n a tu re  o f  th e  g r o u n d , 
r a r e ly  m o re  th a n  fo u r  fe e t  in te m p e r a te  c l im a te s . A c c o r d ­
in g  to  L e w is  a n d  C u n n in g h a m f  th e  t e m p e r a t u r e  o f  th e  
so il  v a r ie s  d ir e c t ly  as th e  se a so n  so  th a t  d u r in g  th e  h o t  
w e a th e r  th e  e x te r n a l  a ir  s h o w s  th e  h ig h e s t  te m p e ra tu re , 
th en  th e  u p p e r  la y e r  o f  th e  so il , th e  d e e p e r  la y e r s  b e in g  
c o o l e s t : in th e  c o ld  w e a th e r  th e se  c o n d it io n s  a re  r e v e r s e d .
D u r in g  th e  ra in y  se a so n , a g a in , th e ir  r e la t io n s  a re  n a tu ­
ra lly  so m e w h a t  v a r ia b le . T h e  d is ta n c e  f r o m  th e  s u r fa c e  
a t w h ich  th e  te m p e ra tu re  is  u n ifo r m  a n d  e q u a l to  th e  
m ea n  a n n u a l te m p e ra tu re  is sa id  to  r a n g e  fr o m  5 7  to  99  
fe e t . O b s e r v a t io n s  o n  th e se  p o in ts  in  I n d ia  a re  m u ch  
n e e d e d .

T h e  e f fe c ts  on  h e a lth  o f  v a r y in g  a b s o r p t iv e  p o w e r  a re  
r e fe r r a b le  to  th o se  o f  t e m p e ra tu re  g e n e r a l ly  ; th e  m o s t  
a b s o r b e n t  so ils  being- th e  m o s t  f r e e ly  ra d ia n t . I n  e s t im a t ­
in g  th ese  e ffe c ts , h o w e v e r , o th e r  th in g s  h a v e  to  b e  c o n s i ­
d e r e d  b e s id e s  d e g r e e  o f  s o la r  h e a t  a n d  ra d ia n t  p o w e r  o f  
th e  so il. A q u e o u s  v a p o u r  in  th e  a tm o s p h e r e  a b s o r b s  th e  
ra d ia n t  h ea t, w h ic h  th r o u g h  d r y  a ir  w o u ld  p a ss  in to  s p a c e  ; 
a n d  th is  a g a in  is  r a d ia te d  to  d w e l l in g s  a n d  th e ir  in h a b it ­
a n ts  ; so th a t  a e r ia l h u m id ity  a lso  h a s  to  b e  ta k e n  in to  
a c c o u n t . W a t e r  iu  th e  so il , a g a in , b e in g  e v a p o r a te d  b y  th e  
h e a t  a b s o r b e d , re ta in s  m u c h  o f  th e  la t te r  as  la te n t . T h u s  
m a rs h y  so ils  r e n d e r  la te n t  m o s t  o f  th e  h e a t  w h ic h  th e y  
a b s o rb  : a n d  iu  th is  w a y  th e ir  p o is o n  is  n o t  u u fr e q u e u t ly  
a n ta g o n iz e d  o r  n e u tr a liz e d  b y  th e  c o ld  w h ic h  th e y  th e m ­
se lv e s  g e n e r a te . I u  so m e  m a la r io u s  p la c e s  th e  h e a t  is 
r a d ia te d  so  q u ic k ly  fr o m  th e  m a rsh e s  a t  n ig h t  th a t  th e  
te m p e ra tu re  s in k s  to  f r e e z in g  p o in t  a n d  th e  m a la r ia l p o iso n  
e ith e r  ce a se s  to  b e  e v o lv e d  o r  is  p o w e r le s s  to  p r o d u c e  a n y  
ill e f fe c t . T h is  p r o b a b ly  h a p p e n s  in  so m e  p la c e s  in  th e  
N o r th  W e s t  o f  In d ia .

# Of’ the changes iu the temperature of the sea, rivers, lukeB, etc. v.
Realm of Isature. H. It. Mill, p. 167, et. seq. 

t  op. cit.
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Colour.— T h e  c o lo u r  o f  th e  su r fa ce  a ffe c ts  th e  p o w e r  
o f  a b s o r p t io n  o f  lu m in ou s , b u t  n o t  o f  o b s c u r e  h e a t , th e  
d a r k e r  sh a d e s  a b s o r b in g  m o re  h e a t  than th e  l i g h t e r ;  b u t  
c o lo u r  h a s  n o  e ffe c t  on  ra d ia tio n .

T h e  c o lo u r  o f  th e  su r fa ce  m a y  a ls o  b e  im p o r ta n t  in  its  
re su lt  u p o n  th e  s ig h t . A s  b lin d n e s s  m a y  b e  ca u se d  b y  th e  
p r o lo n g e d  e f fe c t  o f  sn o w , so  th e  g la r e  o f  w h ite  o r  o f  l ig h t -  
c o lo u r e d  g r o u n d  m a y  b e  d is a g r e e a b le  and ev en  in ju r io u s  
in  c o u n tr ie s  o f  b r ig h t  su n sh in e . G re e n  b e in g  th e  h u e  
m o s t  r e fr e s h in g  to  th e  s ig h t , trees  a n d  g ra ss  a re  to  b e  
e n c o u r a g e d  in  p la ce s  w h e r e  q u a r tz  o r  o th e r  w h ite  r o c k  
o c c u p ie s  m u ch  o f  th e  s u r fa c e ;  a n d  b u ild in g s , in s te a d  o f  
b e in g  w h ite w a sh e d , sh o u ld  b e  c o lo u r e d  a c c o r d in g  to  th e  
m a ter ia ls  a v a ila b le  in  th e  lo c a lity .

T h e  S lo p e  o f  th e  s u r fa c e  a lso , in  r e la t io n  to  th e  su n ’ s 
p o s it io n  d u r in g  th e  h o u rs  o f  g r e a te s t  h e a t , d e s e rv e s  c o n s id e ­
r a t io n ; r e fle c t io n  o f  h e a t  ra y s  b e in g  g r e a te s t  a n d , th e r e fo r e , 
a b s o rp t io n  lea st, w h e n  th e  a n g le  o f  in c id e n c e  is  g r e a te s t . 
H e r b a g e  is u n fa v o r a b le  to  a b s o rp t io n  a n d  p ro m o te s  c o o l ­
n ess  in  th is  w a y , b e s id e s  its  a c t io n  in  c o o l in g  b y  e v a p o ra t io n  
a n d  in  c o n v e r t in g  so la r  h e a t  in to  p o te n t ia l  e n e r g y  s to r e d  
u p  in  p la n ts  d u r in g  th e  e la b o r a t io n  o f  th e  tissu es a n d  th e ir  
c o n te n ts .*

THE AIE IN THE SOIL----GEOUND-AIil.

T h e  a ir  in  th e  so il o r  th e  G r o u n d -a ir  v a r ie s  in  a m o u n t 
p r im a r ily  a c c o r d in g  to  th e  d e n s ity  o f  th e  s o il . T h e  v e r y  
h a rd e s t  r o c k s  su ch  as b a s a lt  co n ta in  n o  a ir , lo o se  sa n d  m a y  
c o n ta in  50  p e r  c e n t , w h ils t  b e tw e e n  th e se  a re  a ll p o s s ib le  
v a r ia t io n s  in  a m o u n t. L o o s e  d r y  so il f r e s h ly  p lo u g h e d  
s u ch  as w e  see  c o m m o n ly  in th is  c o u n tr y  m ay  c o n ta iu  as 
m u c h  as ten  t im e s  its  o w n  v o lu m e  o f  a ir. T h e  a ir  it s e l f  
is v e r y  im p u re  b e in g  e s p e c ia l ly  r ic h  in  c a r b o n ic  a c id  a n d  
in  o r g a n ic  e fflu v ia  o f  v a r ia b le  a n d  g e n e r a lly  u n k n o w n  
c o m p o s it io n . I n  a d d it io n  it  m a y  c a r r y  u p w a rd s  w ith  it ,

* v, post. Food, introductory.
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as n o te d  p r e v io u s ly , n u m e ro u s  m ic r o -o r g a n is m s  fr o m  th e ir  

b r e e d in g  g r o u n d  in  th e  s o il . T h e  d e g r e e  o£ im p u r ity  o f  
th e  g r o u n d -a ir ,  as m e a s u re d  b y  th e  a m o u n t  o f  C 0 2 p r e s e n t , 
d e p e n d s  u p o n  m a n y  fa c to r s ,  th e  m o s t  im p o r ta n t  b e in g  th e  
composition o f  th e  so il , its  heat, moisture a n d  porosity (w h ich  
fa v o u r s  d e c o m p o s it io n ) ,  a n d  th e  presence o r  absence of vege  ̂
tation, th e re  b e in g  le ss  C 0 2 in  th e  fo r m e r  ca s e  th a n  in  
th e  la tte r . A c c o r d in g  to  o n e  o b s e r v e r *  th e  a m o u n t  o f  c a r ­
b o n ic  a c id  is  g r e a te s t  w h e n  th e  te m p e ra tu re  is  h ig h ,  th e  
m o is tu re  g r e a t  a n d  th e  d iu r n a l v a r ia t io n  in  th e  te m p e r ­
a tu re  v e r y  s l ig h t .

T h e  g r o u n d -a ir  is  n o t  to  b e  r e g a r d e d  as s ta t io n a r y  o r  
n e a r ly  so , on  th e  c o n tr a r y  it  is in  c o n t in u a l m o v e m e n t  
o w in g  to  (a) th e  d iu rn a l te m p e r a tu r e  v a r ia t io n s , w h ic h  
ca u se  d if fe r e n c e s  b e tw e e n  th e  s o il  a n d  a tm o s p h e r ic  t e m ­
p e r a tu r e  so  th a t  th e  a ir  p a s se s  fr o m  th e  w a r m e r  to  th e  
c o ld e r  m e d iu m  w h ic h e v e r  it  m a y  b e  (6) th e  p e r m e a b il i t y  
o f  th e  s o il , th e  m o v e m e n t  b e in g  v e r y  f r e e  in  lo o s e  so ils  u p  
to  c o m p le te  a r r e s t  in  th e  c a s e  o f  a  la y e r  o f  c e m e n t  o r  
fr o z e n  g r o u n d ,*  a n d  (<•) th e  v a r y in g  le v e ls  o f  th e  g r o u n d  
w a te r  a n d  th e  o c c a s io n a l  fa l l  o f  ra in , b o th  o f  w h ic h  n a tu ­
r a lly  d is p la c e  a ir  fr o m  th e  p o r e s  o f  th e  so il. T h e  u n d e r ­
s ta n d in g  o f  th e se  m o v e m e n ts  o f  th e  g r o u n d -a ir  b e c o m e s  o f  
e x tr e m e  im p o r ta n c e  w h e n  in  a d d it io n  to  e x c e s s  o f  c a r b o n ic  
a c id  a n d  o r d in a r y  o r g a n ic  e fflu v ia  w e  h a v e  a d d e d  th e  fo u l 
a ir , f r o m  le a k y  c e s s p o o ls ,  d e fe c t iv e  d ra in  p ip e s  o r  s e w ­
a g e -s o d d e n  g r o u n d . R e m e m b e r in g  th e  s t r u c tu r e  o f  an  
o r d in a r y  h o u s e  in a  c o ld  c l im a te , viz .,— d e e p  fo u n d a t io n s  
e x c a v a t e d , o f t e n  in  c lo s e  p r o x im it y  t o  le a k in g  s e w e r s  o r  
c e s s p o o ls , to  fo r m  ce lla r s  o r  a  b a s e m e n t  s to r e y  w ith  a  p e r ­
f e c t ly  p e r v io u s  f lo o r  o f  e a r th , b r ic k , o r  b a d ly  p o in te d  s to n e s  
th r o u g h  w h ic h , o w in g  t o  th e  h ig h  te m p e r a tu r e  o f  th e  
h o u s e  a ir , th e  g r o u n d -a ir  is  l i t e r a l ly  s u c k e d  in  a n d  a s ce n d s  
to  s u p p ly  th e  v a r io u s  r o o m s — it  is  n o t  to  b e  w o n d e r e d  a t 
th a t  m a n y  a t ta c k s  o f  d ise a s e  r a n g in g  fr o m  te m p o r a r y

* Surgeon Captain Firth, a.m.s., Assfc. Prof, of Hygiene, Army Jled.
School, Netley.
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iu d is p o s it io n  to a fa ta l issu e  a re  d e e m e d  in s id io u s  o r  e v e n  
in e x p l i c a b le .*

THE WATER IN THE SOIL— GROUND-WATER.

T h e  w a ter  in  th e  so il is  d iv id e d  f o r  c o n v e n ie n c e  in t o  th e  
m o is tu re  a n d  th e  g r o u n d -w a t e r .  U n le s s  th e  g r o u n d  is  
w a t e r - lo g g e d , as in  sw a m p s  o r  te m p o ra r ily  a f t e r  v e r y  
h e a v y  ra in , th e re  is u su a lly  a  c o n s id e r a b le  a m o u n t o f  
g r o u n d -a ir  b e tw e e n  th e  p a r t ic le s  o f  th e  so il, w h ic h  la t te r  
a re  m e re ly  d a m p  o r  m o is t . T h is  m o is tu re  is  d e r iv e d  
ch ie fly  fr o m  ra in  b y  s im p le  p e r c o la t io n  b u t  a lso  fr o m  th e  
w a te r  in  th e  d e e p e r  la y e r s  o f  th e  g r o u n d  b y  th e  la t te r ’ s 
r ise  an d  fa ll, e v a p o r a t io n  fr o m  its  s u r fa c e  and  b y  c a p il la r y  
a ttra c tio n . In  a d d it io n  th e  a c tu a l a m o u n t o f  m o is tu re  w ill 
d e p e n d  u p o n  th e  a b s o r p t iv e  p o w e r  o f  th e  so il . T h is  
a b s o r p t iv e  p o w e r  v a r ie s  v e r y  m u ch  w ith  th e  n a tu re  o f  th e  
s o i l ; e v e n  ru ck s  as d e n se  as g ra n ite  o r  m a rb le  c o n ta in  on e  
o r  tw o  p e r  ce n t .

A t  th e  le v e l  w h e re  th e  m ix tu r e  o f  so il, a ir  a n d  w a te r  
g iv e s  p la c e  to  o n e  o f  so il a n d  w a te r  o n ly , to  th e  e x c lu s io n  
o f  a ir , th e  G ro u n d  o r  S u b -s o il  w a te r  b e g in s . T h is  is d e r iv e d  
fr o m  th e  ra in fa ll ,  b u t  n o t  n e ce ssa r ily  d ir e c t ly ,  f o r  in  som e  
ca se s  th e  g r o u n d -w a te r  co n s is ts  a lm o st  e n t ire ly  o f  w a te r  
w h ic h  h as f lo w e d  a c o n s id e r a b le  d is ta n c e  th r o u g h  th e  so il.
I t  is  not a continuous underground sheet of luater, th o u g h  
su ch  su b te rra n e a n  la k e s  o r  r e s e r v o ir s  d o  o c c u r  in  n a tu re , 
b u t  a network of soil with the interstices filled with, witter.f  
In  th e  sa m e  w a y  it  is  n o t  n e c e s s a r ily  a  h o r iz o n ta l  n e tw o r k  
fo r  its  le v e l  v a r ie s  lo c a l ly  a c c o r d in g  to  th e  c o m p o s it io n  
a n d  d is p o s it io n  o f  th e  so il and  th e  a n g le  o f  in c lin a t io n  o f  
th e  u n d e r ly in g  im p e r m e a b le  s tra ta . A n y o n e  w h o  h as

* v. Note on p. 122. lu such a case the air beine prevented from escaping
in a vertical direction travels horizontally till it finds an outlet, such outlet 
being only too likely to be the previous ground floor of a dwelling house.

t  In the same way the soil above which is merely moist, may be looked 
upon ns a network or porous structure of which the fibres or grannies are 
thickened and swollen by moisture but the iuterstices filled with moisture 
laden air : cf. a cloth dipped in water and 1 wrung out,’ with a cloth lying 
just covered with water.
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h a d  m u ch  e x p e r ie n c e  iu  d i g g i n g  w e lls  k n o w s  th a t  w a te r  is 
b y  n o  m ea n s  a lw a y s  fo u n d  a t th e  sa m e  le v e l  e v e n  a t s h o r t  
d is ta n ce s . T h e  d e p th  a t w h ic h  th e  g r o u n d -w a t e r  lies  
v a r ie s  w ith in  w id e  lim its  fr o m  ju s t  b e lo w  th e  s u r fa c e  in  
w a t e r - lo g g e d  s o il  t o  s e v e ra l h u n d r e d s  o f  f e e t *  A g a in , 
th e  le v e l  o f  th e  g r o u n d -w a t e r  a t a n y o n e  s p o t  is  c o n s ta n t ly  
c h a n g in g . I n  th is  c o u n tr y  th e  le v e l  p r o b a b ly  v a r ie s  iu  

• o r d in a r y  y e a r s  fr o m  f iv e  f e e t  d u r in g  th e  ra in s  to  a b o u t  
tw e n ty  fe e t  a t  th e  e n d  o f  th e  h o t  w e a th e r , b u t  th e r e  a re  
d o u b t le s s  m a n y  e x c e p t io n s  to  th is , a n d  th e  n u m b e r  o f  
r e c o r d e d  o b s e r v a t io n s  is  v e r y  sm a ll. I t s  le v e l  o r  d e p th  
b e lo w  th e  s u r fa c e  a t  a n y  o n e  t im e  d e p e n d s  u p o n  th e  
a m o u n t  o f  a n te c e d e n t  r a in fa ll  a n d  th e  ea se  o r  d if f ic u lty  o f  
th e  o u t flo w  : a lso , th e  movement is not merely vertical ; 
th e re  is  movement in  a horizontal -plane as well, f o r  th e  
w a te r  is c o n t in u a lly  f lo w in g , a t  ra te s  v a r y in g  fr o m  a  fe w  
fe e t  to  s e v e r a l  h u n d r e d  d a ily , t o w a r d s  th e  p o in t  o f  e a s ie s t  
o u t le t , e.g., th e  sea , a la k e , a r iv e r , w e lls , o r  e v e n  th e  s id e  
o f  a  d e c l i v i t y .+ T h e  r a te  o f  m o v e m e n t  is  in f lu e n c e d  b y  

.  th e  ea se  o r  d iff icu lty  o f  th e  o u tflo w , th e  r e la t iv e  c o m p a c t ­
n e ss  o f  th e  so il a n d  th e  p r e s e n ce  o r  a b s e n c e  o f  v e g e t a t io n ,  
th e  flow  o f  th e  w a te r  b e in g  v e r y  s e r io u s ly  r e ta r d e d  b y  th e  
ro o ts  o f  t r e e s  a n d  s m a lle r  p la u ts .J

* Wheni cesspits fu-e dug and left nncemented in such permeable soils, 
they may bo used for very many years and never become full, owing to the 
fane that the liquid matter, carrying with it a large proportion of the solid 
matter, con tinully filters into the soil, is thence carried down by the rain- 
fall as it percolates and thus reaches the ground-water; the final result 
away flequeut P0180,IUIK of wells situated even some considerable distance

f  The practice of deep-drainage, so important both from the am-icul- 
list s and sanitarian’s points of view, i§ simply an artificial method of

moieara^dl t r te ° f 80 tbafc the gnUd-water is can ied atay
be rendered Y ^  " T  d ot|?l'wlse be the case. The outflow can also eto.endeied easier or opened by cross drainage, cleaning water courses,

niA aA P01,,fc well worthy of closer attention than is given to it in certain 
miner0 Vn'3'3' ' 'i1616 lfcTwould be advisable to conserve the rainfall by ob- 
ii. canton ^  I ^  In seasons of drought the level of the ground-water 
be so j " ie''ta> et0i> by the ceaseless and unregulated sinking of wells 
be so lowered chat the deepest-wells run dry and a water-famino resets ’
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GROUND-AIR IN RELATION TO DISEASE-CAUSATION.

C om in g ' n o w  to  th e  in flu e n ce  w h ic h  so il  is  s u p p o s e d  to  
e x e r t  u p o n  h e a lth  b y  m ea n s  o f  its  e f fe c t  o n  th e  a ir  o f  a 
p la c e  w e  sh a ll f in d  th a t  th is  in flu e n ce  m a y  b e  c la ss ifie d  
u n d e r  tw o  m a in  h ea d s , viz. .— 1. A  p u r e ly  L o c a l  in flu e n ce  
c o n fin e d  to  o n e  o r  tw o  h o u se s , 2 . A  m o re  G e n e ra l in flu e n ce  
a f fe c t in g  ce r ta in  p a r ts  o f  a  tow n  o r  v il la g e  a n d  its  n e ig h ­
b o u r h o o d .

F r o m  w h a t h a s  b e e n  sa id  p r e v io u s ly  in  d is c u s s in g  th e  

co m p o s it io n  o f  g r o u n d -a ir  it  can  b e  e a s ily  u n d e rs to o d  h o w  
im p o r ta n t  a  p a r t  th e  la t te r  m a y  p la y  in  d is s e m in a t in g  
d ise a se . G iv e n  a so il c o n ta m in a te d  w ith  o r g a n ic  im p u r ity  
d u e  to  d e fe c t iv e  d r a in a g e  o r  th e  a c c u m u la t io n  a n d  d o w n ­
w a rd  f iltra tio n  o f  f ilth , c o u p le d  w ith  a  d e fe c t iv e ly -b u i l t  
h ou se , it  is  e v id e n t  th a t th e  a ir -s u p p ly  o f  th e  h ou se  is  l ia b le  
a t a n y  tim e  to  b e  r e n d e r e d  im p u re  b y  s im p le  e x c e s s  o f  
c a r b o n ic  a c id , b y  o r g a n ic  e fflu v ia  fr o m  s e w a g e  o r  b y  th e  
a d d it io n  o f  l iv in g  d ise a s e  c o n ta g ia . T h e  d e g r e e  to w h ic h  
d isea se  is th u s sp re a d  is  p r o b a b ly  n o t  so  g r e a t  in  th is  
c o u n tr y , c o n s id e r in g  th e  e x tre m e  im p u r ity  o f  th e  so il , as * 
in  c o ld e r  c lim a te s  w h e r e  th e  d iffe re n ce  b e tw e e n  t l i e ’ e x -  
t e m a l  a n d  in te rn a l te m p e ra tu re  o f  h o u se s  is m o re  p r o ­
n o u n c e d , b u t th ere  is  l it t le  d o u b t  t h a t  it  is c o n s id e r a b le .*

T h e  m o re  g e n e ra l in flu e n ce  o f  th e  so il  upon th e  a ir  o f  
to w n s  an d  d is t r ic t s  is an  e x t r e m e ly  im p o r ta n t  q u e s t io n  th e  
c o n s id e r a t io n  o t  w h ic h  m u st b e  o m itte d  f o r  th e  p re s e n t  
sa v e  o n ly  m  c o n n e c t io n  w ith  o n e  im portant d i s e a s e -  
M alaria. T h e  f o l lo w in g  d ise a se s  h a v e  b e e n  supposed to 
b e  sp re a d  b y  th e  a ir  fro m  im p u re  so ils , i.e., b y  th e  ‘  e fflu v ia ’ 
o r  ‘  m iasm ata’ o f  o ld e r  w r ite rs . 1. M alarial fe v e r s  - 2 
E n te r ic  f e v e r ;  3 .- Y e l l o w - f e v e r ; 5. D y s e n t e r y ; 0. D ip h ­
th e r ia .
—___ ______________ _________________ ____________

* v. Case reported in Lancet (1873, Vol. II, n. 599  ̂ wl.ow* , „
a leaky gas-pipe was drawn into a house along with °H ***? 1̂01,1
the froze..-frrounrl preventing its escape elsew here*' ' ’ owl^ . tM
of the inmates. Another cafe, where the po i Z , ng i T r " *  
ncid entering, during lmrd frost, a house built o.̂ soTl “w S
quarrying, i8 reported in the B. M. J., 1893, Vol. I, p. 200. • tei



M a la ria .— O f th e  e x a c t  n a tu re  o f  M a la r ia — th e  p o is o n  
w h ic h  p r o d u c e s  a  d isea se  c h a r a c te r is e d  b y  p a r o x y s m a l 
fe v e r s , n e u ra lg ia s , e n la r g e m e n t  o f  th e  l iv e r  a n d  sp le e n  a n d  
o th e r  w e ll-m a r k e d  sy m p to m s , a n d  te r m in a t in g  o fte n  in  p r o ­
fo u n d  c a c h e x ia  a n d  d e a t h — n o t  m u c h  is k n o w n  w ith  a n y  c e r ­
ta in ty . T h e  s u b je c t  w ill b e  a fte r w a r d s  c o n s id e r e d .*  M o s t  
p h y s ic ia n s  a re  a g r e e d  as to  its  o r ig iu . I t  is  g e n e r a te d  b y  
v e g e ta b le  m a tte r  in  th e  so il, u n d e r g o in g  s lo w  d e c o m p o s it io n , 
u n d e r  th e  in flu e n ce  o f  m o is tu re  a n d  a  c e r ta in  d e g r e e  o f  
te m p e ra tu re  n o t  le s s , it  is s u p p o s e d , th a n  6 7° F .  (1 9 -3 ° C .)
I t  is p r o b a b ly  n o t  g a s e o u s , b e ca u se  it  a p p e a r s  in c a p a b le  o f  
a s c e n d in g  b y  d iffu s io n  to  v e r y  g r e a t  e le v a t io n s , a n d  b e ca u se  
a  th ic k  b e l t  o f  trees  h as b e e n  k n o w n  to  s h e lte r  fr o m  its  
in flu e n ce . I t  ca n  p r o b a b ly  e n te r  th e  b lo o d  a n d  p r o d u c e  its  
p o is o n o u s  e ffe c ts , e ith e r  b y  th e  a ir  b r e a th e d  o r  b y  th e  w a te r  
d ru n k .

A lt h o u g h  th e  ca u se s  g iv e n  a b o v e  a re  b e l ie v e d  to  b e  
in v a r ia b ly  p r e s e n t  in  m a la r io u s  lo c a lit ie s , t h e y  a re  s o m e ­
t im es  c o -e x is t e n t  in  p la c e s  w h e re  p a r o x y s m a l fe v e r s  a n d  
o th e r  e ffe c ts  o f  p a lu d a l in to x ic a t io n  a re  u n k n o w n . T h e r e  
a re  tw o  w e ll-m a r k e d  E x c e p t io n s  to  th e  ru le  th a t  su ffic ie n t  
h e a t , m o is tu re  a n d  d e c o m p o s in g  v e g e t a b le  m a tte r  in  th e  
so il  g e n e r a te  m a la r ia . P e a ty  so ils  fu l f i l  th e s e  c o n d it io n s ,
(u n less  it  b e  s u p p o s e d  th a t th e ir  w e l l-k n o w n  a n t i-s e p t ic  
p r o p e r t ie s  p r e v e n t  th e  d e c o m p o s it io n  o f  th e  o r g a n ic  m a tte r  
w h ic h  th e y  co n ta in ) ; b u t  in  b o g g y  co u n tr ie s , as iu  I r e la n d  
a n d  p a rts  o f  A u s tr a l ia , e n d e m ic  p a r o x y s m a l fe v e r s  a re  
u n k n o w n . S e c o n d ly ,  t r a c ts  r e g u la r ly  c o v e r e d  b y  th e  sea  
a t e a c h  flow  o f  th e  t id e  a re  n o t  m a la r io u s , p e r h a p s  b e c a u s e  
th e  p r o d u c t s  o f  d e c o m p o s it io n  a re  w a s h e d  a w a y  b e fo r e  
th e y  h a v e  r e a c h e d  th e  s ta g e  iu  w h ich  th e y  b e c o m e  p o is o n o u s  
o r  b e ca u se  th e  m a la r ia l p o is o n  c a n n o t  l iv e  in  s u ch  a sa lin e  
so il. B e s id e s  th e s e  tw o  e x c e p t io n s , a n o m a lo u s  ca se s  h a v e  
b e e n  o b s e r v e d  in  v a r io u s  p a r ts  o f  th e  w o r ld  w h e re  m a la r ia  
m ig h t  h a v e  b e e n  e x p e c t e d  to  b e  p r e s e n t  b u t  w a s  n ot.

* v . The Etiology mid l’reventiou of Disease.
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K n o w in g , th en , th e  c o n d it io n s  n e ce ssa ry  f o r  its  v e n e r a ­
tion , it  is e a s y  to  in fe r  th e  p la ce s  w h e re  it  is l ik e ly  to  b e  
p re v a le n t . T h e se  m ay  b e  b r ie fly  e n u m e ra te d  -.— Marshes, in  

o t  o r  te m p e ra te  c lim a te s , w h a te v e r  b e  th e  m in era l c o n ­
s titu en ts  o f  the so il, c o n ta in in g  d e a d  o r g a n ic  v e g e ta b le  
m a tte r  to  th e  e x te n t  o f  fr o m  10  t o  45  per cent, a n d  
a b u n d a n t m oistu re , w ill b e  g e n e r a t iv e  o f  m a la r ia . P o s i -  
>°ns a t th e  foot of h ills  w h ic h  su p p ly  a b u n d a n ce  o f  

w a te r  are  o f t e n  u n h e a lth y , e x u b e r a n t  v e g e ta t io n  b e in v  
a c co m p a n ie d  b y  a c cu m u la t io n  o f  v e g e t a b le  d d b r is  in  th e  
so il. I h e  m o st  d e a d ly  fo rm s  o f  r e m itte n t  fe v e r  o c c u r  in  
p erson s  w h o  h a v e  in ca u tio u s ly  e x p o s e d  th e m se lv e s  to  th e

i n f lu e n c e .° f  m a la r ia  tIie ju n g le s  o f  th is  terai c o u n tr y ,
w h e th e r  in  I n d ia  o r  B u rm a h . T h e  a p p a r e n t ly  d r y  beds of 
nullahs a n d  ra v in e s  g e n e r a lly  h a v e  w a te r  at n o  g r e a t  
d is ta n ce  fr o m  th e  s u r fa c e  a n d  o ft e n  co n ta in  m u ch  d e c a y in g  
v e g e ta t io n . Sandy p lains  w ith  an  im p e rm e a b le  su b s tra tu m  
o t  r o c k  o r  c la y  a  fe w  fe e t  fr o m  th e  s u r fa ce , w h ic h  h o ld s  u p  
w a te r  a n d  k e e p s  th e  soil sa tu ra te d , m a y  b e  h ig h ly  m a la - 
i io u s  a lth o u g h  b a r e  o f  v e g e ta t io n , o w in g  to  th e  p r e s e n ce  
o t  th e  d e c a y in g  re m a in s  o f  p re v io u s  v e g e ta b le  g r o w th .
I n  so m e , v e g e ta b le  m a tter , s ilic io u s  p a r t ic le s  a n d  an o x id e  
o r  o th e r  sa lt  o f  iro n  b e co m e  c o n c r e te d  in to  a  n e a r ly  im p e r ­
m e a b le  s tra tu m  fr o m  w h ic h  th e  o v e r - ly in g  w a te r  s lo w ly  
d is s o lv e s  o u t  th e  o r g a n ic  m a ter ia l a n d  p r o d u c e s  m a la r ia .
A llu v ia i soils, w h ic h  co n s t itu te  n e a r ly  o n e -th ir d  o f  th e  so il 
o t  th is  c o u n tr y , o fte n  co n s is t  o f  p e r m e a b le  b e d s  a lte r n a t in g  
with im p e r m e a b le  s tra ta  o f  c la y , r e ta in in g  m o is tu re  in  
c o n ta c t  w ith  a b u n d a n ce  o f  d e c a y e d  v e g e ta t io n . T h e s e  are  
u n d e s ir a b le  s ite s , th o u g h  it  is  im p o s s ib le  a lw a y s  to  a v o id  
th e m .- ' I h e  deltas o f  la r g e  r iv e rs  are  o f  th is n a tu re . S a lt  
marshes, i f  o n ly  o c c a s io n a lly  o v e r f lo w e d  b y  th e  sea  -ire 
u n h e a lth y . N ew ly disturbed soil, as g r o u n d  b r o u g h t  in to  
c u lt iv a t io n  fo r  th e  first  t im e  o r  c le a r e d  o f  b r u s h -w o o d  b y  
u p -r o o t in g , is v e r y  l ik e ly , in  th is  c o u n tr y , to  b e  m a la r io u s .
B v e n  rocks, as tra p , g n e is s  a n d  g ra n ite , w h e n  s o fte n e d  b y  *

* v. [>. 128 and note.



d is in te g r a t io n , m a y  a d m it  w a te r  a u d  o r g a n ic  m a tte r  in to  
t l ie ir  s u b s ta n ce  b y  s lo w  p e r c o la t io n  a u d  so  g e n e r a te  m a la ­
r ia .*  I t  is  v e r y  im p r o b a b le  th a t  t lie ir  m in e ra l c o n s t itu t io n  
lia s  a n y  sh a re  in  th e  p r o d u c t io n  o f  th is  e f f e c t ;  b u t  som e  
h a v e  t h o u g h t  d if fe r e n t ly , an d  H e y u e  a t t r ib u te d  th e  M y s o r e  
le v e r s  to  th e  d e c o m p o s it io n  o f  r o c k s  c o n ta in in g  fe r r u g in o u s  
h o r n b le n d e . L a s t ly ,  irrigated lands, as r ic e  fie ld s , fu lf il  
th e  c o n d it io n s  f o r  th e  g e n e r a t io n  o f  m a la r ia , a n d  in  som e 
c o u n tr ie s  a re  v ir u le n t ly  u n h e a lth y . Iu  th e  S o u th e r n  U n ite d  
S ta te s , f o r  e x a m p le , th e  r ic e  p la n ta t io n s  a re  a lm o s t  u n in ­
h a b ita b le , e x c e p t  b y  th e  b la c k  o r  m ix e d  r a c e s , d u r in g  th e  
h e a t  o f  su m m er . In  th is  c o u n tr y  S u r g e o n -G e n e r a l  C o r n is h  
h a s  p o in te d  o u t  th a t  r ic e  f ie ld s  e x p o s e d  to  sea  a ir  a re  n o t  
s o u rce s  o f  m a la r ia , b u t  th a t  ir r ig a t io n  is  n o t  in n o c u o u s  in  
in la n d  d is tr ic ts . T h e  p r o x im it y  o f  r ic e  f ie ld s  o r  p o s it io n s  
to  le e w a r d  o f  th e m  s h o u ld  b e  a v o id e d  f o r  h u m a n  h a b ita ­
t io n s  as fa r  as p o s s ib le .t

GROUND-WATER IN RELATION TO DISEASE-CAUSATION.

T h ir d ly ,  th e  so lu b le  m a tte rs  in  th e  so il  m a y  a f fe c t  h e a lth  
t h o u g h  th e  W a t e r  u se d  fo r  d o m e s t ic  p u rp o se s . Im p u r it ie s  
in t r o d u c e d  in to  th e  sy s te m  b y  th is  m e a n s  m a y  b e  e ith e r  
o r g a n ic  o r  in o r g a n ic .  T h e  fo r m e r  in c lu d e  th e  s p e c if ic  
p o iso u s  o f  c h o le r a , e n te r ic  fe v e r ,  m a la r io u s  d ise a s e s , d y s e n ­

t e r y  (?) a u d  e p id e m ic  d ia rrlisea  (? ) .  T h is  s u b je c t ,  h o w ­
e v e r , as w e ll  as th a t  o f  th e  in o r g a n ic  im p u r it ie s  o f  w a te r , 
h a s  a lre a d y  b e e n  c o n s id e r e d ,J  w h ils t  th e  e x a c t  c o n n e c t io n  
b e tw e e n  th e  g r o u n d -w a te r  a n d  c e r ta in  o f  th e se  d ise a s e s , 
s u p p o s e d  b y  so m e  to  b e  v e r y  in t im a te , w ill  b e  d is c u s s e d  
h e r e a fte r .§

T h e  e ffe c ts  o f  th e  m o v e m e n ts  a n d  o f  th e  le v e l  o f  g r o u n d -  
w a te r  u p o n  h e a lth  ca n  e a s ily  b e  in fe r r e d  fr o m  th e  a b o v e

# This idea is ridiculed by Sir William Moore, with, I think, quite in* 
sufficient reason. But, apart from this, his discussion of malaria is well 
worthy of careful perusal, v. Diseases of India, 2nd ed., pp. ;259 et seq.

t  v. however McNally, op cit., p. 116, pnru. 5.j  v, Chapter II.
§ v. The Etiology and Prevent ion of Disease.
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d e s c r ip t io n  a n d  fr o m  w h a t Las b e e n  a lr e a d y  sa id  a b o u t  th e  
lesu lfcs o f  m o istu re  in  tlie  so il. T b e  r ise  o f  g r o u n d -w a te r  ' 
m a y  m a k e  a  p la c e  d a m p  a n d  c o ld  b y  s a tu r a t in g  th e  so il  
a b o v e  it , c a u s in g  c a ta rrh a l a n d  p u lm o n a r y  d is e a s e s ;  o r  it 
m a y  m e re ly  s u p p ly  th e  m o is tu re  n e c e s s a ry  to  th e  g e n e r a ­
t io n  o f  m a la ria  o r  s p e c if ic  m ia sm s . O n th e  o th e r  h a n d  its 
r ise  m a y  c h e c k  th e  p r o d u c t io n  o f  th e se  p o iso n s  b y  o c c u p y ­
in g  a n d  sa tu ra t in g  w ith  w a te r  th e  s tra tu m  w h ic h  c o n ta in s  
th e  o r g a u ic  m a tte r  to  w h ich  t h e y  o w e  th e ir  o r ig in . S o , 
to o , its  fa ll ,  a fte r  w e t t in g  su ch  la y e r s  o f  so il, m a y  s t im u la te  
th e  p r o d u c t io n  o f  m a la r io u s  a n d  m ia sm a tic  d is e a s e s ;  o r  
its  c o n t in u e d  d e p r e s s io n  a t a  d e p th  b e lo w  th e ir  le v e l t o o  
g r e a t  to  a d m it  o f  th e ir  d e r iv in g  m o is tu re  fr o m  it  m a y  h a v e  
a  h ig h ly  b e n e fic ia l  e ffe c t . I f  th e  p o is o n  o f  m a la r ia  e x is ts  
in  th e  g r o u n d -a ir  th e  r ise  o f  th e  g r o u n d -w a t e r  a ft e r  h e a v y  
la in  w ill d r iv e  o u t  th e  p o is o n e d  a ir  a n d  p r o d u c e  p a lu d a l 
d ise a se s . *

HEALTHY AND UNHEALTHY SOILS.

F io m  w h a t  h as b e e n  sa id  b e fo r e , a  g o o d  id e a  can  b e  
fo r m e d  o f  w h a t  c o n s t itu te s  a  h e a lth y  s o il  o r  th e  r e v e r s e .
O n e  im p o r ta n t  p o in t  re m a in s  to  b e  n o t ic e d , viz., th e  use in  
m a n y  to w n s  o f  “  m a d e  so ils .5'  U n d e r  th is  te rm  is  iu c lu d e d  
a n y  so il fo r m e d  a r t if ic ia lly  b y  th e  d e p o s it io n  in  a n y  c o n ­
v e n ie n t  h o l lo w  o f  e a rth  d u g  o u t  o f  th e  fo u n d a t io n s  f o r  • 
b u i ld in g  a n d  ru b b is h  o f  a ll  so r ts  s u ch  as s tre e t  sw e e p in g s , 
h o u se  g a r b a g e  a n d  tra d e  re fu se  fr o m  ta n n e r ie s  a n d  o th e r  
w o r k s . S u c h  a  p r a c t ic e  is  v e r y  co m m o n  in  c r o w d e d  s itu a ­
t io n s  w h e ie  la n d  is v a lu a b le . I t  is  o b je c t io n a b le  fr o m  
e v e r y  p o in t  o f  v i e w f  b u t  i f  p e r m it te d  n o  b u i ld in g  s h o u ld  
b e  a l lo w e d  to  b e  e r e c te d  u p o n  it  f o r  a t  le a s t  f iv e  y e a r s .%

* I have noticed a most marked sudden increase in malarial fever of the 
intermittent type at such a time during a period of heavy rainfall in 
Ganjam.— A.E. G-. J

f  Including the builder’s—I  remember a row of honses m i  a Scottish 
town, which has partly subsided owing to the foundations being sunk 
iu 1 mnde soil’.—A. E. G. b

t  Seven years, even, has been found to be too short a space of time for 
complete disintegration of rubbish in Madras, v. Jones. Manual for District 
and Municipal Boards, 1888, p. 52. “  Where lands have been reclaimed in



- C'
\. \ M b  )  *.) IMPROVEMENT OP UNHEALTHY SOILS.' 1 2 7
X x x x  1 ■

.  U lt im a t e ly  th e  s o il  a p p e a l ’ s t o  p u r i f y  i t s e l f  b u t  o n ly  i f  i t  is  
f r e e l y  e x p o s e d  t o  o x id a t io n  a n d  t h e  c l e a n s in g  a c t io n  o f  th e  
r a in . A b o v e  a ll  t h in g s  b u i ld in g  u p o n  s o i l  w h i c h  h a s  b e e n  
u s e d  a t  a n y  t im e  a s  th e  s ite  o f  a  c h o le r a  o r  o t h e r  i n f e c t io u s  
d is e a s e s  h o s p it a l  o r  a s  a  b u r y i n g  g r o u n d  s h o u ld  b e  a b s o ­
lu t e ly  p r o h ib i t e d .*

B r ie f ly  t h e n : im p e r m e a b le  r o c k s  a s  g r a n it e ,  g n e is s  a n d
c la y - s la t e ,  a r e  g e n e r a l ly  h e a l t h y  : t h e  w a t e r  f r o m  l im e ­

s to n e  a n d  m a g n e s ia n  l im e s t o n e  s t r a ta  is  o f t e n  e x c e s s i v e l y  
h a r d  a n d  s o m e t im e s  u n w h o le s o m e  ; f  c h a lk ,  p e r m e a b le  
s a n d s t o n e s ,  la t e r it e  (?) a n d  g r a v e ls  .a r e  h e a l t h y ,  g e n e r a l l y  
y i e l d i n g  a  p u r e  w a t e r - s u p p ly  : s a n d s , i f  f r e e  f r o m  o r g a n i c  
d e b r is  a r e  h e a l t h }1, b u t  m a n y  are- m a la r io u s  a n d  t h e  w a t e r  
is  o f t e n  h i g h l y  c h a r g e d  w ith  s a l in e  im p u r i t ie s  : c l a y s  a n d  
m a r s h y  s o i ls , u n le s s  t h o r o u g h l y  d r a in e d ,  a r e  u n h e a l t h y :  
t h e  w o r s t  s o i l  is  a r t i f ic ia l  g r o u n d  m a d e  b y  th e  d e p o s i t  o f  
m is c e l la n e o u s  r u b b is h .

improvement op unhealthy soils.
In  m a n y  c a s e s  it  is  o b v io u s ly  im p o s s ib le  t o  c h o o s e  a  s ite  

m e r e ly  b e c a u s e  i t  w o u ld  b e  a  h e a l t h y  o n e  o r  t o  r e je c t  a n o t h e r  
s ite  s im p ly  b e c a u s e  i t  is  u n h e a lt h y .  T h e  g e n e r a l i t y  o f  
h u m a n  b e in g s  w h o  h a v e  a  c h o i c e  a t  a l l  a r e  g o v e r n e d  in  
t h e ir  s e le c t io n  o f  a  s it e  b y  th e  p u r e ly  s o c ia l  o r  c o m m e r c ia l  
a d v a n t a g e s  i t  w i l l  a f f o r d ,  w h i ls t  f o r  t h e  v a s t  m a jo r i t y  o f  
p e o p le  th e r e  is  n o  c h o i c e  a b o u t  it , t h e y  h a v e  g o t  t o  r e s id e  
w h e r e  th e  m e a n s  o f  m a k in g  a  l iv e l ih o o d  e x is t .  T h e  B a r m a n  
v i l la g e r s ,  w h o  n e v e r  r e p a ir  b u i ld in g s ,  w h e n  t h e i r  h o u s e s  a n d

the manner above related [i.e  , by filling in with rubbish and earth in alter­
nate layers], the local authority should place a decided veto against their 
neing used as building sites or bustee settlement fot at least four to five rears 
during winch interval they may be used as grazing ground or plantations’
, ,ter fd°r or five season s cultivation they may safely be built upon bv 
lints or light structures which will not require deep excavations to put in 
p‘um 1 he local authorities in IJengal haveample powers under the
Oeugal Municipal Acts to control settlement on such lands and this is a 

' p,a . r t,iafc should be insisted upon in all cases.”  JR. C. Sterndale Vice 
onan-man, Municipality of Calcutta, quoted by Jones, op cit., p. 55 

v - 'I'runs. 7th Internat. Congress of Sun. Soi., Vol xi, p 27 
+ i’- p. 84, paras. 3 and 4.
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th e ir  s u r r o u n d in g s  b e co m e  d e fe c t iv e  o r  m a r k e d ly  u n h e a lth y  
s im p ly  c h o o s e  a  n e w  s ite  a n d  b u ild  th e r e o n  a  fre sh  v il la g e  
cle novo; b u t  it  m u st b e  c o n fe s s e d  th e y  d o  n o t  as a  ru le  
t r a v e l  fa r  e n o u g h . A llu v ia l so ils  a re  u su a lly  u n h e a lth y  
o w in g  to  th e  la r g e  a m ou n t o f  o r g a n ic  m a tte r  p re s e n t  a n d  
to  th e  s ta g n a tio n  o f  th e  g r o u n d -w a te r . A  g r e a t  d e a l, l io w - 
e v e r , ca n  b e  d o n e  to  im p r o v e  m a n y  n a tu r a lly  u n h e a lth y  
so ils .

I n  o r d e r  to  g u a r d  a g a in s t  m ia sm a ta  p r o c e e d in g  fr o m  th e  
so il, th e  f o l lo w in g  p re ca u t io n s  a re  a d v is a b le :— drainage, p r e ­
v e n t in g  su d d e n  r ises  in  t h e l e v e l o f  t h e g r o u n d -w a t e r a u d c o n -  
s e q u e n t  f o r c in g  o u t  o f  n o x io u s  g a se s , & c . ; raising dwellings 
from  the ground o n  p o le s , a r ch e s  o r  s o lid  b a s e m e n ts ; exclusion 
of a ir  from  below b y  c o n c r e te , a sp h a lte  o r  o th e r  im p e r v io u s  
m a ter ia l in  o r  b e n e a th  th e  f l o o r ;  a n d , m o st  im p o r ta n t  o f  a ll, 
careful choice o f site, a v o id in g , i f  p o s s ib le , a llu v ia l s o i ls ,*  a n d  
u n d e r  n o  c ir c u m s ta n c e s  b u i ld in g  u p on  so ils  a r t if ic ia lly  m a d e  
u p  o f  ru b b is h  c o n ta in in g  o r g a n ic  m a tte r . M o re  e s p e c ia l ly , 
th e  p r e c a u t io n s  a n d  r e m e d ie s  in d ic a te d  b y  a so il w h ic h  
th e re  is re a so n  to  b e l ie v e  t o  b e  m a la r io u s  a r e — th o r o u g h  
d r a in a g e ;  c u t t in g  d o w n  to  th e  im p e r m e a b le  s u b -s o il ,  i f  
th e re  b e  a n y , a n d  in  a ll ca se s  d e e p  e n o u g h  to  w ith d r a w  
m o is tu re  f i o m  th e  s tra tu m  w h ic h  co n ta in s  d e c a y in g  v e g e t ­
a b le  m a t t e r ;  r a is in g  th e  d w e ll in g s  on so lid  b a s e m e n ts  th re e  
fe e t  o r  m o re  fr o m  th e  g r o u n d , o r  (b e t te r  still) on  p o s ts  o r  
a r c h e s , a d m it t in g  fr e e  p a s sa g e  o f  a ir  b e n e a th  ; in te r p o s in g  
a  b e lt  o f  tre e s  o r  a  p ie c e  o f  w a te r  k e p t  a t a  c o n s ta n t  le v e l 
b e tw e e n  a s ite  a n d  an o b v io u s  so u rce  o f  m a la r ia  : e x c lu d in g , 
e s p e c ia l ly  a t  n ig h t ,  w in d  b lo w in g  f r o m ‘a  m a la r io u s  q u a r te r ;
(w h e n  th is  is  im p r a c t ic a b le ,  as w h en  it  is n e ce ssa ry  to  s le e p  
in  th e  o p e n  a ir , th e  u se  o f  m o s q u ito -cu r ta in s  is  sa id  to  b e

* From the sanitary point of view it is to be regretted that by far the 
larger number of important towns throughout the world are built, of 
necessity, upon low-lying alluvial soil. In such cases the chances of pollution 
of the soil, air apd water are very much increased and the health of the 
inhabitants suffers in a corresponding degree.

' Gov \
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b e n e fic ia l)  ;*  a v o id in g d is t u r b a n c e o f  th e  so il t b r o u g h  c le a r in g  
a w a y  o f  b r u s h -w o o d  fr o m  a  t e m p o r a r y  p o s it io n  a u d  c h o o s ­
in g  th e  h o tte r  h o u rs  o f  th e  d a y  r a th e r  th a n  th e  m o r n in g  
o r  th e  e v e n in g  f o r  th e  w o r k  i f  th e  p o s it io n  is  t o  b e  o c c u p ie d  
p e r m a n e n t ! } '; care to obtain drinking water from  a source 
uncontaminated by decomposing organic matter s e le c t io n  
o f  s ite s  as e le v a te d  as c ir c u m s ta n c e s  a l lo w — b e c a u s e , th o u g h  
m a la r ia  is n o t  u n k n o w n  e v e n  a t a  h e ig h t  o f  6 ,0 0 0  fe e t  
a b o v e  s e a - le v e l,J  its  p o w e r  is d im in is h e d  b y  e le v a t io n , 
o w in g , p r o b a b ly ,  to  th e  d im in u t io n  o f  te m p e ra tu re .

L a s t ly ,  it  is  e v id e n t  th a t  th e  re m e d ie s  f o r  th e  e v ils  d u e  to  
c h a n g e s  iu  th e  le v e l  o f  g r o u n d -w a t e r  a re  th e  im p r o v e m e n t  
o f  e x is t in g  a n d  th e  o p e n in g  o u t  o f  n e w  p a s s a g e s  f o r  
th e  w a te r  to w a r d s  its  n a tu ra l d e s t in a t io n . D e e p  a n d  
e f fe c t iv e  s u b -s o il  d r a in a g e  w i l l  k e e p  th e  g r o u n d -w a te r  b e lo w  
th e  le v e l  w h e r e  d a n g e r  b e g in s .  “  S a n ita r y  a n d  E n g in e e r ­
in g  a u th o r it ie s  a re  a ll a g r e e d  th a t  ir r ig a t io n  w ith o u t  d r a in ­
a g e  h a s  a m ost e v il  in flu e n ce  u p o n  h e a lth , a n d  th a t  d e e p  
d r a in a g e  im p r o v e s  th e  so il as w e ll as th e  h e a lth  o f  th e  in ­
h a b ita n ts . T h e  e f f ic ie n c y  o f  d r a in a g e  s h o u ld  e s p e c ia lly  
b e  lo o k e d  to  in  i r r ig a t e d  la n d s . I u  m o s t  p a r ts  o f  M a d ra s  
th e  n a tu ra l d r a in a g e  is  g o o d ,  b u t  in  som e  p a rts  o f  N o r th e r n  
I n d ia  fla t tra c ts  o f  s e d im e n ta ry  so il o c c u r  w h e r e  ir r ig a t io n , 
w a te r  h a s  n o  su ffic ien t  o u tflo w s , a n d  in  su ch  p la c e s  m a la r ia  
p r e v a ils  t o  an  a la r m in g  e x te n t . F o r  in s ta n c e , in  1885  in  
th e  to w n  o f  S u n  p a t on  th e  D e lh i  b r a n c h  o f  th e  J u m n a  ca n a l

# From experience gained in very malarious localities in Burmah I 
believe this to be an undoubted fact. It. certainly lessens the risk of 
chill on cold, misty mornings before taking food or exercise. This practice 
is recommended also in the valuable and very practical hand-book for 
travellers issued by the Roy. Geo. Soc. A. E. G.

t  v. Instructive paper by Brig.-Snrgn. Pringle, in Trans. 7th Iuternat.
San. Congress, Vol. XI, p. 203.

X The elevation necessary to secure immunity from malarious influences 
varies in different countries and in different parts of India from about 400 
up to 7,000 feet above sea-level. “  Wherever malarial fever is endemic at 
more or less considerable elevations, the seat of the disease is always a 
valley with a small declivity, or a basin-like depression iu a plateau, while 
the open levels, except so much of them as lie immediately at the foot of 
shelving mountain spurs, are, like the mountain ranged ^themselves, for 
the most part exempt.” Geo. Path.; Hirscb, A ol. l,p« 265.
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th e re  w e re  833  d e a th s  fr o m  fe v e r  in  a p o p u la t io n  o f  1 3 ,0 7 7 , a  
ra te  o f  6 3 ’ 7 p e r  1 ,0 0 0  p e r  a n n u m .*  * * * *  T h e  m a n a g e m e n t 
o f  ir r ig a t io n  is  a m o st  im p o r ta n t  m a tte r . I f  an  in c re a se d  
v o lu m e  o f  w a te r  b e  p o u r e d  in to  a  d is tr ic t , th e  ch a n n e ls , 
n a tu ra l o r  a rtific ia l, w h ic h  w e re  p r e v io u s ly  su ffic ien t  fo r  
its  d ra in a g e , m a y  p r o v e  in s u f f ic ie n t ; a g e n e r a l s ta g n a tio n  
a n d  r ise  o f  s u b -s o il  w a te r  an d  g r e a t ly  in c re a s e d  u n h e a lth i­
n ess  m a y  resu lt. H e n c e  w h e n  ir r ig a t io n  is  re so r te d  to , 
d ra in a g e  sh o u ld  r e c e iv e  e sp e c ia l a t te n t io n .” *

EXAMINATION OP SOIL.
A  co m p le te  e x a m in a tio n  o f  th e  so il o f  a n y  lo c a lity  in c lu d e s  

an  in q u iry  in to  th e  fo l lo w in g  p o in ts  :— 1. T h e  M e c h a n ic a l  
C on d ition  o f  th e  so il. 2. T h e  T e m p e ra tu re  o f  th e  so il. 3 .
T h e  M o is tu re  o f  th e  so il. 4 . T h e  C o m p o s it io n  o f  th e  G ro u n d - 
A ir .  5. T h e  C o m p o s it io n  o f  th e  so il. 6. T h e  A n im a l a n d  
V e g e t a b le  L i fe  in  th e  so il. (2 ), (3) a n d  (4 ) a re  som e tim e s  
g r o u p e d  t o g e th e r  u n d e r  th e  term  S o i l -M e t e o r o lo g y ,  so  th a t  
w e  m a y  c la s s ify  th e  e x a m in a tio n  th u s  :

I .  M e ch a n ica l E x a m in a t io n  o f  th e  S o il.
I I .  C h e m ica l ,, „  ,,

I I I .  M e te o r o lo g ic a l  „  ,, ,,
I V .  B io lo g ic a l

Mechanical Exam ination .— U n d e r  th is h e a d in g  is in c lu d e d  
th e  est im a tion  o f  th e  (a ) D e n s ity , (b) F r ia b i l i t y  an d  (c) 
P e r m e a b il ity  o f  th e  S o il. T h e  tw o  fo r m e r  can  b e  e s t im a te d  
r o u g h ly  b y  a n y  on e  a fte r  a lit t le  p r a c t ic e .  T h e  d e g r e e  o f  
P e r m e a b il ity  is  b e s t  n o te d  b y  h a v in g  a  h o le  d u g  a b o u t  
10  fe e t  d e e p  w ith  v e r t ic a l  s id es . A f t e r  th e  soil h a s  b e c o m e  
fa ir ly  d r y , w a te r  is  p o u r e d  g e n t ly  o n  th e  s u r fa c e  o f  th e  
g r o u n d  a n d  th e  tim e  it  ta k e s  t o  p e r c o la te  d o w n w a rd s  is  
n o te d . B y  d ig g in g  d e e p e r  o r  s in k in g  a  tu b e  w e ll th e  w a te r  
le v e l  ca n  b e  a s c e r ta in e d , a n d  b y  d ig g in g  h o le s  a t d iffe re n t

* McNally op. cit., pp. 115-6. v. also Evils of Canal Irrigation and their
prevention, T. Thornton,C.S.I., Jotirn. Soc. Arts, March 18SS, and Report by
Sin g.-Major YV. G. King on the Influence of Irrigation on the Prevalence of 
Malaria at Kurnool, 1880, etc.
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p la c e s  a  s h o r t  t im e  a fte r  ra in  lia s  fa l le n , a  r o u g h  id e a  o f  
th e  n a tu ra l d r a in a g e  o f  th e  so il  ca n  h e  fo r m e d .

Chemical Exam ination .— B e s id e s  th e  a c tu a l a n a ly s is , b o t h  
q u a lita t iv e  a n d  q u a n t ita t iv e , th e  f o l lo w in g  p o in ts  a re  e s p e ­
c ia lly  im p o r ta n t  t o  b e  d e te r m in e d  (a) T h e  P e r c e n t a g e  o f  
A vater ; (b) T h e  A b s o r p t io n  o f  w a te r  b }r th e  s o il  a f t e r  i t  h a s  
b e e n  d r i e d ; (c) T h e  s u b s ta n c e s  p r e s e n t  Avhich a re  S o lu b le  
in  Avater.

Meteorological Exam ination .— T h is  b r a n c h  o f  th e  s u b je c t  
h a s  r e c e iv e d  c o n s id e r a b le  a t te n t io n  in  G e r m a n y  a n d  is u n ­
d o u b t e d ly  o f  g r e a t  im p o r ta n c e . I n  th is  c o u n t r y ,  u n f o r ­
tu n a te ly , Avitli o n e  o r  tw o  b r i e f  e x c e p t io n s , n e ith e r  o p p o r ­
tu n ity  n o r  e n c o u r a g e m e n t  h a v e  b e e n  a f fo r d e d  f o r  s im ila r  
in v e s t ig a t io n s . T h e  p r in c ip le  e x c e p t io n  r e fe r r e d  to  is  th e  
se r ie s  o f  o b s e r v a t io n s  u n d e r ta k e n  b y  d o c t o r s  T . L e w is  a n d  
D . D . C u n n in g h a m  a n d  e m b o d ie d  in  a  r e p o r t  e n t it le d  “  T h e  
S o i l  in  i t s  R e la t io n  to  D is e a s e .” *  T h e  o b je c t  o f  th e  r e ­
s e a rch e s  w a s  t o  d e te r m in e  to  Avhat e x t e n t  p e c u lia r  c o n d it io n s  
o r  c h a n g e s  o f  c o n d it io n  in  th e  so il  in  C a lc u t ta  a f fe c t  th e  
p r e v a le n c e  o f  d ise a se  in  g e n e r a l  a u d  o f  c e r ta in  d is e a s e s  
in  p a r t ic u la r . A t t e n t io n  Avas p a id  to  th e  t h r e e  fo l lo x v in g  
p o i n t s :— T h e  a m o u n t  o f  m o is tu r e  in  th e  s o il  •, th e  t e m p e r ­
a tu re  o f  th e  s o i l ; th e  a m o u n t  o f  c a r b o n ic  a c id  in  th e  s o il -  
a ir . S u c h  a n  in v e s t ig a t io n  r e q u ir e s  th e  v e r y  g r e a t e s t  ca re  
a u d  t e c h n ic a l  s k ill  a n d  it  is  b y  n o  m e a n s  e a s y  t o  o b ta in  a 
c o n s ta n t  r e c o r d  o f  th e  t r u e  s o i l  t e m p e r a t u r e  a t d i f fe r e n t  
d e p th s . “  I t  m a y  b e  p r e m is e d  th a t  th e  e s t im a t io n  o f  th e  
a m o u n t  o f  c a r b o n ic  a c id  in  th e  so il  w a s  n o t  u n d e r ta k e n  in  
th e  id e a  th a t  th e  g a s  it s e l f  e x e r ts  m u c h  in f lu e n c e  o n  th e  
p r e v a le n c e  o f  d ise a s e  b u t  b e c a u s e  its  a m o u n t  m a y  b e  ta k e n  
as a  c o n v e n ie n t  a n d  fa i r ly  a c c u r a te  in d e x  o f  th e  d e g r e e  o f  
th e  v a r io u s  o r g a n ic  p r o c e s s e s  t a k in g  p la c e  b e tw e e n  th e  
Avater le v e l  a u d  th e  s u r fa c e .”  T o  th o s e  Avho h a v e  h a d  th e  
b e n e f it  o f  a  s c ie n t i f ic  t r a in in g  it  is  s e l f -e v id e n t  th a t  o n e  
se r ie s  o f  o b s e r v a t io n s  is  q u ite  in s u ffic ie n t  to  g iv e  r e l ia b le

* v. Reprint of the report, with charts, eto., in “  Physiological and 
Pathological Researches,”  by T. K. Lewis.
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a n d  u s e fu l  resu lts  “ it is o n ly  on  'prolonged and continuous 
observations in  various localities*  th a t  d e fin ite  c o n c lu s io n s  
c a n  b e  b a s e d .”

I V .  Ih e  Biological Exam ination.— T h is  m e th o d  is  a lso  
o f  g r e a t  im p o rta n ce  b u t  re q u ire s  sp e c ia l  t r a in in g  a n d  a 
g o o d  la b o ra to ry . T h e re  is  n o  d o u b t  th a t  it  Tvill u lt im a te ly  
y ie ld , in  c o n ju n c t io n  w ith  th e  o th e r  m o d e s  o f  e x a m in a tio n  
w ith  w h ic h  i t  is  in e x t r ic a b ly  b o u n d  u p , r e su lts  o f  th e  
h ig h e s t  p r a c t ic a l  im p o r ta n c e , t

* The italics are mine (A. E. G.)
S c ^ Ce)i et‘c.aallead'Vd0neiUth! Cf’S6 ° f Alltbras- Tetanus, Agricultural
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C H A P  T E E  I V .

REMOVAL AND DISPOSAL OF WASTE MATTER.

T o  a  d w e l l e r  in  a n  o r d in a r y  E n g l i s h  t o w n  i t  is  d i f f i c u l t  t o  
r e a l is e  t h e  e n o r m o u s  a m o u n t  o f  w a s t e  m a t t e r  t h a t  is  b e i n g  
c o n s t a n t ly  f o r m e d  a n d  a lm o s t  a s  c o n s t a n t ly  g o t  r i d  o f .

B u t  a s  t h e  t r a v e l l e r  p a s s e s  f u r t h e r  e a s t  o r  s o u t h  t o  t h e  

w a r m e r  a n d  le s s  c i v i l i s e d  c o u n t r ie s  h e  e a s i ly  e n o u g h  b e g i n s  
t o  r e a l is e  t h a t  iu  a n d  a r o u n d  a l l  t h e  t o w n s  h e  v is i t s  t h e r e  
is  a  p l e n t i f u l  s u p p ly  o f  w a s t e  a n d  r e fu s e  m a t t e r  o f  t h e  m o s t  
v a r i e d  c h a r a c t e r ,  t o  w h i c h  c o n s t a n t  a d d i t io n s  a r e  b e i n g  
m a d e  a n d  th e  r e m o v a l  o f  w h i c h  is  l e f t  c h ie f l y ,  i f  n o t  e n t i r e ly ,  
t o  th e  u n i t e d  e x e r t io n s  o f  c r o w s ,k i t e s ,  p a r ia h  d o g s ,  p ig s ,  e t c . ,  
a id e d  b y  t h e  p o w e r f u l  d e s i c c a t i n g  a c t i o n  o f  t h e  s u n  a n d  a n  
o c c a s i o n a l  g e n e r a l  c l e a r a n c e ,  o r ,  it  m a y  b e ,  o n l y  r e - a r r a n g e ­
m e n t ,  d u r i n g  r a in y  w e a t h e r .  T h e  s u b j e c t  is  n o t  a  p le a s a n t  
o n e ,  b u t  i t  is  o f  s u p r e m e  i m p o r t a n c e .  G i v e n  a  g o o d  s u p p ly  
o f  w a t e r  a n d  f r e s h  a ir  t h e  n e x t  m o s t  p r e s s i n g  n e c e s s i t y  f o r  
a  c o m m u n it y  is  t h e  p a y i n g  o f  a t t e n t io n  t o  t h e  t h o r o u g h  
a n d  s y s t e m a t ic  r e m o v a l  o f  a l l  w a s t e  m a t t e r .

Sources o f W aste M atter.— A s  t o  t h e  v a r io u s  S o u r c e s  
f r o m  w h e n c e  s u c h  r e fu s e  is  d e r iv e d  w e  f in d  t h e m  t o  b e  a s  
f o l l o w s : I .  R e f u s e  d e r i v e d  f r o m  i n d i v i d u a l  m e m b e r s  o f
t h e  g e n e r a l  c o m m u n it y ,  i.e., f r o m  t h e  D w e l l i n g s  o f  m e n  a n d  
o t h e r  a n im a ls . U n d e r  t h is  h e a d i n g  is  i n c lu d e d  t h e  w a s t e  
f r o m  latrines, f c e c a l  m a t t e r  a n d  u r in e — , f r o m  kitchens, f o o d  

r e fu s e ,  d i r t y  w a t e r  a n d  a s h e s — , f r o m  houses, h o u s e - s w e e p ­
i n g s ,  e t c .— , f r o m  stables, cowsheds, 'piggeries, etc., fa e ca l m a t te r ,  
d i r t y  s t r a w , e t c .  I I .  T o w n  R e f u s e .  U n d e r  t h is  is  c o m p r i s e d  
t h e  w a s t e  m a t t e r  f r o m  slaughter houses, streets, m arkets, 
pub lic bu ild ings  o f  v a r io u s  s o r t s ,  a u d  works a n d  fa cto rie s  o f  
a l l  k in d s .  F in a l ly ,  in  a d d i t io n  t o  a l l  t h is  is  t h e  q u e s t i o n  o f  
t h e  d i s p o s a l  o f  t h e  D e a d  B o d i e s  o f  m e n  a n d  t h e  la r g e r  

a n im a ls — a  p r o b le m  w h ic h  m a y  a s s u m e  v e r y  c o n s id e r a b le
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p r o p o r t io n s  in  tim e  o f  w a r  o r  p e s t ile n c e . I t  w ill  b e  se p a ­
r a te ly  d e a lt  w ith  h e re a fte r . W e  h a v e  th e n  to  c o n s id e r  
th e  fo l lo w in g  as to  re m o v a l a n d  d isp o sa l. A . W e t  m a te r ia l 
o r  o r d in a r y  sewage. B . D r y  m a te r ia l o r  o rd in a ry  refuse.
[ 0 .  D e a d  B o d ie s  o f  m en  a n d  o th e r  la r g e  a n im a ls .]

I n  th e  sa m e  w a y  as th e  v a r io u s  m a te r ia ls  to  b e  r e m o v e d  
a re  d iv id e d  in to  w e t  filth  a n d  d r y  filth , th e  n u m e ro u s  
m e th o d s  o f  re m o v a l a re  d iv id e d  in to  tw o  g r e a t  c la sse s , v iz .:
I .  D r y  m e th o d s  o f  re m o v a l, i.e., b y  scavenging. I I .  W e t  
m e th o d s  o f  re m o v a l, i.e., b y  sewerage o r  w a te r -c a r r ia g e  
sy s te m s . “  I h e  a d v o c a te s  o f  e ith e r  som etim es  a rg u e  as 
i f  o n e  o f  th ese  system s a lon e  c o u ld  b e  a d o p te d  to  th e  
e x c lu s io n  o f  th e  o th e r . T h is , h o w e v e r , is im p o ss ib le , a n d  
b o th  sy s te m s  m u st a lw a y s  c o -e x is t  in  w e ll-o r d e re d  tow n s  
a n d  v i l l a g e s ; fo u l  w a te r  h as to  b e  g o t  r id  o f  b y  sew ers  [o r  
d r a in s ] ,  a n d  d r y  r u b b is h  m u st b e  c a r te d  a w a y . T h e  o n ly  
q u e stio n  w h ich  ca n  b e  at issu e  is  w h e th e r  o r d u r e  o r  u rin e , 
o r  b o t h ,  sh ou ld  b e  r e m o v e d  b y  ca r ta g e  o r  b y  s e w e r a g e .”  *
F r o m  w h ic h  it  c a n  b e  seen  th a t  c e r ta in  m a te r ia ls , e.g., r o a d  
sw e e p in g s , a re  a lw a y s  r e m o v e d  b y  d ry  m e th o d s , o th e rs , e.g., 
w a s te  w a te r  fr o m  h ou ses  a n d  stree ts , i f  r e m o v e d  at a ll b y  
a rt ific ia l m ean s, b y  s e w e ra g e , w h ils t  y e t  a th ir d  c la ss , o f  
w h ic h  h u m a n  e x c re m e n t , b o th  l iq u id  a n d  so lid , is  th e  b e s t  
a n d  m ost im p o r ta n t  e x a m p le , is  som etim es  r e m o v e d  b y  d r y  
a n d  som etim es  b y  w e t  m e th o d s .

B e fo r e  a d o p t in g  a n y  p a r t icu la r  sy stem  th e  o p iu io n s  
o f  th o se  p e rso n s  ch ie fly  in te re s te d  m u st, i f  p o s s ib le , b e  
b r o u g h t  in to  a g re e m e n t . T h e s e  are  th e  san itarian , th e  a g r i ­
c u ltu r is t  a n d  th e  fin a n c ie r . T o  th e  fo r m e r  th e  c h ie f  o b je c t  
is  e f fe c t iv e  a n d  speedy removal o f  filth  fr o m  th e  n e ig h b o u r ­
h o o d  o f  hum an  h a b ita tio n s , e tc . T h e  a g r ic u ltu r is t  w ish e s  
to  re s to re  to  th e  la n d  as m u ch  as p o s s ib le  o f  th e  fe r t i l is in g  
m a te r ia l w h ich  has p r e v io u s ly  b e e n  r e m o v e d  fr o m  it  in  th e  
sh ap e  o f  g ra in , v e g e ta b le s , m ea t, e tc .,  i.e., he w a n ts  manure; 
b u t  th e  m a n u re  m u st b e  th o r o u g h ly  g o o d  a n d  as fr e e  as 
p o s s ib le  fr o m  r u b b is h , su ch  as g la ss , o ld  t iu s , c o a l  a sh es ,

* McNally, op. cit., p. 98, and many others.
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e tc .,  a n d  f r o m  e x c e s s  o f  l iq u id  w h ic h  m e r e ly  a d d s  b u lk  
w ith o u t  a d d in g  to  th e  m a n u r ia l v a lu e . L a s t ly ,  th e  f in a n ­
c ie r , w h o  r e p r e s e n ts  th e  t a x -p a y e r s ,  w a n ts  th e  cheapest 
s y s te m , w h ic h e v e r  th a t  m a y  b e .  B y  m u tu a l c o n c e s s io n s , 
a g r e e m e n t  is  g e n e r a l ly  p o s s ib le ,  b u t  th e  s a n ita r ia n , in  th e  
d is c u s s io n  o f  a n y  s ch e m e  o f  f i lth -d is p o s a l ,  m u st  a d h e r e  
f irm ly  t o  th e  p r in c ip le  th a t  th e  h e a lth  o f  th e  p e o p le  is  o f  
p a r a m o u n t  im p o r ta n c e .

I n  th is  c o u n tr y  th e  d r y  m e th o d s  o f  r e m o v a l  o f  h u m a n  
e x c r e t a  a re  m o s t  g e n e r a l ly  s u ita b le  so  th a t  th e s e  w i l l  b e  
c o n s id e r e d  first. A  fe w  p r e l im in a r y  o b s e r v a t io n s , h o w e v e r ,  
a re  n e c e s s a ry ! T h e  a v e r a g e  a m o u n t  o f  f fe c a l  m a tte r  p a s s e d  
d a i ly  b y  e a c h  m e m b e r  o f  a  mixed*  E u r o p e a n  p o p u la t io n  is  
a b o u t  2 -5 — 3 o z s . Iu  In d ia , o w in g  n o  d o u b t  to  th e  m o r e  
b u lk y  v e g e t a b le  a n d  fa r in a c e o u s  d ie t , th e  a m o u n t  is  c o n ­
s id e r a b ly  la r g e r , a b o u t  7 o z s .,+  b u t  o f  th is , a b o u t  th r e e -  
fo u r th s  c o n s is t  o f  w a te r . T h e  d a i ly  a m o u n t  o f  u r in e  is  a b o u t  
th ir t y - f iv e  o u n c e s  p e r  h e a d . W h e n  th e  u r in e  a n d  faeces 
a re  k e p t  s e p a ra te , d e c o m p o s it io n  p r o c e e d s  s lo w ly  ; c o n ­
v e r s e ly , w h e n  t h e y  a re  m ix e d , it  se ts  iu  m u c h  m o re  
r a p id ly  w ith  l ib e r a t io n  o f  a m m o n ia , fo e t id  o r g a n ic  g a s e s , 
c a r b u r e t te d  h y d r o g e n , c a r b o n ic  a c id , e tc . U n d e r  a  t r o p i ­
c a l  su n  faecal m a tte r  p a s s e d  o n  o p e n  g r o u n d  v e r y  s o o n  
d r ie s  u p  in to  a  m a ss  th a t  u lt im a te ly  c r u m b le s  in to  p o w d e r  
w h ic h  is  p a r t ly  w a s h e d  in to  th e  s o il  b y  r a in  o r  b lo w n  in to  
n e ig h b o u r in g  h o u se s , ta n k s  o r  w e lls , e t c .  T h e  p e r s o n a l  
a b lu t io n  w h ic h  o b ta in s  a m o n g s t  th e  n a t iv e s  o f  th is  c o u n t r y ,  
a f t e r  o b e y in g  th e  ca lls  o f  n a tu re , a d d s  a b o u t  o n e -t l i i r d  
m o r e  to  th e  q u a n t ity  o f  f lu id  to  b e  r e m o v e d  a n d  in c re a s e s  
b u t  s l ig h t ly  th e  d iff icu lt ie s  in  c o n n e c t io n  w ith  th e  r e m o v a l  o f  
e x c r e t a . W h e r e  a  w e t  s y s te m  o f  s e w a g e  r e m o v a l  h a s  b e e n  
a p p lie d  to  h o u s e s ,% th e  s q u a t t in g  p o s tu r e  during- th e  a c t  o f  
d e fa e ca tio n  h a s  n e c e s s ita te d  th e  c o n s t r u c t io n  o f  s p e c ia l  
lo w -s e a te d  c lo s e ts .

* i .  e., a population composed of men, women and children, as distin­guished from the populations of jails, barracks, schools, etc. 
f  10 ozs., according to some (Dhurandhnr). j  e. g., in Bombay.
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DRY METHODS OP REMOVAL AND DISPOSAL OF EXCRETA.

U n d e r  t lie  a b o v e  sy stem  o f  r e m o v a l o n e  o f  tw o  p la n s  m a y  
b e  a d o p te d , v iz .:— 1. T lie  e x c r e ta  m ay  b e  r e m o v e d  in  tb e  
c o n d it io n  in  w h ich  th e y  a re  v o id e d . 2. T h e  e x c re ta , b e fo r e  
o r  a fte r  re m o v a l, a re  m ix e d  w ith  som e  s u b s ta n ce  w ith  a 
v iew  to  d e o d o r is a t io n  a n d  th e  p r e v e n t io n  o f  p u tr e fa c t io n .

Removal without admixture.— T h is  is  th e  p lan  a d o p te d  in  
m a n y  to w n s  in  In d ia  in  c o n n e c t io n  w ith  p u b l ic  a n d  p r iv a te  
L a tr in e s . '• T he faecal m a tte r , w ith  o r  w ith o u t  th e  u r in e , is 
c o l le c t e d  fo r  tw e n ty - fo u r  h o u rs  o r  so a n d  th e n  r e m o v e d  b y  
h a n d  o i  b y  ca r t . I  he u r in e  som etim es  p a sses  in to  a s e p a ­
ra te  r e c e p ta c le  fr o m  w h e n c e  it  is a lso  r e m o v e d  at in te rv a ls  ; 
at o th e r  tim es it  flow s a w a y  in to  th e  o p e n  s tre e t  d ra in s  
th r o u g h  a sm all o p e n in g  in  th e  o u te r  w a ll o f  th e  h o u se . Iu  
th e  ca se  o f  E u ro p e a n  a n d  th e  la r g e r  n a t iv e  h o u se s  th e  
so lid  e x c r e t a  a re  c o l le c te d  in  a r e c e p ta c le  a t th e  e n d  o f  
th e  co m p o u n d  a n d  r e m o v e d  o n ce  in  tw e n t y - fo u r  h o u rs  b y  
h a n d  o r  b y  m u n ic ip a l ca r ts , w h ile  th e  u r in e  is g e n e r a lly  
e m p t ie d  o n  to  th e  g r o u n d  b y  th e  sw eep er .

M o d ifica t io n s  o f  th is  p lan  a re  s till in u se  in  m a n y  E u r o ­
p e a n  tow n s  u n d e r  th e  n a m e  o f  th e  f m id d e n 5 o r  f p a il5 
sy stem s o f  c o n s e r v a n c y . M id d e n s f  a re  s im p ly  la tr in e s  
a tta ch e d  to  on e  o r  m ore  h ou ses  o f  th e  p o o r e r  c la sse s  a n d  
co n s is t  o f  p its  f o r  th e  r e ce p t io n  o f  e x c r e ta  o n ly  o r  e x c r e t a  
plus d ry  h ou se  re fu se . O r ig in a lly  th e y  w e re  s im p ly  h ea p s

* These private latrines, as a rule, are filthy in the extreme. They may be seen, by any one curious enough, in almost any Indian town The latrine itself is a small room, often just large enough to allow one person to squat. In the centre is a small slit about 6 X 4  inches in size through which the faeces are passed into a dark noisome hole in the ground of mi- certain depth. T his pit or well is very rarely emptied ; when it is the whole air around is polluted In some towns a basket is placed f o r  j],G reception of tlie solid matter, the urine dribbling away into the ground or into a neighbouring surface drain. Of course, the larger part of the so
called ‘solid’ matter frequently drains away as well. In other cases the
excreta are passed simply on to a smooth surface sloping outwards down 
which the urine flows to the open sewer-drain outside tlie building’ The 
solids, sometimes after the addiuou of wood-ashes, are removed by 
sweepers a# intervals, v. the writings of Kenney Lull Dev, also several 
pnpers in Vol. XI of the Transactions of the Vth inter,>at. San. Congress.t  The terms midden and cesspool are not, as is frequently supposed 
synonymous, v .  Cesspools, p o s t . ,  also S. &  M., Vol. I., p. 823. ’
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o f  d e c o m p o s in g  a n d  e v i l -s m e l l in g  filfcli, h u t  in  la te r  y e a r s  it  
b e c a m e  th e  p r a c t ic e  t o  d ig  a  h o le  in. th e  g r o u n d  so  as to  
c o n c e a l  th e se  a c c u m u la t io n s  f r o m  th e  e y e  a t le a s t , i f  n o t  
fr o m  th e  n o se . T h e  f i lth  is  a llo w e d  to  a c c u m u la te  f o r  a 
c e r ta in  tim e , it  m a y  b e  f o r  m o n th s , a n d  is  th en  r e m o v e d  
b y  s c a v e n g e r s , a  m o s t  d is a g r e e a b le  p r o c e s s  f o r  a ll w h o  
l iv e  in  th e  n e ig h b o u r h o o d . I f  s u c h  a  m id d e n  o r  p r iv y  is  
a l lo w e d  to  e x is t ,  it  s h o u ld  b e  sm all, so  th a t  it  m u s t  be  
e m p t ie d  f r e q u e n t ly , shallow  a n d  watertight, to  p r e v e n t  le a k ­
a g e , roofed over, to  k e e p  o u t  th e  ra in  a u d  w ell ventilated.
I u  a d d it io n , w h ile  easy of access i t  m u st  b e  s itu a te d  a t  a 
safe distance from  the house ;  n o t  p la c e d  w ith in  th e  h o u se  
as  is a lm o s t  in v a r ia b ly  th e  ca se  iu  th is  c o u n t r y .  A s  a ru le , 
in  E n g lis h  m id d e n s  s i f t e d  a sh es  o r  o th e r  h o u se  r e fu s e  a re  
a d d e d  to  th e  e x c r e t a  so  as t o  k e e p  th e m  d r y  a n d  in  as 
in o ffe n s iv e  a  c o n d it io n  as p o s s ib le .  T h is  r e a l ly  p la c e s  th e m  
u n d e r  th e  n e x t  d iv is io n , viz., r e m o v a l  a fte r  a d m ix t u r e .*

In  th e  F a il  sy s te m , o f  w h ic h  th e r e  a re  s e v e r a l  m o d if ic a ­
t io n s , e a c h  h o u s e h o ld  is  s u p p lie d  d a i ly  b y  th e  m u n ic ip a l 
s c a v e n g e r s  w ith  a n 'e m p t y  r e c e p t a c le ,  th e  fu ll  r e c e p t a c le  
b e in g  r e m o v e d  a t th e  sa m e  t im e . T h e s e  p a ils  a re  m o d e  
w ith  a ir - t ig h t  l id s  to  a b a te  th e  n u isa n ce  o f  o d o u r  as  fa r  as 
p o s s ib le , a n d  a re  so m e tim e s  (G o u x  s y s te m ) l in e d  w ith  
c o m p r e s s e d  s ta b le - l i t te r  o r  o th e r  m a te r ia l w h ic h  a b s o r b s  
th e  u rin e  a n d  th u s  r e ta r d s  d e c o m p o s it io n  a n d  p r e v e n ts  
s p i l l in g  o f  th e  l iq u id  d u r in g  tr a n s it . T h e  s o - c a l le d  ‘ b u c k e t 5 
sy s te m  in  use in  m a n y  to w n s  in  I n d ia ,  e.g., M a d r a s ,  is  a 
m o d if ic a t io n  o f  th e  p a il  sy s te m , b u t  iu  th is  ca se  th e  p a ils  o r  
b u c k e t s  a re  n o t  s u p p lie d  to  e a c h  h o u s e h o ld . T h e  s w e e p e r s

* The student should note that it is impossible to describe or classify all 
the various methods of refuse removal and disposal in a cut-and dry fashion.
There are so many modifications mid combinations of the methods under 
oifferent conservancy systems that any rigid classification is hopeless. This 
ih well shewn by a reference to the following tabular arrangement of the 
suojeet (from Wilson Hand-book of Hygiene, Cth ed., p. 303.)

o’ wa.*®1’ system. 6. Systems best suited for rural
"• 1 be privy or midden system. districts.
3. The pail system. 7. Disposal of slops.
4. 1 he dry system. g Public scavenging.
5. Lieurnur’s undjother conti­

nental systems.
18a
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pu ll th e  b u c k e ts , w h ic h  are m o u n te d  on  w h e e ls , a lo n g  th e  
s tree ts  a n d  in to  th em  th e  h o u s e -s w e e p e rs  em p ty  th e  p r iv y  
c o n te n ts  fr o m  th e  h ou ses  as th e  b u c k e ts  p a ss  a lo n g  th e  
s tr e e t .*

Removal w ith admixture.— U n d e r  th is  h e a d in g  are 
in c lu d e d  a ll th e  v a r io u s  sy s te m s  in w h ic h  som e su b s ta n ce  
is a d d e d  to  th e  e x c r e t a  w ith  a v ie w  to d e o d o r is a t io n , th e  
r e ta r d in g  o f  d e c o m p o s it io n  a n d , in  som e  ca ses , d is in fe c ­
tion  (? ) .  A s  m e n tio n e d  a.bove, su ch  a d d it io n  is  fr e q u e n t ly  
m a d e  in  th e  ca se  o f  m id d e n s ,c h ie f ly  in  th e  fo r m  o f  co a l-a s h e s  
fr o m  th e  h o u se  fire s . N u m e ro u s  fo rm s  o f  s c r e e n -c lo s e ts  are 
in  use, in  w h ich  th e re  is-an  a r ra n g e m e n t  w h e r e b y  th e  ash es 
a re  a u to m a tica lly  s i f t e d  so  th a t  th e  fin er  p o r t io n s  fa ll  
th r o u g h  a s ie v e  on  to  th e  e x c r e t a . A g a in , c o a l-a s h e s  o r  
som e  sp e c ia l d e o d e r a n t  m a y  b e  a d d e d  to th e  p a ils  in s te a d  
o f  th e  a b s o rb e n t  l in in g  m e n t io n e d  b e fo r e . I t  sh o u ld  b e  
n o te d  th a t  c o a l-a s h e s  h a v e  b u t  a s l ig h t  d e o d o r is in g  p o w e r  
w h ils t  w o o d -a s h e s , w h ic h  a re  a lw a y s  a v a ila b le  in  th is  
c o u n tr y  fo r  use in  sm a ll h o u s e h o ld s , h a v e  a v e r y  s t r o n g  
d e o d e r a n t  a n d  a n t i -p u tr e fa c t iv e  a c t io n . P u re  ch a r c o a l o f  
co u rse  e x e r c is e s  a still b e t te r  a c t io n  in th e  sam e d ir e c t io n , 
b u t  is u su a lly  v e ry  e x p e n s iv e . I t  is q u ite  p o s s ib le , h o w e v e r , 
th a t  in a to w n  w ith  sev era l la r g e  ‘ d e s tr u c to r s ’ t  c o n s ta n t ly  
a t w o r k , a su ffic ien t  su p p ly  o f  c h a r c o a l c o u ld  b e  o b ta in e d  
fr o m  th e  ‘  c a r b o n is e r s ’  to  p e rm it  o f  its  u tilisa t io n  in  th e  
a b o v e  m a n n er.

In  som e  co u n tr ie s , e s p e c ia lly  G e rm a n y , n u m e ro u s  sp e c ia l 
d e o d o r is in g  p o w d e rs  h a v e  b e e n  u se d , c o n s is t in g  o f  m ix tu re s  
o f  c h a r c o a l ,  tar, c a r b o l ic  a c id , iron  sa lts , e t c .,  in  v a r y in g  
p r o p o r t io n s  a n d  m  In d ia  M c D o u g a ll ’ s p o w d e r , c re o liu ,
J e y e ’ s d is in fe c t in g  flu id , e tc ., h a v e  b e e n  tr ie d . S o m e  o f  
th ese  p r e p a r a t io n s  a re  b u t  lit t le  use , o th e rs  sm ell o b je c t io n ­
a b ly  a n d  n e a r ly  all o f  them  are  v e r y  e x p e n s iv e  w h en  used  
in la r g e  q u a n tit ie s . In  sp e c ia l ca ses , e.g., t y p h o id  fe v e r , 
w h e re  th e  e x c r e t a  a re  su s p e c te d  o f  c o n ta in in g  sp e c ific

* v. pout, Sanitation of 'Towns. f  v. p. 145.



t(t)-7 - 1 Q (stDRY METHODS OF REMOVAL. 139 k J

p o is o n s  tlie  u se  o f  c a r b o l ic  a c id  o r  o th e r  s u b s ta n ce  as a 
disinfectant m a y  b e  v e r y  n e c e s s a ry , b u t  t l ia t  is q u ite  a 
d i f fe r e n t  th in g  to th e  r o u t in e  d e o d o r is a t io n  o f  la r g e  q u a n t i ­
ties  o f  h e a lth y  e x c re m e n t .

O n e  m a te r ia l th e re  is, h o w e v e r , w h ic h  is c h e a p , d e s t r o y s  
all o d o u r  a lm o s t  in s ta n ta n e o u s ly , a n d  is  n e a r ly  a lw a y s  ea s ily  
o b ta in a b le , viz., E a r th . W it h  th is  sy s te m  o f  th e  a d d it io n  
o f  e a r th  to  e x c r e m e n t a l  m a tte rs  is  a s s o c ia te d  th e  n a m e  o f  
th e  R e v . M r . M o u le , a  c le r g y m a n  w h o  s t r o n g ly  a d v o c a t e d  
th e  p r a c t ic e .  A l l  e a rth s  a re  n o t  e q u a lly  s u ita b le  ; th e  b e s t  
a re  lo a m y  s u r fa c e  so il, v e g e ta b le  m o u ld , b r ic k  e a r th  a n d  d r y  
c la y . S a n d  i s  v e r y  l it t le  g o o d .  T h e  e a r th  m u s t  fir s t  b e  
d r ie d  in th e*su n  (o r  o v e r  a  s p e c ia l  s to v e  in  th e  ra in s ) a n d  
th e n  's i e v e d , ’ th e  c o a r s e r  p o r t io n  b e in g  r e je c t e d .  T h e  
c lo s e t  c o n s is ts  o f  a se a t  to  w h ic h  is  a t ta c h e d  a  'h o p p e r ’ 
f i lle d  w ith  th e  d r y  e a r th , (r . p la te  v i.)  E v e r y  t im e  th e  
c lo s e t  is  u se d  o u e -a n d -a - l ia l f  p o u n d  o f  e a r th  is  d is c h a r g e d  
on  to  th e  n e w ly -p a s s e d  e x c r e m e n t ,*  b o t h  b e in g  r e c e iv e d  
in to  a m o v a b le  p a il  p la c e d  u n d e r  th e  c lo s e t .  W h e n  th e  p a il  
is  fu l l  it  is r e m o v e d  a n d  its  c o n te n ts  e m p t ie d  in to  a t r e n c h  
in  th e  g r o u n d  a n d  c o v e r e d  up . I n  a s h o r t  t im e  th e  faecal 
m a tte r , a n d  e v e n  p a p e r , b e c o m e s  c o m p le t e ly  d is in te g r a te d , 
th e  u lt im a te  re s u lt  b e in g  th e  p r o d u c t io n  o f  a  r ic h  'g a r d e n  
m o u ld . ’ U n fo r t u n a te ly , th e  m a n u r ia l  v a lu e  o f  th e  p r o d u c t  is  
n o t  n e a r ly  so  g r e a t  as o n e  m ig h t  n a tu ra lly  e x p e c t ,  o w in g  to  
th e  f a c t  th a t  a  la r g e  p r o p o r t io n  o f  th e  n it r o g e n  c o n ta in e d  in  
th e  v o id e d  u r in e  a n d  faeces p a s se s  in to  th e  a tm o s p h e re  in  
a g a s e o u s  fo r m . F o r  a  l ik e  l’e a so n  it  is p o s s ib le  t o  u se  th e  
sa m e  ea rth  s e v e r a l  t im e s  o v e r  a ft e r  k e e p in g  it  f o r  s o m e tim e , 
d r y in g  a n d  p o w d e r in g  it , b u t  e v e n  th e n  its  m a n u ria l v a lu e  
d o e s  n ot in c r e a s e  to  a n y  a p p r e c ia b le  e x te n t . T h e  sy s te m  is a 
v e r y  v a lu a b le  o n e  f o r  is o la te d  h o u se s  o r  in s t itu t io n s , e. g ,

* this amount of earth must be increased in ibis country for the two 
reasons already noted, viz. :— the larger amount of the fioees and the use of 
■water for ablution. In Alipur Jail Mr. Fawcus found 5 lb. of undried earth 
necessary for the fteees and 8 lbs. of the same for the urine of healthy 
Hindus. If the earth is dried and of suitable quality, ns explained above, 
and the urine and water allowed to drain off into a special receptacle, a 
much smaller quantity will suffice, say 3 lbs. V. post. Practical Sanitation ,
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ja i ls ,*  h o sp ita ls , te m p o ra ry  ca m p s , e t c .,  b u t  in th e  c r o w d e d  
p o r t io n s  o f  la r g e  to w n s  it  is  d if f icu lt  to w o r k  a n d  v e r y  
e x p e n s iv e , e sp e c ia lly  d u r in g  w et w e a th e r , t

Disposal oj Excreta.— W h e t h e r ,  th e r e fo r e , th e  e x c re ta  
a re  r e m o v e d  w ith  o r  w ith o u t  a d m ix tu re  th e  m e th o d  o f  th e ir  
d isp o sa l rem a in s  to b e  c o n s id e r e d . T h e re  are r e a lly  o n ly  tw o  
w a y s  o f  d is p o s in g  o f  s o lid  faecal m a tte r , w h e th e r  m ix e d  p r e ­
v io u s ly  w ith  ea rth , e tc ., o r  u n m ix e d , a n d  th e se  a re  (1) b y  
re tu r n in g  it  to th e  s o i l ; (2) b y  d e s t r o y in g  it  b y  fire . T h e  fin a l 
re su lt  is th e  sam e in  b o th  c a s e s ,viz., th e  r e d u c t io n  o f  th e  c o m ­
p le x  o r g a n ic  c o m p o u n d s  to  s im p le r  a n d  h a rm less  in o r g a n ic  
c o m b in a t io n s  w ith  e v o lu t io n  o f  v a r io u s  g a se o u s  su b s ta n ce s .
B u t  th ere  is o n e  im p o r ta n t  d iffe r e n c e . I n ,  th e  ca se  o f  
faecal m a tte r  e x p o s e d  to  th e  a c t io n  o f  in te n se  h e a t  th e re  is 
a b s o lu te  d e s tru ct io n  o f  a ll l iv in g  o rg a n is m s  a n d  th e ir  
s p o r e s ; in th e  ca se  o f  faecal m a tte r  m e re ly  r e tu r n e d  to  th e  
e a rth  th e re  is n o  su eh  g u a r a n te e . I f  w e  w e re  su re  th a t  
a ll th e  faecal m a tte r  w as d e r iv e d  fr o m  h e a lth y  in d iv id u a ls  
th is  w o u ld  b e  a  p o in t  o f  n o  im p o r ta n c e , b u t  w e k n o w  th a t 
th e  c o n tr a r y  v e r y  fr e q u e n t ly  o b ta in s  a n d  th a t  th e  s to o ls  o f  
p e r s o n s  s u ffe r in g  fr o m  c h o le ra , t y p h o id  fe v e r , e tc .,  a ro  
m ix e d  u p  w ith  th o se  o f  o th e rs . W e  fu r th e r  k n o w  e x p e r i ­
m e n ta lly  a n d  p r a c t ic a l ly  th a t  m a n y  m ic r o -o r g a n is m s , o r

* It is largely in use in Indian Jails. Houle’s closets aro not used, the 
excreta being simply passed on to the sloping floor of the latrine or into 
chatties, hut the principle is the same. Lately, an ingenious device, known 
as Donaldson s Night-soil Ejector,’ lias been applied to several Jails, 
whereby the excreta and earth are placed in a large hopper on the inner 
wnll of the Jail, the hopper being continuous with an iron casing contain- 
ing an Archimedean screw. The iron casing terminates in an opening on 
the outer side of the wall. By turning a handle attached to the screw the 
feccal matter nnd earth are intimately mixed and the mixture received 
into baskets in which it is conveyed to the Jail-garden. The advantages 
claimed for it are (1) That it prevents the toty or mehter gangs from intro­
ducing forbidden articles. (2) That it obviates the removal' of night-soil 
through the Jail, and the consequent trail of pollution intbeair (3) That it 
saves 30 per cent, of the labour. (4) That itremoves any risk of the night- 
soil being buried m large pits. (5) That it involves more thorough mixing 
of dry earth and night-soil. For further details and illustrations v. Proceed- 
inps San. Com., Madras, 1891, p. 228 et seq.

+ A suitable closet was devised by 0. Turner, c.B., Southampton, for use 
in t he ordinary native household, but, like many other improvements relating 
to India, us expense has prevented its general adoption. For further details 
regarding the various latrines suitable for use in connection with dry 
methods v. post. Practical Sanitation. J
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t l ie ir  s p o r e s , c a n  m u lt ip ly , o r , it  m a y  b e , m e r e ly  lie  d o r m a n t  
in  th e  s o il  a n d  o n ly  a w a it  a  s u ita b le  o p p o r t u n it y  to  b e c o m e  
th e  e x c i t in g  ca u se  o f  a  d ir e  e p id e m ic .*  T h e r e  is  b u t  l it t le  
d o u b t  th a t  so il s a tu r a te d  w it h  th e  g e r m s  ot in fe c t io u s  
d isea ses , h a s  d i r e c t ly — o n  bein g- d is t u r b e d  f o r  b u i ld in g  
p u r p o s e s , e n c a m p m e n ts , e t c . ,  o r  in d ir e c t ly — th r o u g h  p o l lu ­
t io n  o f  th e  w a t e r -s u p p ly ,  b e e n  th e  c a u s e  o f  m a u y  o b s c u r e  
o u tb r e a k s  o f  d is e a s e .t  I t  is  a ls o  a l le g e d  b y  s o m e  th a t  
e u to z o ic  d ise a s e s  m a y  b e  s p r e a d  b y  m e a n s  o f  th e  e a r th - 
b u r ia l o f  faeca l m a tte r . T h is  is  d o u b t fu l .

T h o u g h  u o t  a p e r f e c t  sy s te m  it  is  b e t t e r  th a n  m a u y  o th e r s , 
i f th e  f o l lo w in g  p o in ts  a re  a t te n d e d  to  r—  ( 1) T h e  e a r th  m u st  
b e  dry, w ell powdered a u d  o f  th e  proper k in d ;  J (2 ) E a c h  
in d iv id u a l  s to o l , w h e t h e r  p a s s e d  in to  a  c o m m o n  r e c e p t a c le  
o r  n o t , m u st  h a v e  a  c h a r g e  o f  e a r th  a p p l ie d  to  it  directly ;
(8 ) T h e  m ix e d  p r o d u c t  s h o u ld  n o t  b e  a l lo w e d  to  a c c u m u ­
la te  in  h e a p s  b u t  s h o u ld  b e  removed d a ily  o r  as often as 
possible ;  (4) I t  s h o u ld  n o t  b e  b u r ie d  in  p it s ,  b u t  in  shallow  
trenches a b o u t  o n e  f o o t  d e e p  ; (5 ) T h e  s p o t  c h o s e n  s h o u ld  
b e  as n e a r  as  c o n v e n ie n t ly  p o s s ib le ,  w ith  d u e  r e fe r e n c e  to  
a v o id a n c e  o f  c o n ta m in a t io n  o f  w a t e r -s u p p ly ,  a u d  th e  so il  
s h o u ld  b e  o f  a  s u ita b le  n a t u r e .§

In  m a n y  to w n s  in  G r e a t  B r ita in , th e  p u r e  e x c r e t a  o r  th e  
e x c r e t a  m ix e d  w ith  s tra w , e t c . ,  im p r e g n a t e d  w ith  u r in e  a re  
r e m o v e d  d a ily  a n d  s o ld  as m a n u re . W h e r e  c o a l-a s h e s  o r  
o t h e r  in o r g a n ic  r e fu s e  is  a d d e d  th e  r e s u lt in g  p r o d u c t  is 
p r a c t ic a l ly  v a lu e le s s  a n d  is d is p o s e d  o f  s im p ly  b y  s p r e a d in g  
it o n  w a s t e la n d  a lo n g  w ith  th e  r e s t  o f  th e  t o w n  r u b b is h , o r  
b y  tire . T h e  la t te r  m e th o d  is  m o s t  c o n v e n ie n t ly  c o n s id e r e d  
u n d e r  th e  n e x t  h e a d in g .

*'/■/. Earth-burial mid cremation: v. ulso Sir \V. Moore’s paper on 
SHiiit.Hrv I’ i ogress in Indin, Trans., 7th San. Congress. Veil. XT, p. 26 et seq 
■< # * * fol|owing Extract is taken from Sir William Moore’s paper loc. cit. 

f  !|?rfcy „of coolies employed on a railway cutting near Salem, 
f ' "'K <>f very clear water. Those who drank of it were seized

^ i £ ! S ; ith C,‘° ' r  0V ' Vel'y 6evere ‘ .vpe. I" this instance the 
Berjoro M a d ra s  iuTS8-ed 1 ironKh an ° ld burial ground.” v. also Admin.

i  P 139 pa ’y* 1891‘92, A PPendi*  vii’ !'• 23y-

afLm nXatutirnrfm  nV’ r111!-80' 1 ren}oved diK8iug trenches cau be used, meet piepatation, tor apphcation to the excreta.

■ g\ \
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REMOVAL AND DISPOSAL OP TOWN REFUSE.

B y  th e  a b o v e  title  is in d ic a te d  a ll th e  d r y  r e fu s e  w h ic h  is 
c o l le c t e d  d a ily  b y  m u n ic ip a l s c a v e n g in g  c a r ts *  au d  b r o u g h t  
to  c e r ta in  s e le c te d  s jio ts  o r  rubbish depots f o r  d isp o sa l. In  
E u ro p e  it  con s is ts  essen tia l]} '’ o f  th e  a sh es , d u s t , f o o d  
re fu se , e tc .,  fr o m  h ou ses , p u b l ic  m a rk e ts  a n d  o th e r  b u i ld ­
in g s , aud  o f  th e  s tre e t  s w e e p in g s , w h ic h  are  m a d e  u p  o f  
ro a d -d u s t , th e  e x c r e t a  o f  h o rses  a n d  o th e r  a n im a ls , s tra w , 
p a p er , d e a d  le a v e s , e tc . In  th is  c o u n tr y  th e re  is a  c o n s i ­
d era b le  d iffe r e n c e  in  its  c o m p o s it io n . T h e  r o a d s  a n d  stree ts  
are n o t  r e g u la r ly  s w e p t  b y  sp e c ia l  m a ch in e s , p a r t ly  b e c a u s e  
th e y  are  m a ca d a m ise d  a n d  n o t  p a v e d , p a r tly  b e ca u se  o f  th e  
usual a b s e n ce  o f  m u d . T h e y  a re  s w e p t  h o w e v e r  to  a 
ce r ta in  e x te n t  b y  h a n d , th e  s w e e p in g s  c o n s is t in g  la r g e ly  o f  
d e a d  le a v e s , s tra w  a n d  h o rse  d u n g . T h e  d r o p p in g s  o f  
ca tt le  a re  a lm o s t  e n t ir e ly  c o l le c t e d  b y  p r iv a te  in d iv id u a ls  
on  a c c o u n t  o f  th e ir  v a lu e  as fu e l. T h e  h o u se  re fu se  is  a lso  
d iffe re n t  in  m a n y  w a y s , c o n s is t in g  c h ie f ly  o f  v e g e t a b le  
r e fu se , p la n ta in  sk in s , le a f  p la te s  a n d  w o o d  ash es .

T h e  u lt im a te  d isp o sa l o f  th e  e n o rm o u s  a m o u n t  o f  r e fu s e -  
m a tte r  th u s  c o l le c t e d  is  a  v e r y  d ifficu lt  m a tte r . I n  E n g la n d  
all so rts  o f  w a y s  a n d  m ea n s  a re  a d o p te d . I t  is  so m e tim e s  

. s o l d f  o r  g iv e n  to  b r ic k -m a k e r s ;  m ix e d  w ith  lim e  a u d  u sed

* For further details as to removal v. post. Sanitation of Towns, 
t  “  The ultimate disposal of dustbin [dry] refuse is a matter for the 

serious consideration of local authorities. The old system still obtains at 
many places of carrying the refuse to a large sorting yard, often in close 
proximity to inhabited houses. Here men and women are employed in 
sorting the refuse and separating it into breeze (cinders and small particles 
of coal), hard core (bottles, bones, crockery, metal pots and pans,) and soft 
core (animal and vegetable organic matters and textile substances). The 
breeze is sold to brickmakers ; the hard core, or such parts of it as are 
worthless, is used in road-making; and the soft core is mixed with fish 
offal, market sweepings, and horse droppings, and sent into the country to 
be sold as manure. The whole process of sorting is a noxious one, and 
degrading to the work people; and the foul odours given off during the 
process, and also from the heaps of refuse awaiting removal, whilst ferment­
ation and decomposition are at work, often prove a most serious nuisance 
to the Surrounding neighbourhood.” (Murphy aud Stevenson, op. cit., p. 809). 
in many towns in Great Britain and the continent there is a miserable class 
of people known as ‘ rag pickers’ (in France as Chiffoniers) who earn a 
scanty livelihood by coming out of the horrible dens they live in after 
dark, spending the night in ‘ sorting’ the dustbins placed in the street



as m a n u re  fo r  s tiff c la y e y  s o i l s ;  m ix e d  w itli th e  ‘ . s lu d g e 5 
fr o m  se w a g e  fa r m s *  a n d  d u g  in to  th e  s o i l ;  u sed  fo r  f i ll in g  
u p  h o llo w s  a u d  d ep ress ion s  in  th e  so il ; f  o r  la s t ly , ta k en  ou t 
to  sea  in h o p p e r  b a r g e s j  a n d  su n k  in  d e e p  w a te r .§ “  T h e
u n iv ersa l m an n er o f  d isp osa l o f  to w n  re fu se  in th is co u n try  
is b y  th r o w in g  it  in to  p its , ta n k s , p o n d s  a n d  low  g ro u n d s .” ||
T h is  u n fo rtu n a te ly  is o n ly  to o  tru e  a n d  th e  p ro ce s s  m ay  b e  
seen  on  any  sca le , c o m m e n c in g  w ith  th e  sm all m ou n d s  
o f  h o u se h o ld  re fu se  d e p o s ite d  d a ily  b y  th e  c a r e fu l  h o u se ­
w ife  a ro u u d  h e r  d w e ll in g , in  im m ed ia te  p r o x im ity  to  th e  
sh a llo w  w ell o r  ta n k  w h ich  co n st itu te s  th e  w a te r -su p p ly .
T h e  usual cu stom  is to  e m p ty  th e  ca rts , la d e n  w ith  tow n  
re fu se , d a y  b y  d a y  o n  th e  s e le c te d  b its  o f  w aste g r o u n d  an d  
th en , a fte r  le v e l l in g  th e  r u b b ish , to  a d d  s ix  in ch e s  d ep th  
o r  so o f  ea rth . In  p r a c t ic e  th e  la y e r  o f  e a r th  is u su a lly  
v e ry  m u ch  less a n d , i f  the su p e rv is io n  o f  th e  sw e e p e rs  is 
n o t  v e r y  th o ro u g h , th e re  w ill b e  n o  ea rth  a d d e d  at a ll. In  
som e to w n s  th e  e x c r e t a  a re  h ere  in te n t io n a lly  d e p o s ite d  as 
w e l l ;  in a ll to w n s  th ere  a re  su re  to  b e  e x c r e t a  m ix e d  w ith  
th e  r u b b ish . S u ch  a ‘ m a d e  so il ’ is c e r ta in  to  b e  ch o se n  b y  
e n te rp r is in g  p e rso n s  as a g o o d  s ite  f o r  b u i ld in g  u p on  an d  
s tr in g e n t  re g u la t io n s  a re  r e q u ire d  to  p r e v e n t  th is fo r  a lo n g  
tim e. In  M a d ra s  se v e n  y e a rs  h a v e  b een  fo u n d  in su ffi­
c ie n t  fo r  th o ro u g h  d is in te g r a t io n  o f  th e  w a ste  m a te r ia l .If 
S u ch  la n d  sh ou ld  b e  b r o u g h t  u n d e r  cu lt iv a t io n  as s p e e d ily  
a^, p oss ib le , p r e fe r a b ly  b y  u t ilis in g  it  as a  s e w a g e  fa rm , 
as has b een  d o n e  in  M a d r a s *  *  E v e n  i f  su ch  a  p la c e  d o e s  
n o t  b e c o m e  a  fo c u s  from  w h ich  e p id e m ic  d isea se  ra d ia tes ,

mid abstracting from them anything eatnble (! ) or saleable before the 
scavenger’s cart arrives. They mny be seen in plenty in Edinburgh or 

Hi's. In the latter city they have lately been disturbed in their oceupa- 
lnn and ordered to quit the wretched quarter where tbev live amidst the 

ultlnesr, possible surroundings.
a. post. Disposal of Sewage. f  r. Soil, p. 126.

S "'“ .boats with moveable bottoms,
disias-l I  m’ k’ U.S.A.—about 800,000 tons of refuse are thus annually 
f1 , .1 0 ' ol' further information on tliis matter and many interesting
\ jx ' ' 1 Un' a'K* ®nn- Engineer’s Hand-book, Bonluois, 2nd ed., chap.

J Manual for Dist. and Man. Boards, Jones, Madras, 1888, p. 52.II v. Note p. 126. . , r
* *  V . Appendix, Madras Sewage Farms.
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ifc is  c e r ta in  to  b e  a n u isa n ce  to  a ll w h o  a re  u n fo r tu n a te ly  
o b l ig e d  to  l iv e  in  th e  n e ig h b o u r h o o d .

A f t e r  a ll, th ere  is o n ly  on e  w a y  o f  sa t is fa c to r ily  d is p o s ­
in g  o f  th e  en o rm o u s  d r y  r e fu s e  a c cu m u la t io n s  o f  la r g e  
c it ie s , a n d  th at is b y  F ire .' T h e  p ro p o s a l to  d o  th is a p p a ­
ren tly  o r ig in a te d  w ith  M r. H ic k e y ,  o f  D a r je e l in g , t h o u g h  
h is  p ro p o sa l h a d  r e fe r e n c e , s t r ic t ly  s p e a k in g , to  th e  d istil­
lation  o f  th e  e x c r e t a  in  r e to r ts , w ith  o r  w ith o u t  p r e v io u s  
a d m ix tu re  w ith  c h a r c o a l. S o o n  a fte r w a r d s  M r . S ta n fo r d , 
m  E n g la n d , p r o p o s e d  m u ch  th e  sam e th in g , th e  c h a r c o a l  to  
b e  d e r iv e d  fr o m  th e  c a rb o n isa t io n  o f  s e a -w e e d  w h ich  
a b o u n d s  a lo n g  th e  l it to r a l  in  th a t  c o u n tr y . T h e  c h a r c o a l 
is  p r im a r ily  a d d e d  to  th e  e x c r e t a  w h e n  th e y  are  p a s s e d  in  
th e  c lo se ts , to  a c t  as a  d e o d o r is e r , e t c *  T h is  e n t ir e ly  d o e s  
a w a y  w ith  a ll o ffe n s iv e n e s s  b u t d o e s  n o t  d is in te g r a te  th e  
im ces , as in  th e  ca se  o f  d r y  e a rth . T h e  m ix tu re  is a ft e r ­
w a rd s  d is t i l le d , th e  c h a r c o a l b e in g  th e r e b y  r e c a i 'b o n iz e d  
a n d  litte d  fo r  u se  in  th e  c lo s e ts  a g a in , w h ils t  .th e  fin a l 
c o n d e n s e d  p r o d u c ts  o f  r e d is t i l la t io n  are  a m m o n ia ca l l iq u o r  
a n d  ta r , fro m  th e  fo r m e r  o f  w h ic h  su lp h a te  o f  a m m on iu m  
a n d  a ce ta te  o f  p o ta ss iu m  a re  o b ta in e d . T h e  c h a r c o a l  
u lt im a te ly  b e c o m e s  c h a r g e d  w ith  p o ta sh  a n d  p h o s p h a te s  
a n d , a fte r  th e  a d d it io n  o f  th e  a m m o n ia ca l p r o d u c t s  o f  
d is t il la t io n , fo rm s  a v a lu a b le  sa le a b le  m a n u re . T h e  in it ia l 
e x p e n s e  o f  th e  a p p a ra tu s  an d  m a te r ia ls  an d  th e  d if f ic u lty  
o f  f in d in g  a sa le  f o r  th e  c h e m ica l p r o d u c t s  h a v e  m ilita te d  
a g a in s t  th e  su cce ss  o f  th is  p la n  o f  ‘ c a r b o n is a t io n ’  in  
I n d ia .t

F o l lo w in g  th is  id e a  o f  ca rb o n is a t io n  ca m e  th e  proposa l;}; 
to  e x p o s e  a ll k in d s  o f  r e fu se  m a tte r  to  th e  a c t io n  o f  fire  
w h e n ce  th e re  h a v e  g r a d u a lly  c o m e  in to  use th ose  s o m e ­
w h a t e la b o r a te  b u i ld in g s  k n o w n  u n d e r  th e  g e n e r ic  te rm s  o f  
D e s tr u c to r s  o r  In c in e r a to r s . T h e  m e th o d s  n o w  a d o p te d  
in  th e  la te s t  p a t te rn s  o f  th e se  s tru c tu re s  h a v e  o n ly  b e e n

# 4 lb. only of charcoal is necessary (c/. drv earth, p. 139.)
t  v. Pnrkes-Notter, p. 131.
I By Messrs. Meade & Uo. v. Bonlnoisop. cit., p. 270.
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a rr iv e d  a t a fte r  m an y  fa ilu re s  an d  d e term in ed  o p p o s it io n .*
T h o se  o f  M essrs. F r y e r  a n d  H a r r in g to n  are  p r o b a b ly  th e  
b e s t  k n o w n .f  O ne g re a t  d ifficu lty , w h ich  h as n o w  b e e n  
su cce s s fu lly  e v e rco m e , w as th a t o w in g  to  ca re le ss  fe e d in g  
or th e  fu rn a ce  a n d  to  th e  e x c e s s iv e  d ra u g h t  c re a te d , th e  
p ro ce ss  o f  co m b u st io u  w as in co m p le te , and n o x io u s  a n d  e v il-  
sm e lliu g  v a p ou rs , a lo n g  w ith  sm all p a r t ic le s  o f  u n co n su m e d  
re fu se , e tc ., w ere  c a r r ie d  u p  th e  ch im n ey  in to  th e  op en  a ir.
B y  th e  in tro d u c t io n  o f  J o n e s ’ ‘ F u m e  C re m a to r ’  in w h ich  all 
th e  p ro d u cts  o f  c o m b u st io n  are  e x p o s e d  fo r  a s e c o n d  tim e 
to  th e  a c t io n  o f  a b r ig h t  fire , th is o b je c t io n  has b e e n  o b ­
v ia ted . J A  m od ern  D e s tr u c to r  con s is ts  e ssen tia lly  th en  o f  
th e  fo l lo w in g  :— (1) A  destructor p ro p e r  in w h ich  th e  b u lk y  
in o r g a n ic  r e fu se  su ch  as c in d e rs , b ro k e n  ea r th e n w a re  a n d  • 
g la s s , o ld  tins, e tc .,  is e x p o s e d  to  th e  a ct ion  o f  fire  a n d  
re d u ce d  to  s la g  ; (2) A  carboniser, w h ich  re c e iv e s  s tree t 
sw e e p in g s , v e g e ta b le  r e fu se , o ffa l, e tc .,  a n d  re d u ce s  th em  
to  c a r b o n ;  a n d , in- som e ca ses , (3) a concretor, w h ere in  th e  
e x c r e ta  a re  c o l le c te d  a n d  d r ie d , th e  a m m on ia  b e in g  ‘ f ix e d ’ 
b y  su lp h u r ic  a c id  fu m es  d e r iv e d  fro m  the c a r b o n is e r  an d  
d e s tru cto r . T h e s la g  o r  ‘ c l in k e r s ’  is la r g e ly  u sed  fo r

* e.ij. in Calcutta. In Madras, Ootacamund and other Municipalities may 
be seen disused examples of these ancient crematoria, which undoubtedly 
owing to imperfect combustion, etc., were a decided nuisance when in action 

t  Gnrlick’s incinerator is being erected in Bombay and will shortly be’ 
put upon its trial. '  •'

J Experiments which were made in connection with this invention gave 
toe following heats of the vapour : &

Temperature in ihe Flue ... glQo ^
Fume Cremator ... 1270° F.

••• after'leaving the Fume Cremator 1](>0° F.
At these temperatures and in presence of the accompanying air (abnnt 

„ air are required to burn 1 ton of refuse), all septic poisons
ue destroyed, and organic compounds resolved into carbonic acid, water 

l°s®,‘ gas> oul.y tlle minutest traces of empyreumatio products 
,, 1 survive and pass into the atmosphere. No harm to the health of

to community is to be expected or feared from these products.”  W War. 
e quoted by Bonlnois, op. eft., p. 209. The * .Smoke-Scrubber’ it, Harrimr. 

is d r sometlli"g of 'i'0 same nature, in this case the smoke 
,..i fa" wafcer Wheel’ into which water plays. The smoke is
through ‘ a tl,e fa" Wa8,,ed by U,e water. rc afterwards passesf f. screen against which water is playing. The soot etc
water whinin<flke bel"s ‘’ “ Posited on the tatty work is washed away bv the 
Jones’ L r 0'”  ’T ’’y “  dlai" ' finally, if desired, the smoke,as in
rendered imnercentihT’ ,S p*1?86*1 °',e1' sevoral bright coke fires and is thus impelceptible ns it issues from the chimney.

19a
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lo a d s  a n d  fo o t -p a th s , f i ll in g  up h o le s  a n d  d e p re ss io n s  in  the 
g r o u n d , e t c .,  o r  is g r o u n d  in to  p o w d e r , m ix e d  w ith  lim e  
a n d  m a d e  in to  m orta r , o r  m ix e d  w ith  c e m e n t  and  m a d e  in to  
a r t ific ia l s to n e  fo r  s tre e t  p a v in g , e tc . T h e  c h a rco a l fro m  
th e  c a r b o u is e r  h as m a n y  u ses  in c o n n e c t io n  w ith  m u n ic ip a l 
a n d  m a n u fa c tu r in g  o p e ra t io n s , w h ile  the p r o d u c t  o f  th e  c o n -  
c r e to r  fo rm s  a v a lu a b le  m a n u re  o f  m o d e ra te  b u lk . T h e re  
is little  d o u b t  th a t  th is  sy s te m  fo r  th e  d isp o sa l o f  d ry  re fu se  
is  v e r y  su ita b le  fo r  la rg e  to w n s , w h e th e r  th e  e x c r e t a  are 
in c lu d e d  o r  a re  d is p o s e d  o f  a lo n g  w ith  th e  se w a g e . I t  is at 
th e  p re se n t tim e in  su cce s s fu l o p e ra t io n  in  C a lcu tta , an d  w ill 
in  a ll p ro b a b ility , b e  a p p lie d  in  M a d ra s  s h o r t ly , in  w h ich  
c ity  th e  q u a n t ity  o f  d ry  re fu se  re m o v e d  d a ily  is e n o rm o u s .

. The h e a t  g e n e r a te d  d u r in g  th e  c o m b u s t io n  o f  th e  re fu se  
lias b e e n  u t ilis e d  in  v a r io u s  w a y s  a n d  it is at p re se n t u n d e r  
co n s id e r a t io n  to  u tilise  il. fo r  g e n e r a t in g  stea m  fo r  th e  
e n g in e s  re q u ire d  to  d r iv e  th e  d y n a m o s  o f  th e  M a d ra s  
E le c t r ic  T ra m w a y s  C o m p a n y .*

REMOVAL OF REFUSE BY WET METHODS— WATER-CARRIAGE
SYSTEM.

I t  h a s  b e fo r e  b een  s ta te d  th a t  e v e n  i f  th e  so lid  re fu se  o f  a 
to w n , in c lu d in g  th e  e x c re ta , is r e m o v e d  b y  a d r y  m e th o d , 
th e re  s till rem a in s  th e  w aste  w a ter  (stillage) fr o m  c o o k in g !  
b a th in g , w a sh in g , tra d e  o p e ra t io n s , ra in fa ll , e t c .,  to  be  
d e a lt  w ith  a n d  th a t  som e  sy stem  o f  re m o v a l o f  th e  im p u re  
tim d  must b e  a d o p te d  in e v e r y  tow n .j- G re a t  stress  is 
la id  u p o n  th e  a b o v e  fa c t  as  it is  so  fr e q u e n t ly  o v e r lo o k e d .
I t  is n e c e s s a ry  a lso  to  p a y  c a r e fu l  a tte n t io n  to  a n o th e r  
p o in t . T h e  w aste  w a ters  fr o m  h ou ses , s ta b le s , s tree ts , 
m a rk e ts , e t c .,  c o n ta in  a v e r y  la rg e  a m o u n t o f  fo u l  o r g a n ic  
m a tte r  o f  an  e a s i ly -d e c o m p o s a b le  n a tu re , su ch  as g re a s e  
o r  fa t , s o a p , d ir t  fr o m  c lo th e s  a n d  th e  b o d ie s  o f  m en a n d  
o th e r  a n im a ls , u r in e , s la u g h te r -h o u s e  an d  m a rk e t  o ffa l, e t c  ,

* y r ! U° f K e He.altlli2 £ Cei' t0 t!,e President, Municipal Commis- sion, Mamas, 30t)i November 1892.
t  V. p. 134 Conversely, even though the excreta ami liquid waste of a town 

are removed by a sewerage system it is absolutely necessarv to have some 
method in force for the removal of dry refuse.
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e tc . In  a d d it io n , in  tow n s  w h ere  th e  e x c r e ta  a re  n o t  
a d d e d  to th e  d ra in s , th e  sew ers  are  n o t  c o n s tru c te d  w ith  
th e  sam e ca re  a n d  ex p e n se  •, th e  re m o v a l o f  th e  se w a g e  is  
th e r e fo r e  n o t  so  ra p id  a n d  co m p le te  a n d  th e  co n se q u e n ce  
is th a t th e  se w a g e  u n d e rg o e s  m ore  e x te n s iv e  d e co m p o s it io n  
o r  fe rm e n ta tio n . I t  is th en  sa id  to  b e  's t a l e /  in  w h ich  
co n d it io n  it is v e r y  o ffe n s iv e  a n d  d a n g e ro u s  to  h e a lth . 
I t  has b e e n  p r o v e d *  th a t th e re  is a  “ re m a rk a b le  s im i­
la rity  o l  c o m p o s it io n  b e tw e e n  th e  s e w a g e  o f  m id d e n  to w n s  
[t.e ., e x c r e t a  re m o v e d  b y  d r y  m e th o d s ] a n d  th a t  o f  w a te r - 
c lo s e t  tow n s  fi.e ., e x c r e ta  a d d e d  to  th e  s e w a g e .]  T h e  
p ro p o r t io n  o f  -p u tre s c ib le  o r g a n ic  m a tter  in  so lu tion  in  th e  
fo rm e r  is b u t  s lig h t ly  less th an  in th e  la t t e r ; w h ils t  th e  
o r g a n ic  m a tter  in  su sp en sion  is  som ew h a t g r e a te r  in  
m id d e n  than in w a te r -c lo s e t  s e w a g e .”  I t .fo l lo w s , th e re fo re , 
th a t  ev en  th o u g h  the e x c re ta  o f  th e  p o p u la t io n  are  e x c lu d ­
e d  w ith  op en  se w e r -d ra in s  th ere  n e v e r  is a n y  ce r ta in ty  
th a t th e y  are e x c lu d e d — th ere  s till remains a large 
■volume of highly impure ■waste water to he disposed of, and 
no method of disposal can he considered suitable, which 
is not equally applicable to the sewage of towns having a 
complete water-carriage system : in o th e r  w o rd s , th e  se w a g e  
in  th e  fo n n e r  ca se  is as im p u re , as o b je c t io n a b le  a n d  f r e ­
q u e n tly  as d a n g e ro u s  as in th e  la tte r . +

I t  is e v id e n t  fr o m  th e  fo r e g o in g  th a t s e w a g e  m a y  h ave

 ̂ v. First Deport of the Rivers Pollution Commissioners.
t  To any one who is sceptical about this matter, m v advice is as follows •— 

Op to some town where there is a wet system of removal in force but in 
whmh the excreta are not added to the sewage and, paying a visit to theont. 
tall of the main sewer, watch the black, greasy fermenting liquid pouring 
out, ceaselessly. 1 hen imagine for the moment that no such sewerage5 
system existed and that, that enormous volume of liquid filth was allowed
warn builray’ w T ’ W j® 8" 'k into a,,d Pollute tlle soil whereon the town 
l»e mos. he 'ft ''C \U16f '°id " etfcln-  nd (si'c) of "aste < water’ is likely to 
hasTevn b. force'f ,°l i the i,!babifca',ts ? Yefc latter method
1 nd in n towns \Vh ° f yeal'®’ 7 ' T  lo"ger> 1,1 ,1,,lety Pel‘ vent, of
under sue), a na/uJm j T  * 7  I*1'™7 t18 nf ’lrest watercourse or tank
effluent after the sewagfhl'i ° f ' ,a,"ag0 »ot the original sewage, but the 
through the so il Of theStow , h ®•g° Ue/  P'-°oess of ‘ downward filtration1 
a tilth-laden a, m us oh ere 7 V  „ lmnediaff  be"*8 * hlth-sodden soil, 
nature of liquid sewage " t  s 'vafcer-sap!,ly f™!a the town wells of the 
of the town " S ' ih e final result is best indicated in the death-roll,
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a  v e r y  v a r ia b le  c o n stitu tio n  a n d  as a  m a tte r  o f  fa c t  it m a y  
c o n s is t  o f  a n y  o f  th e  fo l lo w in g  m ix tu re s  :—

( a ) W a s te  w a ter .
(b ) W a ste  w a te r  - j-  E x c r e t a  ( liquid  only o r  liquid  and

. solid) .
(c) W a s te  w ater  +  R a in fa ll  (ord inary, in c lu d in g  s u b ­

so il w ater).

( dj W a s te  w a te r  +  R a in fa ll (total, i.e., in c lu d in g  
f s to rm  w a te r .’ )

(e ) W a s t e  w a te r  +  E x c r e t a  +  R a in fa ll  (o r d in a r y  o rx J
to ta l).

B u t w h a te v e r  its  n a tu re , it  h as to b e  g o t  r id  o f  in  m u ch  
th e  sam e w a y , viz., b y  c a u s in g  th e  seicage to  flow  a lo n g  
servers o r  d r a in s ,*  w h ich  la tte r , ta k e n  c o l le c t iv e ly ,  fo r m  a 
sewerage system.

T h e  s e w e r a g e  a r r a n g e m e n ts  o f  a  m o d e rn  tow n  su ch  as 
L o n d o n  o r  P a r is  a re  v e r y  e la b o r a te  a n d  c o s t ly ,  b u t , l ik e  
th e  m eth o d s  o f  w a te r -s u p p ly  a n d  a r tific ia l v e n t ila t io n  n ow  
in  use in  su ch  to w n s , th e y  w ere  o r ig in a l ly  h ig h ly  p r im it iv e .
F r o m  su ch  a  p r im it iv e  c o n d it io n  th e  o r d in a r y  In d ia n  
v i l la g e  h as n o t  y e t  e m e r g e d , a n d  in  th is  c o u n tr y  w e  m a y  
see  e x a m p le s  o f  th e  s e w e r a g e  s y s te m  in a ll s ta g e s  o f  
d e v e lo p m e n t  u p  to  th e  la te s t  a n d  m o s t  in g e n io u s  o f  a ll, 
viz., th e  f S h o n e ’ sy s te m  as a d o p te d  b y  R a n g o o n  a n d  w h ic h  
w ill  be  a fte r w a r d s  d e s c r ib e d .

In  its  s im p le s t  e x p re s s io n  a d ra in  co n s is ts  m e r e ly  o f  a 
sm a ll ch a n n e l s c r a p e d  in th e  e a r th  a lo n g s id e  a  d w e l l in g  
a n d  is e x a c t ly  th e  sam e as th e  d ra in s  u sed  b y  c u lt iv a to r s  
f o r  ir r ig a t in g  th e ir  g a r d e n s . I t  is o f  c o u r s e  to ta lly  in a d e - 
q u a te  f o r  c a r r y in g  o f f  l iq u id  re fu se  e ffic ie n t ly . T h e  su s ­
p e n d e d  m a tte rs  a re  soon  d e p o s ite d , o w in g  to  th e  s lo w  ra te

* The word ‘ drain’ will he need principally in this work to denote open 
oi- uncovered sewers as distinguished from covered drains and sewers 
proper. There is considerable confusion in the writings of various authors 
in this respect In England* where open sewers are now almost unknown, 
except in country districts, it is becoming customary to restrict the use of 
ilio word drain to pipes or channels used for draining land whilst all 
channels currying sewage, whether open or closed, large or small, are known 
as ‘ sewers.’
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o f  Mow, a n d  fclie liq u id  ra p id ly  s in k s in to  t lie  g ro u n d  
th ro u g h  the p o ro u s  so il ou t  o f  w h ich  th e  ch a n n e l is  fo r m e d .
T h e  n e x t  s ta g e  o f  a d v a n ce  is seen  iu th ose  d ra in s  m a d e  b y  
d ig g in g  ch a n n e ls  o f  v a r io u s  d e p th s , w ith  r e c ta n g u la r  o r  
s lo p in g  s id es , a n d  p a v in g  th em  w ith  b r ic k s  o r  s la b s  o f  
s ton e  la id  in  m orta r . S u ch  dra in s  m a y  b e  seen  in  any 
In d ia n  tow n  iu a b u n d a n ce  and  in  m o st  m ilita ry  o r  p o lic e  
‘ lin es .’  T h ey  are w e ll sh ow n  iu  th e  illu stra tion s  on  th e  
a n n ex ed  p la te . _ A s  a ru le  th e y  a re  b a d ly  la id  w ith  re sp e c t  
to  g ra d ien ts , th e  b r ic k s  u sed  are  su n -d r ie d  co u n try  b r ic k s  
w h ich  soon  b re a k  a n d  cru m b le , th e  m orta r  d ro p s  o if 
a n d  le a v e s  in te rsp a ce s  in  th e  s id es  .an d  b o tto m  th ro u g h  
w h ich  th e  s e w a g e  p e rco la te s  in to  the ’ su b so il, a n d  th e y  
a re  a lto g e th e r  in e fficien t.

In  m an y  tow n s , h o w e v e r , a  m u ch  b e tte r  c la ss  o f  d ra in  
o r  op e ii sew er  has b e e n  in tro d u ce d , c o n s is t in g  e ith er  o f  
g o o d  b r ic k  o r  s ton e  s la b s  se t in ce m e n t  o r  e lse  m a d e  
e n t ire ly  o f  c o n cre te , as illu s tra te d . Iu  su ch  cases th e  lev e ls  
a re  c a re fu lly  ta k en  b e fo re h a n d  a n d  th e  g ra d ie n ts  p ro p e r ly  
a d ju s te d  .so as to  se cu re  a flow  th at is n e ith er  too  s low  n or  
to o  ra p id , sh arp  co rn e rs  a re  a v o id e d  a n d  th e  ju n c t io n s  o f  
th e  d ra in s  are c u r v e d  a n d  in  th e  d ire c t io n  o f  flo w .*  B e in g  
fa ce d  w ith  ce m e n t  w h ich  fo rm s  a  sm o o th , e v e n  su r fa ce  
th ere  a re  n o  o b s tru ctio n s  to  th e  flow  o f  th e  l iq u id , the 
d ra in s  a re  ea sily  k e p t  c lea n  b y  s im p le  m e ch a n ica l d e v ic e s f  
a n d , i f  p ro p e r ly  lo o k e d  a fte r , th ere  are  uo c r a c k s  o r  fissures 
th ro u g h  w h ich  th e  se w a g e  ca n  esca p e  in to  th e  soil b e n e a th .
T o  su ch  dra in s th ere  is  on e  g re a t  o b je c t io n , p r iu c ip a lly  on  
{esth etic  g ro u n d s , viz., th a t  b e in g  o p en , th e  se w a g e  is v is ib le
to  th e  e y e s  a n d  a p p r e c ia b le  b y  th e  n ose , j; T h is  is a  p e r fe c t ly  

* ------------------- :-----------------------------------------------------------------------------------------
* v. potf. p. 1G2.
f  In Madras, a -wooden instrument with a head that fits the section of 

tlie drain is used. Sometimes a bull of straw is pushed on iu fiont of the 
wooden cleaner.

I It is quite possible that there are far more serious grounds of objection, 
for it is at least doubtful whether the foul and sluggish-flowing liquid 
undergoing rapid evaporation and decomposition under tire rays of a tropi­
cal sun, and in immediate proximity to the verandahs of the shops and 
houses in the bazaar, is not a direct and exciting cause of serious disease.
The subject is discussed, from the engiueeriug point of view, iu Wallace's 
San. Engineering in India, Chap, v., q v.

ff)| ■ . <SL
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le g it im a te  o b je c t io n  a n d  tlie  q u e stio n  co n ie s  to  b e  w h e th e r  
c lo s in g  th e  d ra in s  w ill le a d  to th e  c re a t io n  o f  g r e a te r  e v ils  
th a n  th o se  co m p la in e d  o f .  T h is  q u e s t io n  h a s  lo n g  b e e n  
a n s w e re d  in th e  n e g a t iv e  by  sa n ita ry  a u th o r it ie s  in  G rea t 
B r ita in  a n d  o th e r  c iv il is e d  c o u n tr ie s  a n d  th e  p ra c t ica l resu lt 
is th a t  fr o m  b e g in n in g  to  en d  th e  sew ers  in a ll la r g e  to w n s  
a re  c lo s e d , sa v e  fo r  sp e c ia l op en in g s - f o r  v e n t ila t io n  a n d  
in s p e c t io n . In  th e  early  p a rt  o f  th is c e n tu r y , w h e n  sa n ita ry  
e n g in e e r in g  w a s  in  its  in fa n c y , th e  k n o w le d g e  o f  sa n ita ry  
r e fo r m e r s  w as n o t  c o m m e n su ra te  w ith  th e ir  zea l, so th a t  in 
th e ir  h u rry  to  re m o v e  a ll s e w a g e  fr o m  s ig h t  a n d  sm e ll 
th e y  c o n s tr u c te d  e la b o ra te  a n d  c o s t ly  sew ers  ou  v e r y  d e fe c ­
t iv e  p r in c ip le s . A s  a resu lt  v e r y  se r iou s  ev ils  w e re  p r o d u c e d  
a n d  th e  p la n  o f  c lo s in g  a ll se w e rs  b e ca m e  d is c r e d ite d .
D u r in g  th e  la st tw e n ty  y e a rs , h o w e v e r , e n o rm o u s  im p r o v e ­
m en ts  h a v e  b e e n  m a d e  in  th e  c o n s tr u c t io n  o f  se w e rs  a n d  
a ll a p p e r ta in in g  th e r e to  a n d  th e  c o n s e q u e n c e  is th a t  fo r  
la r g e  to w n s  s itu a te d  in  c o u n tr ie s  w ith  a te m p e ra te  c lim a te  
th e re  is  r e a lly  n o  o th e r  sy s te m  w o r th  c o n s id e r in g  p r a c t i ­
c a l ly .*  In  In d i;i , h o w e v e r , it  is a  v e ry  d iffe r e n t  m a tte r  
o w in g  to  c lim a t ic , s o c ia l a n d  o th e r  lo c a l  c o n d it io n s  : a n d  
th e  s u b je c t  w ill  b e  d is cu s se d  la te r  ou . A p a r t  fr o m  th is, 
it is q u ite  n e ce ssa ry  th a t  e v e ry  on e  w h o  p re te n d s  to a 
k n o w le d g e  o f  h y g ie n e  sh o u ld  u n d e rs ta n d  a t lea st th e  
r u d im e n ts  o f  a m o d e rn  s e w e ra g e  sy stem  a n d , a c c o r d in g ly ,  
su ch  a sy s te m  w ill b e  d e s c r ib e d  b r ie fly  fr o m  its c o m m e n c e ­
m en t in  th e  d w e ll in g  h ou se  to  its  te rm in a tio n  a t  th e  o u tfa ll  
o f  th e  sew er .

Cesspools.— B e fo r e  d o in g  so, h o w e v e r , w e  m u st s tu d y  th e  
c o n n e c t in g  lin k  b e tw e e n  s im p le  d ra in s  o r  gutters le a d in g  in to  
th e  n e a re s t  ta n k  o r  n n lla h , a n d  a  m o d e r n  s e w e ra g e  sy stem  *
w h e re  th e  s e w a g e  is c o m p le te ly  d is p o s e d  o f  a t  th e  p o in t  o f  
d is c h a r g e . T h is  c o n n e c t in g  lin k  w e  sh a ll fin d  in  C e ss p o o ls  
o r  C e ssp its  as  th e y  a re  v a r io u s ly  ca lle d . S u ch  ce ss p o o ls  
fo r m e r ly  e x is te d  in  g r e a t  n u m b e r  iu  E n g la n d , in  fa c t  th e v

* The excreta of tlie population in these towns ure not necessarily added 
to the sewage: it is only stated here that practically all large towns hare 

• a system of closed sewers.
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w e re  a lm o s t  u n iv e rsa l in  c o n n e c t io n  w ith  th e  b e t t e r  c la ss  o f  
h o u s e s . Tn c e r ta in  p a r ts  o f  I n d ia  t h e y  a re  in c o m m o n  u se  
a n d  in R a n g o o n , b e f o r e  th e  in t r o d u c t io n  o f  th e  S h o n e  
sy s te m  o f  s e w e r a g e , th e  g r o u n d  w as l it e r a l ly  c h o n e y - c o m b ­
e d ’ *  w ith  th e m .

A  p r im it iv e  c e s s p o o l  c o n s is ts  s im p ly  o f  a  h o le  d u g  in  th e  
g r o u n d , in to  w h ic h  th e  e x c r e t a  a n d  w a s te  w a te r  f r o m  a 
h o u s e  o r  c o l le c t io n  o f  h o u s e s  p a ss  d ir e c t ly  o r  b y  m e a n s  o f  
d r a in s . In  E n g la n d  m a n y  o f  th e  c e s s p o o ls  w e r e  fo r m e r ly  
c o n s t r u c t e d  d i r e c t ly  u n d e r  th e  b a s e m e n t  o f  th e  h o u s e , th e  
a ir  o f  w h ic h ,  as  a c o n s e q u e n c e , w a s  fe a r fu l ly  p o l lu te d  a n d  
w a s  th e  d ir e c t  m e a n s  o f  c o n v e y in g  d is e a s e  to  th e  in m a te s .-  
I n  o th e r  ca s e s  th e  c e s s p it  w as s itu a te d  a t som e  d is ta n c e  fro m  
th e  h o u se , to  w h ich , h o w e v e r , it  w a s  c o n n e c te d  b y  a n  
u n v e n t ila te d  d r a in . S u c h  a  d r a in  s im p ly  a c te d  as a  
v e n t i la t in g  s h a ft  from  th e  c e s s p it  to  th e  h o u s e . In  a d d i ­
t io n , th e  w a lls  o f  th e  c e s s p it  b e in g  p o r o u s , th e  l iq u id  
m a tte r  e s c a p e d  in to  th e  su b s o il  a n d  p o l lu t e d  a n y  w e lls  in 
th e  v i c i n i t y . f  S o m e t im e s  th e  c e s s p o o l  h a d  a n  o v e r f lo w

* v. Trans, viicli, luternat. San. Sci. Coup., vol. xi, p. 179. “  Cesspools
constructed in brick, stone and other materials are in common use, and 
large earthenware jars sunk in the ground are also nsed ns cesspools, 
and are emptied at periods more or less remote.” Baldwin Latham.
“  For the disposal of sewage and other filthy liquid, a system of cesspools, 
called ‘ khalcoovas,’ prevails in Allahabad. A ‘ khaleoovu’ is in construc­
tion like a dry well. On a wooden kerb a steining of bricks is built dry 
without mortar in the joints, so that water may easily find its way through 
it, and this brick cylinder is snide to within a few feet of the subsoil water- 
level. The ton of this well, about five feet below ground level, is arched 
over with a brick and mortar dome ; a connection with the house drain 
being made, earth is filled in over the dome. All the sullage water of the 
house is run off into the ‘ khalcoova’—all the bathing water, the kitchen 
water, the urine, the washings of the privies, and every conceivable liquid 
fin h. All the liquid thrown into this klmlcoova or cesspool filters through 
the sandy soil at the bottom and sides and finds its way into the subsoil 
yater, and thus these khalcoovas are kept in working order, without onen- 
i"g and cleaning out, for more than 30 or 40 years. But the result of the 
sys ,em has been that the water of all the wells in the city is so much 
p"1 ured ns to he quite nnfit for drinking. Most of the wells in the city are 

I'10 •' ’‘ ducted by these khalcoovas that their water is too brackish to 
h i  tin -at tie in any form whatever; however, this water is freely used 

" ! f ’ bathing and nil other domestic purposes.”  liunchorelal 
V ’ ! les"'ent, Ahmedabad Municipality, v. op. cit., supra, which 

contauia many other references to the same subject. i
T v. supra and note, p. 121.
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p ip e  w h ic h  d is c h a r g e d  th e  liq u id  m a tte r  in to  a n e ig h b o u r ­
in g  s trea m  o r  in to  a sew er. In  tlie  fo r m e r  ca se  th e  p o l lu ­
t io n  w a s  ju s t  as g r e a t  as i f  th e  h o u se  d ra in  o p e n e d  d ir e c t ly  
in to  th e  s t r e a m ; in  th e  la tte r  ca se  it w o u ld  h a v e  b e e n  
m u c h  b e t te r  to  liave n o  c e s s p o o ls  a t a llj th e  h o u se  d ra in  
it s e l f  b e in g 'c o n n e c t e d  w ith  th e  sew ers .

I f  ce ss p its  m u st be c o n s tr u c te d  fo r  is o la te d  houses* o r  
sm all v il la g e s , g r e a t  ca re  m u st b e  ta k e n  to  see  th a t  th e  
fo l lo w in g  c o n d it io n s , w h ic h  h a v e  r e fe r e n c e  to  th e  p r e v e n ­
t io n  o f  le a k a g e  a n d  to  th e  b a c k w a r d  p a ssa g e  o f  fo u l  a ir , a re  
c o m p lie d  w ith  in  d e ta il . T h e  w a lls  o f  th e  c e ss p it  m u st b e  
m a d e  o f  b r ic k w o r k  se t in  c e m e n t ; th e  in te r io r  m u st b e  lin e d  
w ith  c e m e n t ;  th e  e x te r io r  m u st h a v e  a b a c k in g  o f  c la y -  
p u d d le  a ll a ro u n d  and b e n e a th  o f  fr o m  9— 12 in ch es  d e p th .
T h e  r o o f  a n d  b o tto m  m u st b e  a r ch e d , n o t  fla t, au d  th e  r o o f  
m u st h a v e  a  v e n t ila t in g  m a n h o le . T h e  b o tto m  m u st b e  
b u ilt  w ith  a  fa l l  a t th e  d is ta n t  en d  so  th a t  th e  s e w a g e  can  
g r a v ita te  o r  b e  p u m p e d  i f  n e ce ssa ry . B e tw e e n  th e  h ou se  
a n d  th e  c e s s p o o l  m u st b e  s itu a te d  a v e n t ila t in g  d is c o n n e c t ­
in g  tra p  on  th e  h ou se  d ra in  a n d  th e  le t te r  m u st b e  c o n ­
s tr u c te d  a ir  a n d  w a te r -t ig h t .*

W it h  re g a r d  to  d isp osa l o f  th e  c o n te n ts , th e y  m ay  e ith e r  
b e  a llo w e d  to  flow  a w a y  d ir e c t ly  in to  irr ig a t io n  d ra in s  in 
th e  p r o x im ity  o f  the c e s s p o o l , o r  e lse  a strainer, o r  s c re e n  o f  
g a lv a n is e d  ir o n  w ire , m ay b e  in se r te d  in th e  h ig h e r  p o r t io n  
o f  th e  c e s s p o o l  so  as to  se p a ra te  th e  liq u id  fr o m  th e  so lid  
c o n te n ts . T h e  l iq u id  is then a llo w e d  to  g r a v ita te  fr o m  an 
o v e r f lo w  p ip e  in to  su b so il ir r ig a t io n  d ra in s , w h ils t  th e  
so lid s  a re  r e m o v e d  d a ily  b y  h a n d  a n d  d u g  in to  th e  so il.

O n th e  c o n t in e n t  in E u r o p e  tlie  c e s s p o o l  sy stem  is s till
la r g e ly  in  u se . L a r g e  c e m e n t- l in e d  sp a ce s  a re  c o n s tr u c te d
in  th e  im m e d ia te  n e ig h b o u r h o o d  o f  th e  h o u se s , a n d  a re
e m p tie d  th re e  o r  fo u r  tim es a  y e a r . T h e  p ip e s  fro m  th e
c lo s e ts  le a d  d ir e c t ly  in to  them  a n d  a re  n e v e r  p ro p e r ly
flu sh ed . T h e  e m p ty in g  is d o n e  b y  m ean s o f  b a r r e l-s h a p e d

»

* v. p, 159.

$
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c a r ts  (tonneaux) w h ic li  a c t  as r e c e iv e r s . I n  a d d it io n , 
th e re  is a  sm a ll e n g in e  w h ich  w o r k s  a  s tea m  v a cu u m  p u m p  
f o r  e x h a u s t in g  th e  a ir  in  th e  r e c e iv e r .  T h is  la tte r  is c o n ­
n e c t e d  b y  a h o se  w ith  th e  c e s s p it  a n d  its  a ir  e x h a u s te d .
I  h en , b y  tu r n in g  a v a lv e , th e  r e c e iv e r  is p u t  in d ir e c t  c o n ­
n e c t io n  w ith  th e  c e ss p its  a n d  th e ir  c o n te n ts  a re  d ra w n  in to  
th e  re c e iv e r . T h e  w h o le  sy s te m  is u n s o u n d  in p r in c ip le  a n d  
d is a g r e e a b le  in * p r a c t ic e .*

A c c o r d in g  to  m o d e rn  sa n ita ry  p r in c ip le s  it  is e s s e n tia l to  
/  remove a ll decomposing or decomposable m atter at once fr o m

th e  n e ig h b o u r h o o d  o f  d w e ll in g s . C e ss p its  d o  n o t  c o m p ly  
w ith  th is  p r in c ip le  a n d  sh o u ld  o n ly  b e  p e r m it te d  t h e r e fo r e  
in  s p e c ia l ca s e s  a n d  a fte r  a b s o lu te  c o m p lia n c e  w ith  th e  
a fo r e m e n t io n e d  ru le s  o f  c o n s tr u c t io n .

A MODERN SEWERAGE SYSTEM FROM HOUSE TO OUTFALL.

Baths, Sinks and Closets.— In  G r e a t  B r ita in  th e  o r d in a r y  
sy s te m  o f  c lo s e d  se w e rs  m a y  b e  sa id  to  c o m m e n c e  w ith in  
th e  in d iv id u a l h o u se s  o f  w h ic h  th e  to w n  is  c o m p o s e d , b u t  it  
d o e s  n o t  n e c e s s a r i ly  d o  s o . t  In s id e  th e  h o u se  th e re  a re , r e s ­
p e c t iv e ly ,  baths f o r  a b lu t io n  o f  th e  e n tire  b o d v  a n d  in so m e  
ca se s  fixed basins f o r  w a s h in g  th e  h a n d s  a n d  fa c e ,  sinks 
o r  r e c e p ta c le s  f o r  r e c e iv in g  w a ste  w a te r  o f  a ll k in d s , a n d  
fin a lly  ivater-dosets% o r  r e c e p ta c le s  in to  w h ich  th e  e x c r e t a  
a re  p a sse d  o r  e m p t ie d  as th e  c a s e  m a y  b e .

I he B a th s  a n d  S in k s  a re  m a d e  o f  v a r io u s  m a te r ia ls , 
e.g., le a d  o r  z in c  p a in te d  w ith  e n a m e l p a in t , e n a m e lle d  
s to n e w a re , p o r c e la in , e t c .,  a n d  a re  o f  v a r io u s  sh a p e s  a n d  
s iz e s .

T h e r e  a re  a lso  m a n y  k in d s  o f  C lo s e ts  o f  w h ich  th e  le a d -

im tX  nl.!,Ue!'S litkle whnfc precautions are taken in emptying cesspits, a 
the m reJ! * '" ost certam to t>e created, as any one who has walked about 
knows 0 ,1  C0,lti,i6iiLul town at night or in the early morning well

sonm VvatL 'XoPr11’10' RS wi!1 affcel' (vav,ls be that for towns in India
n a y .  1,1 « * •

sewerage system itself P0,,ier <Juarter8 of the town and the
t  nd in huge houses or schools, etc., urinals, in addition.

20«
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in g  ty p e s  a re  sh ow n  in th e  a c c o m p a n y in g  p la te  (v i ) .*  
F o r m e r ly  th e y  w e re  m a d e  o f  m eta l a n d  w e re  su rro u n d e d  b y  
a  w o o d e n  c a s in g , b u t  in  th e  m o st  m o d e rn  c lo s e ts  a ll p a rts  
a re  m a d e  o f  ch in a  o r  e a rth e n w a re  a n d  th e  w o o d e n  c a s in g  
is  d o n e  a w a y  w ith , th u s  e n s u r in g  g r e a te r  c le a n lin e ss  a n d  
th e  ea sier  d e te c t io n  o f  a n y  d e fe c ts . S u ch  a  c lo s e t , as th e  
‘ U n ita s ’  sh ow n  in  th e  illu s tra tio n , c o n s is ts  e s s e n tia lly  o f  a 
b a s in  o r  r e c e iv e r  p la c e d  d ir e c t ly  u n d e r  th e  sea t, in to  w h ich  
th e  e x c r e t a  are  p a sse d  a n d  w h ich  le a d s  d ir e c t ly  to  th e  se c o n d  
p o r t io n . T h is  is u s u a lly  an  o rd in a ry  s ip h o n  tra p  as d e s c r ib ­
e d  in  th e  n e x t  p a r a g r a p h . A f t e r  u se , b y  an  a u to m a tic  
a r r a n g e m e n t , o r  b y  p u ll in g  a p lu g  o r  h a n d le , a r e g u la te d  
a m o u n t o f  w a te r  fr o m  a sm all flu sh  ta n k  o r  c is te rn  o v e r ­
h e a d  is d is c h a r g e d  in to  th e  b a s in  w ith  c o n s id e r a b le  fo r c e , 
e ith e r  as a je t  o f  w a ter  o r  as a  flush  fr o m  p e r fo r a t io n s  r o u n d  
th e  r im  o f  th e  c lo s e t . In  som e  c lo se ts , as th e  ‘ C a r m ic h a e l /  
th e re  is b o th  a  je t  a n d  a rim  flush . T h e  c o n te n ts  o f  th e  
b a s in  a re  th e r e b y  d r iv e n  in to  th e  tra p  an d  fr o m  th e re  th e y  
p a ss  d o w n  th e  p ip e  le a d in g  fr o m  th e  tra p . W h e n  th e  flow  
o f  w a te r  c e a se s , th e  e x c r e t a  h a v e  d is a p p e a r e d  e n tire ly  a n d  
th e  b a s in  a n d  tra p  a re  fu ll o f  c le a n  w a te r . T h r e e  to  fo u r  
g a llo n s  o f  w a te r  are  n e ce ssa ry  to  flush  th e  c lo se t  p r o p e r ly .
In  th e  ca se  o f  b a th s  and  s in k s  th e  d is c h a r g e  o p e n in g  o r  o u t ­
le t  le a d s  d ir e c t ly  in to  a  s ip h on  tra p . A l l  th e  a b o v e  p o in ts  
a re  i llu s tra te d  in  th e  a n n e x e d  p la te s . I t  is to  b e  n o te d  
e s p e c ia l ly  th a t th e  c is te rn  fo r  s u p p ly in g  w a ter  to  th e  c lo s e t  
m u st b e  q u ite  d is t in c t  fr o m  th e  g e n e r a l w a te r  su p p ly  o f  th e  
h o u se  a n d , i f  th e  in te rm itte n t  m e th o d  o f  w a ter  s u p p ly !  
is  in  u se , sp ec ia l p r e c a u t io n s  m u st b e  ta k e n  to a v o id  c o n ­
ta m in a tion  o f  th e  d r in k in g -w a te r  c is te rn  b y  le a k a g e  fro m  a 
c lo s e t  p la c e d  o v e r  it  in an u p p e r  s to r e y  o f  th e  h o u se .

Trap .<?.— O r ig in a lly , th e  p ip es  fo r  c a r r y in g  o f f  w aste  
w a te r  o f  a n y  k in d  o p e n e d  d ir e c t ly  in to  th e  b a th , s in k  o r  
c lo s e t  a t o n e  e n d  a n d  in to  th e  se w e r  a t th e  o th e r  en d .

* In connection wii.li a wet system of removal of excreta a very useful 
form of closet for ttio poorer class of Louses is the trough closet, v. post. 
Sanitation of Towns.

f  v. p. 57.
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put ■ <SLTo face p. 154.

P L A .T E  V I .

CLOSETS.

Figure 1. Diagram of ‘ Pan ’ Closet with D-Trap attached : formerly in 
almost universal use'iu Great Britain, and by no means extinct 
yet. a. The Basin, which is closed (?) by a shallow metal Pan 
containing a little water. Wheu the Plug or Handle is raised, 
after use of the closet, the excreta fall into the Receptacle or 
* Container’ b. which is quite useless and soon becomes fouled.
From this the water and excreta pass into d. a D-Trap connect­
ed with the soil pipe, ns indicated by the arrow. This 
form of closet and trap are both thoroughly defective and 
their use should be entirely prohibited, (v. also pi. vii, fig. 1 )

Figure 2. Diagram of ‘ Long Hopper’ Closet with Siphon-Trap attached.
It is a simple form of closet, which requires, however, a power­
ful flush of water after use: in addition to which the basin, 
from its narrow shape, i3 certaiu.to become fouled, and requires 
frequent cleaning. An improved form, is the Short Hopper 
Closet, in which the cone is shorter, has a rim flush, and the 
back is nearly vertical, so that the excreta fall directly into 
the water.

Figure 3. (a) Twyford’s ‘ Unitas’ Wash-Out Closet: (b) same in section.
A good representative of the modem typo of closet, in which the 
only part made of wrood is the hinged seat. This latter can be 
lifted at will wheu any vessel is emptied into the closet or 
when it is used as an urinal. The whole closet can be easily 
and quickly inspected since it is not boxed in with a wooden 
casing. In (a) is shewn the handle communicating with the 
flushing cistern, which when pulled causes the latter to dis­
charge three or four gallons of clean water into the closet, 
whereby every thing is carried down the soil pipe: only 
enough cleau water being retained to fill the receptacle and 
seal the siphon-trap, as shewn in (b). At the lower part of 
(b) is indicated the air pipe situated on the distal side of the 
trap, and which opens into the ventilating pipe carried up 
1 full bore’ beyoud the ridge of the roof. (v. pp. 157—8, and 
plate viii.)

Figure 4. Diagram of Buchan’s ‘ Carmichael’ Wash-Down Closet, consist­
ing of one piece (closet aud trap combined), and with the trap 
in the form of a P-Trap (a modification of the S-Trap). It will 
be observed that it possesses a double flush of water to ensure 
speedy and complete emptying of its contents. The upper 
right-hand arrow indicates the Ventilating Pipe on the distal 
side of the trap (as in fig. 3, (b) ) ; the lower arrow the eutrance 
to the soil pipe.

Figure 5. Moule’s Earth-Closet—a. Dry Earth Box, b. Handle or Plug 
which, when lifted, causes the discharge of a regulated quan­
tify of dry earth from the mouth of the hopper (c) into the 
Pail or Receptacle (d). The latter, w hen full, is removed aud 
emptied, (v. p. ISO).
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T h is , h o w e v e r , w as fo u u d  to  b e  b o th  d a n g e ro u s  a n d  o b ­
n o x io u s  on  a c c o u n t  o f  th e  co n s ta n t  b a c k w a r d  p a s sa g e  o f  
sew er  g a s  from  the sew ers in to  th e  p ip e s  a n d  u lt im a te ly  in to  
th e  h ou se , th e re b y  p o is o n in g  th e  a ir o f  th e  room s. T o  w h a t 
an e x te n t  th is ca n  o c c u r  is ea s ily  r e a lis e d  b y  tra v e lle rs  on  
th e  c o n t in e n t  w h e re  th e  c lo se ts  fr e q u e n t ly  op en  d ir e c t ly  
in to  a s tra ig h t  d ra in  o r  tu b e  te rm in a tin g  in  a c e s s -p o o l at 
th e  b o tto m  o f  th e  h o u se .*  A c c o r d in g ly ,  it  h as b e c o m e  th e  
cu stom  to  in se r t  a T ra p  o f  som e  d e s c r ip t io n  b e tw e e n  the 
o r ig in a l r e ce p ta c le  an d  th e  p ip e , a n d  b e tw e e n  the p ip e  a n d  
its  o p e n in g  in to  th e  sew er. T h e  p r in c ip le  o f  th ese  trap s is 
th e  sam e in -a ll  cases , viz., th e  in te r p o s in g  o f  au  e ffic ien t 
b a rr ie r  to  th e  b a c k w a r d  p a s sa g e  o f  sew er  g a s  w h ils t  th e  
o n w a rd  flow  o f  w aste  w a te r  in to  the se w e r  is u n im p e d e d .
T h is  resu lt is  o b ta in e d  b y  m ean s o f  a  ivater-seal,t  i.e., th e  
la st p o r t io n  o f  the w a ter  w h ich  flow s a w a y  is r e ta in e d  a t a  
certa in  p o in t  a n d  fo rm s  th e  b a rr ie r  a b o v e  a llu d e d  to . T h e  
o r ig in a l  tra p s  w e re  a ll e x c e e d in g ly  d e fe c t iv e  a n d  as a m a tte r  
o f  ta ct  th e  id e a l o r  p e r fe c t  tra p  has y e t  to  b e  in v e n te d .J  
V a r io u s  tra p s  w h ich  h a v e  b e e n  g iv e n  up  as o b s o le te  b y  a ll 
m od ern  sa n ita r ia n s  a re  sh ow n  a n d  e x p la in e d  in  th e  illu s ­
tra tio n s  i u n fo r tu n a te ly , m a n y  o f  th em  are  s t ill  m  co m m o n
use. T h e y  h a v e  n e a r ly  all tw o  fa u lts  in  c o m m o n __th e
w a te r -se a l is to o  sh a llo w  a n d  is l ia b le  to  b e c o m e  d r ie d  up , 
a n d  th e y  are  a p t  to  re ta in  th e  h e a v ie r  m a tte rs  in  th e  
s e w a g e , w h ich  fo r m  a  fo u l  a n d  e v il  s m e llin g  m ass a t th e  
b o t to m  o f  th e  tra p , fr o m  w h ich  o ffe n s iv e  a n d , it  m a y  b e , 
d a n g e r o u s  e m a n a tion s  a re  g iv e u  o ff  a n d  pa ss  b a c k  in to  th e  
d w e ll in g .

W it h  th e  e x c e p t io n  o f  ce r ta in  tra p s  fo r  sp e c ia l u se , a ll 
m o d e r n  tra p s  a re  m a d e  o n  th e  p r in c ip le  o f  th e  s ip h o n  o r

* As »lso in many two-storied native lionses in this country, 
t  Certain traps are constructed by interposing a sheet of metal or a ball 

of metal at the beginning or end of a pipe, so regulated that the month of 
the pipe is kept closed save when wastewater is running down the pine 
'J hey are not n good form of trap and require no further notice here. In 
one form of trap ihe siphon trap is combined with n ball trap made of 
India-rubber or wood, v. Plumbing by W. P. Buchan, p. 231.

As also the * perfect’ ventilating cowl, v, note, p. 40,
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oq - t r a p . O f  th is  th e re  a re  m a n y  m o d if ic a t io n s , o n e  o f  th e  
b e s t  k n o w n  b e in g  B u c h a n ’ s tr a p  (v. p i . v ii .)  I n  r e a l ity  
t h e y  a re  n o t  s ip h o n s  a t a ll b u t  s im p ly  p ip e s  “  b e n t  in  s u ch  
a  w a y  th a t  th e r e  is  a lw a y s  a  w a tfer -sea l b e tw e e n  th e  in le t  
a n d  th e  o u t le t .” *  I f  p r o p e r ly  f it te d  a n d  c a r e fu lly  lo o k e r ! 
a f t e r  th e y  a re  v a lu a b le  a d ju n c ts  t o  a  g o o d  s y s te m  o f  h o u se  
s e w e r a g e , b u t '_they must not be looked upon as perfect p re­
ventives of a ll danger from  sewer gas.f  A s  w i l l  b e  seen  
la t e r  o u , iu  a  g o o d  s e w e r a g e  s y s te m  th e r e  s h o u ld  b e  v e r y  
l it t le  s e w e r  g a s  p r e s e n t  a t a ll in  th e  s e w e r s f  a n d  it  is  q u ite  
possible th a t  s o m e  d a y  t r a p s  w i l l  b e  fo u n d  to  b e  u n n e c e s s a r y .

T h e r e  a re  o n e  o r  tw o  p o in ts  w h ic h  r e q u ir e  e s p e c ia l  a t t e n ­
tion . I f  a  p ip e  is  t o o  s e ld o m  u s e d  th e  w a te r  in  th e  tra p  w ill 
e v a p o r a te , th e  t r a p  b e c o m in g  f u n s e a le d ’  a n d  u s e le s s  f o r  th e  
t im e  b e in g . A g a in ,  i f  th e  tra p  is  t o o  sm a ll iu  c a l ib r e , 
e s p e c ia l ly  i f  th e re  is  a  s u d d e n  d r o p  in  th e  p ip e  b e lo w  th e  
t r a p , th e  w a s te  w a te r  as  i t  ru s h e s  t h r o u g h  th e  p ip e  fills  th e  
la t te r  e n t ir e ly  so  th a t  it  f ru n s  f u l l ’  as  i t  is  c a l l e d ; th e  c o n s e ­
q u e n c e  is  th a t  a ll th e  w a te r  is  s u c k e d  o u t  o f  th e  tra p  a n d  
th e  la t te r  is  le f t  e m p ty . T h e  sa m e  t h in g  m a y  h a p p e n  w h e r e  
th e r e  a re  s e v e r a l  s ip h o n  tra p s  s itu a te d  a t d i f fe r e n t  le v e ls  
b u t  c o n n e c t e d  w it h  th e  sa m e  p ip e . A s  a  ru s h  o f  w a te r  
ta k e s  p la c e  d o w n  th e  p ip e  th e  la t te r  is  c o m p le t e ly  f i l le d  
(ru n s  fu ll)  a n d  th e  lo w e r  tra p s  a re  u n s e a le d  in  tu r n  as th e  
w a te r  f lo w s  p a s t  th e m . B o t h  th e s e  a c c id e n t s  a re  p r e v e n t ib le  
b y  p r o p e r  v e n t ila t io n  o n  e ith e r  s id e  o f  th e  tr a p s . S o m e  
h a v e  e v e n  s u p p o s e d  th a t  a  t r a p  m a y  b e c o m e  u n s e a le d  b y  th e  
b a c k w a r d  p r e s s u r e  o f  s e w e r  a ir  c o m b in e d  w ith  th e  a s p ir a t ­
in g  e f fe c t  o f  th e  w a rm  h o u s e -a ir  : it  is  a t  le a s t  d o u b t fu l  i f  
s u ch  a n  a c c id e n t  e v e r  d o e s  o c c u r . B e lo w  e v e r y  b a t h ,  s in k  
a n d  c lo s e t ,  as  b e f o r e  s ta te d , a  t r a p  is  s e c u r e ly  f ix e d , a n d  
f r o m  its  lo w e r  e n d  b e g in s  th e  h o u s e  p ip e . T h e  tra p s  a re  
m o s t  f r e q u e n t ly  m a d e  o f  le a d  o n  a c c o u n t  o f  c o n v e n ie n c e ,

* S. and M., op. cit., p. 769.
f  Even Hie siphon trap, which is so generally suitably in a temperate 

climate, haB been found by experience to be unsuitable in many cases in 
u tropical climate, v. post. Sewerage of large towns in India.

* v. Ventilation of sewers.
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P L A T E  V I I .

TRAPS.
Figure 1. D-Trap, au obsolete form. It soou becomes fouled from tire 

deposit of solid matters, aud caunot be flushed properly.
Figure 2. Dip-Trap, au obsolete form. The tongue is made cf stoue or 

metal. If not in constant use it becomes ‘ unsealed ’ from 
evaporation of the water, aud it canuot be flushed properly 
owing to its rectangular shape.

Figure 3. Bell-Trap, an obsolete form. The top is removable for inspec­
tion, but it is certain not to be inspected sufliciently often.
In addition it is liable to become choked, and the water seal 
soon evaporates if the trap is not frequently flushed.

Figure 4. S-Trap or Siphon trap, with removable screw plug for cleaning 
purposes. The depth of water between a aud b constitutes- 
the ‘ seal’ of the trap, and is considerable in this case. In 
some cases a smaller seal is advisable (a. fig. 5).

Figure 5. Buchan’s Patent Disconnecting Ventilating Siphon-Trap. It is 
a simple and effective form of trap. The ‘ water seal’ i.e., 
the dip of the tongue (Z) below the surface of the water is 
l"'5. Owing to the drop of 2" which the water gets in flow­
ing from the drain branch (W) into the well (Y) of the trap, 
it washes out the contents completely, instead of flowiug 
under the floating matter as in the old fashioned Siphon.
(For trap in position v. pi. viii.)

Figure 6. Doan’s Gully Trap. It is really a modified dip-trap aud is only 
intended for waste water from kitchens, backyards, etc. It 
contains a bucket with a haudle, into which stones, etc., 
fall, and which is removed and emptied at intervals. (Gully 
traps are shown at fig. 7 and at pi. viii., D. q.v.)

Figur 7- Disconnection of Combined Rain and Waste Water Pipe over 
Siphon Yard Gully. [After L. Parkes.] lu this case the 
rain water pipe is utilised as the waste pipe as well. The 
basement waste pipe discharges into the gully by a special side 
inlet, the upper waste pipes into the open head of the rain 
water pipe at each storey of the house. Here the rain water 
pipe, which is carried ‘ full bore1 above the roof, acts as 
ventilating pipe to the branch waste pipes, while it discharges 
its contents on to the iron grating of the gully. The above 
arrangement is quite distinct from the soil pipe (for which v. 
pi. viii.) It is not'an arrangement to bo commended, for the 
waste water fouls the rain pipe with grease, etc., and gives 
rise to offensive smells which penetrate into the house through 
the windows. The proper plan is to keep soil pipe, waste pipe, 
and rain pipe quite distinct.
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b u t  iii o th e r  ca se s , e.g., w a te r -c lo se ts , th ey  a re  u su a lly  o f  
p o r c e la in  o r  c o a te d  ca st  iron .

House o r  Stillage  P ip e s .— U n d e r  th e  a b o v e  h e a d in g  o n ly  
th ose  p ip e s  c a r r y in g  w a ste  o r  su lla g e  w a te r  a re  iu c lu d e d  
h ere , th o u g h  o f  co u rs e  th e re  a re  se v e ra l o th e r  sets  o f  p ip e s  
in  m o st  E n g lis h  h ou ses , f o r  c a r r y in g  w a te r , g a s , e tc .,  w ith  
w h ic h  w e  h a v e  n o  c o n c e r n  h ere . T h e  fo r m e r  a re  o fte n  ca lle d  
th e  loaste pipes a n d  th e  la tte r  the soil }ripes. C a re fu l d is ­
t in c t io n  is  m a d e  in  m o d e rn  h ou ses  b e tw e e n  th e  p ip e s  fo r  
c o n v e y in g  w a ste  w a te r  fr o m  b a th s  a n d  s in k s  a n d  th e  p ip e s  
w h ic h  c a r ry  o n ly  th e  s e w a g e  w a te r  fr o m  th e  c lo se ts , a n d  th e  
tw o  system s' a re  k e p t  q u ite  se p a ra te , th o u g h  th e  u lt im a te  
d e s tiu a t io n  o f  th e ir  c o n te n ts  is  th e  sam e. S o il  p ip e s  a re  
e ith e r  m a d e  o f  d ra w n  le a d  o r  o f  iron  (ca s t  ir o n  o r  g a l ­
v a n iz e d  ir o n — n e v e r  w r o u g h t  ir o n ) .  G re a t  ca re  m u st b e  
ta k e n  in  f it t in g  th e  v a r io u s  le n g th s  o f  th e  ir o n  p ip e s  a n d  
th e y  sh o u ld  b e  c o a te d  in te r n a lly  a n d  e x te r n a lly  w ith  p it c h  
o r  A n g u s  S m ith ’ s p re p a ra t io n  o r  b y  B a r ff ’ s p r o c e s s .*  T h e  
p ip e s  a re  u su a lly  c a r r ie d  o u ts id e  th e  h o u se , o u e  set f o r  
w a ste  w a ter  a n d  th e  o th e r  fo r  s e w a g e  w a te r  fr o m  th e  c lo se ts , 
as e x p la in e d  a b o v e . T h e y  d o  n o t  o p e n  d ir e c t ly  in to  th e  
h ou se  d r a in s .t  T h e  w a s te  p ip e s  a re  m a d e  to  d is c h a r g e  
in to  th e  open a ir  a n d  th is r e s u lt  is  fr e q u e n t ly  b r o u g h t  a b o u t  
b y  m a k iu g  th em  o p e n  in to  th e  ra in  w a te r  p ip e  as it  p a sses  
d o w n  th e  o u te r  w a ll o f  th e  h o u se . T h e  ra in  w a te r  p ip e  is  
d is c o n n e c te d  fr o m  th e  d ra in  b e lo w  b y  o p e n in g  o n  th e  
g r a t in g  o v e r  a^siphon  tr a p  le a d in g  to  th e  d ra in  (n. p i . v i i ) .
I f  a  s e p a ra te  w a s te  p ip e  is c a r r ie d  d o w n  th e  o u te r  w a ll 
o f  th e  h o u se  it  is  m a d e  to  e n d  in  th e  sa m e  w a y , i.e., 
o v e r  a  tra p , a n d  is  c a r r ie d  u p  fu ll  b o r e  a b o v e  th e  r id g e  
o f  th e  r o o f ,  its  e n d  b e in g  le f t  o p e n  o r  c o v e r e d  w ith  n e tt in g .
't h e  s o il  p ip e s  th e m se lv e s  a re  b r o u g h t  d o w n  outside o r  in ­
s id e  th e  h o u se , th e  fo r m e r  b e in g  th e  m o re  u su a l, b u t  th e y  
a lw a y s  e n d  in  o n e  w a y , viz., b y  o p e n in g  d ir e c t ly  in to  a

* v. p. 76.
f i iie term house drain ns nsed in this and the following para., is applied 

to the commencement of the sewerage system outside the house. It is i n  reality a small sewer.
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s ip h o n  d is c o n n e c t in g  tra p  (v. p i. v i i ) .  T h e  so il  p ip e  its e lf  
is  a lw a y s  c a r r ie d  up  fu l l  b o r e  to  th e  to p  o f  th e  h o u se  a b o v e  
th e  r id g e  o f  th e  r o o f ,  its  to p  b e in g  le f t  o p e n  o r  c o v e r e d  w ith  
a  v e n t ila t in g  c o w l (v . p i . v i i i ) .  T h e  s ize s  o f  th e s e  p ip e s  
v a r y  u n d e r  d iffe re n t  a r ra n g e m e n ts  : as a  ru le , th e  so il  p ip e s  
h a v e  an in te rn a l d ia m e te r  o f  a b o u t  fo u r  in c h e s , th e  w a ste  
p ip e s  o n e -a u d -a -h a lf  to  tw o  in ch e s . V e r y  m a n y  o th e r  d e ta ils  
h a v e  to  b e  a t te n d e d  to  w ith  r e g a r d  to  th e  h o u se  p ip e s  w h ich  
it  is u n n e ce ssa ry  to  fu r th e r  a llu d e  to  h e re . ^

House D ra in s .— T h e s e  m a y  b e  lo o k e d  u p o n  as th e  fe e d e r s  
o f  th e  sm a ll s e w e rs  w h ic h  r u n .d p w n  th e  m id d le  o f  th e  
s tre e ts  b e tw e e n  th e  r o w s  o f  h o u se s . B e tw e e n  th e  w a s te  
a n d  soil p ip e s  o f  th e  h o u se  a n d  th e  h o u se  d ra in  is p la c e d  a 
d is c o n n e c t in g , v e n t ila t in g  s ip h o n  t r a p , as m e n t io n e d  b e fo r e , 
so  th a t  th e  h o u se  d ra in  sta rts  a t th e  d is ta l en d  o f  th e  tra p .
In  m o s t  ca se s , w h e re  th e re  a re  s p e c ia l  w a ste  p ip e s  d is t in c t  
fr o m  th e  ra in  w a te r  p ip e s  th e se  h o u se  d ra in s  r e c e iv e  o n ly  
th e  w a ste  w a te r  a n d  w a te r  c lo s e t  s e w a g e , th e  ra in  w a te r  
fr o m  th e  r o o fs  a n d  g r o u n d  s u r fa c e  b e in g  c o n v e y e d  a w a y  
se p a ra te ly - T h e  d r a in  is u su a lly  c o n s tr u c te d  o f  t w o - fo o t  
le n g th s  o f  c ir c u la r  p ip e s  m a d e  o f  g la z e d  s to n e w a re , w h ic h  
a r e  v e r y  c a r e fu lly  jo in t e d  t o g e t h e r  w ith  c e m e n t  o f  v a r io u s  
k in d s . T h e  d ra in  s h o u ld  b e  la id  p e r fe c t ly  sti’a ig l it  so  as to  
b e  o p e n  fr o m  e n d  t o  e n d  fo r  in s p e c t io n  a n d  its  in te r io r  
s h o u ld  b e  q u ite  sm o o th  a n d  fr e e  fr o m  o b s tr u c t io n s  o f  a ll 
s o r ts . I f  th e  so il  is lo o s e  a n d  s a n d y , c a s t  ir o n  c o a te d  p ip e s  
a re  p r e fe r a b le , o r  th e  s to n e w a r e  d ra in s  m a y  b e  la id  iu  a 
th ic k  b e d  o f  c o n c r e te . I n  G e rm a n y  c e m e n t  a u d  s i l ic a te d  
c o n c r e t e  p ip e s  a re  e x te n s iv e ly  u s e d  a n d  a re  sa id  t o  b e  less  
b r it t le ,  m o r e  c a p a b le  o f  w ith s ta n d in g  e x tre m e s  o f  c l im a te  
a u d  o f  r e s is t in g  th e  c h e m ic a l  a c t io n  o f  s e w a g e , t o  im p r o v e ' 
w ith  a g e  a n d  to  w ith s ta n d  th e  ja r r in g  e f fe c t  o f  h e a v y  tra ffic  
o v e r h e a d .*  T h e  p ip e s  v a r y  in  s iz e  fr o m  fo u r  to  n in e  in c h e s  
in  d ia m e te r  a c c o r d in g  to  th e  s ize  o f  th e  h o u s e  th e y  d ra in .

* These pipes would probably be very suitable for use in India. The 
author of Sanitary Engineering in India, Mr. John Wallace, C.E., Bombay, 
is a strong advocate for the use of iron pipes for the removal of sewage, 
as in the Shone and Berber systems (q. ».), in India.
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5 H § '
2 | ̂ Jj ^ o'

' P l a t e  V///.

-------------------------------------------------- ------  L l t H :  B V  R O & i-B R O S .



I P ' - (SL

To face p. 15S.
P L A T E  V I I I .

HOUSE DRAINAGE.
Vertical Seotion of a House, showing the arrangements adopted for house 

drainage in connection with a modern sewerage system (after W. P. Buchan).
[Note.—The house drain is here shown passing under the house, an arrange­

ment only permissible when absolutely necessary, as in crowded parts of towns, 
etc., (v. pp. 158-9). Note, also, that in this case there is uo waste water pipe 
showu distinct from the soil pipe ; that the soil pipe leads directly iuto the 
house drain ; that there is only one disconnecting and ventilating trap between 
the house and the sewer; and finally, that here the ‘ drain to sewer ’ is what is 
usually designated the ‘ house drain’—i.e., in those cases where the soil pipes 
and waste pipes are trapped as described in the text (v. Summary, p. 168) ].

D. Gully Trap (u. figs. 6, 7, pi. vii..) M. Inspection Manhole. G. and H.
Ventilating Pipes carried from the crowns of the siphon-traps and opening into 
the soil pipe, which latter is carried up ‘ full bore ’ above the ridge of the roof 
and ends in a Fixed Cowl, F., for ensuring an up-draught. The house drain is 
shown opening into a Buchan’s trap (v. fig. 5, pi. vii.). At A. is a Perforated 
Grating which allows of fresh air entering the house drain, passing along the 
latter and up the soil pipe, to be discharged at F., carrying with it any foul air 
in the house drain or in the soil pipe. The Ventilating Pips shewn iu dotted 
section, and which is intended to ventilate the ‘ drain to sewer’ beyond the 
Buchan’s trap, may be used when there is a danger of sewer gas forcing itself 
by pressure past the dip or tongue of the siphon-trap. The foul air may be 
arranged to discharge at J. or at C. as desired. L. Manhole, and Ventilator 
(if desired), for the street sewer.

[Note.—Many other arrangements of the house drainage are possible, and 
even advisable, but are too complicated for the present purpose. For these, 
special works must be consulted].
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T h e  d ra in  should not pass under the house u n le ss  a b s o lu te ly  
n e c e s s a ry  (as s h o w n  in  i llu s tr a t io n ) ; w h e re  it  d o e s  d o  so  
th e r e  m u st b e  in s p e c t in g  m a n h o le s  p la c e d  a t  in te r v a ls  o n  
th e  d ra in  so  th a t  it  ca n  b e  o p e n e d  a n d  t h o r o u g h ly  e x a m in e d  
i f  p o s s ib le . I n  s u c h  a c a s e  i f  th e  h o u s e  d ra in s  a re  b a d ly  
la id  o r  i f  th e  jo in t s  a re  n o t  a ir  a n d  w a t e r - t ig h t  th e r e  is 
g r e a t  r is k  o f  p o is o n in g  o f  th e  o c c u p a n t s  o f  th e  h o u s e  b y  

s e w e r -g a s .*

Sewers.— T h e  h o u se  d ra in s  le a d  th e  s e w a g e  in to  th e  street 
drains o r  tributary sewers, b u t  s h o u ld  n o t  d o  so  d ir e c t ly ,  as 
is  s t ill  f r e q u e n t ly  th e  ca s e . T h e r e  s h o u ld  b e  e f f ic ie n t  d is ­
c o n n e c t io n  b y  so m e  s u ita b le  fo r m  o f  tr a p  w h ic h  p r e v e n t s  
b a c k w a r d  p a s s a g e  o f  s e w e r -g a s , p r o v id e s  f o r  v e n t ila t io n  
a n d  a llo w s  o f  t h o r o u g h  in s p e c t io n  a n d  c le a n in g . T h e  
s m a lle r  s e w e r s  a re  s o m e t im e s  m a d e  o f  c i r c u la r  p ip e s  o f  
m u c h  th e  sa m e  k in d  as th e  h o u se  d ra in s , o n ly  la r g e r  ; th e  
sa m e  p r e c a u t io n s  in  la y in g  a n d  c o n s t r u c t io n  a re  n e c e s s a r y .

T h e s e  s m a lle r  s e w e rs  o p e n  in to  la r g e r  o n e s , th e  mains, 
a n d  th e se  a g a in  in to  th e  outfall sewer. t

I t  w il l  b e  s e e n  th a t  u n d e r  th is  ‘ s e p a r a te ’ s y s te m , as it  is  
c a l le d , o n ly  w a ste  w a te r  a n d  s e w a g e  w ith  possibly th e  s u r fa c e  
w a te r  fr o m  th e  im m e d ia te  n e ig h b o u r h o o d  o f  th e  h o u s e s  is 
p e r m it te d  to  e n te r  th e  s e w e rs . T h e  la t t e r  a re  th e r e fo r e  
m a d e  a ir  a n d  w a t e r - t ig h t  a n d  o f  sm a ll s iz e . S p e c ia l  
p r o v is io n  m u st  b e  m a d e  f o r  th e  c a r r y in g  o ff  o f  r a in -w a te i  
a n d  fo r  th e  d r a in a g e  o f  th e  s u b s o il ,  a  v e r y  im p o r ta n t  p o in t ,  
p a r t ic u la r ly  w h e r e  th e  s u b s o d  is  so  c o m p le t e ly  f i l i l i - s o d d e n  
as it is  in  I n d ia n  to w u s . T h e r e  a re  s e v e r a l  w a j s  o f  d o in g  
th is  w h ic h  m ay  b e  m e n t io n e d  h e r e . (1 ) I f  th e  t o w n  p o s se ss e s  
a n  o ld  s y s te m  o f  b r ic k  d r a in s  a n d  s e w e r s , w h ic h  a re  p o r o u s  
a n d  t h e r e fo r e  p e r m it  th e  s u b s o il  w a te r  t o  e n te r  th e m  
fr o m  w ith o u t , th e y  c a n  b e  u t i l is e d  f o r  c o l le c t in g  th e  ra in

# For much useful information on this and kindred subjects, V. Mr.
Pridgin Teale’s pictorial guide—Dangers to Health.

t  Under this system the only sewers made of brick are the mains (in 
large towns) and the outfall sewer. Their construction is explained 
afterwards, v. p. 161.
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a n d  s u b s o il  w a te r  a n d  tb e  m a in  s e w e r  c a n  b e  d ir e c t e d  t o  
th e  n e a r e s t  r iv e r  o r  o th e r  o u t le t  w ith o u t  fe a r  o f  h a rm .
(2 ) T h e  c o m b in e d  d ra in  a n d  su b s o il  p ip e  k n o w n  as B r o o k e ’ s 
m a y  b e  u s e d . T h e  d ra in  o r  p ip e  c a r r y in g  th e  s e w a g e  
re s ts  u p o n  an  in v e r t  b lo c k  u n d e r  w h ic h  is a f l  -s h a p e d  s u b ­
so il p ip e  f o r  d r a in in g  th e  s o il  (e. p i .  x ) .  (3 ) T h e  p ip e
s e w e r  is  la id  as u su a l a n d  o v e r  th is  a re  la id  o p e n - jo in t e d  
a g r ic u ltu r a l  t i le  d ra in s , s u r r o u n d e d  w ith  g r a v e l ,  in to  w h ich  
th e  s u b s o il  w a te r  f lo w s  a n d  is c a r r ie d  to  a n y  c o n v e n ie n t  
o u t le t  a p a r t  fr o m  th e  s e w a g e .

T h is  p la n  o f  s e p a r a t in g  th e  s e w a g e  fr o m  th e  ra in  and- 
s u b s o il  w a te r  is c o m p a r a t iv e ly  m o d e r n . S e w e rs  as o r i g i ­
n a l ly  c o n s t r u c t e d  w e r e  “ u n d e r g r o u n d  c h a n n e ls  d e s t in e d  
t o  r e c e iv e  a n d  c o n v e y  a w a y  b y  g r a v ita t io n  th e  ra in fa ll  a n d  
w a s te  w a te rs  o f  th e  to w n .” *  A t  a  la te r  p e r io d  th e  o v e r ­
f lo w  fr o m  ce s s p its  a n d  m id d e n t  w a s  a l lo w e d  to  e n te r  th e m , 
a n d  f in a lly , w h e n  th e  w a te r  c a r r ia g e  sy s te m  o f  e x c r e t a  
b e c a m e  g e n e r a l,  th e  w h o le  s e w a g e  o f  th e  to w n  w a s  
r e c e iv e d  b y  t h e m — s u c h  a  m e th o d  b e in g  k n o w n  as th e  
‘ c o m b i n e d ’  s y s te m . I t  is  n o t  n e c e s s a ry  h e r e  to  g o  in to  
a n y  d e ta ils  r e g a r d in g  th e  o r ig in a l  c o n s t r u c t io n  o f  su ch  a 
c o m b in e d  d r a in a g e  a n d  s e w e r a g e  s y s te m . S u ffic e  it  to  sa y  
th a t  it  is p r a c t ic a l ly  o b s o le te  a n d  th a t  th e  d is c r e d it  in to  
w h ic h  th e  p r a c t ic e  o f  th e  r e m o v a l  o f  e x c r e t a  b y  w a te r  
c a r r ia g e  a t o n e  t im e  fe l l  w a s  la r g e ly  d u e  t o  th e  ra sh  

a tte m p t  t o  m a k e  o n e  se t  o f  d r a in s  p e r fo r in  t w o  I’a d ic a l ly  
d i f fe r e n t  fu n c t io n s . T h e  r e la t iv e  a d v a n ta g e s  a n d  d is ­
a d v a n ta g e s  o f  th e  s e p a r a te  sy s te m  as c o m p a r e d  w ith  th e  
c o m b in e d  m a y  b e  th u s  s ta te d  :—

(1 ) U n d e r  th e  s e p a ra te  sy s te m  th e  total volume of sewage 
is very much less, f r o m  w h ic h  it fo l lo w s  th a t  th e  
s e w e r s  n e e d  n o t  b e  m a d e  o f  s u ch  an  e n o r m o u s  s ize  

as u n d e r  th e  c o m b in e d  sy s te m  a n d , in  a d d it io n , th e  
s e w a g e  is  m o re  e a s ily  d is p o s e d  o f  t

* E. A. Pnrkes, Hyg. and Pub Health, 2nd ed., p. 149. 
f  E.g., the two towns of Romford and Slough, near London, with same 

population and same amount of water-supply per head. The sewage 
farm at the former received in one year over 100,000,000 gallons of

f(f )f <SL
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To face p. 160.
P L A T E  I X .

DRAINS AND SEWERS.
Figure 1. Rudimentary form of Drain made by scraping a channel in the soil. 

(v. pp. 148-9, 179).
Figure 2. Flat Bottomed Drain formed of slabs of stone or of bricks set in 

mortar.
Figure 3. Rectangular Drain, of large size, built of country bricks. Such 

drains are commonly seen running along tho side of a street, in 
immediate proximity to houses, shops, etc.

Figures 4, 5, 6 . Improved Drains for use in India, made of slabs of stone 
set in concrete, or of cement (after A. M. Jones.)

Figures 7, S. Improved Drains (designed by Jennings of London from sug­
gestions by Surgeon-Major W. G. King, i.M.s.) The esseutial 
point is the use of accurately made bricks of glazed fire clay, 
either in three pieces (fig. 7 ), or in one-piece (fig. 8), which can 
be rapidly laid 1 true ’ by uupraotised workmen : whereas the 
accurate construction of the ordinary drain (e.y. fig. 4) requires 
considerable skill and experience. They are not. expensive.

Figures 9, 10, 11. Sewers, shown in section. 9. Obsolete form of Brick 
Sewer. 10. Modern Egg-Shaped Brick Sewer. 11. Egg-Shap­
ed Sewer of Concrete ; for use in soft soil.

Figure 12. Stoneware l’ ipe Sewer in Trench, as used for house drains, etc.
(v. also plate x). If tho soil is soft or yielding the pipe should 

• bo laid in a concrete bed.
Figures 13, 14. Diagrams to illustrate the Interception System of Drainage 

as applied to Blacktown, Madras (after A. M. Jones). In (a) 
the ordinary condition of things is shown, where the sewage 
passes iuto the gully and from thence to the main sewer. In 
(b) is seen the condition of matters during heavy rain, shew- 
ing the branch sewer ‘ running full ’ with mingled rain water 
and sewage, the greater part of which passes into the old 
Blacktown sewer and thence to the sea or the canal, whilst 
the smaller portion is carried off by the main server to the 
pumping station and thence to the outfall at the sewage 
farms.
A, Branch sewer which collects the sewage from the open 

drains that run along the sides of the streets. B. Gully, 
iuto which the sewage falls and, under ordinary condi­
tions, passes by tho lower opening into the main Black­
town sewer, C. D. Obsolete Blacktown sewer which is 
only used for carrying off ‘ storm water ’ during heavy 
rain.

w  ■



(l(w ffi , ■ (CT
V A S / 7 SEWERS. 161 i l l  J

— • > /

(2) T h e  daily amount of sewage a n d  its composition a re
both fa ir ly  uniform, p o in ts  o f  g r e a t  im p o r ta n ce  in  
th e  c h e m ica l  tr e a tm e n t o f  s e w a g e  o r  its d isp o sa l 
on  la n d .

(3) T h e  sew ers  on  a c c o u n t  o f  th e ir  sh a p e  a n d  s ize  a n d
sm o o th  w a lls  are  fr e q u e n t ly  ru n n in g  fu ll ,  w h ich  o f  
n e ce s s ity  m ea n s th a t  th e y  a re  well flashed, a n d  
th ere  is very little deposit of fo u l matter. O n  th e  
o th e r  h a n d  in  th e  o r d in a r y  b r ick  sew ers  it is o n ly  
a fte r  a s to rm  o f  ra in  th a t  th e y  ru n  fu ll and  are  p r o ­
p e r ly  f lu s h e d ; h e n c e  th e re  is g e n e r a lly , a n d  m ore  
p a r t icu la r ly  in  d ry  w ea th er , an a c cu m u la t io n  o f  
fo u l m a tte r  w ith in  th em  ; th e  w a lls  a re  r o u g h  a n d  
u n e v e n  a n d , as a r e su lt , a re  c o v e r e d  w ith  a d e p o s it  
o f  s e w e r -s lim e  fr o m  w h ich  o ffe n s iv e  em a n a tiou s  are  
g iv e n  o ff.

(4) T h e re  a re  se v e ra l o th e r  p ra c t ica l a d v a n ta g e s , e.g., th e
e x c lu s io n  fr o m  th e  se w ers  o f  a la r g e  q u a n tity  o f  
r o a d  d e tr itu s  w a sh e d  in to  o r d in a r y  se w e rs  d u r in g  
ra in  tim e  a n d  w h ich  m a y  c l jo k e  th e  s e w e r s ;  fin a lly , 
th e  co s t  is m u ch  less.

(5 ) T h e  o n ly  a l le g e d  d is a d v a n ta g e  o f  a n y  m a g n itu d e  is
th a t it  is a  m o re  e x p e n s iv e  sy stem  f o r  h o u s e ­
h o ld e rs  s in ce  tw o  se ts  o f  d ra in s  a re  n e ce ssa ry  f o r  
e a c h  h ou se , b u t  th is  d is a d v a n ta g e  is m o re  th an  
c o m p e n s a te d  fo r  in  o th e r  w a y s . A s a  m a tte r  o f  
fa c t  it is o fte n  fo u n d  im p o s s ib le  a n d , it  m a y  bp , 
in a d v is a b le  to  e x c lu d e  th e  ra in  w a ter  th a t  fa lls  on  
th e  r o o fs  o f  b u ild in g s  a n d  r o u n d  th e  h ou ses . T h is  
a d d it io n  to th e  s e w a g e  w ill  r a r e ly  in c o m m o d e  
th e  p ip e -s e w e r s  in  E n g la u d  b u t  in In d ia  it  w ou ld  
c e r ta in ly  b e  in a d v is a b le .*

®®v'î Ere disposed of, whilst the farm at the latter received only
30,000,000 pallors. Romford is sewered on the combined system, Slough 
on the separate system. v\ also post. Sewage Disposal.

A compromise between the two systems called the interception sys­
tem has been introduced in India, as at Berlin, etc., in Europe. It will be 
afterwards noticed, v. p. 1 7 1 .
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W h e t h e r  th e r e fo r e  th e  se p a ra te  o r  th e  c o m b in e d  s y s ­
tem  b e  a d o p te d  b y  a  to w n , la r g e  se w e rs  w ill h a v e  to  b e  
c o n s tr u c te d  ; th e  o n ly  essen tia l d if fe r e n c e  is  th a t  in th e  
la t te r  ca se  th e y  m u st b e  p o ro u s  a n d  o f  g r e a te r  size. N o w -  
a -d a y s  su ch  sew ers  a re  n e a r ly  a lw a y s  m a d e  o f  o v a l sh a p e , 
t h o u g h  o c c a s io n a lly  th e  la rg e  o u t fa ll  s e w e r  is c ir c u la r . I t  
ca n  b e  seen  fr o m  th e  a c c o m p a n y in g  illu s tra tio n s  (u. p i. ix )  
o f  w h a t v a r ie d  sh a p es  th e y  w e re  fo r m e r ly  m ad e . T h e  e g g -  
sh a p e d  se w e r  is  b y  fa r  th e  m ost su ita b le  w h e re  th e  v o lu m e  
o f  s e w a g e  is l ia b le  to  u n d e r g o  flu ctu a tion  : th e re  is g r e a te r  
d e p t h  o f  s e w a g e  a n d  less c o n ta c t  w ith  th e  w alls  o f  the 
s e w e r , a n d  h e n ce  less  f r ic t io n . U p  to  e ig h te e n  in ch e s  
d ia m e te r  c ir c u la r  se w e r  p ip e s  a re  m o st  c o n v e n ie n t ;  a b o v e  
th a t  s ize , e g g -s h a p e d  b r ic k  sew ers  sh o u ld  b e  u sed . T h e se  
m a y  b e  tw e lv e  fe e t  in  d ia m e te r  o r  m o re . T h e y  are  c o n ­
s tru c te d  o f  w e ll-b u r n t  im p e rv io u s  b r ic k s  o r  g la z e d  f ir e b r ick s  
a n d  th e  f lo o r  o f  th e  server is fr e q u e n t ly  m a d e  o f  su ita b ly  
c u r v e d  s to n e w a re  b lo c k s  o r  in v e r ts . T h e y  a re  la id  as fa r  as 
p o s s ib le  in  s tr a ig h t  lin es , w ith  m a n h o le s  fo r  in sp e c t io n  a n d  
c le a n in g  a t e v e r y  c h a n g e  o f  d ir e c t io n . S u ch  a m a n h o le  is 
sh ow n  in  s e c t io n  (v. pi. x ) .  T h e  g r a d ie n ts  a re  v e ry  c a r e ­
fu l ly  la id , b e in g  u n ifo rm  e x c e p t  a t ce r ta in  p la ce s , e.g., 
w h en  sm a lle r  sew ers  jo in  th e  m ain  sew er  o r  w h e n  th ere  is 
o f  n e ce ss ity  an a b r u p t  c h a n g e  in th e  d ir e c t io n  o f  th e  sew er .
In  su ch  ca se  th e  g r a d ie n t  is te m p o ra r ily  in c re a se d  in 
s teep n ess . A s  s ta te d  b e fo r e , a ll ju n c t io n s  m u st be  m a d e  in  
th e  d ir e c t io n  o f  flow , i.e., a t a cu te  a n g le s , so as to  o ffe r  no 
o b s tr u c t io n  (v. p i. x ) .  T h e  ra te  o f  flow  sh o u ld  o r d in a r i ly  
be  fr o m  tw o  to  th re e  fe e t  p e r  s e c o n d , tlie g r a d ie n t  ru n n in g  
fr o m  1 f t .  in  250  ft .  to  l ft .  in 750  ft . a c c o r d in g  to th e  size  
o f  th e  s e w e r .*

* In calculating the discharge from sewers the following formula is 
generally used.

V = 55 (V  11 x 2 P)
Where V =  Velocity of flow in feet per minute.

D = Hydraulic mean Depth.
F =  Pall in feet per mile.

If A = Sectional Area of current of fluid, V x A — discharge in 
cubic feet per minute. The hydraulic mean depth is the sectional area of 
the current of fluid divided by the wetted perimeter (that part of the
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PIPES, MANHOLES, FLUSHING TANKS, Etc.
Figure 1. (a), (I), (c), (cZ), Various forms of 1 Junction ’ for use in the join­

ing of pipe servers, (e) Taper-Pipe, for connecting pipes of 
different calibre. ( / )  Wiuser's Channel Bend. At the point 
of junction the afferent pipe has a ‘ straight channel ’ , as 
shewn in the diagram, with a bend specially adapted for con­
centrating the sewage as it rises and flows round the bend.

Figure 2. Glazed Stoneware Pipes, as used for house drains, small 
sewers, etc., (v. pp. 158-9). (a) Patent Chair and Saddle Pipe 
(Geo. Jennings), (5) Improved Registered Drain Pipe (Stiff).
Of such pipes there are very many varieties in use, the differ­
ences chiefly consisting in the methods of jointing. It is most 
important that the joints he absolutely air and water-tight.

Figure 3. Brooke’s Patent Subsoil Drain and Pipe Rest. Above is seen 
.the ordinary pipe for conveying sewage, resting on an invert 
block ; below is the subsoil drain for drainiug away the sub­
soil water.

Figure 4. Meausof Ventilation and Inspection of aBrick Sewer (3' 9" x 2' 6").
At certain points in the course of sewers with a steep gradient 
a ‘ Tumbling Bay ’ is constructed, and in connection with 
this there is a Manhole giving access to the sewer from the 
roadway, and a Veutilatiug Chamber opening on to the street 
by a grating. The * Flap Valve ’ allows the sewage to flow into 
the tumbling bay, but prevents the backward passage of 
sewage or sewer air to the higher levels of the sewer and 
compels the air to rise and escape at the ventilatory grating.
The horizontal line indicates ‘ higher water level ’ in tlio sewer.
(After Eawlinson—reduced and slightly modified.)

Figure 5. Large Automatic Siphon Flushing Tank or Cistern for scouring 
sewers, etc. (Rogers Field). The principle of these tanks is 
that of a siphon in which the long arm is placed within the 
6hort. arm. The long arm dips into a small amount of water 
(retained in position by a weir). As the tank fills, the water 
rises at tho same rato iu the short arm and when it reaches 
the level indicated in the diagram it is directed, by means of 
a projecting lip, to the centre of the siphon, so that in its fall 
it carries with it sufficient air to create a partial vacuum and 
start the siphon action. [Note.—Iu this figure, the broken 
shading indicating water should be continued to the bottom 
of the tank ns in fig, 6 ]

f(S)| <SL
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Figure 6. Small Automatic Siphon Flushing Cistern for use with water* 

c losets, etc. Here the action is automatic ; in other cases the 
action is started by pulling a handle, as shown in plato vi. 
fig. 3 (a). In both cases a definite amount of water, usually 
3 or 4 gallons is discharged, aud the closet, etc., properly 
flushed, but without waste of water. [Note-—These flushing 
tanks (figs. 5 & 6) can be made of any desired capacity and 
their rate of filling regulated to a nicety by the tap that fills 
them, (shewn in fig. 6). Thus they can be made to discharge 
every five minutes or once in twenty-four hours, and so on.
The siphon is easily accessible for cleaning, etc. The tank 
shown in fig. 5, is much larger than that in fig 6 but is 
reduced here for convenience.]



S u p p o s in g  th en  th a t  a  g o o d ’ sy stem  o f  se w e rs  h a s  b e e n  
b u ilt , th e  f o l lo w in g  th in g s  m u st b e  c a r e fu lly  a t te n d e d  to , 
viz., I n s p e c t io n , C le a n in g , F lu s h in g  a n d  V e n t ila t io n . I n  
th e  o r ig in a l  b a d ly -c o n s t r u c t e d  se w e rs  o n c e  t h e y  w ere  
b r o u g h t  in to  u se  th e y  fo r m e d  p r a c t ic a l ly  a n  u n d e r g r o u n d  
se r ie s  o f  tu n n e ls  u n e v e n ly  la id , w ith, r o u g h  in te r io r  w a lls , 
o n ly  a c c e s s ib le  b y  b r e a k in g  o p e n  th e  c r o w n  o f  th e  se w e r , 
a n d  n e v e r  p r o p e r ly  c le a n e d .*  In  a  m o d e r n  se w e r  th e  c o n ­
s tru c t io n  a n d  m ea n s  o f  in s p e c t io n , as b e fo r e  n o te d , a re  su ch  
th a t  th ese  e v ils  h a v e  b e e n  a lm o st  e n t ir e ly  d o n e  a w a y  w ith .
F r o m  e n d  to  e n d  th e y  ca u  b e  in s p e c te d  a n d  i f  f r o m  a n y  
ca u se  p a r t ia l  o r  c o m p le te  c h o k a g e  (v e r y  ra re ) s h o u ld  
o c c u r , th e  o b s tr u c t io n  ca n  e a s ily  b e  r e m o v e d . !  P e r io d ic  
f lu s h in g  b y  m ea n s  o f  a ru sh  o f  -w ater is  e x t r e m e ly  u s e fu l .
T h is  w a s  fo r m e r ly  d o n e  b y  p la y in g  a  h o s e  a t ta c h e d  to  th e  
w a te r -m a in  in to  th e  se w e r  o r  b y  d a m m in g  u p  th e  s e w a g e  
f o r  a  c e r ta in  t im e  a n d  th e n  a l lo w in g  it  t o  ru sh  fo r w a r d  
s u d d e n ly . N o w  th e  sa m e  re su lt  is  a c h ie v e d  m u ch  m o re  
th o r o u g h ly  b y  m ea n s  o f  a u to m a tic  s ip h o n  flu sh  ta n k s  
(v . p i. x )  p la c e d  a t ‘ d e a d  -e n d s ,’ i.e., th e  c o m m e n c e m e n t  o f  th e  
b ra n ch  se w e rs , o r  a n y  o th e r  c o n v e n ie n t  s p o t . T h e s e  ta n k s  
d is c h a r g e  th e ir  c o n te n ts  o f  o n e  o r  tw o  h u n d r e d  g a llo n s  
a u to m a t ic a lly , a t  in te rv a ls  r e g u la te d  b y  th e  s u p p ly  p ip e  to 
th e  ta n k , a n d  p r o d u c e  a  m o s t  e f fe c t iv e  s c o u r in g  a c t io n  o n  
th e  se w e rs . V e r y  sm a ll se w e rs  ca n  b e  s c o u r e d  b y  s im p ly  
e m p ty in g  a n  o r d in a r y  w a te r -c a r t  in to  a  m a n h o le , as is  

d o n e  in  th is  c o u n tr y .

T h e  v e n t ila t io n  o f  se w e rs  is  an  e x t r e m e ly  im p o r ta n t

circumference of the sewer wetted by the fluid flowing through it ) ; in 
circular sewers it is constant and equal to one-fourth the diameter. For 
simple explanation of hydraulic mean depth, etc., v. Jones’ Manual, p. 16S.

* The cost of removing deposits from the former stagnant sewers in 
London amounted to £30,000 or 3 lakhs of rupees p e r  annum . Sir J.
Bazalgette—quoted by S. and M., p. 837.

t The chokage in pipe sowers generally arises from one or more of the 
following causes: — (1) Improper gradients. (2) Insufficient flush. (3) 
foreign articles finding their way into and choking the sewer. (4) Defec­
tive joints through which the liquid runs, leaving solid matters behind. (5)
An excess of road detritus or ashes finding their way into the sewer. (6)
Improper bends in the line of sewer. (7) Right angle or improper junctions 
being tunned with the sewer. (8) A collapse of the sewer, v . Bouluois ov , ext., p. 296. * e
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th ia g  b u t  is lia rd ly  y e t  u n d e r s to o d .*  “  T o  k n o w  th a t  th e  
in fe c t iv e  a g e n ts  o f  su ch  d isea ses  as cholera ., t y p h o id  fe v e r , 
m a n y  ca ses  o f  d ia rrh oea , a n d  p r o b a b ly  o th e r  d isea ses , are 
p a s se d  o u t  o f  th e  b o d y  in  th e  e x c re t io n s  o f  th e  p a tien ts  
s u ffe r in g  fr o m  th e m , th a t  th e y  p r o b a b ly  h a v e  th e  p o w e r  o f  
s e lf -m u lt ip lica t io n  o u ts id e  th e  b o d y  in  se w ers  a n d  sew er  
d e p o s its , a n d  ca n  in fe c t  th e  a ir  in  c o n ta c t  w ith  th em , is  to  
u n d e rs ta n d  th e  im p o r ta n c e  w h ic h  se w e r  v e n t ila t io n  h as in  
re la tio n  to  p u b lic  h ea lth , a n d  to  im p ress  th e  n e ce s s ity  fo r  
th e  c lo s e s t  a tte n tio n  to  th is s u b je c t  on  th e  p a r t  o f  th ose  
w h o  are  e n tru s te d  w ith  lo ca l sa n ita ry  a d m in is tra t io n .” !
A  la rg e  a m o u n t o f  s ick n e ss  a n d  d isea se  h a s  beeu  p r o v e d  
to  b e  d u e  to d e fe c t iv e  se w e r a g e  sy stem s in  G rea t B r ita in , 
so  m u ch  so th a t  m a n y  w h o  h a v e  n o t  fo l lo w e d  th e  s u b je c t  
c lo se ly  o r  w h o  h a v e  b een  a b s e n t  fr o m  th a t  c o u n tr y  f o r  
m a n y  y e a rs  a re  s t ill  p e r s u a d e d  th a t  th ese  e v ils  a re  as g r e a t  
as th ey  fo r m e r ly  w e re . T h is , o f  co u rse , is  n o t  th e  ca se , 
a n d  it  m a y  b e  c o n fid e n t ly  s ta te d  th a t  in  a  m o d e rn  w e ll-  
s e w e re d  h ou se  c o n n e c te d  w ith  a  g o o d  sep a ra te  sy s te m  o f  
s e w e r a g e  th e  d a n g e r s  are  r e d u c e d  to  a m in im u m  a n d  a re  
fa r  less  th a n  th e y  w e re  in  th e  d a y s  o f  p r iv ie s  a n d  cessp its , 
o f  sh a llo w , p o rou s  d ra in s  f o r  th e  n om in a l r e m o v a l o f  
w aste  w a ter , o f  h ea p s  o f  d e c o m p o s in g  fo o d  re fu se  a n d  
g e n e r a l r u b b ish  in  th e  im m e d ia te  n e ig h b o u r h o o d  o f  ea ch  
h ou se .

T h e  v a r io u s  th e o r ie s  w h ic h  h a v e  b e e n  h e ld  in c o n n e c ­
t io n  w ith  th e  m o v e m e n t  o f  a ir  in  sew ers  a n d  th e  v a r io u s  
m ea n s  a d o p te d  to  v e n tila te  th e  la tte r  a re  fo r e ig n  to  th e  s c o p e  
o f  th e  p r e s e n t  w o r k . S u ffice  it  to  g iv e  a  fe w  p la in  s ta te ­
m en ts . F ir s t ly ,  as r e g a r d s  th e  m o v e m e n ts  o f  th e  a ir  in  
sew ers . T h e s e  a re  extremely irregular and their direction 
depends on many factors, e.g., th e  re la t io n  o f  th e  te m p e r ­
a tu re  o f  th e  a ir  in s id e  th e  sew ers  to  th a t  o f  th e  e x te rn a l 
a tm o s p h e re , th e  d ir e c t io n  nnd s tre n g th  o f  th e  p r e v a il in g

• “ 't he whole subject of scientific nnd sanitary sewer ventilation is 
beset with difficulties/’ (iJonlnois, 1S92). If this is tine in England with 
years of experience, how much truer is it in Iudiu ! 

f  S. and 3J., op. cit., p. 889.
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•wind,* t lie  steep n ess  o f  th e  sew er  g ra d ie n t , e tc . F o rm e r ly  
it w as  cu stom a ry  in  m a n u fa c tu r in g  tow n s  to  d is ch a rg e  th e  
w aste  steam  o r  h o t  w a ter  fr o m  d iffe re n t w o rk s  in to  th e  
sew ers , thus h a ste n in g  th e  d e co m p o s it io n  o f  th e  sew a g e  an d  
se tt in g  up s tr o n g  cu rren ts  in  the sew er  a ir. T h is  is n ow  
fo r b id d e n  b y  law .

A s  r e g a rd s  re m e d ie s  th e  m ost g e n e ra lly  a p p lica b le  on e  
is  th e  le a d in g  o f  a sh a ft  fr o m  th e  c ro w n  o f  th e  sew er  to  
th e  ro a d  a b o v e , c o v e r in g  th e  o p e n in g  w ith  a g r id  a n d  
p la c in g  a d ir t  b o x  im m ed ia te ly  in s id e  th e  o p e n in g  to  
p re v e n t  r o a d  d e b r is  g a in in g  a c ce s s  to  th e  sew er. T h e y  
are g e n e ra lly  p la c e d  a t in te rv a ls  o f  a b o u t  on e  h u n d re d  to 
on e  h u n d re d  and  fifty  y a r d s . S om etim es  th e  v e n t ila t ­
in g  sh a ft  is p la c e d  a lo n g s id e  the 'm a n h o le  (v. p i. x ) .
W h e th e r  th e  sh a ft  a cts  as in le t  fo r  fr e sh  a ir o r  as an ou tle t  
fo r  fo u l  a ir d e p e n d s  as a b o v e  sta ted  on  m a n y  fa c to rs . I t  
is  n o t  a p e r fe c t  sy stem , a n d  in  h o t , d ry  w ea th er  th e  n u i­
sa n ce  m a y  b e  c o n s id e ra b le  to  d w e lle rs  in  th e  s tre e t  a lo n g  
w h ich  the se w e r  passes. T h e  v e r y  ta ll ch im n e y s  a tta ch e d  
to  ch e m ica l a n d  o th e r  w o rk s  h a v e  b een  u tilise d  as sew er- 
v e n tila to rs  b u t n ot w ith  m u ch  s u c c e s s f .  Iu  se w e rs  w h e re  
th e  g ra d ie n t  is steep  th e  fo u l a ir  ten d s  to  pass fr o m  th e  
lo w e r  to  th e  h ig h e r  le v e ls  a n d  to  a ccu m u la te  a t th e  la tter  
p la ce s , co n st itu t in g  a d a n g e r  to  th e  h ou ses in  th ose  n e ig h ­
b o u rh o o d s . T h is  b a c k w a r d  cu rre n t ca n  b e  p r e v e n te d  to  a 
la rg e  e x te u t  b y  m ean s o f  a tu m b lin g -b a y  a n d  flap  v a lv e  
p la c e d  at e a ch  co m b in e d  m a n h o le  a n d  v e n tila to r . T h e  
se w a g e  ca n  flow  on w a rd s  b u t  th e  v a lv e  p re v e n ts  a n y th in g  
p a s s in g  b a c k w a r d s  (v . p i. x ) .  A s  m e n tio n e d  b e fo r e , 
th e  a ir iu  a g o o d  se w e r  is n o t  p a r t icu la r ly  f o u l ; in  th e  
o ld - fa s h io n e d  b r ic k  sew ers  it w as  o fte n  e x tre m e ly  im p u re .

# In a long series of experiments, Santo Crimp found that the wind, 
by its varying force and direction, was by far the most important factor 
in causing movements of the air in sewers.

f  As also the street lamps. The object in sewer-ventilation should not 
be the disguising or destroying of foul odours so much ns their prevention 
by means‘of cleanly sewers and plenty fresh air.—It is desirable also to 
equalise the pressure inside and outside the sewer, as nearly as may bo, 
to prevent the escape of sewer gas through the water seals of the traps.
(Wallace.)
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T h e  s e w a g e  is  n o w  r e m o v e d  so  q u ic k ly  a n d  th e re  is  so 
lit t le  d e p o s it  in  th e  sew ers  th a t  b e fo r e  d e c o m p o s it io n  
h as a d v a n c e d  m u c h  th e  s e w a g e  h a s  le f t  th e  se w e rs  a n d  
b e e n  d is p o s e d  o f . O f  co u rse , as in  th e  ca se  o f  th e  a ir  o f  a 
d w e l l in g  ro o m , th e  c h e m ica l  c o m p o s it io n  o f  th e  a ir  fo rm s  
n o  tru s tw o rth y  g u id e  to  th e  q u a lity  o f  its  b io lo g ic a l  o r  
l iv iu g  im p u r it ie s , s till, as a  g e n e r a l ru le , th e  p u r e r  th e  a ir  
th e  le ss  l ik e ly  is it  to  b e  la d en  w ith  d a n g e r o u s  o r g a n ic  
im p u r it ie s . I t  is p r o b a b ly  o n ly  in  s e w a g e  w h ic h  is  u n d e r ­
g o in g  ra p id  fe r m e n ta t io n  a n d  on  th e  s u r fa c e  o f  w h ic h  
b u b b le s  a re  c o u s ta n t ly  b u r s t in g  th a t n u m b e r le ss  m ic r o ­
o r g a n is m s  a re  g iv e n  o ff , m a n y , n o  d o u b t , h a rm less , b u t  
o th e rs  o f  a d is t in c t ly  p a t h o g e n ic  o r  d is e a s e -p r o d u c in g  
n a tu r e .*

O utfall Sewers.—  T h ese , as b e fo r e  re m a rk e d , m a y  b e  
o v a te  o r  c ir c u la r  in  sh a p e . O r ig in a lly , th e y  d is c h a r g e d  
a lm o s t  w ith o u t  e x c e p t io n  d ir e c t ly  iu to  a r iv e r  o r  o th e r  
w a te rco u rse  a  s h o r t  d is ta n ce  b e lo w  th e  to w n  o r  in to  th e  
sea . T h e  fo r m e r  is n o w  i l le g a l  u n d e r  th e  R iv e r s  P o l lu t io n  
A c t . f  I f  s e w a g e  h a s  to  b e  d is c h a r g e d  in to  a  r iv e r  it  m u st 
first  be  tr e a te d  b y  som e  o f  th e  p u r i fy in g  p r o c e s s e s  to  b e  
d e s c r ib e d  in  th e  n e x t  s e c t io n , so  th a t  th e  e fflu en t, i.e., th e  
w a te r  f lo w in g  a w a y  a fte r  p u r if ica t io n , m a y  a tta in  to  a  c e r ­
ta in  s ta n d a rd  d e g r e e  o f  p u r ity . In  som e  ca se s  th e  se w e r  
h a s  to  pa ss  a cro ss  a r iv e r  o r  v a lle y  a n d  in  su ch  ca se s  th e

* 't'h0 scientific study of sanitary problems being practically unrecog­
nised officially in India, no experiments of any note have been made in con­
nection with the subject of sewer-ventilation. The result, is that in Bombav, 
where the air in the sowers is extremely foul, there have been numerous' 
deaths amougst the sewer men, when working in the sewers. Great pre­
cautions are now taken to prevent the occurrence of such accidents. The 
conditions in this country are in many ways different from those iu a 
temperate climate. (v. post. System of Refuse Removal Suitable for India).
“  The quality of the sewage varies in different districts of Bombay, accord­
ing to the prevailing style of diet used by the inhabitants. Hindus, whoso 
diet is fish, rice and vegetables, produce, in the refuse of cooked and un­
cooked fish, rice water and other vegetable remains, an exceedingly foul 
smelling sewage ; and the sewers of the quarters inhabited principally by 
them are said to be unusually foul.”  Wallace, San. Engineering in India, 
p. 9ti. Properly conducted experiments, by trained and capable men, on 
sewer-ventilation, under official recognition and sanction, are urgently 
required. b J

t  v, Disposal of sewage.



outfall is generally at too low a level to admit of bridging.
This difficulty is got over by laying the sewer, in the form  
of an inverted siphon, in the bed of the river or valley, a 
ventilating pipe being attached to the descending arm of 
the siphon in order to allow of the escape of air which might 
interfere with the siphon action.

W h en  the outfall is into the sea directly or into a tidal 
river it is necessary to have tanks wherein the sewage can 
be stored until the commencement of the tidal ebb. I f  the 
outfall is carried directly into the sea great trouble and 
nuisance is apt to be caused at certain seasons by the rush 
of the tide into the sewers whereby the sewage may be 
carried back a considerable distance and even flood the 
ground floors of houses situated at a low  level.^ In  any 
case, stagnation with resulting deposit and decomposition is 
very apt to take place in outfall sewers and great trouble 
must be taken to prevent such an occurrence. • The position 
of the outfall must be such as not to give vise to any 
nuisance.

Sum m ary.— Such then is the construction of a modern  
sewerage system on the ( partially-separate system as it is 
called, i.e , where the sewage at the outfall consists of waste 
water, excreta and a small portion of the ordinary ta in fa ll 
from the roof and immediate neighbourhood of tbe houses, 
but does not include the larger portion of the rainfall nor 
any subsoil water. The details of such a system may be 
summarised as follows :—

(1) Baths, sinks (and basins) for the reception of ordinary 
waste water.

Water-closets (and urinals) . . .  ■ liquid
and solid excreta, and flushed with clean water 
from special cisterns. *

* This objectionable state of tilings used formerly to occur at St.
Andrews on the E, Coast of Scotland. It is not likely to occur in this 
country as the tides me much smaller, but great trouble may arise through 
the sewage being carried by currents and re-deposited along the foreshore, 
ns has happened at Bombay.

('ft)?) % L
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U n d e r n e a th  e v e r y  b a th , s in k , w a te r  c lo se t , e tc .,  is a 
siphon trap. In  th e  ca se  o f  w a te r  c lo se ts  th e  trap  
is v e n t ila te d . B e lo w  th e  tra p s  th e  house pipes 
b e g in . O f  th ese  th ere  a re  tw o  se ts— (a) th e  w a ste - 
w a te r  p ip e s  fr o m  b a th s , e tc .,  (b) th e  so il p ip e s  fr o m  
n riu a ls  a n d  w a te r  c lose ts . B o th  sets  o f  p ip e s  pass 
d o w n  th e  outside o f  th e  h ou se , i f  p o s s ib le , th e ir  
u p p e r  en d s  b e in g  o p e n  a n d  c a r r ie d  a b o v e  th e  r id g e  
o f  th e  r o o f  f o r  v e n tila t io n . T h e  w a ste -p ip e s  e n d  
b e lo w  in  th e  o p e n  a ir  o v e r  a trapped prating , th ro u g h  
w h ic h  th e  w a ste  w a te r  e n ters  th e  h o u se  d ra in .
T h e  so il -p ip e  e n d s  b e lo w  in  d ir e c t  c o n t in u ity  w ith  
a  ventilating disconnecting trap.

(2 ) B e tw e e n  th e  h o u se  a n d  th e  se w e r  is p la c e d  th e
house drain , in  r e a lity  a sm a ll se w e r , c o n s tr u c te d  
o f  c a r e fu lly - jo in te d  and  c e m e n te d  p ip e s . T h is  is 
t r a p p e d  a n d  v e n t ila te d  a t b o th  en d s , is la id  in a 
s t r a ig h t  lin e , a n d  has sm a ll m a n h o les  f o r  in s p e c t io n  
a n d  c le a n in g . I t  sh o u ld , i f  p o s s ib le , b e  p la c e d  at 
th e  b a ck  o f  th e  h ou se  :*  i f  it m u st pass u n d e rn e a th  
th e  h o u se  it  s h o u ld  b e  m a d e  o f  c o a te d  ca s t  iro n .
T h e  h ou se  d ra in  o p e n s  in to  a  ventilating disconnect­
ing trap and manhole combined w h ich  is p la ce d  at 
its ju n c t io n  w ith  th e  s tre e t  sew er .

(3 ) T h e se  street o r  tributary sewers jo in  th e  la r g e r  o r
m ain  se w ers  a n d  a re  o f  th e  sa m e  n a tu re  as th e  
h ou se  d ra in s , o n ly  la r g e r  (pipe sewers.) T h e y  o p e n  
in to  th e  main sewers a t  su ita b le  a n g le s . T h e se  
la tte r  a re  la rg e  p ip e s  in  sm all t o w n s ;  in la r g e  
to w n s  th e y  a re  b r ic k  sew ers . F in a lly , th e  m ain  
se w e rs  o p e n  in to  th e  o u tfa ll s e w e r  w h ic h  e n d s  a t 
s o m e  sp o t , s itu a ted  a t a  su ita b le  d is ta n ce  fro m  
h a b ita t io n s , w h e re  th e  s e w a g e  is d is p o s e d  o f .  T h e  
c o n s tr u c t io n  o f  a n d  m ean s f o r  in s p e c t in g , f lu s h in g ,  
and  v e n t ila t in g  se w ers  h a v e  a lre a d y  b e e n  d e s c r ib e d .

——  —   ----------------------------------------------
* v. Boulnois, op. cit., p. 292.
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To face p. 169.
P L A T E  X L

THE HYDRO-PNEUMATIC SYSTEM OF SEWERAGE 
(SHONE AND AULT.)

In the centre of the illustration is seen the ‘ Ejector ’ placed underground in 
a special brickwork chamber. The Afferent and Efferent Sewers are seen at the 
lower part of the ejector, the efferent sewer opening into the Cast Iron Main 
which conveys the sewage to the outfall. Running beside the main is seen the 
Small Pipe bringing the Compressed Air from the Central Compressed Air ' 
Station (not shewn), and connected with the Valve at the top of the ejector.

•
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OTHER SYSTEMS OF SEWAGE REMOVAL.

T h e r e  a re  th ree  o th e r  m e th o d s  f o r  th e  d isp osa l o f  s e w a g e  
w h ic h  m o s t  b e  m e n t io n e d , viz., T h e  S h o n e , L ie r n u r  a n d  
B e r b e r  s y s te m s , a ll n a m e d  a ft e r  th e  in v e n to r s , a n d  a lso  a 
m o d ifica t io n  o f  th e  o r d in a r y  m e th o d s , te rm e d  th e  I n t e r c e p ­
t io n  s y s te m . I n  th e  S h o n e  sy stem  propulsion  b y  m ea n s  o f  
c o m p r e s s e d  a ir  is  th e  e sse n tia l fe a tu r e , in  th e  o th e r  tw o  
sy s te m s  extraction b y  m ea n s o f  a p a r t ia l v a c u u m  is th e  
m ea n s a d o p t e d .*

Shone’s Hydro-Pneum atic System .— T h is  m e th o d  is e s p e ­
c ia lly  s u ita b le  in  th e  ca se  o f  lo w - ly in g  tow n s  w h e re  th e  
se w e rs  c a n n o t  b e  la id  w ith  s te e p  e n o u g h  g r a d ie n ts  to c a r r y  
th e  s e w a g e  to th e  o u t fa l l .  T h e r e  a re  p le n ty  s u ch  to w n s  
in th e  I n d ia n ‘ E m p ire , a n d  o n e  o f  th e se , R a n g o o n , h a s  
a lre a d y  a d o p te d  t liis  sy s te m . I ts  o b je c t  is to  g iv e ,  b v  
m e a n s  o f  c o m p r e s s e d  a ir , an ‘ a r t ific ia l h e a d ’ to  th e  s e w a g e  
a n d  th e  e f fe c t  p r o d u c e d  is th e  sa m e  as i f  th e  s e w a g e  h a d  
b e e n  p u m p e d  u p  fr o m  a  lo w e r  to  a h ig h e r  le v e l. C a re fu l 
s tu d y  o f  th e  a c c o m p a n y in g  p la te  (x i)  w ill  e n a b le  th e  sy s te m  
to  b e  u n d e r s to o d  in  a ll e sse n tia l d e ta ils . T h e  to w n  is first 
d iv id e d  in to  so  m a n y  b lo c k s  o r  d iv is io n s . T h e  se w e rs  c o n ­
v e r g e  fro m  e a ch  b lo c k  to  a  c o m m o n  p o in t  w h e re  th e re  
is p la c e d  u n d e r g r o u n d  a  h o l lo w  c h a m b e r , th e  Ejector. T ib s  
h as th re e  o p e n in g s  iu to  it— tw o  m ain  o p e n in g s  a t th e  
lo w e r  p a rt a n d  o n e  sm all o p e n in g  a t th e  to p . T h e  sm all 
o p e n in g  a t th e  to p  is  k e p t  c lo s e d  b y  a  v a lv e  fr o m  w h ic h  
d e p e n d s  a r o d  c a r r y in g  a floa t . T h e  tw o  m a in  o p e n in g s  
a re  s im p ly  th o se  o f  th e  se w e r  b r in g in g  th e  s e w a g e  to  th e  
R e c t o r  (a ffe re n t  se w e r ) a n d  o f  th e  s e w e r  w h ich  ca r r ie s  a w a y  
th e  s e w a g e  (e f fe r e n t  s e w e r .)  T h e  fo r m e r  is c lo s e d  b y  a 
h in g e d  v a lv e  o p e n in g  in w a rd s , th e  la tte r  b y  a  h in g e d  
v a lv e  o p e n in g  o u tw a rd s . A t  a  c e r ta in  s p o t  is  c o n s tr u c te d  
<i c o m p le te  se t  o f  m a ch in e ry  fo r  s u p p ly in g  c o m p r e s s e d  a ir  
a t a n y  d e s ir e d  p re s su re  (c o m p r e s s e d -a ir  s ta t io n .)  T h is  
c o m p r e s s e d  a ir  is c o n v e y e d  b y  a  sm all p ip e  to  th e  to p  
o f  e a c h  e je c t o r  b u t  c a n n o t  g e t  iu to  th e  e je c t o r  on  a c c o u n t

* c.f. Artificial ventilation, p. 24.
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o f  th e  c lo su re  o f  th e  v a lv e  g u a r d in g  th e  u p p e r  o p e n in g .
S u p p o s e  n o w  th e  s e w a g e  fr o m  a  b lo c k  o f  h o u se s  is g r a d u ­
a lly  f lo w in g  in to  a n d  f i l l in g  th e  e je c to r  b y  g r a v ita t io n .
A s  it  d o e s  so , th e  floar, is  c a r r ie d  u p w a rd s  a n d  w h en  the 
flu id  in  th e  e je c to r  has r e a c h e d  a  ce r ta in  le v e l  th e  p ressu re  
e x e r te d  o p e n s  th e  f lo a t in g  v a lv e . T h e  co m p re s se d  a ir 
im m e d ia te ly  ru sh es  in a t a  r e g u la te d  p re ssu re  o f  so m a n y  
p o u n d s , the in w a r d -o p e n in g  f la p -v a lv e  is c lo s e d , th e  o u t ­
w a r d -o p e n in g  f la p -v a lv e  is o p e n e d , a n d  th e  se w a g e  is 
f o r c e d  o u t  a n d  propelled to  a h ig h e r  le v e l. I t  th e n  e n te rs  
an  o r d in a r y  g r a v ita t in g  s e w e r  in  m o st  c a s e s ; o r , i f  th e  
r ise  h as to  b e  m o re  g r a d u a l and  th e  s e w a g e  c a r r ie d  a 
l o n g  d is ta n ce , it e n te rs  a ‘  s e a le d ’ s e w e r  o f  c a s t  iro n  p ip es .
I f  th e  a ir  is c o m p r e s s e d  l o lb s .  to  th e  sq u a re  in ch  (1 
a tm o sp h e re ) th e  s e w a g e  w ill g a in  an  a r t ific ia l ‘ h e a d ’ e q u i­
v a le n t  to  a  h e ig h t  o f  3 1  fe e t .  In  E a n g o o n  a b o u t  71 bs. (o r  
ju s t  u n d e r  0 5  a tm o s p h e re ) is  u su a lly  su ff ic ie n t .*  I t  is 
w o r th  n o t in g  th a t  in  th is  sy stem  th e  a ir  is  co m p re s se d  a t 
o n e  s ta t io n , th e  e je c to r s  a c t in g  a u to m a tica lly . T h is  m ea n s 
a s a v in g  o f  la b o u r  as c o m p a r e d  w ith  p u m p in g  s ta t ion s  o f  
w h ich  th e re  a re  o r d in a r ily  se v e ra l.

lae rn u r and Berber Systems.— U n d e r  th e  L ie r n u r  sy stem  
th e  w a ste  w a te r , ra in  and  su b s o il  w a te r  a re  d is p o s e d  o f  b y  
o r d in a r y  sew ers . 'The sy s te m  p r o p e r  c o m m e n c e s  in a ir - 
c lo s e t s — as d is t in g u is h e d  fro m  w a te r -c lo se ts . T h e se  a re  
s im p ly  iron  r e c e p ta c le s  o f  th e  sam e sh a p e  as a  h o p p e r -c lo s e t  
(u. p i. v i) w ith  a  s ip h o n  tra p  u n d e rn e a th . 'I'lie e x c r e ta , liq u id  
a n d  s o lid , a re  p a ssed  d ir e c t  in to  th e  c lo s e t ,  b u t  n o  w a te r  is 
a d d e d . I t  is u n n e ce ssa ry  to  d e s c r ib e  th e  c o n s tr u c t io n  and  
s ize  o f  th e  p ip e s  in  d e ta il. T h e y  are  c o n n e c te d  w ith  re se r ­
v o ir s  p la ce d  a t ce rta in  sp o ts  b e lo w  the g r o u n d , lik e  th e  S h o n e  
e je c to r s . In s te a d  o f  a  c o m p r e s s e d -a ir  sta tion  th ere  is in th is 
ca se  m a ch in e ry  fo r  p r o d u c in g  an a ir -v a cu u m . A  v a cu u m  is

* As noted on p. 56, in n town where the Shone system is in use 
separate ejectors supplied from the central corn pressed-air station, but con­
nected with the wnter mains instead of the sewers, can be h.id for giving a 
‘ heafi' fco the water-supply, so that the latter can be distributed, without 
pumping, to the upper stories of tire houses. This has bean already done 
m Rangoon. J
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p r o d u ce d  in  tlie  re serv o irs  a n d  th e  v a lv e  co n n e c te d  w ith  the 
s tree t sew er  is th en  o p e n e d  b y  h an d , i h e  se w a g e  lu sh e s  
in a n d  n ea r ly  fills  th e  re se rv o ir , th e re u p o n  a  litt le  a ir is 
a d m itte d  a n d  th e  w h o le  c o n te n ts  o f  th e  re se rv o ir  d ra w n  
aw ay  a lo n g  th e  o u tg o in g  sew er  t o  th e  ce n tra l w o rk s  w h e re  
th e  se w a g e  is d r ie d  in  r e v o lv in g  c y lin d e r s  an d  th e  re su lt in g  
p o w d e r  so ld  as m an u re . T h e re  is  a  g r e a t  d iffe re n ce  o f  
o p in io n  as to  w h e th e r  th e  system  is an  o b n o x io u s  on e  o r  
n o t ;  i t  c e r ta in ly  a p p ea rs  o n  th e  fa c e  o f  it  as i f  th ere  w e ie  
se v e ra l v a lid  o b je c t io n s  to  th e  p la n . I t  w ill  b e  n o te d  th a t  
it  d o e s  n o t  d o  a w a y  w ith  th e  n e ce ss ity  fo r  o th e r  sew ers , f o i  
n o t  o n ly  rain a n d  su b s o il  w a te r  h a v e  to b e  r e m o v e d  b u t  
a ll w aste  w a te r  e x c e p t  th a t fr o m  c lo se ts . A s  sh ow n  b e f o i e ,  
su ch  w aste  w a te r  is a lm o st  q u ite  as. im p u re  as w h e n  th e  
e x c re ta  a re  a d d e d  a n d  is  q u ite  u n fit fo r  d ire c t  d is c h a r g e

in to  a  w a tercou rse .

T h e  B e r b e r  sy s te m *  is a m o d ifica t io n  o f  th e  fo r e g o in g  a n d  
is iu use in  P a r is , th e  c h ie f  d is t in c t io n  b e in g  th a t it  w o rk s  
a u to m a tica lly  b y  a  f lo a t in g -v a lv e  a r ra n g e m e n t , w h e re a s  iu  
th e  L iern u r sy s te m  th e  v a lv e s  h a v e  to b e  w o rk e d  b y  h a n d .

Interception System.-f— Tkis  sy s te m  h as b e e n  a d o p te d  in  

th is  c o u n tr y  iu  th e  B la c k to w n  s e w e ra g e  w o rk s  iu  M a d ra s .
In  som e  ca ses , as a t B e r lin , in  G e rm a n y , th e  sew ers  a re  
c o m p o s e d  o f  tw o  p a rts , as it  w e re  (v. p i. ix ) ,  th e  lo w e r  a u d  
sm a ller  p a r t  b e in g  th e  ch a n n e l a lo n g  w h ic h  th e  s e w a g e  
o r d in a r ily  flow s in  d ry  w e a th e r , a n d  w h ic h  le a d s  to  th e  
o rd iu a ry  se w e r  o u t fa ll  a t th e  s e w a g e  fa rm s  o r  o th e r  p la ce  
o f  d isp o sa l. W h e n  h e a v y  ra in  fa lls  th is  ch a n n e l is  q u ite  
in su ffic ien t to  ca rry  o ff  th e  s to rm w a te r  w h ich  p ou rs  in to  th e  
sew ers  in  en o rm o u s  v o lu m e , 'i ’he resu lt  is  th a t th e  e n tire  
se w e r  b e c o m e s  filled  w ith  v e r y  m u ch  d ilu te d  s e w a g e  th e  
g re a te r  p a r t  o f  w h ich  is ‘ in t e r c e p t e d ’ a n d  c a r r ie d  o ff  as 
storm  o v e r flo w  to  an o u t fa ll  in to  th e  n e a re s t  r iv e i ol th e

* For a good account of this system, v. Wallace, op. cit., p. 135, et scg.
f  The name ‘ Interception’ is sometimes given to systems by winch the 

solid are separated from the liquid excreta. As applied heie it has a 
different significance, viz., the ‘ interception’ and carrying away of storm 
water to a separate outfall.
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sea . In  M a d ra s , th e  a r ra n g e m e n t  is s o m e w h a t d iffe ren t.
T h e r e  th e  o p e n  d ra in s  a re  led  in to  la r g e  g u ll ie s  w h ic h  
h a v e  tw o  o p e n in g s , an  u p p e r  a n d  lo w e r . O rd in a r ily , th e  
s e w a g e  flow s a w a y  b y  th e  lo w e r  o p e n in g  in to  th e  sew ers .
In  s to rm  t im e  the g r e a te r  p a r t  o f  th e  m ix e d  ra in  w a te r  a n d  
s e w a g e  en ters  th e  u p p e r  o p e n in g  a n d  is ca rr ie d  b y  th e  
o ld  d ra in s  to  th e  sea  on  th e  o n e  h a n d  a n d  to  th e  ca n a l on  
th e  o th e r , w h ils t  th e  re m a in d e r , w h ic h  co n ta in s  a  r e la t iv e ly  
la r g e r  p r o p o r t io n  o f  th e  s e w a g e , en ters  th e  c lo s e d  se w e rs  
th r o u g h  th e  lo w e r  o p e n in g  in  th e  g u lly  (v. p i. ix ) .  W h e n  
th e  d ilu te d  s e w a g e  e n te rs  th e  sea  o r  a t id a l w a ter  th e  
sy s te m  is p r o b a b ly  a  g o o d  on e  a n d , fr o m  th e  e n g in e e r in g  
p o in t  o f  v ie w , w e ll  su ite d  to  a  c o u n tr y  l ik e  th is  w h e re  
e n o rm o u s  fa lls  o f  ra in  o c c u r  s u d d e n ly . W h e r e ,  h o w e v e r , 
th e  d ilu te  s e w a g e  is  c o n v e y e d  in to  a  r iv e r  w h ic h  is  a  so u rce  
o f  w a te r -s u p p ly  it  c a n n o t  b e  c o n s id e r e d  a  v e r y  g o o d  p la n .
In  a d d it io n , i t  fa i ls  to  d e a l w ith  th a t  im p o r ta n t  t h in g — th e  
s u b s o il  w a te r . A s  n o te d  b e fo r e , se w e rs  sh o u ld  c a r ry  s e w ­
a g e  o n ly , w h ils t  th e  ra in  a n d  s u b s o il  w a te r  a re  r e m o v e d  b y  
d ra in s . O f  c o u rs e , in  a  lo w - ly in g  c i t y  l ik e  M a d ra s  th e  
d iff icu lty  o f  d o in g  th is  is  v e r y  g r e a t . W h e r e  an  in te r c e p ­
tion  sy s te m  is in  fo r c e , th e  b e s t  w a y  w o u ld  p r o b a b ly  b e  to  
s e t  a p a rt  a  s u ita b le  p ie c e  o f  lo w - ly in g  w a s te  la n d  n ea r  th e  
r iv e r  a n d  to  e r e c t  a  band b e tw e e n  th is  a u d  th e  r iv e r . T h e  
d ilu te  s e w a g e , f o r  su ch  it  r e a lly  is, sh o u ld  b e  m a d e  to  flow  
on  t o  a n d  f lo o d  th is  la n d  in to  w h ic h  it  w o u ld  g r a d u a lly  
s in k  a n d  b e  f i lte r e d  d o w n w a rd s , th e  c o n s id e r a b ly  p u r ifie d  
e fflu en t f in d in g  its  w a y  in to  th e  r iv e r . S u c h  a  sy s te m  is a t  
b e s t  a  m o d ific a t io n  o f  th e  c o m b in e d  sy s te m  a n d  n o th in g  
b u t  u r g e n t  p e cu n ia ry  d ifficu lt ie s  c o u ld  ju s t i fy  its  a d o p t io n  in 
p la c e  o f  a  g o o d  se p a ra te  sy s te m . E v e n  in  th is  la t te r  ca se , 
h o w e v e r , th e  o r ig in a l  c o s t  a n d  e x t r a  ta x a t io n  w o u ld  a lm o st  
c e r ta in ly  b e  m o re  th a n  re p a id  b y  im p r o v e d  g e n e ra l h ea lth  
a n d  fr e e d o m  fr o m  e p id e m ic s  o f  f ilth -d ise a se s .

DISPOSAL OP SEWAGE.

T h is  is  o n e  o f  th e  m o s t  im p o r ta n t  a u d  m o s t  d ifficu lt  
p r o b le m s  o f  th e  p re s e n t  d a y , its  im p o r ta n c e  a n d  d ifficu lty
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b e in g  ch ie fly  o w in g  to  th e  en orm ou s  a g g r e g a t io n s  o f  
hu m an  d w e llin g s  w h ich  con stitu te  the g re a t  c it ie s  o f  the 
w o r ld , e.g., L o u d o n , P a ris , B e r lin , B o m b a y , C a lcu tta ,
M a d ra s , e tc . In  th ose  tow n s w h ich  are p ro p e r ly  se w e re d  th e  
am ou n t o f  sew a g e  to  be d isp osed  o f  d a ily  is a lm ost b e y o n d  
b e lie f , an d  in th ose  w h ich  are n o t  p ro p e r ly  se w e re d  it  is 
a b so lu te ly  ce r ta in  th a t th e  su b so il o f  th e  tow n  d a ily  re ce iv e s  
an  im m en se  am ou n t o f  l iq u id  im p u rity , w h ich  fo rm s a 
h o t -b e d  a n d  n u rsery  fo r  m a n y  d e a d ly  d iseases.

A s  a  resu lt o f  cou n tle ss  ex p e r im e n ts  a n d  rep orts  m a d e  
in  co n n e c t io n  w ith  th is  s u b je c t  a v e r y  la r g e  n u m b e r  o f  
p ro ce sse s  fo r  th e  d isp osa l o f  se w a g e  h a v e  b e e n  in v e n te d .
T h ese  ca n  b e  c la ss ified  u n d e r  sev era l h ea d s  as fo l lo w s  :—

_ .
(1) T h e  c r u d e  se w a g e  is p a sse d  d ire c t ly  in to  th e  sea  or

t id a l r iv e r .— Direct Disposal.

(2) T h e  se w a g e  is a llo w e d  to  ‘ se ttle  ’ in  la r g e  su b s i­
d e n ce  ta n k s , th e  efflu ent b e in g  d isch a rg e d  in to  a 
r iv e r  o r  th e  se a .— Disposal by Subsidence or 
Mechanical Precipitation.

(3) T h e  s e w a g e  is s u b je c te d  to  m e ch a n ica l f iltra tio n ,
w ith  o r  w ith ou t p re v io u s  su b s id e n ce , th e  e ffluent 
p a s s in g  o n  to  la n d  o r  in to  a r iv e r .— Mechanical 
Filtration .

(4 ) T h e  c ru d e  s e w a g e  is m a d e  to  flow  o v e r  a la rg e  area
o f  la u d  w h e re o n  su ita b le  p la n ts  are  g r o w n .— I r r i ­
gation.

(5 ) T h e  c ru d e  se w a g e  is m a d e  to  flow  o v e r  an d  th ro u g h
sm all tra cts  o f  la u d  p re v io u s ly  p re p a re d  b y  d e e p  
d ra in a g e .— Interm ittent Downward F iltration .

(6 ) T h e  se w a g e  is  in tro d u ce d  in to  ta n k s au d  som e c h e m i­
ca l p re c ip ita n t  a d d e d , th e  effluent, a fte r  su b s i­
d en ce  o f  p re c ip ita te , p a s s in g  on  to  la n d  o r  in to  a 
r iv e r .— Chemical Precipitation.

(7 ) T h e  S e w a g e  is first trea ted  w ith  a p re c ip ita n t  a u d
th en  filte re d , th e  effluent p a ss in g  on  to  la n d  o r  in to
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a  r iv e r  .— Combined Chemical Precipitation and 
F iltration . (In te r n a t io n a l o r  F e r r o z o n e  P ro ce s s .)

(8 ) T h e  s e w a g e  is e x p o s e d  to th e  a c t io n  o f  e le c t r ic i t y .—  
Electro lytic Process. (W e b s t e r ) .

1. Direct discharge into T ida l R ive r or Sea.— F o r m e r ly , 
as b e fo r e  re m a rk e d , w h e n  s e w e ra g e  sy s te m s  w e re  first 
in tr o d u c e d  in to  G re a t  B r ita in , th e  w h o le  o f  th e  s e w a g e , 
w a ste  w a ter  fr o m  m a n u fa c to r ie s , e tc .,  w e re  d is c h a r g e d  
d ir e c t  in to  th e  n e a re s t  w a te r c o u r s e  o r  in to  th e  sea . T h e  
re s u lt  o f  th is  w a s  th e  c re a t io n  o f  a  n u isa n ce  on  a  s tu p e n d o u s  
s c a le . R iv e r s  w h ich  h a d  fo r m e r ly  b e e n  th e  c h ie f  o rn a m e n t  
o f  th e  tow n s s itu a te d  on  th e ir  b a n k s, b e ca m e  n o th in g  m o re  
n o r  less  th a n  o p e n  se w e rs , e.g., th e  R iv e r  I r w e ll  a t M a n ­
c h e s te r , th e  f  h a m es  a t L o n d o n  a n d  co u n tle ss  o th e r  r iv e rs .
A t  m a n y  sea s id e  p la ce s , a lso , th e  s e w a g e  w h ic h  w as d is ­
c h a r g e d  in to  th e  sea  w as ca rr ie d  b a c k  b y  th e  r e tu r n in g  t id e  
a n d  d e p o s ite d  a lo n g  th e  b e a c h  in  f r o n t  o f  th e  to w n . In  
1876  th e  R iv e r s  P o llu t io n  A c t  w a s  p a ssed  m a k in g  it  i l le g a l  
to  d is c h a r g e  c r u d e  s e w a g e  in to  strea m s, w h ich  term  in d u cte d  
r iv e rs , ca n a ls , la k e s  a n d  m o st  w a te rco u rse s  ; a lso  th e  sea  
a n d  t id a l w a te rs , e x c e p t  u n d e r  ce r ta in  re s tr ic t io n s  a n d  
co n d it io n s . U n fo r tu n a te ly , o w in g  to  p o w e r fu l  o p p o s in g  
in te re s ts , th e  A c t  has b e e n  to  a la r g e  d e g r e e  in o p e r a t iv e , 
b u t  th e re  is re a so n  to  b e lie v e  th a t  it  w ill b e  a d m in is te re d  
w ith  g r e a te r  s tr ic tn e ss  in  th e  fu tu re .

F o r  a lo n g  tim e i t  h a s  b e e n  a  d is p u te d  m a tte r  to  w h a t  
e x te n t  s e w a g e , i f  d is c h a r g e d  d ir e c t , o r  a fte r  p a r t ia l  tre a t­
m e n t, in to  r u n n in g  w a te r , b e c o m e s  p u r if ie d . M a n y  iu - 
t e ie s t in g  e x p e r im e n ts  h a v e  b e e n  m a d e  a n d  r e p o r ts  s u b ­
m itte d  b u t  th e  m a tte r  is b y  n o  m ean s c o m p le t e ly  s e t t le d  
y e t .*  I t  is c e r ta in  th a t  r iv e r  w a te r  w h ich  h as b e e n  p o llu te d  
m a y , in  p r o c e s s  o f  tim e, r e g a in  its  p u r ity  so  fa r  as a n y  
a v a ila b le  tests  ca n  sh o w . B u t, to  b r in g  a b o u t  s u ch  p u r ifi-

* Even now, the authorities in the town of Aberdeen in the north of 
Scotland are undecided, on account of this difference of opinion ns to 
whether they can safely take water for the supply of that town from the 
river Dee, tins same river receiving sewage from towns situated higher uo 
in its course. °  ‘

/ F / W m  / n
( l(£ )*) . (fil
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ca tion  m any co n d it io n s  are n e ce ssa ry , e.g., a co u rse  o f  m an y  
m iles  o f  tlie  r iv e r  fr e e  from  an y  fresli o r  a d d ition a l c o n ­
ta m in a tion , a ra p id  cu rren t, su ita b le  tem p era tu re , e tc ., an d  
it  is  im p oss ib le , in a n y  r iver , to  en su re  th a t th ese  co n d it io n s  
w ill a lw a y s  b e  fu lfil le d . A s a m a tte r  o f  fa c t  a r iv e r  p a ss ­
in g  th ro u g h  an in h a b ite d  co u n try  is a lm ost ce rta in  to  b e  
fo u le d  at fr e q u e n t  in te rv a ls . In  E n g la n d  “ r iv e rs  w h ich  
a re  o u ce  p o llu te d  w ith  se w a g e  so con tin u a lly  re ce iv e  fresh  
a c ce ss io n s  o f  se w a g e  fro m  tow n s  situ a ted  lo w e r  d o w n  
on  th e ir  b a n k s  th a t th e  p ro ce sse s  o f  s e lf -p u r if ica t io n  are  
b r o u g h t  to a  sta n d still, an d  th e  co n ta m in a tio n  o f  the w a ter  
g ra d u a lly  b u t  c o n s ta n tly  in crea ses  fr o m  th e  sou rce  to  th e  
m on th  o f  the r iv e r .” *  In  th is  co u n try , o f  cou rse , the c h ie f  
r iv e rs  are  la rg e r  an d  lo n g e r , a n d  th o u g h  la rg e  tow n s  are 
n o t  so  c lo s e ly  p la ce d  a lo n g  th e ir  b a n k s  a n d  they, d o  n ot 
r e c e iv e  the sam e q u a n tity  o f  w aste w a te r  fr o m  m a n u fa c to ­
r ie s , still th ey  a re  c o n t in u a lly  b e in g  p o llu te d  b y  filth  o f  a ll 
sorts  fro m  tow n s  a n d  v illa g e s . In  fa c t  the sm a ller  r iv e rs  
a re  so fou l a lre a d y  th a t  in  m any ca ses  th e y  are in  m u ch  
th e  sam e c o n d it io n  as i f  la rg e  sew er  ou tfa lls  o p e n e d  in to  
th em . I t  w ill be  seen  then  th at m an y  r iv e rs  a re  o rd in a r ily  
so im pure  th a t any a d d it io n a l se w a g e  p u rp o se ly  d is ch a rg e d  
in to  them  w ou ld  re n d e r  them  h o p e less ly  fo u l. F in a lly , it  
m ust b e  rem em b ered  th a t m a n y  r ivers , e x c e p t  the la rg e s t , 
d ry  up a lm ost c o m p le te ly  d u r in g  severa l m on th s  o f  th e  
y e a r  an d  c o u ld  n o t  th e re fo re  be  u sed  to  c a r ry  o ff  se w a g e  
fro m  a n y  t o w n .f

T h e  actu a l p rocess  o f  p u rifica tion  w h ich  se w a g e  u n d e r ­
g o e s  in  ru n n in g  w a te r  is b r o u g h t  a b o u t  ch ie fly  th rou g h  
o x id a t io n  o f  th e  im p u ritie s  by th e  o x y g e n  d isso lv e d  in  the 
w a ter . J T h ere  is litt le  d o u b t  th a t-certa in  k in d s  o f  b a c te r ia

* S. ami M., op. cit., p. 851.
f  la Madras may be seen tlie horrible sight of sewers discharging their 

liquid filth into the more or less dried-ap salt baokwater named the Oooutn.
The sewers open many feet from the nearest water, and, as the water from 
the sewage which trickles ont of the drains evaporates quickly, there is left 
a daily-increasing foreshore of black and most offensive Blitne. It is almost; 
beyond comprehension that such a state of matters has been permitted to 
arise and continue in the capital town of a Presidency.

t  v. p. 66,

*
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a n d  o th e r  m ic ro -o rg a n is m s  p la y  an  im p o r ta n t  p a r t  in  b r in g ­
in g  a b o u t  th is  o x id a t io n . ' A d d it io n a l  o x y g e n  is  p a r t ly  
d e r iv e d  fr o m  so lu tion  o f  fre sh  a tm o s p h e r ic  o x y g e n  as th e  
w a te r  ru n s o v e r  sh a llow s  a n d  p a r t ly  fr o m  th e  v ita l p ro ce sse s  
o f  tlie  n u m erou s  w a te r  p la n ts  w h ich  g r o w  in r u n n in g  w a ter .
T h e  s e w a g e  m a tte rs  a lso  se rv e  as fo o d  f o r  ce r ta in  fish es 
a n d  fo r  th e  co u n tle ss  low  fo r m s  o f  an im al l i fe ,  infusoria 
entomostraca, e t c .,  w h ic h  flou rish  in  im p u re  w a te r  a n d  
w h ic h , a p p a r e n t ly , m a y  p la y  a v e r y  im p o r ta n t  p a r t  in  d is ­
se m in a t in g  d is e a s e .*  S u b s e q u e n t ly , if  fr e sh  a d d it io n s  o f  
s e w a g e  a re  m a d e  to th e  a lre a d y  im p u re  w a te r , th e  to ta l 
a v a ila b le  o x y g e n  is q u ite  in su ffic ien t , th e  fish es a n d  plaints 
d ie , a n d  th e  n u m b e r  o f  p u tr e fa c t iv e  m ic r o -o r g a n is m s  
b e c o m e s  g r e a t ly  in c re a s e d . A c t iv e  fe r m e n ta t iv e  p ro ce s s e s  
a re  th e n  se t up a n d  th e  r iv e r  b e c o m e s  s im p ly  an  o p e n  se w e r  
fr o m  w h ic h  m o s t  o ffe n s iv e  o d o u r s  a re  g iv e n  o ff . I t  is 
e x tre m e ly  d iff icu lt  to t ra ce  o u tb re a k s  o f  p a r t ic u la r  d ise a se s  
d ir e c t ly  to  su ch  a sta te  o f  th in g s , u n less  su ch  fo u l w a te r  
is u se d  fo r  d r in k in g  p u rp o se s , b u t  th e re  is  a b u n d a n t  e v id ­
e n ce  th a t it  p r o d u c e s  a lo w  sta te  o f  v ita lity  in th o se  w h o  
a re  fo r c e d  to  r e s id e  in th e  n e ig h b o u r h o o d , so  th a t  th e v  are  
o n ly  to o  l ia b le  to fa ll v ic t im s  to  a n y  p r e v a le n t  d ise a se , e.y., 
c h o le ra .

W it h  r e g a r d  to  th e  d is c h a r g e  o f  s e w a g e  in to  t id a l w a ters  
th e re  a re  m a n y  in te r e s t in g  p o in ts  w h ich  c a n n o t  b e  d e a lt  
w ith  h e re . T h e  p r o p e r  w a y , as b e fo r e  m e n t io n e d , is  to  
s to re  u p  th e  s e w a g e  in  s u ita b le  ta n k s  a t th e  o u t fa ll  a n d  
d is c h a r g e  it  ju s t  as th e  tid e  b e g in s  to  e b b . W h e n  sa lt o r  
b ra ck is h  w a te r , h o w e v e r , c o m e s  in c o n ta c t  w ith  fr e s h  
s e w a g e , a c t iv e  c h e m ica l  c h a n g e s  ta k e  p la ce  a n d  t h e o r g a n ic  
m a tte rs  in  th e  s e w a g e  are  la r g e ly  p r e c ip ita te d . I f  th is  g o e s  
on  d a y  b y  d a y  a  v e ry  c o n s id e r a b le  a m ou n t o f  o f fe n s iv e  
m a tte r  is d e p o s ite d  a n d  in  tim e  m a y  fo rm  a  b a n k .o f  su ffi­
c ie n t  s ize  to  in te r fe r e  w ith  n a v ig a t io n . T h e  s e w a g e  m a y  
b e  c a r r ie d  b a c k  a c o n s id e r a b le  d is ta n ce  b y  th e  f lo w in g

* v. p. 85, etpost. Parasites of Mau.
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title , o r  b y  v a r ia b le  c u r r e n ts , a n d  ca u se  a  g r a v e  n u is a n ce .*
A  p e c u lia r  a n d  d is a g r e e a b le  sm e ll, d u e  to  th e  fo rm a tio n  o f  
a  c h lo r in a te d  c o m p o u n d , is n o t ic e a b le  w h e n  c r u d e  s e w a g e  
a n d  sa lt  w a te r  m e e t .

I f  th e n  c r u d e  s e w a g e  is to  b e  d is c h a r g e d  in to  a t id a l 
w a te r  o r  in to  th e  se a  d ir e c t ,  m a n y  p r e c a u t io n s  m u st b e  
ta k e n  a n d  c a r e fu l  s tu d y  m a d e  o f  th e  t id e s , c u r r e n ts , r e la ­
t iv e  p o s it io n  o f  th e  t o w n , e t c .,  e t c .  I t  is v e r y  d o u b t fu l  i f  
it  sh o u ld  e v e r  b e  a llo w e d , m o re  e s p e c ia l ly  in  th is  c o u n tr y  
w h e re  it  is  so  u r g e n t ly  n e e d e d  fo r  ir r ig a t io n  a n d  m a n u ria l 
p u rp o se s . U n d e r  n o  c ir c u m s ta n c e s  sh o u ld  c r u d e  s e w a g e  
b e  d is c h a r g e d  in to  a  r iv e r  a b o v e  th e  t id a l r e a c h .

2 . Mechanical Subsidence in  tanks a n d  3 . M echanical 
F iltra tio n , w ith or without previous subsidence.

T h e s e  tw o  p r o c e s s e s  b e lo n g  to  th e  p e r io d  w h e n  a tte m p ts  
w e r e  first  m a d e  td  p u r i fy  s e w a g e  e re  d is c h a r g in g  it  in to  a 
r iv e r .  I n  th e  firs t  ca se  it  is to  b e  n o te d  th a t  la r g e  a n d  
c o s t ly  ‘ s e t t l in g  ta n k s ’ a re  n e ce s s a ry  a n d  th a t  th e  s u s p e n d e d  
m a tte rs  a re  o n ly  v e r y  s lo w ly  d e p o s it e d . In  th e  s e c o n d  
ca se  th e  filte rs , m a d e  o f  g r a v e l ,  c h a r c o a l ,  e t c .,  s o o n  b e c o m e  
b lo c k e d  a n d  a re  c o s t ly  to  r e n e w . T h e  e fflu en t in b o t h  ca se s  
is still h ig h ly  im p u re  a n d  q u ite  u n fit  to  d is c h a r g e  in to  a 
r iv e r . B o th  p r o c e s s e s  a re  p r a c t ic a l ly  o b s o le te  a n d  n e e d  n ot 
b e  fu r t h e r  d e s c r ib e d . 1 a r t ia l s u b s id e n c e  o r  s t r a in in g , 
h o w e v e r , a re  still e m p lo y e d  in m a n y  ca se s , e re  a l lo w in g  th e  
s e w a g e  to  flow  o n  to  l a n d . f

-f. Irrigation . T h e re  a re  tw o  m e th o d s  o f  ir r ig a t io n  in  
us e,ziz., B i oad o r  Surface  I r r ig a t io n  an d  Subsoil I r r ig a t io n .
T h e  first  m e th o d  is  b y  fa r  th e  c o m m o n e s t  a n d  is  u n d o u b t -  
e d ly  o f  g r e a t  im p o r ta n c e  in  c o n n e c t io n  w ith  s e w a g e  d is ­
p osa l iu th is  c o u n t r y . I t  w il l  b e  c o n s id e r e d  first  a n d  in  
c o n s id e r a b le  d e ta il .  C a r e fu l  d is t in c t io n  m u st b e  d r a w n  
b e tw e e n  th is  p r o c e s s  a u d  th a t  k n o w n  as In te r m it te n t  F i l ­
tr a t io n . J I t  is d e f in e d  as th e  distribution of sewage over a

A a at London, or Loch Fyne in tire W. (’oast of Scotland.
T v. post. Irrigation and Intermittent Filtration.
+ 9- v- P- 183.
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large surface o f ordinary agricultural ground, having in  
view a maximum growth o f vegetation (consistently with due 
'purification) fo r the amount o f sewage applied. T h a t  is  t o  
sa y , t lie  s e w a g e  is  a llo w e d  to  flow  o v e r  th e  g r o u n d , in to  
w h ic h  it  s in k s  a n d  is f i lte r e d , its  p r o d u c ts  b e in g  o x id is e d  
a n d  u t ilise d  as fo o d  fo r  th e  c r o p s  g r o w n  on  th e  la n d , w h ils t  
th e  filtra te  o r  e fflu en t p a sse s  in to  d ra in s  la id  a t a su ita b le  
d e p th  a n d  is  ca i’r ie d  a lo n g  a n  o u t fa ll  f o r  d is c h a r g e  in to  a 
r iv e r  o r  in to  th e  sea . T lie  first  e ssen tia l in  s ta r t in g  a  se w a g e  
ir r ig a t io n  fa rm  is a  p ie c e  o f  g ro u n d  with a gentle slope 
towarde the outfall, i f  p o s s ib le , s itu a te d  a t a  convenient dis­
tance from  habitations, moderate in  price a n d  w ith  a  soil of 
the proper hind. T h e  b e s t  k in d  o f  so ils  a re  l ig h t  sa n d y  so ils  
w ith , i f  p o s s ib le , a  su b so il o f  g r a v e l . T h e  ‘ p o o r e r ’  th e  so il 
th e  b e tte r , a n d  p u re  sa n d  is  m u ch  p i 'e fe r a b le  to  a r ich  so il 
w h ic h  is n a tu ra lly  d a m p  a n d  r e te n t iv e  o f  m o is tu r e .*  A s  
r e g a r d s  th e  a m o u n t o f  la n d  w h ic h  is  n e ce ssa ry  th a t  d e ­
p e n d s  p r im a r ily  on  th e  p o p u la t io n  o f  th e  p la c e  a n d  s e c o n d ­
a r ily  on  th e  k in d  o f  so il. Iu  E n g la n d  it  is  g e n e r a lly  s ta te d  
th a t  1 a c re  sh ou ld  b e  a llo w e d  to  e v e r y  100  p e r s o n s ; no ru le  
a v a ila b le  f o r  a ll c ir cu m s ta n ce s  is  p o s s ib le . T h e  n u m b e r  
p e r  a c re  w ill  v a ry  fr o m  50 to 2 0 0  a c c o r d in g  to  th e  n a tu re  o f  
th e  so il a n d  th e  a v e r a g e  a m o u n t o f  s e w a g e  p er  h ea d . In  
In d ia , o w in g  to  th e  g e n e r a l  a b s e n ce  o f  w a te r -c lo s e ts  a n d  
t o  th e  r a p id  e v a p o r a t io n , th e  a m o u n t o f  la u d  re q u ire d  fo r  
a  g iv e n  n u m b e r  w ill  p r o b a b ly  b e  less  th a u  in a E u ro p e a n  
to w n .

T h e  s e w a g e  is  c o n d u c te d  b y  th e  m a in  se w e r  to  th e  
h ig h e s t  s p o t  ou  th e  fa r m .f  F r o m  h e re  it m ay  b e  a llo w e d  
to  p a ss  a t o n c e  on to  th e  lan d  o r  m a y  b e  r o u g h ly  s tra in e d  
so  as to  r e m o v e  a n y  la r g e  s o lid  m a tte rs .J  T h e  m ain

# v. pp. 114-5. Almost ftny soil can be rendered more or less suitable by 
a little expenditure; careful under-draining' is most essential save in the 
case of verj- sandy and poroiiB soil immediately adjoining the sea.

t  It is preferable to choose a piece of ground with a good natural slope 
so that the sewage can gravitate over the soil and be carried awny by 
the under drains. If the land is low lying, pumping mnst bo resorted to 
and this, being expensive, takes away a large- amount of any profit other­
wise aecrning.

X In some cases irrigation is secondary to mechanical or chemical pre-
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ca rr ie r s  a re  s im p ly  o p e n  c lia n n e ls  o f  b r ic k  a n d  ce m e n t  o r  
c o n c r e te , a n d  are  e a s ily  f lu sh e d  a n d  k e p t  c le a n . T h e  la n d  
it s e l f  is u su a lly  la id  o u t  in  b r o a d  r id g e s  fr o m  3 0  to  50  fe e t  
a c r o s s  w h ic h  s lo p e  a w a y  fr o m  th e  m a iu  c a r r ie r  o n  e ith e r  
s id e . T h e  r id g e s  a re  p a r a lle l  to  e a c h  o th e r  a n d  b e tw e e n  
e a c h  p a ir  is  a  fu r r o w  o r  s h a llo w  c h a n n e l in  th e  e a r th .
D o w n  th e  c e n tr e  o r  c r e s t  o f  e a c h  r id g e  th e re  is  a lso  a  g r ip  
o r  s h a llo w  c h a n n e l. T h e  s e w a g e  is  a p p lie d  in te r m it te n t ly *  
to  various p o r t io n s  o f  th e  l a u d ; i f  a p p lie d  c o n t in u o u s ly , 
th e  g r o u n d  b e c o m e s  w a t e r - lo g g e d ,  o x id a t io n  p r o c e s s e s  a re  
a t a  s ta n d s t ill, a n d  th e  la n d  is  sa id  t o  b e  ‘  s e w a g e -s ic k . ’
W h e n  a n y  p ie c e  is to  h a v e  s e w a g o  a p p lie d  to  it , a  s lu ice  is  
lo w e r e d  in  th e  m a in -c a r r ie r , o r  a  p ie c e  o f  w o o d  c a l le d  a  
‘ s t o p ’  is  p la c e d  a c r o s s  it , th u s  d a m m in g  b a c k  th e  s e w a g e .

T h e  m a in -c a r r ie r  th e n  o v e r f lo w s , th e  s e w a g e  r u n n in g  
d o w n  th e  g r ip  iu  th e  c r e s t  o f  th e  r id g e .  T h is  is  b lo c k e d  
a t in te r v a ls  w ith  e a r th  a n d  o p e n e d  a g a in t  so^ th a t  th e  
s e w a g e  is  m a d e  to  flo w  b y  d e g r e e s  a ll o v e r  th a t  p a r t ic u la r  
r id g e . O n  th e  r id g e  is g r o w n  s o m e  s u ita b le  c r o p . A n y  
s e w a g e  th a t  d o e s  n o t  s in k  in to  th e  so il o n  th e  r id g e ,  ru n s  
in to  th e  fu r r o w  b e tw e e n  th e  r id g e s . U lt im a te ly , i f  th e  
fa rm  is  p r o p e r ly  m a n a g e d , th e  w h o le  s e w a g e  is  a b s o r b e d  
b y  th e  so il  a n d  d is p o s e d  o f  as b e fo r e  m e n t io n e d .|

A  g r e a t  d ea l d e p e n d s  u p o n  w h e th e r  th e  to w n  w h ic h

cipitation, in other cases it is combined with intermittent filtration as will 
be explained afterwards.

* Tlie number of hours or days during which sewage is allowed to 
flow ou to u particular piece of land varies according to the absorptive 
power of the soil, the crop which is being grown, the weather and climate.
In this country, probably, owing to the very rapid evaporation of moisture 
exposed to the direct rays of the sun, the period of flow may be rather 
longer than in colder countries.

f  As is done hy ryots in irrigating rice fields. Notice also that hero the 
channel scooped out of the earth fulfils itB proper function of allowing 
the sewage to sink into the subsoil : cf. the nse of similar channels in the 
neighbourhood of houses in this country, where their proper function is to 
carry away the sewage and to prevent its sinking into the subsoil, v. p. 148, 
and Plate VI l.

J The above is generally known as the ‘ lidge and furrow’ system.
There are many oilier plans adopted according to varying circumstances, 
hut the principle is the same. The system in use in Madras is slightly 
different, the most impoitnut being that there is no under-drainage. For 
full description of the Eame, vide appendix, Jladras Sewage Farms,

m  „
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su p p lie s  th e .s e w a g e  is s e w e re d  on  th e  sep a ra te  o r  c o m b in e d  
sy stem s . In  th e  fo r m e r  ca se , as  e x p la in e d  b e fo r e ,*  th e  
a m o u n t o f  s e w a g e  to  b e  d e a lt  w ith  is  v e r y  m u ch  le ss  th a n  
in  th e  la tte r  ca se  w h ic h  in c lu d e s , in  a d d it io n  to  th e  s e w a g e  
p r o p e r , th e  g r e a te r  p a r t  o f  th e  ra in fa ll  a u d  a ll th e  s u b s o il  
w a te r . A g a in ,  a t  c e r ta in  tim es , e.g., th e  In d ia n  ra in s , th e  
a m o u n t  o f  s e w a g e  t o  b e  d isp o se d  o f  u n d e r  th e  c o m b in e d  
sy s te m  w o u ld  b e  e n o rm o u s  a n d  w o u ld  in te r fe re  v e r y  
se r io u s ly  w ith  th e  w o r k in g  o f  th e  fa rm . E ith e r  th e  so il 
w o u ld  b e c o m e  c o m p le te ly  w a t e r - lo g g e d  a n d  th e  e fflu en t 
o n ly  b e  h a lf  p u r ifie d , o r  e lse  a  la r g e  p a r t  o f  th e  s e w a g e  
w o u ld  h a v e  to  b e  d is p o s e d  o f  e ls e w h e r e . !  A s  a  m a tte r  o f  
fa c t  th e re  are  s e v e r a l  w a y s  o f  d e a l in g  w ith  an  e x c e s s  o f  
s e w a g e , w h ic h  fa rm s  c o n n e c t e d  w ith  a  c o m b in e d  sy s te m  
h a v e  b e e n  fo r c e d  to  a d o p t . W h e n  th e  so il  is a lm o st  p u re  
sa n d  a u d  th e re  is  a b u n d a n ce  o f  c h e a p  la u d , it  w o u ld  b e  suffi­
c ie n t  m e re ly  to  tu rn  th e  e x c e s s  o f  s e w a g e  on  to  fr e s h  w a ste  
la n d  a n d  le t  it g r a d u a lly  s in k  in , p r o v id e d  th a t  th e re  w as 
n o  p o s s ib il i ty  o f  its  c o n ta m in a t in g  a n y  w a te r -s u p p ly . 
A n o t h e r  p la n  is  t o  c h o o s e  a p ie c e  o f  la n d  a d jo in in g  th e  
ir r ig a t io n  fie ld s , w h e r e  th e  so il  is  as p o ro u s  as p o ss ib le , 
a n d  t o  p r e p a r e  it  f o r  in te r m itte n t  filtra t io n  as d e s c r ib e d  
u n d e r  th e  n e x t  h e a d in g . T h e  p r o p e r  p la n , h o w e v e r , is only 
to bring real sewage to the land, as m u ch  ra in  w a te r  as p o s s ib le  
a n d  a ll s u b s o il  w a te r  b e in g  e x c lu d e d . !  O f  w h a t use th en  
a re  th e se  s e w a g e -fa r m s  fr o m  o th e r  p o in ts  o f  v ie w  ? A s  a 
ru le  th e y  a re  m e re ly  u t ilis e d  f o r  ra is in g  o n e  o r  tw o  c r o p s  
o f  g ra ss  in  th is  c o u n tr y  b u t  in  th e  n e a r  fu tu re  th e re  is litt le

* v Table comparing separate and combined systems, p. 160.+ It is to be noted here that in India, typically in Madras, the sewage farms are on a relatively small scale. In Madras there are many farms each dealing with only a small portion of the town. Owing to the enormous falls of rain in this country, in a short time, the combined system of sewerage is quite unsuitable. A modification of it, known as the Interception system, wherebv the storm waters are carried direct to the nearest outfall in rainy weather is in use in Blacktown,r. p. 171. I believe it to be a most dan­gerous error to say that sewage diluted with rainwater is harmless and can bo discharged into a possible source of drinking water; especially in I ndia where the sewage always contains exeremental impurities.+ ln f,lcfc) the oft-quoted maxim ‘The ruin to the river, the sewage to 
the soil,’ applies correctly.
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d o u b t  th e ir  u ses w ill  b e  c o n s id e r a b ly  in c re a s e d . T h e y  
a ffo rd  e x c e lle n t  g r a z in g  fo r  c a t t le  o f  v a r io u s  so rts  a n d  it  
is  v e r y  d o u b t fu l  w h e th e r  th e re  is  a n y  c h a n c e  o f  d isea se  
b e in g  co m m u n ica te d  to th e  a n im a ls , a n d  th e n ce  to  m a n , fr o m  
su ch  a  p r a c t i c e ; a lth o u g h  a t o n e  tim e  th e  d a n g e r  w a s  
r e g a r d e d  as c o n s id e r a b le . I n  M a d ra s  th e  c h ie f  c r o p  ra ise d  
is  h aria li grass f o r  w h ich  th e re  is  c o n s id e r a b le  d e m a n d . I t  
g r o w s  m o st  lu x u r ia n t ly  a u d  fo rm s  a  m a rk e d  co n tra s t  to  th e  
s tu n te d  a n d  e a r th y  b u n d le s  b r o u g h t  in  fr o m  th e  c o u n tr y  
b y  th e  g ra s s -cu tte rs . Guinea grass a n d  lucerne g r o w  w e l l ,*  
b u t  th e re  is n o t  su ch  a  d e m a u d  f o r  th em . I n  E n g la n d  m a n y  
d iffe r e n t  so rts  o f  p la n ts  a re  g r o w n  a n d  fin d  a  r e a d y  sa le .
A t  C r a ig e n t in n y , n e a r  E d in b u r g h , ir r ig a t io n  h as b e e n  
c a r r ie d  o n  fo r  m a n y  y e a r s , th e  fo r m e r ly  b a r r e n  g r o u n d  
y ie ld in g  m a n y  c r o p s  o f  w e l l -g r o w n  r y e -g r a s s  e v e r y  y e a r .
AV ith  ca re , w h e a t , o a ts  a n d  o th e r  c e re a ls  ca n  b e  r a ise d  a n d , 
in  th is  c o u n tr y , r ic e .  T a p  r o o t  v e g e ta b le s , su ch  as tu rn ip s , 
b e e t -r o o t ,  ra b i, e t c . ,  d o  w e ll, l ik e w is e  p o ta to e s , i f  n o t  o v e r -  
s e w a g e d , a n d  m a n y  o th e r  c r o p s . I f  th e re  is  a n y  su rp lu s  
o f  s e w a g e , it  ca n  o f t e n  b e  s o ld  to  c u lt iv a to r s  w ith  la n d  in  
th e  im m e d ia te  n e ig h b o u r h o o d , c a r e  b e in g  ta k e n  th a t  
p r o p e r  r e s tr ic t io n s  a re  p u t  iu  f o r c e  w ith  r e fe r e n c e  to  th e  
w o r k in g  o f  th e  s e w a g e -c u lt iv a te d  la n d .

Subsoil Irrigation  is  a  p r o c e s s  a llie d  to  th e  f o r e g o in g  
a n d  is  s p e c ia lly  su ita b le  f o r  is o la te d  in s t itu t io n s  l ik e  ja ils , 
b a r r a c k s , e t c .,  w h e re  th e  d ra in s  d o  n o t  c o n n e c t  w ith  a n y  
se w e r a g e  sy s te m  a n d  th e  s e w a g e  h as to  b e  d is p o s e d  o f  a t 
a  s h o r t  d is ta n ce  f r o m  th e  b u ild in g s . T h e  u su a l w a y  o f  
g e t t in g  r id  o f  th e  s e w a g e  in  su ch  ca ses  is b y  th e  u se  o f  
c e s s p o o ls  o r  b y  d is c h a r g in g  th e  s e w a g e  in to  a  n e ig h b o u r ­
in g  s trea m  w h ic h  p r o b a b ly  r e c e iv e s  s e w a g e  fr o m  n u m e ro u s  
o th e r  fa rm s  o r  h o u se s  a n d  is  s im p ly  an  o p e n  sew er . S u b s o il  
ir r ig a t io n , i f  p r o p e r ly  c a r r ie d  o u t , .is m u ch  p r e fe r a b le  in  
e v e r y  w a y . I t  c a n  b e  a p p lie d  a lso  t o  v il la g e s  b u t, iu  th is

* Tliey arc growing well at the present time at Government House, 
yotacamund, the crops being irrigated with 6ullage water from the dwell- U,S lines uud stables.
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c o u n tr y , b roa cl ir r ig a t io n  is  l ik e ly  to  b e  m o re  g e n e r a lly  
a d o p te d .

A  p ie c e  o f  g r o u n d  is  cb o s e n , as in  th e  fo r m e r  ca se , s itu a te d  
a t a lo w e r  le v e l  th a n  th e  b u ild iu g s  a n d  w ith  a  g e n t le  s lo p e .
T h e  s e w a g e  is  c o n v e y e d  to  th e  g r o u n d .b y  th e  o r d in a r y  
w a te r -t ig h t  p ip e  se w e r  fr o m  th e  h o u se  o r  h o u se s  a n d  flo w s  
in to  u n d e r -g r o u n d  p o r o u s  dra iu  p ip e s ,*  a b o u t  tw o  in ch e s  in  
d ia m e te r , w h ic h  are  p la c e d  a t a  d e p th  o f  h a lf  to  on e  f o o t  
u n d e r  th e  so il , th e ir  jo in t s  b e in g  o p e n . T h e s e  p ip e s  a re  
la id  in  r o w s  a b o u t  s ix  fe e t  a p a rt  a n d  r a m ify  th r o u g h  th e  
s e le c te d  p ie c e  o f  g r o u n d . T h e ir  en d s  a re  la id  u p o n  c r a d le s  
m a d e  o f  h a lf  p ip es  a u d  a re  c o v e i ’e d  a b o v e  in  a s im ila r  m a n ­
n e r  so  as to  a llo w  th e  s e w a g e  to  e s ca p e , w h ils t  p r e v e n t in g  
e a r th  fa l l in g  in to  th e m  (v. p i. v ii .)  I n  a  lo o se , p o ro u s  
so il  th is  is  a ll th a t  is  r e q u i r e d ; w h e n  it  is  d e n s e r  a u d  
m o re  r e te n t iv e , a  c a tc h w a te r  d r a in  sh o u ld  b e  la id  a t th e  
lo w e s t  p o in t  to  c o n v e y  th e  e fflu en t to  th e  n e a re s t  s trea m .
I f  th e  a m o u n t  o f  s e w a g e  is  sm a ll, it  m a y  b e  n e ce ssa ry  to  
u se  an  a u to m a tic  s ip h o n  flu sh  ta n k  (v . p i. x )  w h ic h  a llo w s  
th e  flu id  to  a c cu m u la te  f o r  a  c e r ta in  tim e  a u d  th en  d is ­
c h a r g e s  th e  to ta l a m o u n t w ith  c o n s id e r a b le  f o r c e . f

T h e  p r o c e s s  o f  p u r if ica t io n  is  m u ch  th e  sa m e  as in  su r ­
fa c e  ir r ig a t io n , th e  s e w a g e , as it  p a s se s  o u t  o f  th e  o p e n  
p ip e  jo in t s ,  b e in g  e x p o s e d  to  th e  a c t io n  o f  th e  ro o ts  o f  
g r o w in g  p la n ts — g ra s s e s , v e g e ta b le s , e t c .,  a n d  to  o x id ­
a tion  p r o c e s s e s  in  th e  so il.

I t  is , o f  co u rse , o f  e x tr e m e  im p o r ta n c e  th a t  th e  e fflu en t 
in  s e w a g e  fa rm s , w h e n  th e re  is an y , s h o u ld  b e  o f  su ffic ien t 
p u r ity  to  en su re  its  b e in g  s a fe ly  d is c h a r g e d  in to  w a te r , so  
th a t  th e re  m a y  b e  n o  r isk  o f  its  c o n ta m in a t in g  a  w a te r - 
s u p p ly . N o w , its  p u r ity  d e p e n d s  u p on  se v e ra l th in g s  w h ic h

♦ Ordinary agricultural drain-pipes will do. If excreta or other solid matters are added to the sewage, it is customary to Btrain the solids off, first and to dispose of them by spreading on land and digging them in. V. p. 152.
f  This practice is much the same as that alluded to on p. 152, only here 

the sewage itself fills the tank and scours the sewer, whilst iti the case of 
large sewers the scouring is done by clean water from the water-main,
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m a y  b e  in c lu d e d  u n d e r  t lie  m a n a g e m e n t  o f  th e  s e w a g e  
fa r m . I f  th e  g r o u n d  is p r o p e r ly  p r e p a r e d  a n d  o f  s u ita b le  
n a tu re , t lie  u n d e r -d r a in in g  c a r e fu l ly  d o n e  a n d  th e  s e w a g e  
n o t  t o o  c o n t in u o u s ly  a p p lie d  t o  a n y  o n e  p a r t ,  th en  th e  
e fflu en t is  w o n d e r fu l ly  p u r e . T h e  o r g a n ic  im p u r it ie s , e s t i­
m a te d  as so  m u c h  n it r o g e n , a re  v e r y  m u c h  r e d u c e d  in  
a m o u n t . T h e  s u s p e n d e d  o r g a n ic  im p u r it ie s  s h o u ld  b e  c o m ­
p le te ly  r e m o v e d , w h ils t  th e  n it r o g e n  in  th e  d is s o lv e d  im p u r i­
t ie s  is  a lm o s t  e n t ir e ly  in th e  fo r m  o f  h a r m le s s  n it r a te s  a n d  
n it r it e s .*  I n  o th e r  w o r d s , b y  b r in g in g  th e  s e w a g e  t o  th e  
so il  th e  la t te r  is  s u p p lie d  w ith  a m o s t  v a lu a b le  a n d  e a s ily -  
a s s im ila b le t  m a n u re , w h ils t  th e  fo r m e r , w h ic h  is o th e r w is e  
a  c o n t in u a l  m e n a c e  to  h e a lth  a n d  a  s ta n d in g  n u is a n c e , is  
c o m p le t e ly  g o t  r id  o f .

5 . In term ittent Downivard F iltra tio n .— B y  th e  p r o c e s s  
to  w h ic h  th e  a b o v e  n a m e  is  g iv e n  is  m e a n t  th e  concentra­
tion of sewage, at short in tervals, on an area of specially 
chosen porous ground, as sm all as w ill absorb and cleanse it  ; 
not excluding vegetation, but making the produce of second­
a ry  importance. I n  o t h e r  w o r d s  th e  s o il  is  h e r e  th e  p r in ­
c ip le  p u r i f y in g  a g e n t , th e  a c t io n  o f  th e  r o o t s  o f  g r o w in g  
p la n ts  b e in g  an  a d d it io n a l  a n d  n o n -e s s e n t ia l ,  t h o u g h  u su a l, 
p a r t  o f  th e  p r o c e s s . A  s u ita b le  p ie c e  o f  g r o u n d  is c h o s e n , 
as  in s u r fa c e  ir r ig a t io n , o n ly  in  th is  c a s e  th e  a m o u n t  
r e q u ir e d  is m u c h  le s s . I t  is d iv id e d  in to  M o ts ’  o f  e q u a l 
s iz e . A s  r e g a r d s  th e  p r o p e r  s o r t  o f  so il , w h a t  h a s  b e e n

*  “  All the constituents of sewage are greatly reduced by irrigation, with the exception of chlorine, which is very slightly reduced, or even some- times apparently increased, owing to the concentration produced by evapo­ration : bno the constituents which are most effectually removed from sewage are especially the putrescible organic matters—those, namely, which it is essential to remove both from an agricultural and sanitary standpoint. Nitrates and nitrites do not exist in sewage, but are usually found in the effluent water to some extent, and are evidence of the oxid­ation processes to which the sewage has beeu exposed in the soil. ’ S. and 
M ., p, 883.t  Ir. should be noted that in the case of liquid sewage the nourishment supplied is mostly brought to the roots of growing plants already dissolved and is quickly assimilated. Where excreta and general dry refuse are dug into the soil and buried, the crops have to be sown afterwards, and it takes some considerable time for the organic matter to be brought into an easily assimilable form for plant nourishment.
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sa id  o f  s u r fa c e  ir r ig a t io n  a p p lie s  e q u a lly  h e re . T h e  b e s t  
s o il  is  a  s a n d y  loa m  w ith  a  sm all p r o p o r t io n  o f  g r it ty  
g r a v e l  to  q u ic k e n  p e r c o la t io n . T h e  so ils  m o s t  u n su ita b le  
a re  v e r y  d e n s e  c la y s , b o g  p e a t  a n d  v e r y  co a rse  g r a v e ls .
A n y  so il  w h ich  c r a c k s  d u r in g  d r y  w e a th e r , e.g., b la c k  
c o t to n  so il, is  th o r o u g h ly  u n su ita b le , as th e  s e w a g e  s im p ly  
flow s  d o w n  th e  c r a c k s  a n d  re a c h e s  th e  e fflu en t o u t fa ll  
q u ite  u n p u i’ if ie d .*

T h e  s e w a g e  is  b r o u g h t  to  th e  h ig h e s t  p a r t  o f  th e  g r o u n d  
a n d  is  r o u g h ly  s c r e e n e d  o f  its  la r g e r  so lid  m a tte rs . I t  is 
th e n  r e a d y  f o r  d is t r ib u t io n  w h ich  is  so  a r r a n g e d  th a t  it  
ca n  b e  m a d e  to  g r a v ita te  s lo iv ly  o v e r  th e  v a r io u s  p lo ts  o f  
la n d  in  o r d e r . F o r  s ix  h ou rs  e a ch  p lo t  r e c e iv e s  th e  s e w a g e  
a n d  fo r  e ig h te e n  h o u rs  th e  fio iv  is in te rm itte d . B y  th is  
m ea n s  th e  s o il  h as tim e  t o  r e c o v e r  its e lf ,  so  to  s p e a k ;  in  
o th e r  w o r d s , i t  b e c o m e s  r e -a e r a te d  a n d  is  a b le  to  r e -c o m - 
m e n c e  th e  p u r if ica t io n  o f  f r e s h  su p p lie s  o f  s e w a g e . F ir s t  
o f  a ll, th e  g r o u n d  is v e r y  c a r e fu lly  le v e l le d  to  en su re  e v e n  
d is t r ib u t io n  o f  th e  s e w a g e  a n d  is th eu  d u g  in to  sm all 
r id g e s  a n d  fu r i 'o w s . O n  th e  r id g e s  v e g e ta b le s  o r  o th e r  
c r o p s  a re  p la n te d  a n d  th e  s e w a g e  flo w s  a lo n g  th e  fu r r o w s .
A t  th e  c o m m e n c e m e n t , it  m o s t ly  s in k s  in to  th e  fu r ro w s , 
b u t  a ft e r  a  t im e , w h en  th e  fu r ro w s  h a v e  b e c o m e  l in e d  
w ith  a  d e p o s it  o f  th e  su s p e n d e d  m a tte rs  k n o w n  as f s l u d g e /  
th e  s e w a g e  d o e s  n o t  s in k  r e a d ily  in to  th e  fu r r o w s , w h ic h  
re s is t  th e  in filtra t io n , b u t  is “  d r iv e n  in to  th e  r id g e s  o n  
e a c h  s id e .”  I n  th is  w a y  th e  l iq u id  s e w a g e  is  b r o u g h t

* Note also that the capacity of soils to absorb water is no criterion 
whatever of their cleansing capability, whilst their retentive powers exer­
cise great influence on the rate of percolation and the quality of the efflu­
ent. A coarBe gravelly soil thoroughly drained, for instance, will absorb 
and discharge liquid almost as quickly us it reaches the surface and will 
give out an effluent but imperfectly purified, whereas a'loamy soil, having 
a sufficient proportion of sand to render it free and to fill it with close in­
terstitial spaces for aeration, will discharge a satisfactory quantity of 
purified water by uuder-drains and maintain a very superior effluent. 
Closely related to the absorptive and retentive powers of soils is theireva- 
porating property, the effect of which at certain times of the year is so 
great that in eases where there is no subsoil water to dilute the effluent, 
the quantity discharged has been less than half the quantity of the sewage 
distributed over the surface, v. Sewage Disposal, Bailey-Denton, 2nd 
ed., p. 49, et seq.
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To face p. 184.
P L A T E  X I I .

PLAN OF SEWAGE FARM AT MALVERN, IN ENGLAND.
(After Bailey-Denton).—The Plan shows the Land Laid Out for the Cleans­

ing of Sewage by Intermittent Downward Filtration, and by Surface Irrigation, 
with Storm Water Reliefs to Order Beds ; the Effluent passing into the River.
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in to  c o n ta c t  w it li tlie  roots o f  t lie  v e g e ta b le s  o n ly  a n d  d o e s  
n o t  c o n ta m in a te  th e ir  s ta lk s  a n d  le a v e s . A fte r w a r d s , 
w h e n  th e  fu r r o w s  are  f ille d  w ith  s lu d g e , th e  la t te r  is a llo w e d  
to  d r y  p a r t ia lly  a n d  is th en  l i f t e d  o u t  a n d  d u g  in to  th e  
r id g e s .

T h e  so il is u n d e r -d r a in e d  p r e c is e ly  as in  s u r fa c e  ir r ig a ­
t io n , t lie  d ra in s  b e in g  v e r y  c a r e fu l ly  la id  a t a  d e p th  o f  
a b o u t  fo u r  fe e t  fr o m  th e  s u r fa ce . I f  th e  p r o c e s s  is  p r o ­
p e r ly  c a r r ie d  o u t , th e  e fflu en t w ill b e  v e r y  p u r e , as in  su r fa c e  
ir r ig a t io n , a n d  ca u  s a fe ly  b e  d is c h a r g e d  in to  a  w a te r ­
c o u r s e .

T h e  p r e p a r a t io n  o f  th e  la n d  f o r  in te r m itte n t  d o w n w a r d  
f iltra tio n  is  m ore  e x p e n s iv e  th a n  fo r  su r fa c e  ir r ig a t io n , b u t 
m u ch  less  la u d  is r e q u ir e d . S o m e  a u th o r it ie s  a d v is e  th e  
p r e v io u s  c la r if ica t io n  o f  th e  s e w a g e  b y  c h e m ica l t r e a t ­
m e n t (p r e c ip ita t io n  p r o c e s s e s )  ; (a) b e c a u s e  th e  s lim y  
m a tte rs  in  c r u d e  s e w a g e  te n d  to  b lo c k  u p  t lie  p o r e s  o f  th e  
so il b y  fo r m in g  a th in  p e l l ic le  o n  its  s u r fa c e  a n d  (b) b e ­
ca u se  th e  s e w a g e  d o e s  n o t  p u t r e fy  to  s u ch  an  e x te n t  a fte r  
c h e m ic a l  tr e a tm e n t  a n d  th e r e fo r e  u n d e r g o e s  n itr if ic a t io n  
m o re  e a s ily . I n  th is  c o u n tr y  it  is  v e r y  u n lik e ly , sa v e  
p o s s ib ly  in  th e  la r g e s t  to w n s , th a t  a n y  su ch  c h e m ic a l  
t r e a tm e n t  w ill  b e  a d o p te d . I f  p r e c ip ita t io n  is r e s o r te d  to  
in  th e  fii'st in s ta n ce , it  m ea n s  th a t  an  e n o rm o u s  a m o u n t 
o f  ‘ s lu d g e ’ w ill b e  a c c u m u la te d , th e  d is p o s a l o f  w h ic h  
w ill b e  a m a tte r  o f  e x tr e m e  d iff ic u lty . C a re fu l a r r a n g e ­
m e n t  o f  th e  g r o u n d , so  th a t  th e  c r u d e  s e w a g e  gravitates 
sloivly a lo n g  fu r r o w s , th e  la t te r  b e in g  c le a r e d  at in te r v a ls  
a n d  t lie  d e p o s it  d u g  in to  th e  r id g e s , a p p e a rs  m u ch  s im p le r  
a n d  m o re  s u ita b le  in  e v e r y  w a y  f o r  a d o p t io n  b y  In d ia n  
m u n ic ip a lit ie s .

In te r m it te n t  d o w n w a r d  filtra tion  is  v e r y  r a re ly , i f  e v e r , 
a d o p te d  to  th e  e x c lu s io n  o f  s u r fa c e  ir r ig a t io n . T h is  
la t te r  is n e a r ly  a lw a y s  c o m b in e d  w ith  it  so  th a t  p a r t  o f  th e  
fa r m  is la id  o u t  f o r  in te r m itte n t  filtra tion , th e  re m a in d e r , 
a n d  la r g e r  p o r t io n , f o r  b r o a d  ir r ig a t io n . In  m o s t  ca se s  
th e re  is  a lso  a  sp e c ia l p ie c e  o f  g r o u n d , la id  o u t  in  rid»-ps

/ 2 4 a

' e°ix

, \ I



(!(S)?v (fil
"J-8 6  removal and disposal op WASTE MATTER. k. ' ■-J

a n d  fu r r o w s  a n d  p la n te d  with, o s ie r s ,*  s e t  a p a rt  f o r  s to rm  
o v e r f lo w s  in  tim e  o f  v e r y  h e a v y  ra in . I t  is  n o t  u n d e r ­
d r a in e d  a n d  m e re ly  se rv e s  t o  c h e c k  th e  ru s h  o f  s to rm  
w a te r , w h ic h  is p r e v e n te d  fr o m  f lo w in g  in to  th e  o r d in a r y  
f i lt r a t io n  a re a  u n til m o s t  o f  th e  s u s p e n d e d  m a tte rs  h a v e  
s u b s id e d  in  th e  fu r r o w s  a n d  th e  l iq u id  h a s  u n d e r g o n e  a 
c e r ta in  a m o u n t  o f  c la r if ic a t io n  b y  f lo w in g  o v e r  th e  r id g e s  
a n d  a m o n g s t  th e  o s ie r  r o o ts .

6 . Chemical precip itation .— T h is  m e th o d  o f  p u r i fy in g  
s e w a g e  is  e s s e n tia lly  th e  sa m e  in  p r in c ip le  ns th a t  s o m e ­
t im e s  a d o p te d  f o r  r e m o v in g  th e  s u s p e n d e d  im p u r it ie s  in 
d r in k in g  w a t e r . f  I t  c o n s is ts  in  th e  a d d it io n  to  th e  s e w a g e  
o f  o n e  o r  m o re  s u b s ta n c e s  th a t  fo r m  a  p r e c ip it a t e  w h ic h  
ca r r ie s  d o w n  in  its  m e sh e s  th e  g r e a t e r  p a r t  o f  th e  s u s ­
p e n d e d  m a tte rs  a n d  so m e tim e s  a  sm a ll p o r t io n  o f  th e  
m a tte rs  in  s o lu t io n . A u  e n o r m o u s  n u m b e r  o f  p r o c e s s e s  
h a v e  b e e n  p a t e n t e d  f r o m  t im e  to  t im e , b u t  o f  th ese  o n ly  v e r y  
few- n e e d  b e  n o t ic e d  h ere  a n d  v e r y  b r ie f ly .  Lim e, as m ilk  
o f  l im e ,f  o r  s im p ly  as lim e  w a te r , h a s  b e e n  la r g e ly  u se d  
f o r  a  lo n g  t im e  a n d  is  th e  c h ie f  o r  o n ly  p r e c ip it a n t  in  a 
n u m b e r  o f  ca se s . Aluminous s u b s ta n c e s , in  o n e  fo r m  o r  
a n o th e r , a re  a lso  m  g r e a t  fa v o u r , Im p u r e  su lp h a te  o f  
a lu m in iu m , th e  r e fu s e  o f  a lu m  w o r k s ,  a lu m in o u s  e a r th  
w ith  s u lp h u r ic  a c id  a d d e d  to  it , a lu m  a n d  p o w d e r e d  c la y  
m ix e d , h a v e  a ll b e e n  t r ie d . A  fa v o u r it e  m ix tu r e  is  m ilk  
o f  l im e  a n d  su lp h a te  o f  a lu m in a .

k u n e , w h e n  a d d e d  t o  s e w a g e , e x e r t s  th e  sa m e  a c t io n  as 
w h e n  a d d e d  to  w a te r  in  th e  p r o c e s s  o f  f C la r k in g  th e  
in s o lu b le  c a r b o n a te  o f  ca lc iu m  c a r r y in g  d o w n  t h e  g r e a t e r  
p a r t  o f  th e  s u s p e n d e d  m a tters , in  th e  s e w a g e . I f  t o o  m u c h  
l im e  is a d d e d , th e  e fflu e n t is  r e n d e r e d  d is t in c t ly  a lk a lin e  
a n d , a lth o u g h  th e  p r e c ip ita t io n  is  v e r y  r a p id  a n d  th e

* Osiers are plants with thin flexible stems which are usedln basket’ 
making, etc.,as cane and bamboo are used in this com.ti v ti "  *
essential feature of such storm overflow rese as S e b.Im
to retard the How of water by their Ion- tvvistinl • w l F\ ' 2)' b,,t lie' !’

™ n m t i n i ™ !tl N° <l0Ubfc 0‘ >»er plant, sncl. ns oTeandm*Jjp£conm be utilised in the same way in this country. v
T v. p. 87. % i.e., lime slaked and added to water. § v p 73



e fflu en t c le a r , it  lias  b e e n  fo u n d  t l ia t  th e  e x c e s s  o f  l im e  
ca u se s  so lu t io n  o f  s o m e  o f  th e  p r e v io u s ly  s u s p e n d e d  
m a tte rs . I h u s  th e  e fflu e n t is  r e a l ly  m a d e  m o re  im p u r e  a n d , 
b e in g  s t r o n g ly  a lk a lin e , u n d e r g o e s  s e c o n d a r y  fe r m e n ta t io n  
o i  d e c o m p o s it io n A m o re  r e a d i ly .  N o w , o n e  g r e a t  o b je c t  
o f  th e  c h e m ic a l  tr e a tm e n t  o f  s e w a g e  is  to  p r e v e n t  th is  
s e c o n d a r y  d e c o m p o s it io n  t a k in g  p la c e ,  in  o r d e r  th a t  th e  
e fflu en t, w h e n  d is c h a r g e d  in to  a  r iv e r  o r  o t h e r  w a te r c o u r s e , 
m a y  n o t  g iv e  r ise  t o  n u is a n c e . T h e  l im e  p r o c e s s , th e n , 
c a n n o t  b e  c o n s id e r e d  su ffic ie n t  o f  i t s e l f .

S u lp h a te  o f  a lu m in iu m  h a s  l ik e w is e  th e  sa m e  a c t io n  o n  
s e w a g e  as w h e n  a d d e d  to  d r in k in g  w a t e r f ,  a  b u lk y ,  f l o c c u -  
le n t  p r e c ip ita te  o f  a lu m in iu m  h y d r a te  b e in g  fo r m e d , 
w h ils t  th e  s u lp h u r ic  a c id  c o m b in e s  w ith  th e  c a lc iu m  in  th e  
s e w a g e  to  fo r m  su lp h a te  o f  c a lc iu m . T h e  e f fe c t  o n  th e  
s e w a g e  is  m u ch  th e  sa m e  as in  th e  lim e  p r o c e s s , sa v e  th a t  th e  
im p u r e  a lu m in iu m  s u lp h a te  b e iu g  s l ig h t ly  a c id  th e  e fflu en t 
is  n e u tr a l  o r  e v e n  a c id . T h is  t e n d s  to  p r e v e n t  s e c o n d a r y  
d e c o m p o s it io n  t a k in g  p la c e , b u t  a n  a c id  e fflu e n t is  u n s u it ­
a b le  f o r  i r r ig a t io n  o f  g r o w in g  p la n ts . I t  h a s , t h e r e fo r e ,  
b e c o m e  c u s to m a r y  t o  u se  th e se  tw o  s u b s ta n c e s , v iz ,,  l im e  
a n d  s u lp h a te  o f  a lu m in iu m , t o g e t h e r ,  th e  s p e c ia l  o b je c t  
b e in g  t o  p r o d u c e  a n  e fflu e n t a n d  p r e c ip it a t e  w h ic h  a re  
n e ith e r  a c id  n o r  a lk a lin e , o r , in  o t h e r  w o r d s ,  a s  n e a r ly  as  
p o s s ib le  n e u t r a l .t

A m o n g s t  o t h e r  s u b s ta n c e s  w h ic h  h a v e  b e e n  u s e d  as p r e -

* By secondary decomposition is meant the fermentation * ,
Place in the effluent-which contains nearly all the o S i  1  
rmpunt.es-after ,t is discharged into a stream or otherwise disposed of

sewage8per T '^ t lO O ®  $ 0°0’000 ^ o n 8 of
treated with sulphate of alumnfium and L V o f  i?nlB '‘l * 6* * * 0 he 
it will be aerated, to promote oxidation, and then filtered the 
be.ng passed into the river Clyde (not used as a water supply . 
purposes). he sludge will be compressed by air into £kes and I 
junction with other refuse, may be available for mum?.; i ’ 0011'
v, Brit. Med, Jour., 18th March, 1S03, p, 508. ' V la Pu,'Poses*
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c ip ita n ts  a re  c h a r c o a l ,  b o n e  ash , b la c k  a sh , c l i lo r id e s  o f  
s o d iu m  a n d  c a lc iu m , su lp h a te  o f  z in c , m a g n e s ia n  a n d  ir o n  
sa lts , ta r , c r e o s o te  a n d  m a n y  o th e r  th in g s , m o st  o f  th e  p r o ­
ce s s e s  b e in g  k n o w n  b y  th e  n a m e  o f  th e  in v e n to r . I t  is  
u n n e c e s s a r y  to  d e s c r ib e  a n y  o f  th e m  in  d e ta il  h e re .

In  d e a l in g  w ith  s e w a g e  b y  s u c h  ‘ ch e m ica l*  p r o c e s s e s , 
th e r e  a re  se v e r a l  th in g s  to  b e  k e p t  in  v ie w . (1 ) T h e  p r o ­
c e s s  m u st  b e  m a d e  to  p a y  th e  w h o le  o r  p a r t  o f  th e  c o s t  i f  
p o s s ib le .  (2) C a re  m u s t  b e  ta k e n  t o  p r e v e n t  th e  p o s s i ­
b i l i t y  o f  at n u isa n ce  b e in g  c a u s e d . (3 ) T h e  e fflu en t m u st 
b e  r e n d e r e d  so  p u re , i f  p o s s ib le ,  as  n o t  to  in te r fe r e  w ith  
th e  u se  o f  th e  r iv e r  as a  d r in k in g  w a te r  s u p p ly , o r  a t  a ll 
e v e n ts  so  as n o t  to  in te r fe r e  w ith  th e  a n im a l a n d  p la u t  l i fe  
in  th e  r iv e r . F o r  c o n s id e r a t io n  o f  th e se  p o in ts ,  it  is  b e s t  
to  d iv id e  th e  s u b je c t  iu to  tw o  p a r ts , d is c u s s in g  th e  p r e c i ­
p ita te  fir s t  a n d  th e n  th e .f i lt r a te .

T h e  d is p o s a l a n d  u t ilis a t io n  o f  th e  p r e c ip it a t e  o r  sludge, 
as it  is  c a l le d , is  a  m a tte r  th a t 'is  b y  n o  m e a n s  s a t is fa c to r i ly  
s e t t le d . W h e n  th e  s e w a g e  is b r o u g h t  f r e s h  t o  th e  w o r k s , 
th e  la r g e r  s o l id  m a tte rs  a re  r e m o v e d  b y  s tr a in in g . A f t e r ­
w a r d s  th e  c h e m ic a ls  a re  a d d e d  to  th e  s e w a g e  as it  flo w s  
a lo n g , so  th a t  th e  tw o  a re  w e ll m ix e d  e re  a r r iv a l  a t  th e  
p r e c ip i t a t in g  ta n k s . I n  o r d e r  t o  p e r m it  o f  p e r io d ic a l  
e m p ty in g  a n d  c le a n s in g ,  a  d o u b le  se t  o f  tw o  o r  th r e e  ta n k s  
in  l in e  is  u s u a lly  p r o v id e d .  T h e  s e w a g e  is  a llo w e d  to  flow  
s lo w ly  b u t  c o n t in u o u s ly  t h r o u g h  o n e  se t  o f  ta n k s  f o r  
s e v e r a l  d a y s , a u d  th en , a f t e r  a ll th e  e fflu en t h a s  f lo w e d  
a w a y , th e  s lu d g e  is  a l lo w e d  to  se tt le . T h e r e a f t e r ,  b e in g  
m o re  o r  le ss  in  a  f lu id  c o n d it io n , it  is  f o r c e d  u p  in  p ip e s  to  
th e  f i lt e r  p re s s e s , w h e r e  it  is c o m p r e s s e d  b y  a ir  in to  ca k e s , 
th e  e x c e s s  o f  l iq u id , w h ic h  is s t ill  v e r y  im p u re , f lo w in g  a w a y  
f o r  t r e a tm e n t  a g a in . I t  s t ill  c o n ta in s  o v e r  5 0  per cent, o f  
m o is tu re  a n d  it  ta k es , a b o u t  8 5 0  to n s  o f  s e w a g e  to  p r o d u c e  
o n e  ton  o f  s u c h  s lu d g e . C o n s is t in g , as i t  d o e s , c h ie f ly  o f  
w a te r  a n d  m in e ra l m a tte r  its  m a n u r ia l v a lu e  is  v e r y  sm a ll, 
lien ee  its  m a r k e t  v a lu e  is  a lm o s t  n il a n d  in  m a n y  ca s e s  
fa rm e rs  a c tu a lly  d e m a n d  p a y m e n t  t o  r e m o v e  it . I n  o n e
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p r o c e s s , k n o w n  as G e n e r a l S c o t t ’ s o r  th e  ‘ s e w a g e -c e m e n t ’ 
p r o c e s s , l im e  a n d  c la y  w ere  u s e d  as p r e c ip ita n ts , th e  r e s u lt ­
in g  s lu d g e  b e in g  d r ie d , b u r n t  in  k iln s , g r o u n d  in to  fin e  
p o w d e r  a n d  s o ld  as  c e m e n t  *

A s  r e g a r d s  th e  f iltra te  o r  Effluent, i t  is  o f  e x tr e m e  im ­
p o r ta n c e  to  n o te  th a t , t h o u g h  th e  m a jo r  p a r t  o f  th e  su s ­
p e n d e d  m a tte rs  a re  g o t  r id  o f ,  th e  d is s o lv e d  o r g a n ic  
m a tte rs  a re  u n to u c h e d . N o w , th e s e  d is s o lv e d  im p u r it ie s  
a re  ju s t  th o s e  w h ic h  a re  m o s t  v a lu a b le  f r o m  th e  a g r i ­
c u ltu ra l  a u d  m o s t  h u r t fu l  fr o m  th e  h y g ie n ic  p o in t  o f  
v ie w . W h e r e in  th e n  lie s  th e  a d v a n t a g e  o f  th e  c h e m ic a l  
t r e a tm e n t  o f  s e w a g e  ? I n  th e  c a s e  o f  a . c i t y  l ik e  G la s g o w  
w h e r e  th e  c h ie f  o b je c t  is  t o  p r e v e n t  th e  c r e a t io n  o f  a  n u i­
sa n ce  in  th e  C ly d e  a n d  n e ig h b o u r h o o d ,  w h e r e  th e  r iv e r  is  
t id a l  a b o v e  th e  p o in t  o f  d is c h a r g e  o f  th e  e fflu e n t a n d  is  n o t  
u se d  as a  s o u r c e  o f  d r in k in g  w a te r , i t  m a y  b e  su ffic ie n t  
t o  r e m o v e  th e  s u s p e n d e d  m a tte rs  a n d  to  ta k e  m e a n s  
to  p r e v e n t  th e  e fflu e n t  u n d e r g o in g  s e c o n d a r y  d e c o m p o s i -  
t io u . B u t  in  th e  ca se  o f  in la n d  c it ie s  th e  c o n d it io n s  a re  
d i f fe r e n t  a n d  c h e m ic a l  p r e c ip ita t io n  p r o c e s s e s  a re  o f  th e m ­
s e lv e s  q u ite  in c a p a b le  o f  d e a l in g  s a t is fa c t o r i ly  w ith  laro-e 
v o lu m e s  o f  s e w a g e . T h e  o n ly  r e l ia b le  m e th o d , a n d  o n e  
w h ic h  is^ b e in g  a d o p t e d  m o r e  a n d  m o re , is  t o  t r e a t  th e  
s e w a g e  fir s t  o f  a ll b y  c h e m ic a l  p r e c ip it a t io n , i f  necessary, 
a n d  th e n  to  p a ss  th e  e fflu e n t o n  to  p r e p a r e d  la n d  e ith e r
l o r  s u r fa c e  i r r ig a t io n  o r  in te r m it te n t  d o w n w a r d  f i lt r a ­
t io n .

7. In ternational (Ferro,one) Process.— T h is  is  a  s o m e ­
w h a t  n o v e l p r o c e s s  w h ic h  h a s  b e e n  t r ie d  n e a r  L o n d o n  w ith  
a  c o n s id e r a b le  d e g r e e  o f  su cce s s . T h e  s e w a g e  is  first  
t r e a te d  w ith  a  p r e c ip ita n t  c a l le d  f e r r o z o n e , t  th e  w h o le  o f  
th e  s u s p e n d e d  a n d  s o m e  o f  th e  d is s o lv e d  m a tte rs  b e in g  
th r o w n  d o w n . T h e  e ff lu e n t  is  th e n  p a s s e d  t h r o u g h  tw o

to* ° f niaterial pr0daced h*  bnl’niuS d,y inoinera-

phtfce of'ironra8Snetl°  femm8 Caib° U’ a" d con6isfci,1S lately of protosul*
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filters b y  in term itten t d ow n w a rd  filtra tion , tb e  filters b e in g  
co m p o se d , from  a b ov e  dow n w ard s, as f o l lo w s :—

N iu e  in ch es o f  sand.
T en  in ch es o f  m ix e d  sand a n d  p o la r ite .*
S ix  in ch es o f  sand.
F o u r  in ch es o f  g ra v e l the s ize  o f  peas.
C oarse g ra v e l, ■which is in te rse c te d  w ith  c a tc h - 

w a ter  dra in s la id  on the floor  o f  th e  filter.

T h e  filtra tion  is co n d u cte d  s low ly , th e  filter b e d s  b e in g  
used  in term itten tly  to  a llow  o f  fresh  aeration . T h e  p o la r ite  
can  b e  used  fo r  a lo n g  tim e, b u t the sand m ust b e  ch a u g e d  
a t fa ir ly  sh ort in terva ls . T h e  re su lt in g  effluent is w on d er ­
fu lly  p u re  an d  con ta in s n itrites  an d  n itra tes , sh ow in g  th at a 
co n s id era b le  am ount o f  o x id a tio n  takes p la ce . I t  is c la im ed  
th at on e  a cre  o f  su ch  a filter  b e d  w ill p u r ify  from  on e  to 
tw o m illion  g a llon s  o f  .c la r ified  sew a g e  d a ily . F ro m  a 
h y g ie n ic  v ie w  the p ro ce ss  seem s to b e  a su ccess , b u t  it  is a 
c o s t ly  on e . I t  appears su ited  fo r  w e ll-to -d o  tow n s situ a ted  
on in la n d  r ivers , w h ere  la n d  su itab le  fo r  irr ig a t io n  or 
d ow n w a rd  filtra tion  is n o t  a v a ila b le . ?

8. Electrolytic Process.— T h e  a p p lica tion  o f  e le c tr ic ity  to 
th e  trea tm en t o f  seW age is  the id e a  o f  M r. W e b s te r , p.c.s., 
w h o  rem a rk s— “  T h e  o x id a t io n  o f  o r g a n ic  m a tter  ca n  o n ly  
b e  o b ta in e d  b y  on e  m od e  o f  ch em ica l a ction , w h eth er  
it  b e  by  filtra tion  a ccom p a n ied  b y  th e  a ct ion  o f  m ic ro ­
org a n ism s, th e  a d d it io n  o f  ch em ica ls  o r  m ech a n ica l fo r c e  
re p re se n te d  b y  th e  e le c tr ic  cu rre n t.”  T h e  sew a g e  is m a d e  
to  pass th ro u g h  tw o  ‘ e le c tro ly t ic  sh oots ’  o r  b r ick w o rk  ch a n ­
nels d iv id e d  in to  ce lls  co n ta in in g  iron  p la tes . E v e ry  
a ltern ate  p la te  is co n n e cte d  re sp e ct iv e ly  w ith  the p o s it iv e  
an d  n e g a t iv e  p o le s  o f  th e  g e n e r a to r .t  D u r in g  th e  pa ssa ge  
o f  th e  sew a g e  th ro u g h  th e  sh oot, a f lo c c u le n t  p re c ip ita te  o f  
h y d ra te d  fe rrou s  o x id e  (?), p ro d u ce d  b y  th e  a ct ion  o f  th e  
e le c tr ic  cu rren t on  th e  iron  e le c tro d e s , is fo rm ed . T h e

* Called ‘ magnetic spongy carbon,’ and consisting largely of magnetic 
oxide and carbide of iron, 

t  A dynamo driven by a steam engine.
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r e s u lt in g  e fflu en t is  v e r y  c o n s id e r a b ly  p u r if ie d  a n d , a p p a ­
r e n t ly , a ll l iv in g  o r g a n is m s  d e s t r o y e d , so  th a t  i t  d o e s  n o t  
r e a d ily  u n d e r g o  s e c o n d a r y  fe r m e n ta t io n . V e r y  l it t le  e x ­
tra n e o u s  m a tte r  is  a d d e d  t o  th e  s e w a g e  a n d  th is  m e a n s  
th a t  th e  a m o u n t  o f  s lu d g e  is  r e la t iv e ly  sm a ll. T h e  p r o c e s s , 
h o w e v e r , is  a  c o s t ly  o n e  b o t h  o n  a c c o u n t  o f  in it ia l  o u t la y  
f o r  p la n t  a n d  th e  w a ste  o f  p o w e r , a n d  th e  r e s u lt in g  s lu d g e  
h as n o  g r e a t  v a lu e . I t s  u se  w ill  p r o b a b ly  b e  c o n fin e d  to  
c e r ta in  to w n s  w h e re  th e  a m o u n t  o f  m a n u fa c tu r in g  r e fu s e  is  
v e r y  g r e a t  a n d  u o t  e a s ily  a m e n a b le  to  o th e r  t r e a tm e n t .*

HEALTH IN RELATION TO REMOVAL OF REFUSE MATTER.
t h i s ,  o f  c o u r s e , is th e  m o st  im p o r ta n t  p a r t  o f  th e  s u b je c t  

n o w  u n d e r  c o n s id e r a t io n . I t  is  q u ite  r ig h t  th a t  p a in s  
s h o u ld  b e  ta k e n  to  e n su re  th a t  n o  a c c u m u la t io n s  o f  filth  
sh a ll b e  a l lo w e d  to p o l lu t e  th e  a ir  o r  o f fe n d  th e  e y e , a n d  
it  is  a lso  q u ite  r ig h t  th a t  th e  r e m o v a l  o f  a ll r e fu s e  b e  d o n e  
a t a  r e a s o n a b le  c o s t ,  i f  p o s s ib le ,  a n d  th a t  i t  b e  d is p o s e d  o f  
a t  a  p r o f it  l ik e w is e , i f  p o s s ib le .  B u t  the p o in t  f o r  c o n s id ­
e r a t io n  o f  sa n ita r ia n s  is— How best to remove and dispose 
of a ll refuse so as to minim ise the risk of disease being caused 
ly  it, d irectly or ind irectly ? B e fo r e  t a k in g  u p  t h is  p o in t , 
h o w e v e r , it  m u st  b e  s e e n  w h a t  is  t l i^  e x p e r ie n c e  o f  I n d ia  
a n d  o th e r  c o u n tr ie s  iu  th is  r e la t io n .

T h e  m o s t  im p o r ta n t  e n q u iry  in  E n g la u d  in  th is  d ir e c t io n  
w a s  th a t  c a r r ie d  o u t  b y  D r . B u c h a n a n , b u t , o f  n e c e s s ity , 
it d id  n o t  d e a l m e r e ly  w ith  th e  in t r o d u c t io n  o f  s e w e r a g e  
sy s te m s , b u t  w it h  sa n ita r y  w o r k s  as  a  w h o l e . f .  I t  °is 
e x t r e m e ly  d iff icu lt  iu  m o s t  c a s e s  t o  a s s ig n  a c c u r a t e ly  to  
e a c h  s a n ita r y  f a c t o r  its  p a r t  in  le s s e n in g  d is e a s e , b u t  it  
c a n  s o m e t im e s  b e  d o n e  : th e  r e s u lt  is , in  m a n y  ca se s , 
s u ff ic ie n t ly  s ta r t l in g . B u c h a n a n  c h o s e  t w e n t y - f iv e  to w n s  
o f  v a r y in g  s iz e  w h e r e  s a n ita r y  im p r o v e m e n t s  h a d  b e e n  
i n s t itu te d  f o r  s o m e  t im e , a n d  th e  g e n e r a l  r e s u lt  w a s  th a t  o f

n  ^ or ncc°niifc of the process in considerable detail, v. paper bv 
Dr- MaoI*ntook. Brit. Med. Jour., 30th August 1800. ‘ P 7
. + "clui ing improvements in house, subsoil and surface drainage 
improvements in water supply, in removal of town refuse generally amth, 
the ventilation, etc., of lodging houses. “  nn“  1,1
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th e se  to w n s  tw e n ty  sh o w e d  a r e d u c e d  d e a th -ra te  s in ce  tlie  
c o m p le t io n  o f  th e  sa n ita ry  re fo rm s . T h is  r e d u c t io n  w as 
e s p e c ia lly  d u e  to  th e  d im in is h e d  m o r ta lity  fr o m  e n te r ic  
fe v e r  a u d  ch o le ra , as a lso , n o  d o u b t , to a  g e n e r a lly - im ­
p r o v e d  c o n d it io n  o f  h ea lth  le a d in g  to  a g r e a te r  r e s is ta n ce  
to  a tta ck s  o f  d isease . F o r  fu r th e r  d e ta ils  th e  o r ig in a l 
r e p o r t  m a y b e  c o n s u lte d .*  In  th e  tow n  o f  M u n ich , in  G e r ­
m a n y , s in ce  th e  in tr o d u c t io n  o f  a  s e w e ra g e  sy stem  in  p la c e  
o f  th e  fo r m e r  p o ro u s  ce ssp o o ls , th e  a v e ra g e  a n n u a l n u m b e r  
o f  d ea th s  fro m  e n te r ic  fe v e r  h a s  fa lle n  fr o m  208  to  4 0 . T h e  
a c c o m p a n y in g  ta b le  (p i. x iii)  sh ow s  c le a r ly  th e  w o n d e r fu l  
d im in u tio n  in e n te r ic  fe v e r  m o r ta lity  w h ic h  has ta k e n  p la ce  
in  E n g la n d  a u d  W a le s  fr o m  th e  y e a r  1869 o u w a rd s , th e  
d e cre a s e  b e in g  sp e c ia lly  m a rk e d  in  th e  y e a rs  1 8 7 6 -7 7 .f

C o m in g  n o w  to  th is  c o u n tr y , it  m a y  at o n ce  b e  s ta ted  
th a t  th e  a v a ila b le  in fo rm a t io n  a n d  e x p e r ie n c e  a re  fa r  fr o m  
w h a t  th ey  sh o u ld  b e . T h e  ca u se  o f  s u ch  a  sta te  o f  m a t­
te rs  n eed  n o t  b e  d is c u s s e d  h e re , it  w ill b e  r e m e d ie d  iu  
tim e  to co m e  a n d  w ith  re su lts  th a t  w ill  a p p e a l t o  th e  m o st  
s c e p t ic a l . O f  on e  th in g  th e r e  is a b s o lu te ly  n o  d o u b t , an d  
th a t is  to the present ignorance and apathy concerning the 
significance and means of effective removal and disposal of the 
refuse of towns and villages, aud especially the excreta, is due 
to a very large proportion of the diseases which decimate the 
inhabitants. “  I t  h a s  lo n g  b e e n ,”  sa y s  S ir  J o h n  S im on  
“ a m o n g  th e  m o s t  f ix e d  o f  th e  ce r ta in t ie s  w h ic h  h a v e  re la ­
t io n  to  c iv i l is e d  l ife , th a t  w h e re v e r  h u m a n  p o p u la t io n  
re s id e s , th e  p o p u la t io n  ca n n o t  p o s s ib ly  b e  h e a lth y , ca n n o t  
p o s s ib ly  e s ca p e  r e c u r r e n t  p e s t ile n t ia l d ise a se s , u u less  th e  
in h a b ite d  a re a  b e  m a d e  s u b je c t  t o  su ch  s k i l le d  a r r a n g e ­
m en ts  as sh a ll k e e p  it h a b itu a lly  f r e e - fr o m  th e  e x c re m e n ts  
o f  th e  p o p u la t io n .”  I t  ca n n o t  b e  d e n ie d  th a t  th e re  is, a t

* v. Ninth lledort of the Medical Officer to the Privy Council, v. also 
extracts from the same in Public Health Reports, Sir John Simon, Yol. ii, 
p. 262, et seq.

t  The Public Health Act was passed in 1875, leading to the appoint­
ment or District Medical Officers of Health and consequent great improve­
ment in sanitary matters, especially those relating to refuse removal and 
pare water supply,
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P L A T E  X I I I .

TO ILLUSTRATE STEADY DECLINE IN TYPHOID FEVER 
' MORTALITY, IN ENGLAND,

FROM THE YEARS 1869 TO 1888 INCLUSIVE.
(S tevenson  and  M u r p h y .)



p r e s e n t , n o  s in g le  to w n  in  I n d ia  h a b itu a l ly  f r e e  fr o m  th e  
e x c r e m e n t s  o f  th e  p o p u la t io n . M o s t  p r a is e w o r th y  e f fo r ts  
•to b r in g  a b o u t  su ch  a  s ta te  o f  th in g s  h a v e  b e e n  m a d e  b y  
sa n ita ry  a u th o r it ie s , b u t  as y e t  th e  l io n s  o f  ig n o r a n c e  a n d  
s lo th  h a v e  b a r r e d  th e  w a y . I n d iv id u a l  e f fo r t  a n d  e x a m p le  
a re  w a n te d  a n d  u n til  th e  p e o p le  as a  w h o le  a re  s h o w n  th a t  
c a r e le s s n e s s  w it h  r e g a r d  to  th e  d is p o s a l  o f  r e fu s e  o f  a ll 
s o r ts , a n d  o f  e x c r e t a  in  p a r t ic u la r , is  a  crime, i t  is  h o p e le s s  
to  e x p e c t  m u ch  im p r o v e m e n t  in  th e  p r e s e n t  c o n d i t io n  o f  
m a tte rs  t h r o u g h o u t  th e  E m p ire .

I n  th e  la r g e r  to w n s  e ffo r ts  h a v e  b e e n  a n d  a re  b e in g  
m a d e  t o  d e a l  e f fe c t iv e ly  w ith  th e  s u b je c t ,  b u t  th e y  a re , as 
a  ru le , p a rtia l a n d  in c o m p le te . “  R a n g o o n  is 'n o w  th e  o n ly  
c i t y  in  th e  In d ia n  E m p ir e  w h ic h  ca n  b o a s t  o f  a  s c ie n t i f ic  
s y s te m  o f  d r a in a g e  w h ic h  fu lf ils  a ll  th e  re q u ir e m e n ts  
o f  sa n ita r ia n s .”  P r e v io u s  t o  1 8 7 3  th e  la u d  w a s  h o n e y ­
c o m b e d  w ith  c e s s p o o ls  a n d  th e  d r in k in g  w a te r  c o r r e s p o n d ­
in g ly  p o l lu te d . T h e r e a f t e r  th e  c e s s p o o ls  w e r e  c lo s e d  b y  
o r d e r  a u d  th e  n ig h t  s o il  c o l le c t e d  b y  c a r ts  a n d  th r o w n  iu to  
th e  r iv e r . T h is  h o r r ib le  s y s te m  o b t a in e d  t i ll  18 9 0  w h e n  
th e  S h o n e  sy s te m  w a s  a d o p t e d  a t  a  c o s t  o f  m o r e  th a n  
tw e n ty  la k h s  o f  ru p e e s . W i t h  t h o r o u g h  c o n s e r v a n c y  o f  
d r y  re fu s e , a  g o o d  w a te r  s u p p ly  a n d  e ff ic ie n t  s u b s o il  d r a in -  
a g e ,  s u p p le m e n t in g  th e  e f fe c t  o f  s u ch  a  s y s te m  o f  s e w a g e  
r e m o v a l  th e r e  is  l it t le  d o u b t  th a t  th is  g r e a t  a u d  r a p id ly -  
in c r e a s in g  c i t y  w i l l  ta k e  th e  le a d  in  h e a lth in e s s  f r o m  h e r  
m o r e  c o n s e r v a t iv e  a n d  p o v e r t y -s t r ic k e n  In d ia n  n e ig h b o u r s .
B o m b a y  is  l ik e w is e  m a k in g  a  la u d a b le  a t te m p t  to  d e a l  
w ith  h er  e n o rm o u s  m a ss  o f  l iq u id  a n d  s o lid  r e fu s e . U p  to  
1 8 9 1  a b o u t  56  m ile s  o f  s e w e r s  h a d  b e e n  la id . “  T h e  m a in  
p r in c ip le  o n  w h ic h  th e  s e w e r a g e  w o r k s  h a v e  b e e n  d e s ig n e d  
is  to  s e c u r e  s e g r e g a t io n  o f  s to r m -w a te r  f r o m  th e  s e w a g e , a  
n e c e s s ity  c o n s e q u e n t  u p o n  th e  c o n c e n t r a t io n  o f  th e  a n n u a l 
r a in fa ll  w ith in  a  s h o r t  p e r io d  o f  th e  y e a r , a n d  o n  th e  
in a b i l i t y  t o  c o n s t r u c t  c h a n n e ls  t o  d o  th e  d u a l d u t y  o f  
s e w e r s  a n d  d r a in s  u n d e r  th e  v a r ia b le  c o n d it io n s  o f  f lo w  
d u r in g  t h e  d r y  a u d  w e t  sea son s . B e fo r e  th e  n e w  w o r k s  
w e r e  c o m m e n c e d , th e  c i t y  w a s  d r a in e d  b y  f la t -b o t to m e d
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m a s o n r y  d ra in s , m a n y  o f  v a s t  d im e n s io n s , w h ic h  r e c e iv e d  
b o t h  s to r m -w a te r  a u d  s e w a g e , a n d  w h ic h  d u r in g  fa ir  
w e a th e r  b e c a m e  m e r e ly  e lo n g a t e d  c e s s p o o ls .  U n d e r  th e  
p r e s e n t  p r o je c t ,  th e  m ain s e w e r s  h a v e  b e e n  c o n s t r u c t e d  on  
th e  m o s t  a p p r o v e d  a n d  m o d e r n  p r in c ip le s  o f  s a n ita t io n .
T h e  s e w e r a g e  w o r k s  w h e n  c o m p le t e d  w ill  c o s t  p r o b a b ly  
n o t  le ss  th a n  £ 1 ,0 0 0 ,0 0 0 ,”  o r  m o re  th a n  130  la k h s  o f  ru p e e s .
C a lc u tta  a n d  M a d r a s  h a v e  a lso  m a d e  a t te m p ts  to  p r o ­
v id e  th e m s e lv e s  w ith  g o o d  s e w e r a g e  s y s te m s  b u t , f o r  v a r i ­
o u s  re a so n s , w ith  n o t  c o n s p ic u o u s  s u c c e s s . I n  a ll th e se  
c i t ie s  a n d  in  m a n y  o th e r s  th e  q u e s t io n  o f  e f fe c t iv e  d is p o s a l 
o f  d r y  r e fu s e  b y  fire  is  a lso  b e in g  c o n s id e r e d , so  th a t , 
g iv e n  r a p id - r e m o v a l  a n d  d is p o s a l o f  b o t h  d r y  a u d  l iq u id  
r e fu s e , o n e  g r e a t  e v il  w ill  h a v e  b e e n  a b o l is h e d .

A s  sa id  b e fo r e  it  is  t o o  s o o n  to  a t te m p t  to  r e c k o n  th e  
g o o d  w h ic h  w i l l  re su lt  f r o m  s u ch  r e fo r m s , a d d e d  to  w h ic h  
is  th e  v e r y  im p e r fe c t  r e g is t r a t io n  b o t h  as to  th e  n u m b e r  
a n d  ca u se s  o f  d e a th s  in  th e s e  to w n s . I f  th e s e  r e m a r k s  a re  
t r u e  f o r  th e  c h ie f  t o w n s  in  I n d ia  m u c h  m o r e  a re  th e y  tru e  
f o r  th e  sm a lle r  to w n s  a n d  n u m b e r le s s  v il la g e s . A t  p r e s e n t  
sa n ita ry  r e fo r m e r s  ca n  b u t  c o n t in u e  q u ie t ly  a n d  p e r s is t ­
e n t ly  th e  g r e a t  w o r k  o f  c le a n s in g  th e s e  A u g e a n  s ta b le s , 
c o n f id e n t ly  le a v in g  th e  ju s t if ic a t io n  a n d  a p p r o v a l  o f  then - 
d o in g s  in  th e  h a n d s  o f  t h e ir  s u c c e s s o r s .

WHAT SYSTEMS OF REMOVAL AND DISPOSAL OF REFUSE ARE 
BEST FOR INDIA ?

H a v in g  th u s  b r ie f ly  d e s c r ib e d  th e  v a r io u s  m e th o d s  fo r  
r e m o v a l  a u d  d is p o s a l o f  w a s te  m a tte r , in c lu d in g  e x c r e t a , 
a n d  c o n s id e r e d  v e r y  s h o r t ly  th e  in f lu e n c e  e x e r c is e d  on  th e  
h e a lth  o f  t o w n s  b y  s u c h  r a p id  a u d  s y s te m a t ic  r e m o v a l,  it  
is  n e c e s s a r y  to  e x a m in e  a n d  c o m p a r e  t o g e t h e r  th e s e  
m e th o d s  w ith  r e fe r e n c e  to  th e ir  r e la t iv e  m e r its  f o r  a d o p t io n  
in  th e  to w n s  a n d  v i l la g e s  o f  th is  E m p ir e .

F ir s t ly ,  th e n , le t  th e s e  tw o  a x io m s  a g a in  b e  c a r e fu l ly  
n o t e d  :— I n  a d o p t in g  a n y  c o n s e r v a n c y  s y s te m  w h a te v e r , 
p r o v is io n  h a s  to  b e  m a d e  fo r  th e  r e m o v a l  o f  b o t h  w e t  a n d
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d r y  r e fu s e , a n d ,— W h e t h e r  th e  e x c r e t a  a re  a d d e d  in t e n ­
t io n a lly  to  th e  w a s te  w a te r  (s u lla g e ) o r  n o t , th e  la t t e r  is  
h ig h ly  im p u re  a n d , u n less  q u ic k ly  a n d  s u ita b ly  d is p o s e d  o f ,  
b e c o m e s  a  n u isa n ce  a n d  a  d a n g e r  t o  h e a lth . T h e r e  a re  
th u s  th r e e  th in g s  to  h e  c o n s id e r e d  :—

(I) Tlio best methods of removal and disposal of dry refuse in India.
(“ ) ... ... ... liquid „ „

••• ... ... excreta. „

1. Removal and Disposal of D ry  Refuse.— V e r y  l it t le  
n e e d  b e  a d d e d  to  w lia t  h a s  a lr e a d y  b e e n  sa id  o n  th is  s u b ­
je c t .  S o m e tim e s  a  d is t in c t io n  is  m a d e  b e t w e e n  ‘ o r g a n ic ’ 
a n d  ‘ in o r g a n ic ’ d r y  r e fu s e ,*  b u t  in  p r a c t i c e ,  w it h  ra re  
e x c e p t io n s ,t  th e  tw o  a re  in t im a te ly  m ix e d . T h e r e  is  n o  
b e t te r  p la n , a t p r e s e n t  k n o w n , f o r  th e  d e s t r u c t io n  o f  th e  
o r g a n ic  m a tte r  iu  d r y  r e fu s e , th a n  e x p o s u r e  t o  h e a t  in  a n  
in c in e r a to r . I t  is n o t , o f  c o u r s e , r e a l ly  dry  r e fu s e  w h e n  
b r o u g h t  to  th e  in c in e r a to r  f o r  i t  c o n ta in s  a  v e r y  la r g e  
a m o u n t  o f  m o is tu re  w h ic h  in te r fe r e s  w ith  th e  p r o c e s s  o f  
c o m b u s t io n  a n d  s p e c ia l  d e v ic e s  a re  n e c e s s a r y  t o  o v e r c o m e  
th is  d iff icu lty . I t  n o w  a p p e a r s , h o w e v e r , t o  h a v e  b e e n  
s u c c e s s fu lly  s u r m o u n te d  a n d , i f  s o , th e r e  is  n o  d o u b t  th a t  
m  a fe w  y e a r s  n e a r ly  e v e r y  t o w n  in  I n d ia  o f  a n y  c o n s id e r ­
a b le  s ize  w ill  a v a il  i t s e l f  o f  th is  m e t h o d  f o r  th e  d is p o s a l  o f  
iLs d r y  r u b b is h . I n  th e  s m a lle r  ’ t o w n s  a u d  v i l la g e s  th e  
d is p o s a l w ill  s t ill  h a v e  to  b e  b y  in c in e r a t io n  o r  b y  r e m o v ­
in g  it  to  a  s a fe  d is ta n c e  a n d  s p r e a d in g  it  o n  la n d , w ith  d u o  
p r e c a u t io n s , as a lr e a d y  d e s c r ib e d .  I f  s o ld  t o  c o n t r a c t o r s  
as m a n u re , j  s t r in g e n t  r e g u la t io n s  a re  n e c e s s a ry  t o  p r e v e n t  
th e  c r e a t io n  o f  n u is a n c e  a n d  p o l lu t io n  o f  w a te r -s u p p lie s .

2 . Removal and D isposal of L iq u id  Refuse.— T h is  is  a • 
v e r y  im p o r ta n t  a n d  s o m e w h a t  n e g le c t e d  b r u n c h  o f  th e

* V. McNally, op. cit., pp. 106-7.
f  Daring t lio destruction oE large buildings condemned from age, a largo 

amount of so-called inorganic dry rubbish may be available but this is not 
common. In such cases tbe safest plan would be to spread it on laud, 
covet with a foot of earth and leave undisturbed for several years.

+ In IS85 nearly Its. 85,000 were realised from tbe sale of dry refuse in 
tlio Punjaub, principally consisting of excreta, however. It is only when 
excreta are added to dry refuse that it is saleable to any extent.



/ n

s u b je c t  nuclei* c o n s id e r a t io n . D r y -r e fn s e  a n d  e x c r e t a  a re  
so  m u c li en evidence th a t  t lie ir  r e m o v a l a n d  d is p o s a l is  e a r ly  
lo o k e d  to  b y  sa n ita ria n s . T o  m a n y  o f  th e s e  la tte r  in  
th is  c o u n tr y , h o w e v e r , th e  s e w a g e , u n le s s ’ it  in c lu d e s  th e  
e x c r e t a , seem s a  sm all m a tte r . T h e y  a re  so  firm ly  p e r ­
su a d e d  a n d  g r o u n d e d  in  th e ir  b e l ie f  th a t  ‘ d r y ’ m e th o d s  
a re  essen tia l fo r  a  t r o p ic a l  c l im a te  th a t  th e y  o v e r lo o k  o r  
ig n o r e  th e  e x is te n c e , o r  a t a ll e v e n ts  th e  im p o r ta n c e  o f ,  
h o u se  s e w a g e . T h e  a m o u n t  o f  su ch  l iq u id  r e fu s e  th a t  
r e a lly  n e e d s  d is p o s a l m ay  b e  fa in t ly  r e a lis e d  b y  a  v is it  t o  
th e  lin es  o f  a  n a t iv e  r e g im e n t  w h e r e  e a c h  h o u s e  h a s  in  
f r o n t  o f  it  a  la r g e  r e c e p ta c le  su n k  in  th e  g r o u n d , in to  
w h ic h  th e  w a ste  w a ter  fr o m  th e  h o u se  t r ic k le s  a lo n g  an  
o p e n  d ra in . F r o m  th e  u su a l c o n d it io n  o f  th e  d ra in  a n d  
fr o m  a k n o w le d g e  o f  th e  h a b its  o f  th e  p e o p le  it  m a y  b e  
s a fe ly  in fe r r e d  th a t  n o t  m o re  th a n  o n e -h a l f ,  a t m o s t , o f  th e  
w a ste  w a te r  r e a c h e s  th e  r e c e p ta c le ,  y e t  th e se  r e q u ir e  
e m p ty in g  e v e r y  tw o  d a y s , i f  n o t  o f t e n e r , a n d  iu  sp ite  o f  
th e  ra p id  e v a p o r a t io n  u n d e r  a  t r o p ic a l  s u n .*

A t  p re s e n t  in m o s t  to w n s  a n d  n e a r ly  a ll v illa g e s  th e re  a re  
tw o  w a y s  in  fo r c e  f o r  th e  g e t t in g  r id  o f  th is  s e w a g e . O n e  
is  th e  m o r e  g e n e r a l, b u t  h a r d ly  m o r e  h u r t fu l ,  p la n  o f  
s im p ly  m a k in g  n o  p r o v is io n  w h a te v e r  f o r  its  r e m o v a l,  
r e l ia n c e  b e in g  p la c e d  m e r e ly  on  th e  a b s o r p t iv e  p o w e r  o f  th e  
so il a n d  su r fa c e  evapora tion .-)- T h e  o th e r , a n d  m o re  o s te n ­
ta tio u s  m e th o d , is  th e  co n s tr u c t io n  o f  a  se r ie s  o f  sh a llo w , a n d  
in  e v e r y  w a y  im p e r fe c t ,  o p e n  d ra in s , e n d in g  n o w h e r e  in  
p a r t ic u la r  o r  in  a  ta n k  o r  .w a te r c o u r s e  u s e d  f o r  b a t h in g  
a n d  d r in k in g . A n d  a ll th is  is  h a rm le ss  b e c a u s e  th e  s e w a g e  

«  d o e s  n o t  c o n ta in  a d d e d  e x c r e t a , o r  is  n o t  supposed t o  !
T h e r e  is  n o  .g r e a te r  e r r o r  p o s s ib le . A  m o is t  s u b s o il  s a tu ­
r a te d  w ith  o r g a n ic  m a tte r  is  u n d o u b te d ly  a  fa v o u r a b le  
n u rs e ry  fo r  d ise a so  c o n ta g ia  a n d  w h a t  is  m o re  l ik e ly  th a n

* v. also note p. 147.
t  As illustrated in perfection in the immediate neighbourhood of 90 pgr 

cent, of the kitchens (sic) belonging to the bungalows of the wealthier 
classes, European and otherwise, v. Chap. v. Buildings.
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th a t  su c li a  b r e e d in g  g r o u n d  s h o u ld  b e c o m e  in o c u la t e d  
w ith  tlie  p o is o n  o f  e n te r ic  fe v e r  a n d  o th e r  d is e a s e s .*  * * §

I t  is  n e ce s s a ry  th e n  t o  r e a lis e  c le a r ly  th a t  th is  h o u s e  
s e w a g e  is a  w a s te  p r o d u c t  f o r  th e  r e m o v a l  a n d  d is p o s a l  o f  
w h ic h  d e fin ite  a n d  s u ffic ie n t  p r o v is io n  m u st b e  m a d e . F o r  
v e r y  sm a ll v i l la g e s  o r  f o r  is o la t e d  h o u s e s  a ll  th a t  is  n e c e s ­
sa ry  is a  w e ll- la id  o p e n  d r a in  o f  p r o p e r  sh a p e  a n d  m ateria l-}- 
l e a d in g  to  a g a r d e n  w h e r e  th e  s e w a g e  c a n  b e  d a i ly  
u tilise d .^  T h e  d ra in s  m u st b e  k e p t  c le a n  a n d  f lu s h e d  w ith  
w a te r  o c c a s io n a l ly  i f  n e c e s s a r y . I n  t im e  o f  h e a v y  ra in  
th e  l iq u id  f lo w in g  a lo n g  th e  d r a in  w i l l  b e  a lm o s t  p u r e  
w a te r  a n d  ca n  b e  s a fe ly  d iv e r t e d  in to  th e  o r d in a r y  s u r fa c e  
ch a n n e ls  o r , b e t t e r  s t ill , ru n  o n  to  w 'aste g r o u n d . F o r  
la r g e r  v il la g e s  a n d  m o s t  to w n s  th e r e  s h o u ld  b e  a  p r o p e r  
sy s te m  o f  su ch  o p e n  d ra in s  very carefu lly la id  and construct­
ed, great attention being given to proper gradients. I f  
n e c e s s a ry , l iq u id  e x c r e t a  m a y  b e  a l lo w e d  to  e n te r  th e s e  
d ra in s  b u t  a n y  a t te m p t  t o  u se  th e  d ra in s , m o r n in g  a n d  
e v e n in g , as a  s u b s t itu te  f o r  la tr in e s  s h o u ld  b e  a t  o n c e  
p u n is h e d .§ H a v in g  c o n s t r u c te d  su ch  a  s y s te m  it  s h o u ld  b e  
m a d e  to  e n d  in  so m e  s p o t  w h e r e  th e  s e w a g e  c a n  b e  l ia r m -

* Not long ago a lady, resident in nn official bungalow at one of the 
finest bill-stations in India, was attacked with severe enteric fever. On 
examining the waste water pipe from the bath-room, it was found to 
open into a brick drain that ran about four feet and then terminated 
abruptly. In addition, there was no catchwater drain for the water drip­
ping from the hill above so that the ground at the back of the house was 
always damp. On digging up the soil round the termination of the drain, 
which latter had apparently ‘ silted np,’ it was found to be saturated and 
discoloured with greasy organic matter and the stench emitted.was fear- 

• fnl. No other cause for the attack could be discovered and it' was quite 
an isolated case. It was almost certainly attributable to the above-noted 
defective state of things. The general health also, of the other occupants 
of the lionse was by no means good. Since the introduction of a proper 
system of open drains carrying off all rain and sulluge water, there has 
been no further sickness.

t  v. pi. ix, If cheapness is essential the drains can bo built of good 
bricks laid in mortar, pointed with cement and the whole thickly tarred.

X v• Chap. v. Buildings.
§ In the case of adults by fining at first with imprisonment on subse­

quent conviction : in the case of children by the cane. If due notice of 
such beiug a punishable offence has been given to nil nnd sundry, there is 
no earthly reason why punishment should not follow a breach of the rule.
It is done with admirable success in military lines, as also under military 
rule in Burmab, and if the police were compelled to nrrdst ®very trans-
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le s s ly  a n d , i f  p o s s ib le , u s e fu lly  d is p o s e d  o f  b y  ir r ig a t io n  o r  
o th e r w is e .*  In  th e  la r g e s t  to w n s  th e  d is p o s a l o f  th e  s e w ­
a g e  fo r m s  p a r t  o f  th e  q u e s t io n  o f  d is p o s a l o f  e x c r e t a  an d  
w ill  b e  c o n s id e r e d  u n d e r  th e  n e x t  h e a d i n gO

3. Rem oval and D isposal o f Excreta.— F r o m  th e  d e s c r ip ­
t io n  o f  th e  v a r io u s  m e th o d s  o f  r e m o v a l  a n d  d is p o s a l  g iv e n  
in  th e  e a r lie r  p a r t  o f  th is  c h a p te r  it  is  e a s y  to  g a th e r  a 
g e n e r a l  id e a  o f  th o s e  w h ic h  a re  m o s t  s u ita b le  to  th is  c o u n ­
t r y . F o r  sm a ll t o w n s  a n d  fo r  v il la g e s  th e re  is  n o  o th e r  
k n o w n  p la n  o f  any  e ff ica cy  sa v e  th e  d r y  m e th o d  o f  r e m o v a l, 
w ith  o r  w ith o u t  a d m ix tu r e , f o l lo w e d  b y  d is p o s a l in  s h a llo w  
t r e n c h e s  w h ic h  a re  c o v e r e d  in  w ith  fr e s h  e a r th  w h e n  fu l l .  
T h e  r e m o v a l m u st b e  regular and thorough a n d  th e  g r o u n d  
w h e r e  th e  d isp o sa l ta k e s  p la c e  frequently inspected to  see  
th a t  th e  o p e r a t io n s  a re  c o n d u c t e d  so  as  to  b r in g  th e  e x c r e ­
m e n t  in to  c o n t a c t  w ith  fr e s h  e a r th  a n d  t o  p r e v e n t  its  b u r ia l 
en masse in  p i t s . f  I t  is in  th e  c a s e  o f  la r g e  to w n s  th a t  d i f ­
fe r e n c e s  o f  o p in io n  as t o  r e m o v a l  a n d  d is p o s a l  o f  s e w a g e  
a n d  e x c r e t a  r e a l ly  b e g in .  A r e  th e  e x c r e t a  to  b e  a d d e d 't o  
th e  s e w a g e  o r  n o t  ? T h e r e  m a y  b e  so m e  d i f fe r e n c e  o f  
o p in io n  as t o  w h e th e r  o p e n  d ra in s  a re  s u ita b le  f o r  th e  
r e m o v a l  o f  w a ste  w a te r , e tc . ; th e re  is  n o  d o u b t  a s  t o  th e ir

grosser, or severely punished for not doing so, the same degree of proven- 
tiim in the case of the civil population could certainly be obtained. y ai-i. 
ous pecuniary penalties can be inflicted for committing such a nuisance 
in the street, under different Municipal and District Acts, but thev me 
never properly enforced. -

* Of course there are apt to be many difficulties in the way of such dis­
posal, and these will only be overcome when the local medical officer or 
other sanitary authority takes an active and genuine interest in the 
matter. II,ere are few places m India where prejudice against the use of 
sewage or excrement as manure will long withstand vigorous and kindly 
effort : such excellent fertilising material is too valuable to be wasted In 
Japan and China the use of human excrement for manure is universal and 
it is a substance of very considerable pecuniary value

f  As is done at Cawtipgre. “  The pits are about 20 ft. square and 4 ft. 
deep, aud are filled up with the liquid nightsoil, which is left to heat tin 
and ferment in the sun The ground being of clay, there is very little 
combi Nation between it and the sewage, which pntrifies so freely as to bo 
covered l.ke beer with a head of foam due to the gas bubbles rising through 
it lhe stench is indescribable and lasts at least two years. The residue,
w‘18" IS:! t0 cult:vaA01'8 ftS P°"dl'ette’ having lost the greater part 
of ite fertilising powers in the gases of decomposition, Wallace, op. tit.,
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e n t ir e -u n s u ita b il ity  f o r  th e  re m o v a l o f  sewage plus  e x c r e t a .
H e n c e  i t  is  first  o f  a ll n e c e s s a r y  to  c o m p a r e  t o g e t h e r  th e  
d r y  a n d  w et m e th o d s  o f  r e m o v a l  a n d  to  w e ig h  th e ir  r e la t iv e  
a d v a n ta g e s  a n d  d is a d v a n ta g e s .

N u m e r o u s  o b je c t io n s  h a v e  b e e n  u r g e d  f r o m  t im e  to  t im e  
a g a in s t  th e  p la n  o f  h a v in g  a S3’ s te m  o f  u n d e r g r o u n d  se w e rs  
c o n n e c t e d  w ith  h o u se s  b y  m e a n s  o f  p ip e s  le a d in g  to  w a te r -  
c lo s e ts , e tc . E v e r y  o n e  o f  th e s e  o b je c t io n s  h a v in g  a n y  
w e ig h t  h as r e fe r e n c e  t o  fa u lty  construction. (1) T h e  s y s te m  
is  d e fin e d  as a n e tw o r k  o f  u n d e r g r o u n d  c h a n n e ls  c o n t a in ­
in g  fo u l, d e c o m p o s in g  m a te r ia l, in  im m e d ia te  c o n n e c t io n  
w it h  d w e ll in g -h o u s e s , so  th a t  th e  h o u s e  p ip e s  a c t  as v e n t i ­
la to rs  a lo n g  w h ic h  th e  p o is o n o u s  s e w e r  a ir  c a n  a n d  d o e s  
p a ss  in to  th e  in te r io r  o f  th e  h o u se s . N o w , su ch  a  d e f in i­
t io n  o f  a  s e w e r a g e  sy s te m  w a s  a n d  is  o n ly  t o o  tru e  f o r  
c e r ta in  to w n s  in  B r ita in  a n d  e ls e w h e r e , b u t  is  a b o u t  as 
a c c u r a te  in  th e  ca se  o f  a  m o d e r n  w e ll-s e w e r e d  to w n , o n  th e  
se p a ra te , sy s te m , as th e  o r d in a r y  d e f in it io n  o f  a  v o lc a n o .*
T h e r e  is  c e r ta in ly  a n  u n d e r g r o u n d  se r ie s  o f  c h a n n e ls  in  
m e ch a n ica l c o n n e c t io n  w it h  h o u se s , b u t  e ff ic ie n t  m e a n s  a re  
ta k e n  to  p r e v e n t  th e  b a c k w a r d  p a s s a g e  o f  s e w e r  a ir  a n d , 
in  a n y  ca se , th e  s e w a g e  is  so  q u ic k ly  r e m o v e d  th a t  d e c o m ­
p o s it io n  p r o c e e d s  b u t  s l ig h t ly  e re  th e  s e w a g e  r e a c h e s  th e  
o u t fa l l .  H e n c e , as b e fo r e  e x p la in e d , th e  a i r f  in  a  m o d e r n  
s e w e r  is  w o n d e r fu l ly  p u r e . (2) I t  is  u r g e d  th a t  a t a n y  
t im e  th e  p ip e s  m a y  b r e a k  o r  th e  jo in t in g  p i-o v e  d e fe c t iv e ,  
th e  s u r r o u n d in g  so il b e c o m in g  p o l lu t e d  as a  c o n s e q u e n c e .
E v e n  w ith  p r o p e r  p ip e s  a n d  g o o d  fo u n d a t io n s  a n d  w o r k ­
m a n sh ip  s u c h  a n  a c c id e n t  m ay h a p p e n  o c c a s io n a l ly ,  b u t , 
u n d e r  s y s te m a t ic  in s p e c t io n  it  w o u ld  s o o n  b e  d e t e c t e d ,  
s e w e rs  b e in g  n o w  e n g in e e r e d  s p e c ia l ly  to  fa c i l i t a t e  s u ch  
in s p e c t io n . (3 )  T h e  w a te r  s u p p ly  is  sa id  t o  b e  in  d a n g e r  
o f  c o n ta m in a t io n . T h e  v a r io u s  w a y s  b y  w h ic h  th is  m ig h t

* viz., a ‘ burning mountain giving forth flames and smoke.’
f  Some insist upon careful distinction between sewer air and sewer gns.

Of course the latter implies the gases given oil during decomposition of 
sewer-slime, etc., and these in their turn help to render impure the natural 
sewer-air.
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ta k e  p la c e  ca u n o t  b e  d e s c r ib e d  in  d e ta il ,*  su ffice  it  t o  sa y  
th a t  h e re  a lso  su ch  an  o c c u r r e n c e  c o u ld  o n ly  b e  d u e  to  

,  fa u lty  co n s tru ct io n  o r  a b re a k a g e  in  th e  p ip e -s e w e r  c o u p le d
w ith  th e  use o f  a sh a llo w  w e ll as a  w a ter  su p p ly .

T h e se  th en  are  th e  o b je c t io n s  so c a l le d . T h e re  are  o n e  
o r  tw o  o th e r  p o in ts  r e q u ir in g  a tte n t io n . W h e r e  th e re  a re  
w a te r -c lo s e ts  in  c o n n e c t io n  w ith  a s e w e r a g e  sy stem , a  la r g e  
a n d  u n fa i lin g  w a te r  su p p ly  is n e ce ssa ry  to  flu sh  th e  c lo s e ts  
a n d  to  k e e p  th e  tra p s  se a le d . W it h o u t  th is  th e  sy s te m  is 
u n w o r k a b le . A g a in , th e  u se  o f  w a te r -c lo s e ts  m e a n s  so 
m u c h  e x tr a  flu id  a d d e d  to  th e  s e w a g e  a n d  r e q u ir in g  d is ­
p o s a l. S u p p o s e  th ese  a re  u se d  o n c e  d a ily  b y  a p o p u la t io n  
o f  3 0 ,0 0 0 , w ith  an  a v e r a g e  flu sh  o f  tw o  g a llo n s  o n ly , it  w ill  
b e  seen  th a t  a b o u t  6 0 ,0 0 0  g a llo n s  o f  f lu id  a re  a d d e d  to  th e  
d a i ly  s e w a g e  d is c h a r g e  f o r  d is p o s a l a t  th e  o u t fa ll .  F o r  th e  
sa m e  r e a so n , th e  o r ig in a l c o s t  o f  th e  sy s te m  w ill  be  g r e a te r  
th a n  w h e re  th e  sew ers  s im p ly  c a r r y  w a ste  w a te r . F in a lly ,  
i f  th e  to w n  is  l o w - ly in g ,  so  as to  p r e v e n t  th e  s e w e r s  b e in g  
la id  w ith  g o o d  n a tu ra l g r a d ie n ts , th e  s e w a g e  m u st  e ith e r  
b e  p u m p e d  o r  th e  S h o n e  sy s te m  a d o p te d . T h is  m ea n s 
c o n s id e r a b le  e x tr a  e x p e n se .

In  fa v o u r  o f  th e  w a te r -c a r r ia g e  sy s te m  is th e  im p o r ta n t  
fa c t  th a t  s e w a g e  a n d  e x c r e t a  a re  th e r e b y  r e m o v e d  as 
n e a r ly  immediately as m a y  b e .  S e w a g e  w a te r  m u st b e  
r e m o v e d  a n y w a y  a n d  th e  a d d it io n  o f  th e  e x c r e t a  a n d  e x t r a  
w a te r  fr o m  th e  c lo s e ts  d o e s  n o t  p e r c e p t ib ly  a d d  to  th e  
im p u r ity  w h ils t  th e  in it ia l e x tr a  c o s t  is  m o re  th a n  c o m p e n ­
sa te d  b y  c a r e fu l  c o n s tru c t io n  a n d  th e  s a v in g * o f  p la n t  a n d  
la b o u r  in  re m o v a l o f  e x c r e t a  b y  d r y  m e th o d s .

C o m in g  n o w  to  d ry  m e th o d s  th e  m o st  o b v io u s  a d v a n ta g e  
is not th e  n o n -n e c e s s ity  l o r  se w e rs  o f  a u y  so r t , b u t  th a t  n o  
sy s te m  o f  closed s e w e rs  is n e ce ssa ry . In  a d d it io n  th e  a m o u n t  
a n d  p e r m a n e n c e  o f  th e  r e g u la r  w a te r  s u p p ly  is  n o t  so  
im p o r ta n t .

* The commonest cause of such a sprlnm. m:„i__• .
builders in lending nil overflow pipe into the smvnr' • "i1 l̂l\n?ss
end in the open air just beyond the outside of the wall', ^  ° f making is
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T h e  c h ie f  d is a d v a n ta g e  is delay in  removal of the excreta, 
a  sm a ll m a tte r  p e rh a p s , in  th e  c a s e  o f  h e a lth } ’' p e o p le , b u t  o f  
g r e a t  im p o r ta n c e  in  d ise a se s  l ik e  c h o le r a  a n d  e n te r ic  fe v e r .
I f  a d m ix tu r e  w ith  e a r th  b e fo r e  r e m o v a l is  p r a c t is e d , as is  
fr e q u e n t ly  th e  ca se  iu  th is  c o u n tr y , th e  c a r r ia g e  a n d  s t o r a g e  
o f  a la r g e  q u a n t ity  o f  e a r th  is  a v e r y  e x p e n s iv e  m a tte r , as 
a lso  th e  r e m o v a l  b y  h a n d  o r  c a r t  o f  th e  m in g le d  ea rth  a n d  
e x c r e t a .*  g E s th e t ic a lly  it  is  o b je c t io n a b le  on  th e  la r g e  s ca le  
c o m p a r e d  w ith  a good w a te r -c a r r ia g e  s y s t e m .f  S u ita b le  
e a r th  is n o t  a lw a y s  o b ta in a b le , a n d  b e s id e s , th e  a m o u n t  o f  
faecal m a tte r  to  b e  r e m o v e d  fr o m  a  la r g e  to w n  is  so  e n o r ­
m o u s  th a t  th e  to w n  w o u ld  b e c o m e  s u rro u n d e d  a ft e r  a  t im e  
w ith  b u r ie d  d e p o s its  o f  f ilth . J F in a lly ,  a n d  m o s t  im p o r ta n t  
o f  a ll, it  is  o n ly  a p a r t ia l  sy s te m  a n d  le a v e s  e n t ir e ly  u n - 
to u c k e d  th e  q u e stio n  o f  d isp o sa l o f  s e w a g e  a n d  th e  w h o le  
o r  g r e a te r  p a rt o f  th e  liq u id  e x c r e t a .

I t  re m a in s , th e n , to  c o n s id e r  w h a t  a re  a c tu a lly  th e  b e s t  
m e th o d s  a v a ila b le  in  this country. A t  o n c e  th e r e  a r ise  a 
n u m b e r  o f  o b je c t io n s  to  b e  c o n s id e r e d  a n d  d if f ic u lt ie s  to b e  
o v e r c o m e , d u e  to  tw o  g r e a t  a n d  e v e r  p r e s e n t  fa c t o r s ,  viz :—  
th e  tropical climate a u d  th e  existence o f caste.

1 h e  c l im a t ic  p e c u lia r it ie s  a re  p r in c ip a l ly  th o s e  d u e  to  a

* Save in the case of isolated institutions, like jails, where free labour is 
obtainable, and which are not comparable to towns.

f  In the otherwise admirable work by McNally, so often referred to, there 
are one or two points in this matter that require notice. In favour of a 
dry system of latriues he says that “ foul water not containing latrine 
waste being so inoffensive may be passed into ordinary drains,” i.e., into 
surface drains, which empty themselves into the nearest watercourse or 
allow their contents to sink into the soil. This, as before stated,.I believe 
to be a dangerous error. Again ho says “  the same earth can be used over 
and over again after drying, and the return latrine carts wonld carry 
earth instead of going empty.”  I have before (p. 139) alluded to the fact 
that the same earth can be used several times so far as its deodorising 
poweis go. it is extremely doubtful, however, whether such a plan is 
advisable, and certainly the same carts should not be used for removing 
excreta and bringing fresh earth. "  Quite recently,”  says Sir William 
Moore, ' Surgn. Capt. Nichols, Surgn. Cnpt. Battersby, A.M .S .,  and also 
in. are, o the Brisbane Hospital, Queensland, have condemned the dry- 
earth system (B. M. J., 1890) ; especially when, as the officer first-named 
reinai ks, the cart which takes the mixture of earth and fiscal matter to be 
buried brings back dry earth for use.” Trans, viith Internet. San Sci 
Congress, vol. xi, p, 27.

J “  As military statious are now being surrounded.”  (Moore, loc, cit )
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p o w e r fu l  su n , a n d  a lte r n a t in g  se a so n s  o f  d r o u g h t  a n d  
h e a v y  ra in fa ll , w ith  o c c a s io n a l  fa i lu r e  o f  th e  la,tter. I n  th e  
h o t  w e a th e r , fr o m  M a r c h  to  th e  m id d le  o f  J u n e , th e r e  m a y  
b e  b a r e ly  su ffic ie n t  l iq u id  to  r u n  in  th e  d ra in s , w h ils t  in  
th e  w e t  m o n th s  th e  d r a in s  m a y  b e  r u n n in g  fu ll  a n d  c a r r y ­
in g  p o llu t io n  t o  e v e r y  n e ig h b o u r in g  w a te r  s u p p ly . A g a in ,  
th e  h o t  su n  ca u se s  th e  w a te r  o f  th e  s e w a g e  to  e v a p o r a te  
r a p id ly  a n d  th e  s e w a g e  it s e l f  to  u n d e r g o  ra p id  fe r m e n ta t io n  
s o  th a t  m o s t  o f fe n s iv e  o d o u r s , a n d  p r o b a b ly  m ic r o -o r g a u is m s  
a n d  o t h e r  m in u te  o r g a n ic  p a r t ic le s , a re  g iv e n  o f f .  ^ O u  th e  
o th e r  h a n d , th e  h e a t  ca u se s  d e s ic c a t io n  o f  th e  s o l id  r e fu s e  
m a tte rs  so  th a t  t h e y  b e c o m e  ‘ m u m m if ie d ’  o r  d r ie d  u p  
a n d  d o  n o t  g iv e  r is e  t o  a  n u isa n ce . T h is , c e r ta in ly , is  a p t  
t o  b e  b u t  a  d e la y in g  o f  th e  e v il ,  f o r  w h e n  th e  ra in  c o m e s , 
a ll r e fu se  l y in g  a b o u t  s p e e d ily  b e g in s  t o  d e c o m p o s e  a n d  
p u tr e fy . L a s t ly ,  i f  fr o m  lo n g  c o n t in u e d  d r o u g h t  th e  w a te r  
s u p p ly  sh o u ld  fa il, a n y  s y s te m  o f  c lo s e d  s e w e r s  b e c o m e s  an  
u n m it ig a te d  e v il .

T h e  e x is te n c e  o f  c a s te  w ith  its  p e c u l ia r  t ra in  o f  s o c ia l  
b e l ie fs  a n d  cu s to m s  m a k e s  th is  p r o b le m  o f  t e n - fo ld  g r e a te r  
d ifficu lty  th a n  it  w o u ld  o th e r w is e  b e . I f  in d e e d  c a s te  p r o ­
h ib it io n s , as b e l ie v e d  in  a n d  p r a c t is e d , w e r e  t h o r o u g h ly  
r a t io n a l, a u d  p o l lu t io n  r e a lly  m e a n t  p o l lu t io n , th e  d iff icu lt ie s  
o f  f r a m in g  s a n ita r y  m e a s u r e s  a n d  o f  in d u c in g  th e  p e o p le  
to  l iv e  s a n ita r ily  w o u ld  n o t  b e  n e a r ly  so  g r e a t .*  I n  m o s t  
d is t r ic t s  in  In d ia , th e  c a s te  p o p u la t io n  is  m o re  o r  le ss  c o m ­
p le t e ly  a t th e  m e r c y  o f  th e  s w e e p e r s  ( m e h t e r s  o r  t o t i e i )  

w  o se  o c c u p a t io n  is  h e r e d it a r y  a n d  e a c h  o f  w h o m  w ill  o n ly  
w o r e  in  c e r ta in  h o u s e s , p e r h a p s  s itu a te d  fa r  a p a r t . f  
A g a in ,  th e r e  a re  m a n y  o th e r  so c ia l c u s to m s , s u c h  as th e

* “  The sanitary appliances for the removal of the refuse of 11, i 
tion by water-carriage in I nd i a must nor onl.r ,,USe 0t 1 6 P°Pu,a-
but must be of such a cliaracTer asnot In Z  ,th« waato of "ntor, 
person using them, for fear be is polluted • m l6!! 8!> aa 1 '7 ater the 
warily bathe in common, and use waters for alfun, 1636 lia^ ves ordi- 
acter, to which there has bee" nSSL of a|P? K "3 ° ff he vi,eat char* 
looked upon as a cause of pollution to the ^  ™a“ ®‘ s Y hich aie
has to use sanitary appliances ^  he
La+hW?tl Tl'ans/ Hlth In!el;uat- San. Sci. Congress. voT.'xi"™! 201.)“ 'dWm 
the volume^bove quoted.' 1CU'ty’ th6l'e ai'e many graphic descriptions in
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se g r e g a t io n  o f  t lie  w o m e n  in  s p e c ia l  q u a rte rs , th e  a lm o s t  
u n iv e rs a l cu s to m  in  sm a ll to w n s  o f  g 'o in g  o u ts id e  in  t lie  
m o r n in g  t o  a n y  p ie c e  o f  u n o c c u p ie d  g r o u n d , e.g., th e  b e d  
o f  a  d r ie d -u p  ta n k , f o r  th e  p u r p o s e s  o f  n a tu re , e t c .,  e t c . ,  
w h ich  m a k e  i t  e x t r e m e ly  d iff icu lt  o r  im p o s s ib le  to  . c a r r y  
o u t  th e  re m o v a l o f  e x c r e t a  t h o r o u g h ly  a n d  s y s te m a t ic a l ly ,

• L ik e  o th e r  sa n ita ry  p r o b le m s , th is  m u st  b e  s o lv e d  d i f -  
i e ie n t ly  a c c o r d in g  to  th e  n a tu re  a n d  c ir c u m s ta n c e s  o f  th e  
p o p u la t io n  c o n c e r n e d .

Isolated houses and v e r y  sm all villages.— I n  th is  c a s e  th e  
b e s t  m ea n s  a t p r e s e n t  a v a ila b le  is  th e  s e t t in g  a s id e  o f  
c e i t a iu  p ie c e s  o f  w a ste  g r o u n d , r e m o te  f r o m  th e  w a te r  
s u p p ly , as a  s ite  fo r  m o v e a b le  la tr in e s  c o n s is t in g  s im p ly  o f  
s c re e n s  o r  taties s u r r o u n d in g  sh a llo w  t r e n c h e s *  A n y  
e x c r e t a  p a s s e d  in  th e  h o u se s  m u st b e  c a r e fu l ly  r e m o v e d  
a n d  b u r ie d  in  th e se  t r e n c h e s . V e g e t a b le  a n d  o th e r  h o u s e  
re fu se  s h o u ld  b e  d e s t r o y e d  b y  b u r n in g  in  th e  f ie ld s  o r  
s p r e a d  on  th e  g r o u n d  a n d  p lo u g h e d  iu . T h e r e  s h o u ld  b e  
a  g o o d ,  pacha b u ilt  o p e n  d r a in  to  r e m o v e  a ll w a s te  w a te r , 
a n d  u r in e  i f  n e c e s s a ry , fr o m  th e  n e ig h b o u r h o o d  o f  th e  
h o u s e .t

La ig e  villages and sm all towns.— T h e s e  a re  p e r h a p s  th e  
m o s t  d if f ic u lt  p la c e s  o f  a ll in  w h ic h  to  c a r r y  o u t  a  g o o d  
sy s te m  o f  c o n s e r v a n c y .  I f  s o m e  in e x p e n s iv e  a n d  s im p le  
fo r m  o f  in c in e r a to r  c o u ld  b e  in v e n te d , as  n o  d o u b t  i t  w ill ,  
a ll  s o l id  r e fu s e  s h o u ld  c e r t a in ly  b e  d is p o s e d  o f  b y  f i r e . f  
T h e  l iq u id  w a s te  s h o u ld  b e  c o n d u c t e d  b y  a  g o o d  se r ie s

* Or the jungle itself may be preferable as well as customary, v. Moore
D e ^  xfiH2 m iTi \  f 1OT1 b°H°m- The ancienfc Israelites were directed (Dent, xxiu, 12-14) to cover the excrement, when passed, with earth lb

is a pity that such a custom does not obtain in India. Tlie spectacle 
presented to the passer-by onlside most towns in India, morning and 
evening, IS insanitary and disgusting to the highest degree,

Townsend Villages fUl-'&er det!" 1S °"  ^  S'‘b;iGCfc *  P ° 8 t  Sa,,ittttio» of
. i  ",Ca tl16 nbovG’ 1 see advertised the “ Silchar Patent Cine-l.itoi and Rubbish I urnace,” especially suited for small communities. It j8 
saul to cost about Its. 400 only and to burn and completely destroy all kinds of organic refuse from gardens, stables, kitchens a n d  latrines also the bodies of dead cattle, both during monsoon and dry weather. Tt hnn 
been adopted by the Assam Government aud several municipalities, Simla
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o f  o p e n  d ra in s  to  a  p r o p e r  o u t fa l l  f o r  d isp o sa l b y  ir r ig a t io n  
o f  la n d . I f  p o s s ib le , th e  s o lid  e x c r e t a , w h e th e r  p a s s e d  in  
p u b l ic  la tr in e s *  o r  in  p r iv a te  h o u se s , s h o u ld  b e  d is p o s e d  o f  
b y  d r y in g  in  a  sp e c ia l  p a r t  o f  th e  in c in e r a to r  a n d  u se d  as 
m a n u re , o r  e lse  r e m o v e d  d ir e c t  to  th e  fie ld s  a n d  b u r ie d  in  
s h a llo w  tre n ch e s , th e  la u d  b e in g  s h o r t ly  a fte r w a r d s  p lo u g h ­
e d  a n d  c r o p p e d . T h e  u r in e , i f  th e  d ra in s  a re  w e ll-m a d e  a n d  
fr e q u e n t ly  c le a n e d , m a y  p a ss  in to  th e  o p e n  d ra in s .

Ja ils , Hospitals, Lines, Cantonments, etc.— I n  su ch  ca se s  
as  th e se  th e  c o n s e r v a n c y  is u su a lly  e a s ie r  a n d  m u ch  m o re  
th o r o u g h  : th e  g r e a t  d iff ic u lty  is  th e  q u e s t io n  o f  d isp o sa l.
T h e  e a r th  s y s te m , w ith  a d m ix tu r e  b e fo r e  r e m o v a l,  is  
a lm o s t  u n iv e rs a l  b u t  is  b y  n o  m e a n s  p e r fe c t .  A t  p r e s e n t  
th e r e  is  n o  e f f ic ie n t  s u b s t itu te . I n  t im e  t o  c o m e  th e  
d e s tr u c t io n  o f  r e fu s e  m a tte r  b y  sm a ll a n d  e a s i ly -m a n a g e d  
in c in e r a to r s  w ill  p r o b a b ly  b e  th e  fa v o u r it e  m e th o d . A l l  

l iq u id  s h o u ld  b e  u t ilis e d  f o r  c u lt iv a t io n  in  th e  c a s e  o f  ja i ls , 
c a n to n m e n ts , e tc . I n  h o s p ita ls  it  s h o u ld  e n te r  th e  g e n e r a l 
d r a m s  o f  th e  to w n  o r  b e  r e m o v e d  to  a s u ita b le  s p o t  b y  
h a n d .t  I n  th is  la t te r  c a s e  a lso  th e r e  s h o u ld  a lw a y s  b e  
a b u n d a n t  m ea n s  o f  t h o r o u g h ly  disinfecting  th e  m o t io n s  in  
ca se s  o f  e n te r ic  f e v e r ,  e t c . ,  under responsible supervision.

Large Cities. In  a ll to w n s  o f  a n y  s ize  th e r e  is  o n ly  o n e  
p r o p e r  w a y  o f  d is p o s in g  o f  th e  d r y  r e fu s e  o r  o r d in a r y

Bnrmahj. 7 g6nt f°l Indm (excepting Bengal and
publfĉutrin̂es î a drawback8tôUiêrnâ^̂T]'̂ 7 nn,avoidabIe odour of
lesser evils than others Again, he says, the valuTof land̂ akea the
reservation of special plots difficult and there is a complain?of want o?privacy here also. But surely the value of land is not sogr̂ L Llo le  vent the town or village collectivelv „ „ ,, e‘eac as to pre-
complaint of want of privacy behind Uitlv rp \®nt- Aa rega»'ds the 
writer is that in very ninny fJ sfa te  'the
way to choose the most conspicuous place posiible * 8 fc f the'1’ f At the General Hospital, Madras tlm 
be discharged into the already ported S u ?' fol'mei']V * 0  
under arrangements made by the present S M O* Bde a * t6V' T U '8 now>
W. Price, M.D., utilised forirrigatiuTthr,rLnds nf h ' Lt-C° onel thus kept perpetually green and neat S’} 1Pro -f 1 hospital, which are 
and the amoutft of g/asfthat is gro^
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r u b b ish  a n d  th a t  is b y  fire . The q u e s t io n  to  b e  d e c id e d  is  
w h e th e r  th e re  s h o u ld  b e  a  sy s te m  o f  c lo s e d  se w e rs  o r  n o t .
U n t il  a  to w n  h a s  g o t  a  th o r o u g h ly  a b u n d a n t  a n d  p e r m a ­
n e n t  w a te r  s u p p ly  th e  a n sw e r  m u st  b e  in  th e  n e g a t iv e . I f  
th e  to w n  lies  o n  a  g o o d  n a tu ra l s lo p e  th e  la y in g  o f  s e w e rs  
is easy a n d  a  c o m p a r a t iv e ly  s im p le  m a tte r . I f ,  o n  th e  o th e r  
h a n d , th e  la n d  is  v e r y  fla t it  b e c o m e s  n e c e s s a r y  e ith e r  to  
p u m p  th e  s e w a g e  fr o m  a  lo w e r  to  a h ig h e r  le v e l  o r  to  a d o p t  
S h o n e ’ s H y d r o -P n e u m a t ic  S y s te m . A g a in ,  h o w  a re  th e  
ra in  a u d  s u b s o il  w a te r  to  b e  d is p o s e d  o f  ? C e r ta in ly  n o t  
b y  a d m itta n c e  to  th e  o r d in a r y  se w e rs . W h a t e v e r  sy s te m  
b e  a d o p t e d  it  sh o u ld  b e  p a r t ia l ly  o r  c o m p le t e ly  separate.
I f  an  o ld  s y s te m  o f  b r ic k  se w e rs  e x is ts  i t  m a y  b e  m a d e  to  
c a r r y  o f f  th e  s t o r m -w a te r  a n d  d r a in  th e  s u b s o il . I f  n o t , 
s p e c ia l  p r o v is io n  m u st b e  m a d e  f o r  d r a in in g  th e  s u b s o il .
I  h is  is  n o t  a lw a y s  an  e a sy  m a tte r , b u t  is  q u ite  e s s e n tia l 
f o r  th e  health o f  th e  population in  m a n y  In d ia u  towns.

D r a in a g e  is  n o t , h o w e v e r , th e  u n iv e rsa l p a n a c e a  w h ic h  
som e  c o n s id e r  it  to  b e . S u b s o il  d r a in a g e  is  u o t  a p p l ic a b le  to 
th o s e  s a n d y  c o u n tr ie s  w h e re  o n ly  a fe w  in c h e s  o f  ra in  fa l l ,  
f o r  th e  sa n d  im m e d ia te ly  a b s o r b s  th e  ra in  l ik e  a  spon ge^  
a u d  a lth o u g h  it  rem a in s  d a m p  a n d  c o ld  a  v e r y  s h o r t  d is ta n c e  
fr o m  th e  s u r fa c e , th is  w o u ld  n o t  b e  m u c h  a lte r e d  b y  d r a in ­
a g e , th e  m o is tu re  n o t  b e in g  s u ffic ie n t  t o  e s c a p e  fr o m  th e  
h o ld in g  sa n d  b y  o o z in g .  S u r g u .-G e n l.  C o r n is h , c. i .e ., h a s  
a ls o  p o in te d  o u t  th a t  s u b s o il  d r a in a g e  is  n o t  a p p l ic a b le  to  
c e r ta in  d is t r ic t s  in  th e  C a rn a t ic , w h e r e  t h e y  d o  u o t  su ffe r  
f r o m  to o  m u c h  m o is tu r e , b u t  f r o m  e x c e s s iv e  d r y n e s s  o f  th e  
so il. D u r in g  th e  lo n g  p e r io d  o f  d r o u g h t ,  s u b s o il  p ip e s  
b e c o m e  b lo c k e d  b y  d e p o s it s  o f  a n ts , l iz a r d s , ra ts , e t c .,  so  
th a t  w h e n  th e y  a re  r e a l ly  r e q u ir e d , n o  w a te r  f lo w s  t h r o u g h  
th e m . T h is  it  m a y  b e  s a id  is  a  m a tte r  o f  s u p e r v is io n , a n d  
so  i t  is  to  a  c o n s id e r a b le  d e g r e e .  B u t  to  a s ce r ta in  th e  
p a t e n c y  o f  a n y  la r g e  e x t e u t  o f  s u b s o il  d r a in a g e  is  n o  e a sy  
n ia t te i ,  a n d  d e p o s it s  o f  th e  n a tu re  m e n t io n e d  o c c u r  v e r y  
s u d d e n ly . A s  a  m a tte r  o f  f a c t  w h e n  th e  In d ia n  m o n s o o n  
b u rs ts , a n d  h e a v y  r a in fa l l s ,  m a n y  s u b s o il  d ra in s  o v e r f lo w .”
“ T h e  g r e a t e r  m y  e x p e r ie n c e ,”  sa y s  D r . S im p s o n , th e
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H e a lth  O ffice r  o f  C a lc u tta , “  o f  th e  e f fe c t s  o f  th e  n e tw o r k  
o f  u n d e r g r o u n d  d ra in s  in  b u s t ie s , th e  g r e a t e r  is  m y  d is ­
tru s t  o f  th e ir  u tility  a n d  f r e e d o m  f r o m  d a n g e r . I t  w o u ld  
b e  s a fe r  a n d  m o re  c o n d u c iv e  t o  th e  h e a lth  o f  th e  b u s t ie s  
t o  r e s t r ic t  u n d e r g r o u n d  d ra in s  to  th e  b r o a d  ro a d s , w h ic h  
s h o u ld  in te r s e c t ,”  “ A l l  t r ib u ta r y  d r a in s ,”  c o n t in u e s  S ir  
W . M o o r e , “  s h o u ld  b e  o p e n , o r  s h o u ld  b e  c o v e r e d  w ith  
m o v e a b le  ir o n  g r a t in g s , w h ic h  w o u ld  e n su re  th e  c o n d it io n  
o f  th e  d ra in s  b e in g  r e a d ily  se e n , w h ile  th e  d ra in  b e in g  
e x p o s e d  to  th e  in flu e n ce  o f  th e  s u n *  * * § a n d  a ir , in ju r io u s  g’ases 
w o u ld  n o t  b e  e l a b o r a t e d ” !  A  la r g e  a m o u n t  o f  s to rm  
w a te r  ca n  b e  r e m o v e d  b y  s u r fa c e  d ra in s , e re  i t  s in k s  in to  
th e  g r o u n d .

I n  t im e  to  c o m e  th e  in h a b ita n ts  o f  th e  la r g e r  c it ie s  w ill  
b e c o m e  h a b itu a te d  to  th e  u se  o f  w a t e r - c lo s e t s !  a n d  a b u se s  
a n d  p r e ju d ic e  b e  d o n e  a w a y  w ith . T h e  r e s u lt  w il l  b e  a 
la r g e  s a v in g  o f  la b o u r  a n d  a  c o n s id e r a b le  g a in  in  h e a lth  
f o r  th e  p o p u la t io n . W h e r e  h o u se  c o n n e c t io n s  a n d  w a te r -  
c lo s e ts  a re  n o t  d e s ir a b le ,  th e n  th e  e x c r e t a ,  l iq u id  a n d  s o l id , 
s h o u ld  b e  r e m o v e d  in  a ir - t ig h t  r e c e p t a c le s  a n d  e m p t ie d  a t 
s p e c ia l  o p e n in g s , m o r n in g  a n d  e v e n in g , in to  th e  m a in  
se w e rs . T h e  w a s te  w a te r  c a n  b e  g o t  r id  o f  b y  g o o d  o p e n §  
o r  c lo s e d  d ra in s , c o n n e c t e d ,  in  e ith e r  c a s e , w ith  th e  s e w e r ­
a g e  sy s te m . T h e  f o l lo w in g  e x t r a c t  is  n o te w o r th y  as b e in g  
w i t t e n  b y  a n a t iv e  a n d  m e d ic a l  g r a d u a te  o f  th is  c o u n tr y . ||
“ I n  th e  ca s e  o f  th e  la r g e r  to w n s , w h e r e  s u ffic ie n t  m o n e y  
a n d  a n  a m p le  s u p p ly  o f  w a te r  a re  a v a ila b le , th e  w a te r

* It has been proved that direct sunlight in the presence of oxygen has a 
distinctly retarding and even destructive influence on micro-organisms of 
various sorts. This fact may hereafter be proved to have important bear- 
ing in reference to the use of open drains for sullage water etc.

f  v. Trans. Vlltli Internet. San. Sci. Cong., vol.'xi, p. 3 ],’
t  Not necessarily water-closets in every house but probably trough, 

closets for common use m the poorer parts of the town. v. poet Sanitation 
of Towns.

§ Of course, if open drains are used it means that a large amount of 
storm water will gam access to the sewers. In such a case the only 
method in this country is to ‘ intercept’ the storm water ns much ns possi- 
ble and discharge by a separate ontfall (v. ante p. 171).

|| K. V. Dhurandhar, L. M. and S„ Medical Officer and Superintendent of 
Vaccination, Baroda, (v . Traira, Vlltli Iuternat. San. Soi. Congress, voJ. xi,
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c a r r ia g e  sy s te m  o f  r e m o v in g  e x c r e t a  is  t lie  b e s t . T h e  
e x p e r ie n c e  o f  th a t  sy s te m  in  C a lc u t ta  a n d  B o m b a y , t h o u g h  
e v e n  n o w  th e  se w e rs  a re  in c o m p le te , ju s t if ie s  th e  c o n c lu ­
s io n  th a t  w a te r -c lo s e ts  o f  s im p le  c o n s tr u c t io n  b e s t  su it  th e  
p r e ju d ic e s  o f  th e  n a t iv e s  o f  th is  c o u n tr y . N a t iv e s  h a v e  an  
a v e rs io n  to  th e  p e rs o n  o f  a  s c a v e n g e r , a n d  su ffe r  in  c o n ­
s e q u e n c e  a  g o o d  d e a l o f  f i lth  to  c o l le c t  in  a n d  a b o u t  th e ir  
d w e ll in g s . T h e  sy s te m  o f  r e m o v in g  e x c r e t a  b y  w a te r flo w  
in  u n d e r g r o u n d  d ra in s  a n d  s e w e r s  is  th e  c le a n lie s t  a n d  
m o s t  e c o n o m ic  in  th e  lo n g  ru n . I t  is p le a s a n t  to  f in d  th a t  
th e  fo o l is h  o p p o s it io n  th a t  o n c e  th r e a te n e d  to  b e  f o r m id ­
a b le  a g a in s t  th e  sy s te m  o f  u n d e r g r o u n d  d r a iu s  is  fa s t  
d y in g  ou t. I t  h a d  its  o r ig in  in  o v e r d r a w n  d e s c r ip t io n s  o f  
o u tb r e a k s  o f  t y p h o id  f r o m  b a d ly  c o n s t r u c t e d  s e w e rs  in  
E n g la n d  w h ic h  n o w  a n d  th e n  a p p e a r  in  th e  n e w s p a p e r s .
S o m e  o f  th e  N a t iv e  S ta te s , su ch  as B a r o d a  a n d  H y d e r a b a d  
(N iz a m ), a n d  so m e  m u n ic ip a lit ie s , h a v e  w is e ly  v o t e d  la r g e  
su m s  f o r  th e  s e w e r a g e  o f  th e ir  to w n s . T h e  d e s ig n s  m u st  
b e  m a d e  o n ly  b y  sa n ita ry  e n g in e e r s  w ith  th e  m o s t  r e c e n t  
d r a in a g e  e x p e r ie n c e .”  W i t h  th e  a b o v e  q u o ta t io n  a ll w h o se  
k n o w le d g e  o f  th e  s u b je c t  is  u p  t o  d a te  m u st  a g r e e . 
R e g a r d in g  th e  d is p o s a l  o f  th e  r e fu s e  m a tte r , th e  p r o d u c t s  
o f  th e  in c in e r a to r s  m a y  b e  u t ilis e d  as b e fo r e  d e s c r i b e d ;*  
th e  s e w a g e  s h o u ld  c e r ta in ly  b e  d is p o s e d  o f  b y  i r r ig a t io n ,  
c o m b in e d  w ith  in te r m it te n t  f ilt ra t io n  i f  n e c e s s a r y , o r , in  th e  
c a s e  o f  to w n s  s itu a te d  o n  th e  s e a -b o a r d , i f  n o  s u ita b le  
la n d  is  a v a ila b le  o r  i f  th e r e  a re  o th e r  o b s t a c le s  t o  it s  
u t ilis a t io n  in  th is  w a y , b y  d is c h a r g e , a t  a  c a r e fu l ly  s e le c te d  
s p o t , f  in to  th e  sea . I n  all d r a in a g e  s c h e m e s  o f  a n y  m a g n i­
tu d e  it  is a b s o lu t e ly  n e c e s s a r y  f o r  t r u e  e c o n o m y  a n d  
e f f ic ie n c y  th a t  th e  v e r y  b e s t  a d v ic e  a n d  p e r s o n a l  s u p e r ­
v is io n  b e  o b t a in e d .t

+ t  J p- \45' 6; t  o. P. 177.
I  is subject cannot be considered in further detail here. The latest 

contribution to it wiH be found in Wallace’s ' Sanitary Engineering in India’ 
chaps, iv—yii inclusive. Ho shows that the chief difficulties to be over’- 
come in applying a complete sewerage system, as in common use in 
England, to an Indian town, are (l)th e  ‘ human factor’ of ignorance 
and prejudice; (2) the failure of siphon traps owing to loss bf evanor 
ation and the throwing of improper articles into the dowu-take pipe
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DISPOSAL OP DEAD BODIES— HUMAN.

I n  th is  c o u n tr y  th e r e  a re  v a r io u s  w a y s  in  f o r c e  o f  d i s ­
p o s in g  o f  d e a d  b o d ie s . A m o n g s t  th e  H in d u s , w h o  fo r m  
b y  fa r  th e  la r g e r  p o r t io n  o f  th e  p o p u la t io n , d is p o s a l b y  
b u r n in g  is  th e  m o re  u su a l m e th o d . I n  c e r ta in  s p e c ia l  
ca s e s  e a r th  o r  w a te r  b u r ia l  is  u sed  in s te a d . E u r o p e a n s , 
M a h o m m e d a n s  a n d  B u rm e se  b u r y  th e ir  d e a d  in  th e  g r o u n d • 
P a rs is , in  B o m b a y  a t  a ll e v e n ts , e x p o s e  th e  b o d ie s  t o  b e  
e a te n  b y  v u ltu r e s  in  th e  T o w e r s  o f  S i le n c e .

Crem ation .— O f th e s e  v a r io u s  p r a c t is e s  th e r e  is  a b s o ­
lu t e ly  n o  d o u b t  th a t  c r e m a t io n  is  b y  fa r  th e  m o s t  sa n ita ry  
a n d  is  e q u a lly  p r e fe r a b le  o n  e s t h e t i c  g r o u n d s . B u t  it  m u st 
b e  t h o r o u g h  c r e m a t io n  a n d  n o t  a m e r e ly  p a r t ia l  d e s t r u c ­
t io n  o f  th e  s o f t  s tru c tu re s . I f  p r o p e r ly  c a r r ie d  o u t , th e  
w h o le  b o d y  s h o u ld  b e  r e d u c e d  t o  a  fin e  p o w d e r  w h ic h ,  
b e in g  o f  a p u r e ly  m in era l n a tu re , is  c le a n  a n d  h a rm le s s  a n d  
c a n  b e  d is p o s e d  o f  in  a c c o r d a n c e  w ith  th e  r e l ig io u s  s c r u p le s  
o f  a n y  p a r t ic u la r  s e c t . O n e *  w h o  h a s  s tu d ie d  th is  s u b je c t  
c a r e fu l ly  a n d  h as h a d  m u c h  o ffic ia l e x p e r ie n c e  o f  e a r th  
b u r ia l  in  E n g la n d  w r ite s  th u s , w ith  r e fe r e n c e  to  th e  in t r o ­
d u c t io n  o f  c r e m a t io n  in  th a t  c o u n tr y  :— “  I  a m  so  d e e p ly  
c o n v in c e d  th a t  c r e m a t io n  s h o u ld  b e  s u b s t itu te d  f o r  it  
[e a r th  b u r ia l ]  f o r  m a n y  w e ig h t y  r e a so n s , th a t  I  f e e l  it  
n e ce ssa ry  f o r  m e  t o  g iv e  a  fe w  o f  th em

on which the siphon is situated ; (3) the accnmnlation of a peculiar nnd 
objectionable ‘ Bilt’ in the main sewers, very troublesome to remove ; (4) 
the difficulty of ensuring that the discharge of sewage at the outfall into 
a river shall tnke place well into the stream during the period of smallest 
volume of the river. He suggests several outlets to suit various states of 
flood, the lower ones being dug out once a year if they become silted up.
This latter idea, of course, is comparable to the in-take pipes which are some- 
times constructed at different levels, (in place of a water-tower) in water 
reservoirs, and used in turn according as the water level in the latter is 
high or low. Mr. Wallace is a strong advocate for the use of iron pipes 
as sewers and it is possible that they may be adopted to a considerable 
extent, at all events experimentally. Indeed the whole question is still in 
an experimental stdge, but of the ultimate adoption of three things inmost 
towns there can he little doubt, viz., incinerators for the destruction of all 
dry refuse or cutchra, properly built closed sewers (with or without house 
connections) for the removal of all liquid refuse (and possibly excreta as 
well), and the disposal of sewage by irrigation (with or without intermittent 
filtration).

* Boulnois, op. cit., p. 410, altered.
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(1 ) N o t h in g  ca n  b e  m o re  u n sa n ita ry  o r  d a n g e r o u s  to  th e
l iv in g  th a n  th e  b u r ia l  o f  th e  d e a d . T h is  h a s  
b e e n  e n la r g e d  u p o n  o v e r  a n d  o v e r  a g a in  b y  m en  
w h o  h a v e  w e ll  s tu d ie d  th e  s u b je c t  a n d  a re  c o m ­
p e te n t  to  g iv e  an  o p in io n , a n d  to  th a t  o p in io n  I  
a d d  m y  te s t im o n y .*

(2 ) N o t h in g  ca n  b e  m o re  lo a th s o m e  a n d  d e g r a d in g  to
th e  d e a d  b o d ie s  o f  o u r  fr ie n d s , o r  m o r e  r e v o lt in g  
t o  o u r  fe e l in g s , th a n  th e  h o r r ib le  p r a c t ic e  o f  
p la c in g  th e  re m a in s  o f  th o s e  w e  lo v e  in  th e  so il 
o f  a  c h u r c h y a r d  o r  c e m e te r y , to  b e  d e v o u r e d  w ith  
o th e r  b o d ie s  b y  w o rm s .

(3 ) In  p la c in g  a  d e a d  b o d y  u n d e r  g r o u n d  w e  ca n  n e v e r
b e  su re  h o w  l o n g  th e  re m a in s  w ill  b e  le f t  u n d is ­
tu r b e d , a n e w  r o a d  o r  r a i lw a y  w ill  s o o n  d e s t r o y  
a ll tra ce s  o f  its  r e s t in g  p la c e .

(4 ) I n  th e  e v e n t  o f  f r ie n d s  o r  r e la t io n s  d y in g  a b r o a d  o r
a t a d is ta n c e  t h e ir  re m a in s  c a u n o t  b e  se n t  h o m e  
f o r  b u r ia l e x c e p t  a t g r e a t  e x p e n s e  : on  th e  o th e r  
h a n d , c r e m a t io n  w o u ld  r e d u c e  th e  b o d y  t o  a  f e w

* In 1843 when a parish church near Stroud in Gloucestershire was in 
process of re-building, the superfluous soil of the burial ground was dis­
posed of for manure (!) to the villagers, and the result was nearly a deci­
mation of the place. The outbreak of the plague in Egypt in 1823 was 
traced to the opening up of a disused burial-ground about 14 miles from 
Cairo, and thousands perished in consequence. An investigation was 
made in the cemeteries of Liio de Janeiro, about five years ago, upon earth 
taken about spade deep from graves where victims of yellow fever had 
been buried some twelve months previously, and this soil was found to 
contain myriads of microbes,’ self-same with those present in persons 
stricken with, the same pest at the time of the excavation. A healthy 
gumea-pig was incarcerated in a space over which earth taken from a 
grave was sprinkled, and in five days the animal was dead, its blood being 
found to be ‘ literally crammed’ with the germs of the disease in various 
stages of growth.” Boulnois, loc. cit. supra. “  Some years ago a body of 
prisoners were employed in making a road in the Guntoor district, and in 
cl' mg away the soil, they came upon the remains of a number of persons 

io i.u ( lecl of cholera in 1838; cholera immediately broke out nmono* 
me wot -men. A party of coolies employed on a railway cutting near 

Salem, opened a spring of very clear water. Those who drank of it were 
seize in a ew hours with cholera of a very severe type. In this instance 
the railway cutting passed through an old burial ground.”  Sir IV. Moore

In‘ el'" at- Sun- Soi Cong., p. 2 7 . And so on, the list might be extended ad infinitum. h

2 7 «
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s ilv e r y  a sh es  w h ic h  c o u ld  e a s ily  b e  b r o u g h t  h o m e  
a n d  s e c u r e d  o u  a r r iv a l  in  a  s u ita b le  a n d  s a fe  
p o s it io n .

(5 ) C re m a tio n  is th e  m o s t  r e s p e c t fu l  a n d  b e a u t i fu l
m a n n e r  f o r  th e  d is p o s a l o f  d e a d  b o d ie s , as  fire  
is  th e  m o s t  p e r fe c t  p u r if ie r  a n d  t y p e  o f  p u r ity  
w ith  w h ic h  w e  a re  a c q u a in te d , a u d  n e e d  n o t  
alarm (on  r e l ig io u s  g r o u n d s )  a n y  m o r e  th a n  th e  
p r a c t ic e  a t se a  o f  lo w e r in g  d e a d  b o d ie s  o v e r ­
b o a r d .

(6) C re m a tio n  is  m e r e ly  a more speedy means o f burn­
ing a body than burial, d e c o m p o s it io n  b e in g  o n ly  
a v e r y  s lo w  a n d  lo a th s o m e  c o m b u s t io n .

(7 ) A  la r g e  a m o u n t  o f  v a lu a b le  la n d  is  r e n d e r e d  u s e le ss
f o r  b u i ld in g , o r  a g r ic u ltu r a l  p u r p o s e s .

(8 ) T h e  e x p e n s e s  o f  e a r th  b u r ia l  a re  p r o p o r t io n a t e ly
v e r y  la r g e . P u b l ic  c r e m a to r ie s  f o r  th e  d i f fe r e n t  
s e c ts  o r  ca s te s  s h o u ld  b e  in s t itu te d . F o r  a  v e r y  
sm a ll c o s t , su ffic ie n t  h e a t  c o u ld  b e  m a in ta in e d  to  
c o n s u m e  a lm o st  a n y  n u m b e r  o f  b o d ie s , w h ils t  th e  
p r e s e n t  g r e a t  e x p e n s e  o f  m a in ta in in g  la r g e  c e m e ­
te r ie s  w o u ld  b e  d is p e n s e d  w ith .

T h e  o n ly  o b je c t io n  o f  a n y  w e ig h t *  e v e r  u r g e d  b y  th e  
o p p o n e n ts  o f  c re m a tio n  is th e  d if f ic u lty  o f  d e t e c t in g  ca s e s  
o f  p o is o n in g . T h is  is  c e r ta in ly  au  o b je c t io n  th a t  is w o r th  
c o n s id e r in g . I n  E n g la n d  it  c o u ld  b e  m e t  b y  in s t itu t in g  a 
s c ie n t if ic  a n d  in d e p e n d e n t  e u q u ir y  as t o  th e  ca u se  o f  e v e r y

P d e a th  w h ich  o c c u r s . T h is  is  so  m u c h  r e q u ir e d  a t th e  p r e ­
se n t  d a y  f o r  th e  sa k e  o f  th e  p u b lic  h e a lth , th a t  e v e n  i f  
c r e m a t io n  is  n e v e r  in t r o d u c e d ,  i t  s h o u ld  b e  a t  o n c e  e n -

* Some have pretended that in burning bodies the soil is deprived of a 
natural manure! Against this are the facts that cemeteries are not used 
and are not meant to be used as farms, and secondly, that the very exist­
ence of large cemeteries means valuable land diverted from its natural 
use. v. (7) supra.
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f o r c e d ,  so  th a t  th ose  w h o  h a v e  c h a r g e  o f  th e  p u b l ic  h e a lth  
c o u ld  h a v e  e x a c t  a n d  r e lia b le  k n o w le d g e  o f  th e  ca u se s  
o f  a ll th e  d e a th s  th r o u g h o u t  th e  U n ite d  K in g d o m , a n d  
th u s  o b ta in  s u c h  v a lu a b le  in fo r m a t io n  as w o u ld  g r e a t ly  
ass is t m  th e  d a ily  f ig h t  to  s u b d u e  a n d  o v e r c o m e  d e a th s  
fr o m  p r e v e n ta b le  ca u se s  *  S e v e r a l  la r g e  c r e m a to r ia  h a v e  
b e e n  b u ilt  in  E n g la n d  a n d  it  is  o n ly  a  m a tte r  o f  t im e  t i ll  
th e  p r a c t ic e  b e c o m e s  g e n e r a l

I n  In d ia , as h a s  b e e n  s ta te d , th e  b u r n in g  o f  b o d ie s  is 
n o  n e w  th in g , b u t , w ith  ra re  e x c e p t io n s , c r e m a t io n  in  its  
p r o p e r  sen se  is  a lm o s t  u n k n o w n . P o v e r t y  n o  d o u b t  is  th e  
c h ie f  r e a s o n  f o r  s u c h  a  s ta te  o f  th in g s  a n d  th is  c a n  o n ly  
b e  r e m e d ie d  e ith e r  b y  p u b l ic  c r e m a to r ie s  u n d e r  m u n ic ip a l  
c o n t r o l  o r  e lse  u n d e r  im m e d ia te  c o n t r o l  o f  th e  v a r io u s  
c a s te s  w ith  g e n e r a l  s u p e r v is io n  o f  th e  m u n ic ip a l  a u th o r i ­
t ie s . T h e  s ite s  f o r  b u r n in g -g r o u n d s  s h o u ld  b e  m o s t  c a r e -  

u l y  c h o s e n  so  as to  b e  d is ta n t  fr o m  a ll d w e ll in g s  a n d  
so u r c e s  o f  w a te r  s u p p ly . C re m a tio n , in  la r g e  to w n s  
s h o u ld  b e  c o n d u c t e d  in  th e  a b s e n c e  o f  a ir  in  p r o p e r  
fu r n a c e s , th e  p r o c e s s  b e in g  e s s e n t ia lly  o n e  o f  d e s tr u c t iv e  
d is t i l la t io n  as in  a  c lo s e d  r e to r t . I n  s u ch  a  fu r n a c e  an  
o r d in a r y  a d u lt  b o d y  is  d e s t r o y e d  in  a b o u t  tw o  h o u rs , th e  
r e s u lt in g  m in e ra l a sh e s  w e ig h in g  o n ly  a b o u t  th re e  p o u n d s  
F o r  sm a ll to w n s  a n d  v i l la g e s  e ff ic ie n t  b u r n in g  o n  a p i le  o f  

W° ° d  o r  Wlfch c o w -d u n g  c a k e s ' m a y  b e  p e r m it te d  a t th e

to (g S T lE K fe  C-Aeo t S iS r ch
escape detection if cremation was adopted geneVaH^ wJuld be but 
shght increase on the number that escIpe under preAnt conditions

the same n t „ a f  u Z  * arl(I «"'<> their origin to
ment formerly used Stl i f  ° T  V'u Tim great arga-
order of persons, was that if tl e b n d v hf 8 amongsc a certain
be raised again at the Judgment Dav p ®,8tl’1°-ve<] l11'.8 llow cou'd ib
superstition in a country like lOin-lniiri‘ , A  dep*bs of W'ot'arice and 
towards the beliefs of others. " g d ‘°u c nmke us nl01'e equitable



III <SL
212 REMOVAL AND DISPOSAL OF WASTE MATTER.

s e le c te d  s ite  a n d  u n d e r  s u p e r v is io n .*  T h e  u se  o f  su ch  
a  p la c e  as th e  b e d  o f  a  d r ie d -u p  r iv e r  s h o u ld  b e  s t r ic t ly  
p r o h ib it e d .

E a rth  bu ria l.— I n  th is  ca se  e v e n  s t r ic te r  p r e c a u t io n s  a re  
n e c e s s a ry  th a n  in  th e  c a s e  o f  c r e m a t io n .t  T h e  s e le c t io n  
o f  la u d  s u ita b le  f o r  a c e m e te r y  in  n o t  a lw a y s  e a s y . “  T h e  
so il o f  a  c e m e t e r y  s h o u ld  b e  o f  a n  o p e n  p o r o u s  n a tu re , 
w ith  n u m e ro u s  c lo s e  in te r s t ic e s ,  t h r o u g h  w h ic h  a ir  a n d  
m o is tu r e  m a y  p a ss  in  a  f in e ly  d iv id e d  s ta te  f r e e ly  in  e v e r y  
d ir e c t io n .  I n  s u c h  a  s o i l  d e c a y  p r o c e e d s  r a p id ly , a n d  th e  
p r o d u c t s  o f  d e c o m p o s it io n  a re  a b s o r b e d  a n d  o x id is e d . T h e  
so il  s h o u ld  b e  e a s i ly  w o r k e d , y e t  n o t  so  lo o s e  as t o  r e n d e r  
th e  w o r k  o f  e x c a v a t io n  d a n g e r o u s  t h r o u g h  th e  l ia b i l i t y  to  
fa l l  o f  e a r th . I t  s h o u ld  b e  f r e e  f r o m  w a te r  o r  h a r d  so il 
to  a  d e p t h  o f  a t  le a s t  8 fe e t .  I f  n o t  n a tu r a lly  f r e e  fr o m  
w a te r , it  s h o u ld  b e  d r a in e d  i f  p r a c t ic a b le  to  th a t  d e p th  : t o  
th is  e n d  it  is  n e c e s s a r y  th a t  th e  s ite  s h o u ld  b e  s u ffic ie n t ly  
e le v a t e d  a b o v e  th e  d r a in a g e  le v e l  o f  th e  lo c a l i t y ,  e ith e r  
n a tu ra lly  o r , w h e n  n e c e s s a ry , b y  f i l l in g  it  u p  t o  th e  r e q u ir e d  
le v e l  w ith  s u ita b le  e a r th . L o a m , a n d  s a n d  w ith  a  su ffic ie n t  
q u a n t ity  o f  v e g e t a b le  m o u ld , a re  th e  b e s t  so ils  ; c la y  a n d  
lo o s e  s to n e s  th e  w o r s t . A  d e n s e  c la y  is la b o r io u s  t o  w o r k  
a n d  d iff icu lt  to  d ra in  ; b y  e x c lu d in g  a ir  a n d  m o is tu re  i t  
r e ta r d s  d e c a y ,  a n d  it  r e ta in s , in  a  c o n c e n t r a t e d  s ta te , th e  
p r o d u c t s  o f  d e c o m p o s it io n , s o m e tim e s  t o  b e  d is c h a r g e d  in to  
g r a v e s  o p e n e d  in  th e  v ic in i t y ,  o r  s o m e tim e s  to  e s c a p e  
t h r o u g h  c r a c k s  in  th e  g r o u n d  to  th e  s u r fa c e . A  lo o s e , 
s to n y  s o il , o n  th e  o th e r  h a n d , a llo w s  th e  p a s s a g e  o f  
e f f lu v ia .”  J F u r th e r , th e  c e m e te r y  m u st b e  s itu a te d  c o n -

P
* “ It is tlie duty of Municipal servants nt the burning grounds to see 
that the corpses are completely consumed, and that in those cases where 
the jsheB are not carried away, they are prevented from accumulating in 
heaps, to the inconvenience of persons attending following ceremonies.”

(Jones, op. cit.„p. 87). The ashes are buried in some part of the ground.
The cost of cremation in Madras varies from Rs. i  to Ks. 1-6. The aver  ̂
age price is Its. 2.

t  “ Speaking broadly, the effect of the proximity of a burial ground 
upon health is the same as that of any other accumulation of putrefying 
animal matter.”—Whitelegge, Hyg. and Pub. Health, p. 204.

+ v. Eleventh Ann. Report, Local Government Board.
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v e n ie u t ly , i f  p o s s i b l e ; c e r ta in ly  n o t  n e a r  a n y  s o u r c e  o f  
w a te r  s u p p ly  n o r  n e a r  a n y  in h a b ite d  s p o t .*  T h e  g r o u n d  
m u st a lso  b e  firm  a n d  n o t  e x p o s e d  t o  th e  d a n g e r  o f  la n d ­
s lip s , f lo o d in g  b y  s to r m -w a te r  o r  e n c r o a c h m e n t  b y  a  r iv e r  
o r  th e  s e a .t  I n  s o m e  p la c e s  it  is  v e r y  d iff icu lt  to f in d  a 
p la c e  a t a ll s u ita b le  f o r  in h u m a tio n , a n d  in  so m e  it  is  q u ite
im p o ss ib le .^

M a n y  so r ts  o f  m a te r ia l a re  u se d  as c o ffin s  f o r  e n c lo s in g  th e  

d e a d  b o d y  in  E u r o p e . O f  th e se  th e  w o r s t  is  le a d , th e  b e s t  

th in  w o o d , w ic k e r -w o r k  o r  papier-mache.^ I n  th e  ca se  o f  

n o b le  o r  w e a lth y  p e o p le , th e ir  b o d ie s , in  fo r m e r  t im e s , w e re  

b u n e d  m  b r ic k - l in e d  g r a v e s  o r  in  g r a v e s  d u g  in  th e  c h u r c h  
it s e l f  o r  in  u n d e r g r o u n d  ro o m s  c o n n e c t e d  w ith  th e  c h u r c h . II 
S u c h  p r a c t ic e s  a re  a ll e q u a lly  in sa n ita ry  a n d  o p p o s e d  to  
t m  first  p o s tu la te  o f  e a r th  b u r ia l, w h ic h  is  th a t  the body 
shall be .so circumstanced after death as to be dissolved into 
its elements as speedily and inoffensively as possible T h e s e  
c o n d it io n s  ca n  o n ly  b e  fu l f i l le d  b y  th e  c h o ic e  o f  a  s u ita b le  
soil as d e s c r ib e d  a b o v e , a g r a v e  o f  p r o p e r  d e p t h , t  a  th in  
e a s i ly -d e s t r u c t ib le  c o ffin  a n d  th e  g r o w t h  o f  s u ita b le  p la n ts  
m  th e  im m e d ia te  v ic in it y .  A b o v e  a ll, o v e r - c r o w d in g ,  a

p r e v e n t e d ^ 1 ”  ^  g r a V e - ? a rd s '  b e  a b s o lu te ly

T h e  c h a n g e s  u n d e r g o n e  b y  th e  h u m a n  b o d y  b u r ie d  in

cm  reach S k  " o L l ' ^
situated at a lower level. ’ ’ 1 6 f°ulldations of dwelliugs

u /  i S L ? .* ,,b“ ib“ „ T c 7  lir *  ™ ,'* “  ^ »
apparently, of the most unsuitable niece of eronnd ! " B8iCb?ice is made* prettily situated or near the town ! g o nd simply because it is

dig a V r a i S j t Z V P A T J ! ™ *  *  A™ - “  ^ ite ™ Possible to 
during the rains ^  ° 'e Bround be,nS completely water-logged

l & C  c l S ^ r SSed by mft0Mne'-y a wood-like material.

as to surround each body^vith^le’an'eai ,1£"g ’12nd fom’ broad for adults, so 
Act there must be 5 « .  between , ,U,,der the Madn,s Municipal
the coffin and a margin of 2 ft GVB and tho nPPer surface of
Dr. J. Nield Cook, makes the gi'aV0' The P™«»«*‘  M. O. H.
graves by means of 6 ft. 3 £  S f f i K ^
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e a r th  a re  th e  sa m e  a s  ta k e  p la c e  in  a n y  d e c a y in g  o r g a n ic  
m a te r ia l , viz., t h r o u g h  th e  a g e n c y  o f  v a r io u s  -a n im a ls , 
m ic r o -o r g a n is m s , a n d  jfia n ts , t h e  d e s t r u c t iv e  p r o c e s s  is  c a r ­
r ie d  o n . A t  firs t  c a r b o n  d io x id e ,  c a r b u r e t t e d  a n d  s u lp h u ­
r e t t e d  h y d r o g e n ,  a m m o n ia , n it r o u s  a n d  n it r ic  a c id s  a n d  
o t h e r  c o m p le x  a n d  fo e t id  p r o d u c t s  a re  e v o lv e d ,  w h ic h  a re  
e v e n tu a lly  o x id is e d  in to  s im p le r  c o m b in a t io n s . T h e  sa lts  g o  
t o  e n r ic h  th e  s o il  a u d  a re  u s e d  u p  b y  p la n ts  o r  d is s o lv e d  
a n d  r e m o v e d  b y  th e  g r o u n d  w a te r . T h e  h a r d e r  s tr u c tu r e s , 
e s p e c ia l ly  th e  m in e r a l  fr a m e w o r k  o f  th e  b o n e s ,  r e m a in  f o r  
l o n g  p e r io d s  u n a lte r e d . W h e n  b o d ie s  a re  b u r ie d  in  u n ­
s u ita b le  so il , e.g., c la y  o r  p e a t ,*  t l ie y  m a y  r e m a in  u n a f fe c t e d  
f o r  a  l o n g  t im e  a n d  in  s o m e  c a s e s  a re  t r a n s fo r m e d  iu to  
th e  c u r io u s  fa t t y  s u b s ta n c e  n a m e d  a d i p o c e r e . t

I n  I n d ia  th e r e  is  th e  g r e a t e s t  n e e d  f o r  s p e e d  in  b u r ia l  
o n  a c c o u n t  o f  th e  r a p id i t y  o f  d e c o m p o s i t io n  a n d , e x c e p t  in  
r e a l ly  cold w e a t h e r ;  n o  d e a d  b o d y  s h o u ld  r e m a in  u n b u r n t  
o r  u n b u r ie d  f o r  m o r e  t h a n  t w e n t y - f o u r  h o u r s  a t  lo n g e s t .
I t  s h o u ld  c e r t a in ly  b e  m a d e  i l le g a l  t o  b u r y  th e  b o d i e s !  o f  
c h o le r a  p a t ie n ts , e v e n  i f  d is in fe c t a n t s ,  s o -c a l le d ,  a r e  u s e d , 
a n d  p r o p e r  a r r a n g e m e n ts  f o r  c r e m a t io n  o f  a ll  c la s s e s  a n d  
s e c t s  s h o u ld  e x is t .  S u c h  a  fu r n a c e  s h o u ld  c o n s is t  o f  a  

c lo s e d  c h a m b e r  o r  r e t o r t  iu  w h ic h  th e  b o d y  is  p la c e d  a n d  
a n d  th e  w h o le  h e a t e d  t o  1 ,5 0 0 °  F .  I n  o n e  h o u r  th e  o p e r a ­
t io n  is  c o m p le t e .  W h e n e v e r  a n y  p la c e  h a s  b e e n  u s e d  as 
a  b u r y in g  g r o u n d , te m p o r a i ’y  o r  p e r m a n e n t ly ,  f o r  o n e  o r  
m o r e  p e o p le ,  th e  s p o t  s h o u ld  b e  s u ita b ly  a n d  d is t in c t iv e ly  
e n c lo s e d ,  a n d  th is  b o t h  o n  h y g ie n ic  a n d  s o c ia l  g r o u n d s .
S u c h  a  p r a c t i c e  as  s im p ly  t h r o w in g  o u t  c h o le r a  b o d ie s  o r  
o t h e r s  o n  t o  w a s te  g r o u n d  o r  in to  w a te r  s h o u ld  b e  m a d e  
a  c r im e  a n d  th e  o f fe n d e r s  p u n is h e d  b y  im p r is o n m e n t ^

* v. p. 110. t  v . Works on Medical Jurisprudence.
% As also the excreta.
§ The extraordinary supineness of the authorities, municipal and other­

wise, in this matter seems almost inconceivable to those who have not 
seen it. The author remembers, in Ganjam, seeing a dhoby washing 
clothea in a nullnh, about fifty yards from a flouting cholera body, whilst 
the peon stationed there to prevent such an occurrence, carried on a 
leisurely conversation with the dhoby !
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D ead bodies being  carried through the streets should be
e c e u t ly  c o v e r e d  u p  fr o m  h e a d  .to  f o o t  a n d  i t  s h o u ld  b e  

i l le g a l  to  e x p o s e  th e m .*

IVciter B u r ia l.— 'The cu s to m  w h ic h  p r e v a ile d  a n d  s t ill  
p r e v a ils , o f  c a r r y in g  th e  d y in g  t o  th e  b a n k s  o f  s a c r e d  

iv e is  an  , a fte r  d e a th , p a r t ia l ly  b u r n in g  th e  b o d y  w h ic h  
is  th e n  th r o w n  in to  th e  r i v e r , f  m u st fo r m e r ly  h a v e  b e e n  a 
m o s t  fe r t i le  s o u r c e  o f  d ise a s e . I t  is  a  t h o r o u g h ly  in s a n i-  
a,y P ia c t lc e  a n d  s h o u ld  b e  s t r ic t ly  p r e v e n te d . W h e n  th e  

c r e m a t io n  is  p r o p e r ly  c a r r ie d  o u t , a n d  th e  b o d y  r e d u c e d  to  
m in e ra l asl.es th e re  is  n o  o b je c t io n  w h a te v e r  to  th e  a sh es  
b e in g  s c a t te r e d  on  th e  w a te r .

B u r ia l a t  se a  is  b u t  ra re ly  r e s o r te d  to  sa v e  w h e n  d e a th  
o c c u r s  o n  b o a r d s h ip . I t  is  in  m a n y  w a y s  p r e fe r a b le  to  

.  i  b u n a l  as o rd m w rily  c a r r ie d  o u t , a n d  fa r  b e t t e r  th a n
th e  e x p o s u r e  o f  b o d ie s  to  b e  ea ten  b y  lo a th s o m e  v u ltu re s .
W iie n  a  b o d y ,  w r a p p e d  in s a i l -c lo th  a n d  w ith  h e a v y  s h o t  
a t ta c h e d  to  it , is  d r o p p e d  o v e r  th e  s id e  o f  a  sh ip  in  m id -  
o c e a n , i t  is  p r a c t ic a l ly  c e r ta in  th a t  it  s in k s  w ith  c o m p a r a ­
t iv e  r a p id ity  to  th e  d e p th s  b e lo w  a n d , b e c o m in g  e m b e d d e d

m the ooze form ed o f  the calcareous coverin gs o f  m yriads
o f  m a r in e  o r g a n is m s , h a s  a  m o re  s u ita b le  a n d  m o re  in o c c u -  
ou s r e s t in g -p la c e  th a n  in  a n y  to w n  c e m e te r y . I n  a n y  ca s e  

it  18 b e t te r  t lia t  fche c o r p s e , th e  w o r n -o u t  e a r t h ly  c o v e r in g ,  
s ion ic ! b e  r a p id ly  a n d  h a rm le ss ly  d is p o s e d  o f  u n d e r  w a te r

ffow f V 1° 1 1  Sl0Wly ^  ifc may b®' SPread diseaŝa fe w  fe e t  b e lo w  th e  e a r th ’ s surface.
M a n y  o t h e r  m e th o d s  h a v e  b e e n , a n d  a re , in  f o r c e  

a m o n g s t  d if fe r e n t  t r ib e s  a n d  n a t io n s , f o r  th e  d is p o s a l o f  
th e ir  d e a d , a n d  th e  v a r io u s  r ite s  a n d  cu s to m s  fo r m  a  m ost 
in te r e s t in g  c h a p te r  in  C o m p a ra t iv e  E t h n o lo g y .  A m o n g s t  
th e se  a re  e m b a lm in g , as p r a c t ic e d  b y  th e  E g y p t ia n s  u n d e r  
a n  e n o n e o u s  id e a  o f  th e  c o n n e c t io n  b e tw e e n  th e  b o d y  a n d

Sanitary LegislaUoii^but " u k e n w a t  othe °(rMadras,M,lnicii,al A°t (». p o s t .  
attempt is made to enforce it. 6 Muiu0lpal enactments, no proper

t  Or, what is worse, throwing the body into the river direct.
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so u l a fte r  d e a th , e x p o s u r e  to  w ild  a n im a ls  o r  to  d o g s  s p e c ia l ly  
t r a in e d  to  d e v o u r  th e  c o r p s e s , e x p o s u r e  on  p la t fo r m s  o r  in  
tre e s , e t c . ,  e tc .,  a ll o f  w h ic h  a re  o p p o s e d  to  t ru e  h y g ie n e  
a n d  m o st  o f  th e m  u tte r ly  b a r b a r o u s .*

DISPOSAL OF- DEAD BODIES— LOWER ANIMALS.
T h is  s u b je c t  is o n ly  l ia b le  to  a ssu m e im p o r ta n t  p r o p o r ­

t io n s  u n d e r  o n e  o f  tw o  c o n d it io n s , viz., an  o u tb r e a k  o f  c o n ­
ta g io u s  d is e a s e  a m o n g s t  a p a r t ic u la r  c la ss  o f  a n im a ls , or- 
d u r in g  w a r  o r  fa m in e  tim e .

Epidem ics.— A t  s u ch  a  tim e , i f  p r o p e r  p r e c a u t io n s  fo r  
t h e  d is p o s a l o f  th e  d e a d  b o d ie s  o f  a n im a ls  a re  n o t  ta k e n , 
a  v e r y  c o n s id e r a b le  in c re a s e  in  th e  s p re a d  o f  th e  d isea se  
c o u p le d  w ith  a d a n g e r o u s  n u is a n ce  to  h u m a n  b e in g s  is  a p t  
to  o c c u r . t  I n  th e  ca se  o f  an  o u tb r e a k  o f  a n th r a x  it  is  o f
e s p e c ia l  im p o r ta n c e  th a t  th e  b o d ie s  o f  a ll h o rs e s , e t c . ,  b e

________________ ;_________________________________________________—  *
* Tlie following extract concerning the burial of Sanny&si Br&hmans is 

taken from the interesting and accurate work of the Abbe Dubois, ‘ A 
Description of the People of India.’ After preparatory ceremonies, “ the 
body is placed in a sitting posture, cross-legged, in a large basket ; which 
is suspended with straw ropes upon a strong pole of bamboo and carried 
by four Br&hmans. 'They proceed, without noise or tumult, to the trench 
which has been prepared on the bank of the river, if there be one in the 
neighbourhood. It is dug so as to resemble a well, about six feet in depth, 
and is filled one-half with salt, on which the body is placed, in the posture 
that has been described. “  It is then covered up to the neck with the salt, 
which they press closely all round, so as to keep the head immoveable.
This is succeeded by the strange ceremony of breaking cocoannts upon the 
head of the deceased, which is continued till the skull be quite shattered ; 
after which, more salt is thrown into the pit, and the head covered out of 
sight. Earth is then accumulated over the trench, to the height of several 
feet; and upon the heap so raised a Lingam is erected.”  The presiding 
Brfthman then “ collects all the bits of the cocoannts which were broken 
on the head of the deceased, and distributes them amongst those present, 
who eat them as a sacred and well-boding morsel.”  v. p. 265, et scq. The 
bodies of all other Brahmans are, of course, burnt, not buried.

f  The writer has seen the most fearful nuisance and danger caused by 
such an outbreak amongst buffaloes in Burmah. Along the river banks 
the animals lay dying or dead in great numbers .whilst crows, kites, adju­
tant birds, dogs, etc., attacked them before death had actually taken 
place and after. The dead bodies lay about amongst the villages and floated 
in scores down the rivers Mitthya and Chindevin, decaying ns they went.
On these dead bodies, the Burmese, who will eat any thing, feasted. The 
smell, etc., was most disagreeable, and destruction by ordinary fire most 
difficult. I have known Burmese eat a miserable, diseased pony ; also 
take the body of a self-dead deer out of the river, as it floated towards 
them, and shortly after breakfast off it ! In the same way the chuclclers and 
other low-caste people in India will eat almost anything, horse meat being 
a favourite morsel,
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a t o n c e  c o m p le te ly  d e s t r o y e d  b y  b u r n in g . B u r ia l  is  q u ite  
im p e rm iss ib le . I n d e e d , as a  g e n e r a l ru le , it  m a y  b e  sa id  
th a t  destruction by fire  is th e  o n ly  s a fe  a n d  p r o p e r  m e a n s  
to  b e  a d o p te d  in  a ll ca se s . G r e a t  v ig i la n c e  is  n e ce s s a ry , 
e s p e c ia l ly  in  B u rm a h , to  p r e v e n t  th e  b o d ie s  o f  a n im a ls  
d y in g  o f  d isea se  fr o m  b e in g  u se d  as f o o d .  T h e  o r d in a r y  
r u b b is h  in c in e ra to rs , w h ic h  w ill  d o u b t le s s  s o o n  c o m e  in to  
g e n e ra l u se , w ill  b e  q u ite  s u ffic ie n t_ fo r  th e  d e s tr u c t io n  o f  
th e  b o d ie s .

TT a r  and Fam ine .— U n d e r  th e se  c ir c u m s ta n c e s  e v e n  
g r e a te r  n e g le c t  is l ia b le  to  e n su e , f o r  p e o p le  a re  d is h e a r t ­
e n e d  a n d  w ill n o t  ta k e  th e  t r o u b le  to  d o  a n y t h in g  sa v e  
w h a t  is an  a b s o lu te  n e c e s s ity . T h e  p r o p e r  d is p o s a l o f  th e  
d e a d  b o d ie s  o f  th e  h o rse s , e tc .,  as w e ll  as th o s e  o f  h u m a n  
b e in g s  k il le d  in  w a r  is a  m o st  d if f ic u lt  th in g , a n d  d e p e n d s  
o n  m a n y  v a r y in g  fa c to r s . V a r io u s  d e v ic e s h a v e  b e e n  t r ie d .*
I f  no s p e c ia l  m e a n s  a re  a v a ila b le , th e  o n ly  p la n  is  to  issu e  
p e r e m p to r y  o r d e r s  f o r  p r o p e r  e a r th  b u r ia l  to  b e  c a r r ie d  o u t  
w ith  th e  le a s t  d e la y  p o s s ib le  in  e v e r y  c a s e ; a n d  t o  ta k e  
m e a n s  t o  h a v e  th e  o r d e r  c a r r ie d  o u t  e f fe c t iv e ly . I n  fu tu r e  
w a rs  b e tw e e n  c iv i l is e d  (sic) c o u n tr ie s , c r e m a t io n  w ill  a lm o s t  
c e r ta in ly  b e  th e  m e th o d  o f  d is p o s a l f o r  b o th  h u m a n  a n d  
o th e r  b o d ie s  as w e ll.

F a m in e  in  I n d ia  ra ise s  a  p e c u lia r  d if f ic u lty  in  m a n y  
d is tr ic ts , in a sm u ch  as th e  p e o p le ,  th o u g h  s ta r v in g  th e m ­
se lv e s , w ill  n o t  e a t  th e  flesh  o f  th e  c a t t le  d y in g  fr o m  s ta r v ­
a t io n , n e ith e r  w ill th e y  b u r y  th e  b o d ie s . T h e  lo c a l  s a n ita ry  
a u th o r ity  s h o u ld  se e  th a t  th e  d e a d  b o d ie s  o f  a n im a ls  a re  
b u r ie d  w ith  d u e  p r e c a u t io n s , o r  b e t te r , b u r n t  c o m p le te ly .

* v, Parkes-Notter, pp, 394-5.
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BUILDINGS.

I nto th is  s u b je c t  it  is  im p o ss ib le  to  g o  in d e ta il h ere  ; 
a ll th a t  ca n  b e  a t te m p te d  is to  in d ica te  th e  pnnciplBs 
w h ic h  m u st b e  b o r n e  in  m in d  i f  b u ild in g s  a re  to b e  su ita b le  
f o r  h u m a n  o c c u p a t io n , a n d  to  n o te  som e  practical points to  
w h ic h  sp e c ia l a tte n tio n  sh o u ld  b e  p a id . I t  m u st b e  c a r e ­
fu l ly  r e m e m b e r e d  th a t  in  In d ia  a n d  B u rm a h  th e  a ctu a l 
c o n s tru c t io n  o f  d w e ll in g s  is  a lm o st  u n iv e rs a lly  d o n e  b y  
ig n o r a n t  n a t iv e  w o rk m e n  u p on  w h o m  th e  u n w ritten  ru les  
b y  w h ic h  th e ir  fo r e fa th e r s  w o r k e d  are  e q u a lly  b in d in g , a n d  
th is  in  sp ite  o f  o ffic ia l ‘ s u p e r v is io n /  T h e  la t te r  is  o fte n  
e x tre m e ly  p e r fu n c to r y  a n d  is  p e r fo r c e  c a r r ie d  o u t  in  m a n y  
ca ses  b y  m en  w h o  h a v e  n e v e r  h a d  o p p o r tu n it ie s  o f  s e e in g  
f i is t  c la ss  w o r k . T h is  sta te  o f  m a tte rs  is  g r a d u a lly  b e in g ’ 
r e m e d ie d , b u t  th e  m ass to  b e  le a v e n e d  is o u t  o f  all p r o p o r ­
t io n  to th e  a m o u n t o f  le a v e u  a v a ila b le .*  T h in g s  b e in g  so  
as r e g a r d s  o ffic ia l b u ild in g s , it  c a n  ea s ily  b e  im a g in e d  h o w  
m u ch  w o rse  th e y  a re  w ith  r e s p e c t  to  h ou ses  b u ilt  p u re ly  
as a  co m m e rc ia l s p e cu la t io n . I t  is  n o t  to  b e  d e n ie d  th a t  in  
E n g la n d  th e  sam e c h a r g e  o f  g r e e d  o n  th e  p a rt  o f  s p e cu la ­
t iv e  b u ild e r s , w ith o u t  th e  p o s s ib le  e x c n s e  o f  ig n o r a n c e , 
h o ld s  p e r fe c t ly  g o o d ,  as th e  ro w s  o f  ‘  je r r y -b u i l t ’ h ou ses  
in  the s u b u rb s  o f  L o n d o n  a n d  o th e r  la r g e  to w n s , o n ly  to o  
c le a r ly  s h o w . T h e  p o o r e r  c la sses  b e in g  th e  c h ie f  su fferers  
in  b o th  co u n tr ie s , it  is th e  d u ty  o f  th e  m u n ic ip a l a u th o r it ie s  
(som e  o f  w h o m , h o w e v e r , a re  th e  w o rs t  o f fe n d e r s ) , to  a c t  u p on

* Many volumes might be filled with accounts of the extraordinary and 
perverse blunders made nnder the very noses of so-called supervisors The 
amount of money spent annually on alterations and re construction through 
originally defective work, is enormous. A certain amount of this''pulling 
down and building np’ is, it is to be feared, somewhat intentional and 
follows apparently as a necessary sequel to ‘ estimates,’ and ‘ contracts’
It is probable that here, as in other cases, an increase in the number of 
high-grade public works officials, with consequent more effective supervi- 
sion, would prove to be the truest economy. *



tlie  a d v ic e  o f  t l ie ir  sa u ila r y  a d v is e r s  in  p r e v e n t io n  o r  m it i ­
g a t io n , so  fa r  as p o s s ib le , o f  th e s e  e v ils , a n d  to  e n fo r c e  
r ig o r o u s ly  th e  u tm ost  p e n a lt ie s  u p o n  th e  o f fe n d e r s  *  * * §

T h e  e x te n t  a n d  p o w e r  o f  e p id e m ic s  in  fo r m e r  a g e s  a re  
la r g e ly  to b e  a t t r ib u te d , a m o n g s t  n u m e ro u s  o th e r  p r e d is ­
p o s in g  ca u se s , t o  th e  v e r y  im p e r fe c t  n a tu re  o f  th e  d w e ll in g s  
o c c u p ie d  b y  th e  m ass o f  th e  p e o p le . t  T h e n , as  in  I n d ia  
b u t  a  fe w  y e a rs  a g o , th e  n o b le s  a n d  g r a n d e e s  o c c u p ie d  
p a la c e s  a n d  fo r t s  w h ils t  a ll b e lo w  th e m  w e r e  h o u s e d  in  
m is e ra b le  h o v e ls  c r o w d e d  t o g e t h e r  a n d  s u r r o u n d e d  b y  
d a m p  a n d  filth . E v e n  n o w  it  c a n n o t  b e  s a id  th a t  th in g s  
a re  m u c h  im p r o v e d  in  In d ia n  to w n s .

AV ith  r e fe r e n c e  to  th e  in flu e n c e  on" h e a lth  n e c e s s a r i ly  
p r o d u c e d  b y  su ch  d e fe c t iv e  c o n d it io n s  o f  l iv in g ,  an  e m in e n t  
a u th o r ity J  h a s  th u s  w r it te n  : “  I l l - c o n t r iv e d  a n d  c lo s e ly -  
p a c k e d  h o u se s , w ith  n a r r o w  s tre e ts , o f t e n  m a d e  w in d in g  f o r  
th e  p u rp o s e s  o f  d e f e n c e ;  a  v e r y  p o o r  s u p p ly  o f  w a te r , 
a n d  th e r e fo r e  a  u n iv e r s a l  u n c le a n l in e s s ; a  w a n t  o f  a ll 
a p p lia n c e s  f o r  th e  r e m o v a l  o f  e x c r e t a ; a  p o p u la t io n  o f  r u d e , 
ca re le ss  a n d  g ro s s  h a b its , l iv in g  o f t e n  on  in n u tr it io n s  fo o d ,  
a n d  f r e q u e n t ly  e x p o s e d  t o  fa m in e  fr o m  th e ir  im p e r fe c t  
sy s te m  o f  t i l la g e ,— su ch  w e re  th e  c o n d it io n s  w h ic h  a lm o s t  
t h r o u g h o u t  th e  w h o le  o f  E u r o p e  e n a b le d  d ise a s e s  t o  a tta in  
a r a n g e , a n d  to  d is p la y  a  v ir u le n c e , o f  w h ic h  w e  h a v e  
n o w  s c a r c e ly  a  c o n c e p t io n .§ T h e  m o re  th e se  m a tte rs  a re

* If anyone built a ship so carelessly that it capsized immediately after 
leaving harbour, or Bold a gun with a barrel that burst on its bein^ fired 
tor the first time, enquiry would certainly be made and the offender pro- 
bftbly punished by a heavy fine or imprisonment. On the other hand a 
builder may build a house which is nothing more than a death-trap, and 
will consider himselt aggrieved if bis tenant should dare to get ill and din 
ns a Result of its faulty construction.

t  A favourite argument with the opponents of hygiene is that, in spite 
of such a state of things, countries like England were enabled to produce 
and rear a splendid class of men, who were the pioneers of discovery and 
the heroes of battles throughout the world. Siich a fallacious argument 
baldly deserves notice. It is merely an example of the well-known law of 

the survival of the fittest’ and entirely leaves out of account the euor. 
inous death-iate and amount of preventable sickness.

? The late Edmund Parkes, v. Parkes-Notter, p. 220. So also many other 
writers—Fronde, Green, Kingsley, Simon, etc. *

§ those, however, whose memories go back to the famine and cholera in 
Itiuia sixteen years ago, can easily form such a conception. ,
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e x a m in e d , t lie  m ore  sh a ll w e  b e  c o n v in c e d  th a t  w e  m u st 
lo o k , n o t  to  g r a n d  co sm ica l c o n d it io n s , n o t  to  e a r th q u a k e s , 
c o m e ts , o r  m y ste r io u s  w a v e s  o f  an  u n seen  a n d  p o iso n o u s  
a ir  ■ n o t  to r e co n d ite  e p id e m ic  co n stitu t io n s , b u t  to  s im p le , 
fa m ilia r  a n d  h o u s e h o ld  co n d it io n s , t o  e x p la in  th e  sp re a d  
a n d  fa ta l ity  o f  th e  m ediaeval p la g u e s .”  A n d  so  it  is  tru e  
f o r  th is  g r e a t  c o u n tr y , th a t  d isea se  w ill  c o n t in u e  to  c la im  
its  v ic t im s  in  e x ce s s  u n til, b y  s lo w  d e g r e e s , th e  n a rro w  
s tre e ts  a re  c le a n e d  a n d  w id e n e d  a n d  th e  w r e tc h e d ly -b u ilt  
h o u s e s  r e p la c e d  b y  o th e rs  o f  su ita b le  fo r m  a n d  c o n s tru c t io n .

A t te m p t s  h a v e  b e e n  m a d e  in  th e  la r g e  tow n s to  re m e d y  
th is  s ta te  o f  m a tte rs  as fa r  as  m a y  b e , b u t  it  is  an  e v il  o f  
s u ch  m a g n itu d e  as to  m a k e  th e  ta sk  seem  a lm o st  h op e less . 
P o v e r t y ,  th a t  b a r  to  sa n ita ry  p r o g r e s s  in  In d ia , is h ere  
th e  c h ie f  o b s tr u c t io n , b u t  a  gi*eat d e a l ca n  b e  d o n e  b y  
im p r o v in g  th e  design o f  e v e n  v e r y  sm all h ou ses  w ith o u t  
m u ch  in c re a s in g  th e  co s t . I t  is  to  b e  h o p e d  th a t n a t iv e s  
o f  th is  c o u n tr y , g ra d u a te s  iu  e n g in e e r in g  a n d  s a n ita r y  
s c ie n c e , w ill  ta k e  u p  th e  q u e stio n  e n e r g e t ic a l ly  a n d  d e s ig n  
d w e ll in g s  w h ic h , w h ils t  c o n fo r m in g  to  lo c a l  ta ste  a n d  c u s ­
to m s , w ill  b e  c o n s tr u c te d  as fa r  as p o s s ib le  in  a c c o r d a n c e  
w ith  th e  ca n o n s  o f  h y g ie n e .

W h a t  th e n  a re  th e  re q u is ite  c o n d it io n s  f o r  a  h e a lth y  
h a b ita t io n  ? T h e y  a re  ch ie fly  th ese , as d e fin e d  b y  P a r k e s  :—

1. A  site dry and not m alarious, a n d  an  a s p e c t  w h ic h
g iv e s  light and cheerfulness.

2. A  pure supply and proper removal of w ater; b y
m e a n s  o f  w h ic h  p e r fe c t  c le a n lin e ss  o f  a ll p a r ts  o f  
th e  h o u se  ca n  b e  in su re d .

8 . A system of immediate and perfect seicage removal, 
w h ic h  r e n d e r s  it im p o s s ib le  th a t  th e  a ir  o r  w a te r  
sh a ll b e  co n ta m in a te d  fr o m  e x c re ta .

4 . A system o f ventilation which carries o f  a ll respir­
atory impurities.

5 . A  c o n d it io n  o f  h o u se  c o n s tr u c t io n  w h ic h  in su res  per­
fect dryness of the foundations, icalls and roof.

• eot^N.
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N o w , le t  tlie  r e a d e r  th in k  f o r  a  m in u te  h o w  m a n y  o f  th e  
h o u se s  h e  is  a c q u a in te d  w ith  fu lf i l  th e se  c o n d it io n s  : th e  
a n sw e r  w ill  p r o b a b ly  b e — ‘ n o t  o n e ’  !*  Y e t  th e r e  is  n o t h in g  
o u t  o f  th e  w a y  in  th e se  f iv e  p o s tu la te s , sa v e  p e r h a p s  th e  
d e m a n d  f o r  a  n o n -m a la r ia l  s ite . E v e n  in  th is  ca se , a  l it t le  
ca re  in  c h o o s in g  a n d  p r e p a r in g  th e  o r ig in a l  s ite  o f  a n y  
p la c e  w o u ld  o b v ia te  th is  o b je c t io n  a lm o s t , i f  n o t  q u ite  
e n t ire ly .

N o t  o n ly , th e n , is it v e r y  e x c e p t io n a l  to  f in d  a  d w e l l in g  
h o u s e  o r  g r o u p  o f  h o u se s  fu l f i l l in g  a ll  th e se  c o n d i t i o n s ; i t  
is th e  g e n e r a l  ru le  to  f in d  th a t  e v e r y  o n e  o f  th e m  is v io la te d .
A n  u n d r a in e d , m a la r io u s  s ite  ; a  w a te r  s u p p ly  o f  e x tr e m e  
im p u r i t y ; n o  p r o p e r  sy s te m  f o r  rem o 'va l o f  e x c r e t a  a n d  
n o n e  fo r  r e m o v a l  o f  im p u r e  w a te r  ; v e n t ila t io n  p r a c t i c a l ly  
n il ;  u n su ita b le  m a te r ia ls  u s e d  in  th e  b u i ld in g  a n d  a  
t h o r o u g h ly  d e fe c t iv e  m e th o d  o f  c o n s t r u c t io n ,— su ch  a re  th e  
a lm o s t  in v a r ia b le  c o n d it io n s  o f  In d ia n  h o u se s . I s  i t  a n y  
w o n d e r  th a t  th e  p e o p le  d ie  b y  th o u s a n d s  o f  fe v e r ,  c h o le r a , 
p h th is is , e t c .,  a n d  a re  a t b e s t  a  p o o r ly  d e v e lo p e d  r a c e  
la m e n ta b ly  d e f ic ie n t  in  s ta m in a  ? I t  is  n o t  d e n ie d  th a t  
m a n y  o th e r  o f  th e  e ssen tia ls  o f  h e a lth y  l iv in g  a re  w a n tin g -, 
su ch  as g o o d  fo o d ,  t e m p e r a n c e  in  a ll  th in g s , r e g u la t e d  
p h y s ic a l  e x e r c is e  a n d  p r o p e r  c lo t h in g ,  a ll o f  w h ic h  w ill  b e  
d is c u s s e d  u n d e r  P e r s o n a l  H y g i e n e , !  b u t  th e  fa c t  re m a in s  
th a t  im p e r fe c t  a n d  in s a n ita r y  d w e l l in g s  a re  a  p o w e r fu l  
fa c t o r  in  a id in g  th e  v ir u le n c e  a n d  s p r e a d  o f  d ise a s e .J

* Let him remember also that an ‘ unhealthy dwelling’ is invariably an 
expensive one and a bail bargain. People generally realise this when it is 
too late ; when the favourite child has died of diphtheria or the chief 
bread-winner been carried ofi by cholera or enteric fever, or when half 
the family begin to suffer from malarial asthma,

f  v. Part II, The Hygiene of the Individual.
t Dr. Ballard, reporting recently to the Local Government Board in 

England, upon the annual mortality from diarrhoea, points out, among the 
moie important conditions influencing diarrhceal mortality, that aggrega- 
tion ol population favours, and dispersion over area disfavours, diarrhoea; 
that density of buildings (whether dwelling-houses or other) upon area 
promotes inarrboeal mortality ; and that restriction of and impediments 
to the free circulation of air, both about and within dwellings, promote 
diarrhceal mortality. Quoted by S. and M., p. 657. In all eastern towns 
which, in the close aggregation of their houses and the consequent narrow­
ness aud tortuosity of their streets, resemble the towns of Europe in the
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I n  c o n s id e r in g  th is  s u b je c t  a t te n t io n  m u st b e  p a id  to  
t lie  d i f fe r e n t  c la sse s  o f  b u i ld in g s  in h a b it e d  b y  h u m a n  
b e in g s  in  th is  c o u n t r y .*  T h e y  m a y  b e  th u s  c la ss if ie d  :— 1. 
H o u s e s , (a) o f  th e  W e a lt h y ,  (b) o f  th e  P o o r , (c) o f  th e  
N o m a d ic  tr ib e s  o r  ca s te s , a n d  (d) C a m p  l i fe  in  T e u ts  : 2. 
H o s p ita ls , (a) f o r  G e n e ra l o r  S p e c ia l  d ise a se s , (b) f o r  I n f e c ­
t io u s  d ise a se s  : 3 . J a ils  : 4 . B a r r a c k s  : 5 . S c h o o ls  : 6. S h o p s  
a n d  O ffice s , C o u rts , e t c . t  T h e  tw o  la t te r  c la sse s , 5 a n d  6, 
a re  n o t , s t r ic t ly  s p e a k in g , d w e ll in g s , b u t  as a la r g e  n u m b e r  
o f  h u m a n  b e in g s  p a ss  a  c o n s id e r a b le  p o r t io n  o f  t h e ir  l iv e s  
in  th e s e  b u i ld in g s  th e y  r e q u ir e  to  b e  n o t ic e d .

HOUSES— OP THE WEALTHY.

B y  th is  h e a d in g  is n o t  m e a n t  th a t  a ll w h o  l iv e  in  la r g e  
h o u se s  a re  n e ce s s a r ily  w e a lth y  a n d  vice versa, f o r  it  m a y  b e  
th a t  o w in g  to  s p e c ia l  c ir c u m s ta n c e s  a  c o m p a r a t iv e ly  p o o r  
p e r s o n  m a y  l iv e  in ' a  la r g e  h o u s e , w h ils t , c o n tr a r iw is e , 
n o t h iu g  is  c o m m o n e r  in  th is  c o u n tr y  th a n  fo r  a  m a n  w h o  
is  r e a lly  w e a lth y  a n d  c o u ld  e a s ily  a f fo r d  t o  l iv e  in  a  p r o ­
p e r  h o u se , to  p r e fe r  in s te a d  a  t u m b le -d o w n  h o v e l  in  a 
b a c k  la n e  o ff  a  b a z a a r , so  th a t  h e  m a y  sa v e  a  f e w  m o r e  
ru p e e s  e re  h e  q u its  th is  e a r th ly  s c e n e — a n d  le a v e s  th e m  
all b e h in d  h im  ! T h e  h o u s e s  r e fe r r e d  t o  h e r e  a re  th e  
d e ta c h e d  b u n g a lo w s  o c c u p ie d  b y  w e l l - t o -d o  E u r o p e a n s  a n d  
N a t iv e s  a n d  th e  la r g e r  h o u s e s  in  th e  s tre e ts  o f  th e  c h ie f  
to w n s . %

B y  fa r  th e  g r e a te r  n u m b e r  o f  th e se  a re  b u i lt  e ith e r  as a 
p u r e  s p e c u la t io n  o r  e lse  b y  p e o p le  w h o  h a v e  p r o s p e r e d  iu  
l i f e  a n d  w is h  t o  s e t t le  d o w n , in  w h ic h  la t te r  ca s e  th e  w o r k

middle ages, the rapid and fatal spread of epidemics is very largely due to 
the concentration of the impurities on a very small area.

* The consideration of the collections of huts or houses which go to 
form villages and towns, iu their relation to external ventilation and the 
general health of the inhabitants will be found under Part IV, Practical 
Sanitation.

f  There are many other classes of buildings such as Hotels and Hoslel- 
ries, Churches, Public Halls, etc., which require equal care in construction 
and subsequent supervision, but space forbids mention of them.

t  The scope of this work does not permit nor requiie reference to the 
palaces of Knjabs and other Nobles nor to the official residences in the 
various presidencies.
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is  a lm ost in v a r ia b ly  e n tru s te d  to  an  ig n o r a n t  c o n tr a c to r .
In  som e  ca se s  th e  b o u s e s  h a v e  b e e n  b u ilt  u n d e r  o ffic ia l 
su p e r v is io n  a n d  in  th e se  th e  w o r k  is g e n e r a lly  o f  a  b e t te r  
n a tu re . I n  e v e r y  w a y ,.s a v e  in  p o in t  o f  s iz e  o f  th e  ro o m s , 
E u ro p e a n s  in  I n d ia  a re  w o rse  h o u s e d  th a n  th o se  o f  a  c o r ­
r e s p o n d in g  c la ss  in  G re a t  B r ita in  a n d  th is  is  p a r t ly  d u e  to  
th e  fa c t  th a t, w ith  ra re  e x c e p t io n s , th e ir  In d ia n  d w e ll in g s  
a re  o n ly  te m p o r a r ily  o c c u p ie d  b y  a n y  on e  fa m ily , a n d  
p a r t ly  to  th e  f a c t  th a t  th e  sa m e  c la ss  o f  w o r k  a n d  
m a te r ia l is  n o t  p r o c u r a b le  h e r e  w ith o u t  d is p r o p o r t io n a te  
e x p e n s e . T h e  la r g e  b u n g a lo w 's  s ta n d in g  in  s e v e r a l  a c re s  
o f  g r o u n d , seen  t y p ic a lly  n e a r  M a d ra s  a n d  C a lcu tta , w h ic h  
w e re  fo r m e r ly  , th e  u su a l d w e l l in g s  o f  E u r o p e a n s , o f fe r , n o  
d o u b t , m a n y  a d v a n ta g e s  o f  c o m p a r a t iv e  d is ta n c e  fr o m  
d ir ty  b a z a a rs  a n d  parclierries o r  bus ties, q u ie tn e ss , f r e s h  
a ir , e t c . ,  b u t  th e  d a y  w h e n  th e  te n a n ts  c o u ld  w e ll a f fo r d  to  
k e e p  th e m  c le a n  a n d  in  re p a ir , a n d  p a y  a  p r o p e r  r e n t  f o r  
th e ir  o c c u p a t io n , h as g o n e  b y .  H e n c e  is  c o m m o n ly  seen  
th e  in s a n ita r y  a n d  d is a g r e e a b le  s ig h t  o f  a  h a l f -e m p t y ,  
r u in o u s  b u n g a lo w  in  a  d ir t y , u n k e p t  c o m p o u n d , th r o u g h  
w h ic h  la t te r  is  a  ‘ r ig h t  o f  w a y ’ in  a n y  d ir e c t io n  a n d , 
a p p a re n tly ', fr e e  g r a z in g  f o r  th e  c a t t le  o f  all a n d  s u n d ry .
T h e r e  a re  f e w  p le a s a n te r  d w e ll in g s  to  l o o k  u p o n  th a n  a  
c le a n , h a n d s o m e  b u n g a lo w  in  a w e l l -w o o d e d  c o m p o u n d , b u t  
su ch  is  d a i ly  b e c o m in g  a  r a r e r  s ig h t .

1. R e fe r r in g  o n c e  m o re  to  th e  re q u ir e m e n ts  o f  a  h e a lth y  
d w e ll in g , as in s ta n c e d  a t th e  c o m m e n c e m e n t  o f  th is  c h a p te r , 
th e  fir s t  n e c e s s ity  is a  d r y  a n d  n o n -m a la r io u s  S ite  a n d  a 
g o o d  E x p o s u r e . T h e s e  h a v e  a lr e a d y 'b e e n  d is c u s s e d .*  T h e  
s ite  o f  a  la r g e  b u n g a lo w  is  f r e q u e n t ly  th e  b e s t  a v a ila b le  in  
a n y  p a r t ic u la r  p la c e  a n d , i f  m a la r io u s , it  is  g e n e ra lly ' o w in g  
to  th e  e x is t e n c e  o f  s w a m p y , u n d r a in e d  g r o u n d  in  th e  
n e ig h b o u r h o o d , c o u p le d ,  it  m a y  b e , w it h  d e fe c t iv e  f o u n d ­
a t io n s  o f  th e  h o u s e  it s e l f .  T h e s e  la t t e r  w ill  b e  a l lu d e d  t o  
a f t e r w a r d s .t

* v. Chap, ill, p. I l l ,  et seq., and p. 120, et seq. Exposure will again be 
leforred to under ventilation’ of houses, hospitals, etc., in this chapter

t  v. * Foundations’, pp. 230-1. ^
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2 . T h e  a r r a n g e m e n ts  f o r  W a t e r  S u p p ly  a n d  th e  r e m o v a l  
o f  d ir ty  w a te r  h a v e  a lr e a d y  b e e n  d e s c r ib e d ,*  b u t  a fe w  
p o in ts  rem a in  to  be  n o t ic e d . E x c e p t  in  b u n g a lo w s  s itu a te d  
in  th e  la r g e s t  to w n s , th e  w a te r  s u p p ly  is  a lm o s t  in v a r ia b ly  
f r o m  a  w e ll  in  th e  c o m p o u n d . T h is  w e ll  is  f r e q u e n t ly  
s itu a te d  in  a b a d  p o s it io n  a n d  n o t  s e ld o m  is m e re ly  a  shallow  
w e ll, a lth o u g h  its  a c tu a l d e p t h  is  c o n s id e r a b le . W h e n  th e  
w a te r  le v e l  is  h ig h  th e  p r e s s u r e  w ith in  th e  w e ll  m a y  k e e p  
b a c k  th e  s u r fa c e  s o a k a g e  to  a  la r g e  e x te n t , b u t  d u r in g  
d r y  w e a th e r  a n y  im p u r e  w a te r  w h ic h  d r ib b le s  t h r o u g h  th e  
c r a c k s  a n d  fissu res  in  th e  u p p e r  la y e r s  o f  th e  s o il  m e e ts  
w ith  n o  r e s is ta n c e  a n d  m a y  o f t e n  b e  s e e n  o o z in g  t h r o u g h  
th e  s id e s  o f  th e  w e ll  a n d  d r o p p in g  in to  th e  w a te r  b e l o w . f  
I n  la r g e  to w n s  w ith  a p r o p e r  w a te r  s u p p ly  th e r e  s h o u ld  b e  
a  s ta n d -p ip e  a v a ila b le  in  e v e r y  c o m p o u n d  f o r  w a t e r in g  th e  
g a r d e n , f lu s h in g  d ra in s , e t c .  I f  th e  n a tu ra l p r e s s u r e  o r  
‘ h e a d ’ is t o o  sm a ll t o  d e l iv e r  th e  w a te r  to  th e  u p p e r  s to r ie s  
o f  th e  h o u se , th e  m u n ic ip a lity  s h o u ld  c e r ta in ly  m a k e  u se  o f  
S h o n e ’ s e je c t o r s  as b e fo r e  d e s c r ib e d ,  e r e c t in g  a  sm a ll c o m ­
p r e s s e d  a ir  s ta t io n  i f  n e c e s s a r y .J  W a t e r  s h o u ld  b e  la id  
o n  to  th e  p a n tr y , k it c h e n s , s ta b le s , e t c . ,  a n d  th e  w a te r m a n  
a b o l is h e d . O th e r w is e , c le a n lin e s s  o f  th e  h o u s e  is  a lm o s t  
im p o s s ib le .

F o r  th e  re m o v a l o f  D ir t y  W a t e r ,  in  m o s t  c a s e s , th e r e  is  
p r a c t ic a l ly  n o  p r o v is io n  w h a te v e r . W h e n  a  h o u s e  is  f ir s t  
c o n s t r u c te d  a  f e w  m is e ra b le  c h a n n e ls ,  l in e d  w ith  c o u n tr y  
b r ic k s  a n d  c liu n a m , a re  b u ilt , c h ie fly  w it h  th e  in te n t io n  o f  
c a r r y in g  o f f  ra in  w a te r . I n  a  s h o r t  t im e  th e se  b e c o m e  
c o m p le t e ly  c h o k e d  o r  d e s t r o y e d , w ith  th e  r e s u lt  th a t  
th e  w h o le  o f  th e  d ir t y  w a te r  f r o m  th e  h o u s e  a n d  th e  
ra in  w a te r  f r o m  th e  r o o f  s in k  in to  th e  g r o u n d , w h ic h  is

* v. Chaps. II and IV.
t  When the writer was acting as Chemical Examiner in Madras, a gen­

tleman sent a sample of water from the well in his compound and wished 
to know if it was fit for drinking. Analysis showed that it was practi­
cally sewage !

t  i.e., in a place where the hydro-pnuematic system for the removal of 
e xcreta is not already in nse. All that is required is two small engines 
and two sets of air pumps, with a small supply pipe for conveyin'* the 
compressed air to the ejectors.

({( *)}) (fiT .
224  b o il d in g s . O X j
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th u s  sa tu ra te d  w ith  m o is tu re  a u d  f i lth .*  I u  som e  ca se s  
h o l lo w , a u d  u su a lly  p o r o u s  r e c e p ta c le s , o f  l im ite d  c a p a c ity , 
a re  p la c e d  a t th e  f o o t  o f  th e  p ip e s  fr o m  th e  b a th -i 'o o m s  a u d  
p a n try . T h e se  r e c e p ta c le s  c o n s ta n t ly  o v e r f lo w  a n d , u n d e r  
a n y  c ir cu m s ta u ce , a re  o n ly  e m p t ie d  a t th e  le is u r e ly  c o n ­
v e n ie n c e  o f  th e  s w e e p e r  a n d 'a f t e r  th e  l iq u id  h a s  b e e n  
e x p o s e d  fo r  m a n y  h o u rs  to  a t r o p ic a l  te m p e ra tu re . T h e  
p r o p e r  r e m e d ie s  f o r  su ch  a  s ta te  o f  th in g s  c a n n o t  b e  
a p p lie d  u n less  th e  la n d lo r d  is  fo r c e d  b y  th e  a u th o r it ie s  to  
malce and keep in  order s u ita b le  d ra in s , a n d  th e  te n a n ts  o f  
th e  h o u se s  ta k e  a  p e r s o n a l p r id e  in  s e e in g  th a t  a ll is  c le a n  
a n d  sw e e t . A l l  s u lla g e  w a te r  c o u ld  b e  q u ite  e a s ily  a n d  
h a rm le ss ly  d is p o s e d  o f  b y  le a d in g , i t  te  ou e  o r  m o r e  p o in ts  
iu  th e  g a r d e n  f o r  u se  iu  ir r ig a t io n , th e  d r a in s  b e in g  flu sh e d  
d a ily , i f  p o s s ib le , w ith  a  f e w  g a llo n s  o f  c le a n  w a te r  a n d  o c c a ­
s io n a lly  s c ra p e d  b y  th e  s w e e p e r .t  T h e  a r r a n g e m e n ts  f o r  
th e  r e m o v a l o f  ra in  a u d  h o u s e  w a te r  w ill  b e  a l lu d e d  to  
a g a in  u n d e r  c o n s t r u c t io n  o f  h o u se s .

3 . T h e  th ir d  c o n d it io n , im m e d ia te  a n d  p e r f e c t  S e w a g e  
R e m o v a l ,  h as b e e n  fu l ly  c o n s id e r e d  in  th e  la s t  c h a p te r  a u d  
in  th e  p r e c e d in g  p a r a g r a p h . A s  r e g a r d s  th e  R e m o v a l  o f  
E x c r e t a  p r o p e r , th e  v e r y  s im p le  m e th o d  a d o p t e d  in  th is  
c o u n tr y  h a s  b e e n  a l lu d e d  to  a l r e a d y . !  I t  is  fa ir ly  s a t is ­
fa c t o r y ,  w h e n  p r o p e r ly  c a r r ie d  o u t , b u t  m ig h t  b e  c o n s id e r ­
a b ly  im p r o v e d . I n  th e  first p la c e  th e  p r a c t ic e  o f  u s in g  th e  
b a th -r o o m , w h ic h  is  in  im m e d ia te  c o n n e c t io n  w ith  th e  b e d ­
ro o m , as a  p r iv y  is  a  m is ta k e . Iu  e a c h  h o u s e  th e r e  s h o u ld  
b e  tw o  p a r t ia l ly -d e ta c h e d  r o o m s §  f o r  e x c lu s iv e  u se  as 
p r iv ie s , o n e  f o r  m a les  a u d  o n e  fo r  fe m a le s , th e  b a th -r o o m s

# v. Chapter iv, p. 197, and footnote.
+ Ibid. At first sight it nppears a9 if the European tenants of those 

houses coming, as they do, from the most hygienic country in the world, are 
largely to blame for snch a state of matters. And so they are to a con­
siderable extent, iu most oases, but it is to be remembered that they are 
constantly changing their residence and servants, and it is very dis­
heartening to have to keep on complaining to every landlord and trying 
to train fresh servants. The first essential is to compel landlords to make 
proper provision for the removal of all rain and dirty water.

X V .  p. 136.
§ With thorough cross ventilation betweeu them and the house.

29 a
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b e in g  u se d  e x c lu s iv e ly  f o r  p u r p o s e s  o f  a b la t io n . B y  a  s l ig h t  
r e -a r r a n g e m e n t  th is  c o u ld  e a s ily  b e  m a n a g e d  in  th e  d e s ig n  
o f  a n e w  h o u se  w ith o u t  a d d in g  to  th e  e x p e n s e . A  l it t le  
w a te r , c o n ta in in g , i f  d e s ir e d , a fe w  d r o p s  o f  a d e o d e r a n t  s u ch  
as sa n ita s  flu id , s h o u ld  b e  p la c e d  in  th e  p a n  b e fo r e  use , 
o r  e lse  a  b o x  c o n t a in in g  d r y  e a r th  a n d  a  s c o o p  s h o u ld  b e  
a t h a n d  a n d  th e  m o t io n  c o v e r e d  w ith  d r y  e a r th *  im m e ­
d ia te ly . F o r  th e  r e c e p t io n  o f  th e  e x c r e t a , b o t h  l iq u id  a n d  
so lid , th e  s w e e p e r  sh o u ld  b e  s u p p lie d  w ith  a w a te r -t ig h t ,  
m e ta l r e c e p ta c le ,  ta r r e d  in s id e  a n d  o u t . T h is  s h o u ld  b e  
k e p t  in  a  p la c e  ea sy  o f  a c c e s s  b y  th e  m u n ic ip a l s c a v e n g e r s , 
b u t  in v is ib le  to  th e  o r d in a r y  p a s s e r - b y . f

4 . C o m in g  n e x t  to  th e  s u b je c t  o f  V e n t i la t io n , w h ic h  h a s  
a lr e a d y  b e e n  d e a lt  w ith ,J  th e re  a re  still s o m e  p r a c t ic a l  
p o in ts  t o  b e  n o te d . I t  is  n o t  t o o  m u c h  to  sa y  th a t  th e  
o r d in a r y  In d ia n  h o u se  is  b u i lt  w ith o u t  a n y  r e g a r d  w h a t ­
e v e r  f o r  v e n t ila t io n , th e  o n ly  id e a  b e in g  to  o b ta in  a c e r ta in  
d e g r e e  o f  sh a d in e ss  a n d  c o o ln e s s . U n le s s  th e  g r e a t e s t  
c a r e  is  ta k e n  in  d e s ig n in g  th e  h o u s e , th e se  tw o  c o n d it io n s , 
viz., g o o d  v e n t ila t io n  a n d  c o o ln e s s , w ill n o t  b e  o b ta in e d , th e  
re su lt  b e in g  a  c o o l  h o u se  in  w h ic h  th e  a ir  c o n s ta n t ly  s t a g ­
n a tes , o r  vice versa. W h e n  a  h o u s e  is  c o m p le te ly  s h u t  u p  
d u r in g  th e  d a y  in  h o t  w e a th e r , th e r e  m u st b e  s o m e  s p e c ia l  
m ea n s  o f  v e n t ila t io n  in  a c t io n  i f  th e  a ir  is  to  b e  k e p t  p u r e .§
I n  a  o n e -s to r ie d  b u n g a lo w , w h ic h  is  th e  u su a l t y p e  
t h r o u g h o u t  In d ia , th e  a re a  c o v e r e d  b y  th e  b u i ld in g  is  v e r y  
la r g e , a n d  t h o u g h  th e  v e r t ic a l  h e ig h t  o f  th e  r o o m s  in  th e  
c e n t r e  o f  th e  b u i ld in g  m a y  b e  c o n s id e r a b le ,  th e  e a v e s  p r o ­
je c t  a ll r o u n d  th e  o u te r  e d g e  o f  th e  v e r a n d a h s  t o  w it h in  a 
fe w  fe e t  fr o m  th e  g r o u u d . I n  a d d it io n , th e re  a re  c o m m o n ly  
n o  v e r t ic a l  o p e u in g s  t h r o u g h  th e  r o o f  s u ch  as a re  n a tu r a lly

* Note, once move, that snud is quite useless ; on the small scale, suit, 
able earth can always be obtained and prepared for nse.

t  The ordinary practice of having an old leaky kerosine tin with no 
handle, placed in as conspicuous a place as possible, is neither sanitary 
nor decent.

| v. Chapter i.
| Under any condition pure air is neoessary, but itis especially so in 

the case of people who are obliged to pass the greater part of the day in 
partial darkness, for months together.
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lu a d e  fo r  ch im n e y s  in c o ld e r  c lim a te s . T h e  re su lt  is  th a t  
w h e n  th e  d o o r s  a n d  w in d o w s  a re  c lo s e d  th e  h o u se  is  l ik e  a  
b o x  w ith  th e  l id  sh u t d o w n  a n d  th e  v e n t ila t io n  is  a lm o s t  
n il. I f  it w e re  n o t  th a t  th e  f it t iu g s  in  In d ia n  h o u se s  a re  
in v a r ia b ly  d e fe c t iv e  o w in g  to  b a d  m a te r ia l  a n d  w o r k m a n ­
sh ip , a n d  w a r p in g  fr o m  th e  h e a t  a n d  d a m p , th e  a ir  w ith in  
th e  h o u se  w o u ld  s o o n  b e c o m e  u n b r e a th a b le .

In  th e  h e a t  o f  th e  su n  th e re  e x is ts  f o r  u t ilisa t io n  a 
s o u r c e  o f  v e n t ila t io n  a lm o st , i f  n o t  cpiite as  p o w e r fu l  as a 
g o o d  fire . B y  th e  u se  o f  sh a fts  o f  w o o d , b r ic k ,  o r  ir o n , 
p a in te d  b la c k  a n d  w ith  a  c u r v e ,  i f  n e c e s s a ry , to  p r e v e n t  
th e  d ir e c t  p a s sa g e  o f  th e  su n ’ s ra y s , p la c e d  in  th e  h ig h e s t  
p o iu t  o f  th e  r o o f  a n d  p r o je c t in g  u p w a r d s  s e v e r a l  fe e t , a 
m o s t  e ffic ie n t  o u t le t  ca n  b e  m a d e *  T o  c o m p e n s a te  f o r  th e  
o u t -g o in g  a ir  e ffic ie n t  in le ts  m u st  b e  p r o v id e d .  T h e y  a re  
b e s t  p la c e d  o v e r  th e  d o o r s  o r  w in d o w s  as a  g e n e r a l  ru le , 
a n d  m a y  b e  s im p le  o p e n in g s  c o v e r e d  w ith  w ir e -n e t t in g  o r  
g a u z e , o r  m a y  b e  m o re  e la b o r a te  a n d  a r t is t ic . I t  is  v e r y  
d e s ira b le  th a t  th e re  s h o u ld  b e  so m e  m e a n s  o f  c o o l in g  
a n d  f i lt e r in g  th e  in -c o m in g  a ir  w h ic h  is  n e a r ly  a lw a y s  
h o t  a n d  d u s ty . T h is  m ig h t  b e  m a n a g e d  b y  m a k in g  th e  
in le t  in  th e  fo r m  o f  a  m e ta l b o x  o r  s h o r t  m e ta l  tu b e  o f  
z in c  o r  c o p p e r , s o m e w h a t  a f t e r  th e  n a tu re  o f  a  T o b in ’ s 
tu b e , b u t  p r o je c t in g  o u tw a r d s  f o r  tw o  o r  th r e e  fe e t ,  a n d  
c o v e r e d  w ith  fe l t  o r  c lo th  k e p t  co n s ta n t ly  m o is t  b y  a  s im p le  
a u to m a tic  a p p a ra tu s , s u c h  as a  w a te r  c o n ta in e r  p e r fo r a t e d  
w ith  h o le s  th r o u g h  w h ic h  w ic k s  a re  p a s se d , a n d  p la c e d  o v e r  
th e  tu b e . T h e  o u te r  e n d  o f  th e  tu b e  s h o u ld  b e  c o v e r e d  
w ith  m e ta l g a u z e  to  p r e v e n t  th e  e n tr a n c e  o f  b ir d s , e tc .,  a n d  
n ea r  th e  in n e r  o p e n in g  a  r e m o v a b le  s c r e e n  o f  J u t e  c lo th  
c o u ld  b e  p la c e d ,  fcu ch  a  p la n  w o u ld  o n ly  w o r k  w e ll  in  a 
c o m p a r a t iv e ly  d r y  a tm o s p h e r e , w h e r e  th e  m e ta l in le t  w a s  
k e p t  w 'ell m  th e  sh a d e  b u t  e x p o s e d  f r e e ly  to  th e  m o v e m e n ts

1 T ^°n u e e tlo ll.'v ,tl1 this subject'Mr. Wallace nlade experiments with a 
bit of tbm sheet non 22 niches square and 10 feet high, left black and 

velocity of the current through the tube was found to be 
lod 2 ft. pel- minute, which multiplied by the area of the tube (3'SG so 
ft.) gave 44/ cub. ft. per minute, or 26,863 oub, ft. per hour. Fox' further 
details, v. Wallace, op. citt) p. ]04.
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o f  th e  a ir .*  * * § W h e n  th e  a ir  is  w a rm  a n d  m o is t , a n d  a t th e  
sam e tim e  v e r y  s t ill, it  is  b y  n o  m e a n s  easy  t o  v e n t ila te  a 
h o u s e  s a t is fa c to r ily . R e l ia n c e  m u st  b e  p la c e d  o n  s im p le  
o p e n in g s  w h ic h  w ill a c t  as  in le ts  o r  o u t le ts  o n  o c c a s io n , a n d  
o n  s im p le  p e r fla t io n  b y  o p e n in g  d o o r s  a n d  w i n d o w s . f  T h e  
w h o le  s u b je c t  o f  th e  v e n t ila t io n  o f  In d ia n  h o u se s  in  th e  
p la in s  n e e d s  to  b e  s tu d ie d  s c ie n t i f ic a l ly  a n d  c a r e fu l ly ,  a n d  
p r a c t i c a l  u se  m a d e  o f  th e  k n o w le d g e  th u s  o b ta in e d . O n  
th e  h ills  th e r e  s h o u ld  b e  n o  d iff ic u lty  in  s e c u r in g  su ffic ie n t  
v e n t ila t io n , b u t  th e re  th e  h o u se s  a re , i f  a n y th in g , w o r s e  o ff  
th a n  th o s e  in  th e  p la in s  in  th is  r e s p e c t .J  M a n y  o f  th e  
r o o m s  a re  v e r y  sm a ll a n d  a b s o lu te ly  u n p r o v id e d  w ith  
m ea n s  o f  v e n t ila t io n , s a v e  a  c h im n e y . S o m e t im e s  e v e n  th a t  
is  w a n t in g . S u c h  ca re le ssn e ss  is  q u ite  in e x c u s a b le , m o re  
e s p e c ia l ly  w h e n  i t  is  r e m e m b e r e d  h o w  e s s e n t ia l  f r e s h  a ir  
is  to  th e  w o r n -o u t  o r  in v a l id  to i le r s  f r o m  th e  g r e a t  h e a t  o f  
th e  p la in s . §

W i t h  r e g a r d  t o  th e  la r g e r  h o u se s  s itu a te d  in  th e  s tre e ts  
o f  C a lcu tta , B o m b a y  a n d  o th e r  to w n s , th e r e  a re  m a n y  
o b je c t io n s  as r e g a r d s  s ite , d r a in a g e , a n d  e s p e c ia l ly  v e n t i la ­
t io n . T h e  e x te r n a l  v e n t ila t io n  is  so  b a d  th a t  it  is  im p o s ­
s ib le  t o  g e t  p u re  a ir  in  th e ' h o u se s , a n d  th e  g e n e r a l  
s u r r o u n d in g s  a re  in  e v e r y  w a y  d e fe c t iv e ,  n o t  th e  le a s t  
d r a w b a c k  b e in g  th e  c o n s ta n t  n o is e  f r o m  th e  s t r e e t  tra ffic ,

* The only doubtful point is whether the length of the tube would not 
have to be considerably greater. It might be bent or in the form of a 
short spiral, though in that case there would be considerable friction, v.
Suggestion by Wallace, op.cit., p. 191.- 

f  “  The semi-hexagonal layer of the Allahabad system (v. note, p. 236) 
serves the purpose of ventilation. In flat roofs circular openings are 
generally made in the terrace and surmounted by a cap slightly raised 
above the roof snrface, the air escaping through the joints between the 
flat tiles into the channel formed by the hexagonal.”

+ Exception must be made of some houses'built under the personal 
superintendence of retired medical officers and others, and of some official 
residences.

§ All houses on the li'iUs, and elsewhere, should be periodically inspect­
ed, and compliance with at least the rudiments of sanitation insisted upon.
No railway can be opened till every part of the permanent way, rolling 
stock, etc., has been inspected. It is quite as necessary that the same 
precautions should be taken for the health of people powerless to defend 
themselves. This subj6ct will be referred to later.



e t c .x I t  is  p o s s ib le  t lia t  in  t im e  t o  c o m e  A n g lo - I n d ia n s  
m a y  b e  o b l ig e d  t o  l iv e  in  te n e m e n t  h o u se s  s itu a te d  in  o r  
q u ite  n e a r  to  th e  tow n , b u t  i f  th is  is  so  th e re  m u st n e e d s  b e  
g r e a t  im p r o v e m e n t  in  m a n y  d ir e c t io n s .

R e g a r d in g  th e  u se  o f  p u u k a k s , to  w h ic h  r e fe r e n c e  h a s  
a lr e a d y  b een  m a d e ,t  M r . W a lla c e ,  C . E .,  h a s  m a d e  in te r e s t ­
in g  e x p e r im e n ts^  as t o  th e  m o s t  s u ita b le  fo r m  f o r  p r o ­
d u c in g  a  d o w n w a r d  c u rre n t . “ A  p u n k a h  c u r ta in  is  a 
sh ip ’ s sail r e v e r s e d . I t  is  d r a w n  t h r o u g h  th e  a ir  in  o r d e r  
to  p r o d u c e  a c u r r e n t  in  a  d e s ir e d  d ir e c t io n . I t  m u st c u r v e  
o r  b e lly  as  th e  sa il d o e s , in  o r d e r  to  fa c i l i t a t e  th e  m o v e ­
m e n t o f  th e  a ir , a n d  th e  r o d §  a t  th e  lo w e r  e d g e  m u st  b e  o f  
su ch  a  w e ig h t  as  to  p r o d u c e  a  c u r v e  o n  th e  c u r ta in  l ik e  
th a t  o f  th e  b la d e  o f  a  r e v o lv in g  fa n . 'T h e  c u r ta in  s h o u ld  
b e  p e r fe c t ly  p la in , a n d  o f  th e  th in n e s t  p o s s ib le  m a te r ia l, 
s u ch  as m u s lin  o r  lin e  s ilk , a n d  th e  s u s p e n d in g  c o r d  s h o u ld  
n e v e r  e x c e e d  J o f  a n  in c h  in  th ic k n e s s . L ig h tn e s s  in  
a p p e a r a n c e  s h o u ld  a lw a y s  b e  th e  o b je c t  o f  th e  d e s ig n e r .
R o u n d  b a r  iro n , l^ - in c h e s  in  d ia m e te r , c o v e r e d  w ith  le a th e r  
o r  le a th e r  c lo th , m a k e s  a  v e r y  e f fe c t iv e  s w in g -b a r  w ith

* B.g., the noise from the steam whistles of the Jute and other mills near 
the suburb of Cossipore, at Calcutta, is most distracting, especially to 
those who sleep lightly or are sick. There should be only one steam 
whistle at a central spot, and this should only be blown at fixed hours

t  v. note, p. 30.
f  “ Twenty-five pulls per minute represent the economical speed of 

working of an average coolie, so all suspended punkahs should work at 
this rate, however high the roof may be.—The simplest wayof finding the 
length of the suspending cords is to hang the punkah temporarily with 
cords going over the hooks and fixed within reach, or held by hand The 
length Any then be altered till the riglit'speed is found. Ceilings up to 
lb feet high will give a fair approximate length to punkahs, which must be 
hung b feet clear off the floor. Twenty-five pulls of three feet will give a 
speed of 150 ft. per minute to the punkah bar. The pull should be in a 
downward and not in a horizontal direction, and to make the work as easy 
as possible, the swing-bar should be made heavy enough to lift the arm of 
the puller during the return movement.—If the roof of a room be too high 
oi the proper swinging of punkahs, they may be hung in the.ordinary 

manner, and the centre of suspension may afterwards be altered by attacli- 
ing a light bur of wood across the suspension cords, horizontally, but at 
such a height from the swing-bar as to give the right length for speed of 
movement, jhe bar is next fixed by thin wires to opposite ends of the 
loom so that it cannot swing; it thus becomes the true centre of susDen 
sion of the punkah.” —Wallace, op. cit., pp. 185, 187. P

§ A light piece of.wood, * * * §
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polished hard wood ends. When hung Avith 3-inch iron 
rings on the suspending hooks, the rubbing is transformed 
into a rolling motion and the punkah is noiseless.

5. T h e  la s t  c o n d it io n  f o r  a  h e a lth y  d w e l l in g ,  d e m a n d e d  
b y  P a r k e s , is P r o p e r  C o n s tr u c t io n , in s u r in g  p e r fe c t  d r y n e s s  
o f  th e  fo u n d a t io n s , w a lls  a n d  r o o f .  I n  th is  c o u n t r y  m u st 
b e  a d d e d  a n o th e r  c o n d it io n ,  viz., c o n s t r u c t io n  su ch  as w ill  
b e  a m p ly  s u ffic ie n t  t o  p r o t e c t  f r o m  th e  d ir e c t  h e a t  o f  th e  
s u n ’ s ra y s  a n d  to  in su re  r e a s o n a b le  c o o ln e s s  o f  th e  h o u se  
a t a ll h o u rs .

U n d e r  v a r io u s  lo c a l  a c ts , s u ch  as th e  M a d r a s  M u n ic ip a l 
A c t  a n d  th e  M a d r a s  D is t r ic t  M u n ic ip a lit ie s  A c t ,  n o t ic e  h a s  
to  b e  g iv e n  o f  a n y  n e w  b u i ld in g  o r  r e s to r a t io n , w ith  p la n  o f  
fo u n d a t io n  a n d  o f  g r o u n d  floo r , s ta te m e n t  o f  m ea n s o f  v e n ­
t ila t io n , d r a in a g e  a n d  p r iv ie s ,  a n d  s u ch  fu r t h e r  p a r t ic u la r s  
as m a y  b e  r e q u ir e d  u n d e r  b y e - la w s . S o  fa r  as c a n  b e  se e n  
th e  s u p e r v is io n  e x e r c is e d  o n  th e  s t r e n g th  o f  th e  a b o v e  
c la u se  is  b y  n o  m e a n s  t h o r o u g h  a n d  h o u se s  c o n t in u e  to  b e  
e r e c te d  o n  th e  o ld  p la n  w ith  n e a r ly  e v e r y  p o s s ib le  fa u lt  in  
th e ir  c o n s t r u c t io n . T h e  g r e a te r  n u m b e r  o f  b u n g a lo w s  o c c u ­
p ie d  b y  E u r o p e a n s  h a v e  b e e n  b u i l t  f o r  s o m e  t im e *  a n d  as 
a  c o n s e q u e n c e  i t  is  n o t  p o s s ib le  t o  d o  m u ch  in  th e  w a y  o f  
im p r o v in g  th e  o r ig in a l  d e s ig n . O f  la te  y e a r s  th e re  h a s  b e e n  
a  c o n s id e r a b le  im p r o v e m e n t  in  b u i ld in g s  e r e c t e d  u n d e r  
o ffic ia l s u p e r v is io n  a n d  a  h ig h e r  c la s s  o f  w o r k  in s is te d  
u p o n , so  i t  is to  b e  h o p e d  th a t  in  t im e  to  c o m e  a  c o r r e s ­
p o n d in g  b e tte r m e n t  in  th e  h o u se s  in  w h ic h  o r d in a r y  h u m a n  
b e in g s  a re  c o m p e l le d  to  r e s id e  m a y  o c c u r .

I n  th e  c o n s tr u c t io n  o f  a  h o u s e  th e  fo l lo w in g  p a r ts  r e q u ir e  
s e p a r a te  c o n s id e r a t io n —  (a) T h e  F o u n d a t io n  ; (b) th e  
W a l l s ;  (c) th e  F l o o r s ;  (d ) th e  P o o f  a n d  C e i l i n g s ; (e) th e  
O u t -h o u s e s , in c lu d in g  th e  K it c h e n .

foundations. B e fo r e  s ta r t in g  th e  a c tu a l e r e c t io n  o f  a n y  
b u i ld in g  c a r e fu l  a t te n t io n  m u s t  b e  p a id  to  th e  c h o ic e  o f  a

# E.g.,ia  Madras the larger bungalows were mostly- built from 30_40
years ago or longer and are nearly all in a state of impending dissolution.

«.(■) . ' <SL
- 3 0  BUILDINGS.



' Goi x

site , i f  p o s s ib le , a n d  a lso  to  tb e  n a tu re  o f  th e  so il  o n  w h ic h  
th e  b u i ld in g  is  to  b e  e r e c te d . T h is  la t te r  p o in t  is  ch ie fly  a 
q u e s t io n  fo r  e n g in e e r s , b u t  i f  th e re  is a n y  re a so n  to  su s p e c t  
th a t  it  is  ‘ m a d e  s o il ’ *  o r  th a t  th e  g r o u n d  is  in  a n y  w a y  
u n su ita b le  fr o m  a  h y g ie n ic  p o in t  o f  v ie w  it  s h o u ld  .be 
cax*efully e x a m in e d  b y  a sa n ita ry  e x p e r t .  T h e  o b je c t  o f  
c a r r y in g  th e  fo u n d a t io n  o f  a b u i ld in g  b e lo w  th e  s u r fa c e  o f  
th e  g r o u n d  is  to  g u a rd  a g a in s t  th e  so il  u n d e r  th e  b o t to m  
o f  th e  m a so n ry  b e in g  s o ft e n e d  a n d  e x p o s e d  o r  u n d e r ­
m in e d  b y  ra in , e t c . ; a lso , w h e re  th e  to p  so il is  e a s ily  c o m ­
p re s s ib le , o r  lo o s e , to  o b ta in  a firm  fo o t in g .  I n  s o f t  g r o u n d  
th e  fo u n d a t io n  is  m a d e  v e r y  b r o a d  a t th e  b o tto m  o r  b e t te r  
s till, a g o o d ,  c o n t in u o u s  b e d  o f  c o n c r e t e  o r  a sp h a lte  is  v e r y  
c a r e fu lly  la id  .dow n  *  In  a d d it io n , to  .p r e v e n t  d a m p  fr o m  
r is in g  in  th e  w a lls  b y  c a p il la r y  a t t r a c t io n ,f  a  ‘  d a m p  p r o o f  
c o u r s e ’ s h o u ld  b e  in s e r te d . T h is  c o n s is ts  o f  a  c o n t in u o u s  
la y e r  o r  co u rse  o f  im p e r v io u s  m a te r ia l s u c h  as s la te , g la z e d  
e a r th e n w a r e , v it r i f ie d  b r ic k s , o r  h y d r a u l ic  c e m e n t , e t c . ,  la id  
h o r iz o n ta l ly  f o r  th e  e n t ire  th ick n e s s  o f  e a c h  w a ll, a b o v e  th e  
p o in t  w h e re  th e  w a ll le a v e s  th e  e a r th , b u t  b e lo w  th e  le v e l  o f  
th e  floo r . E ff ic ie n t  v e n t ila t io n , w ith  r e s u lt in g  d r y n e s s  o f  
th e  f lo o rs , m a y  b e  o b ta in e d  b y  le a v in g  a  c le a r  s p a ce  b e tw e e n  
tb e  fo u n d a t io n  a n d  th e  f lo o r , w ith  o c c a s io n a l  o p e n in g s  to  
th e  o u te r  a ir , b u t  it  m u st b e  v e r y  c a r e fu l ly  d o n e  so  as to  
e x c lu d e  a ll c h a n c e  o f  th e  e n tr a n c e  o f  in s e c ts  o r  v e r m in . A  
still b e t te r  p la n  is  to  e le v a te  th e  h o u se  on  p i l la r s  o r  a r c h e s , 
ca re  b e in g  ta k e n  t o  k e e p  th e  s p a ce s  th u s  l e f t  p e r f e c t ly  
c le a n  a n d  d r y 4

* In preparing tlie bed of the foundation careful search must be made 
for white ants, and if found, they must be completely destroyed by 
tracing down the burrows, till the queen ant is secured and killed. For 
further details on this and subsequent sections, v. ltoorkee Treatise on 
Civil Engineering, sections II, h i and VI.—Jones’ Manual, eto.

t  The amount of moisture that can be absorbed by the walls of a build, 
ing is very great. An ordinary brick will hold about 16 ounces of water, 
and during monsoon weather the walls of mud huts are like sponges 
saturated with water.

+ In Burraah and other countries it is customary to raise the houses 
on poles or on arches, but the benefits thus derivable are largely neutra­
lised by the ground surface being allowed to remain constantly wet and 
filthy ; in fact, it is made the receptacle for dirty water, scrapB of 
food, etc.
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W a lls .— W a lls  in  I n d ia  a re  m o s t ly  b u ilt  o f  b r ic k . T h e  
b r ic k s  a re  g e n e r a lly  th e  c o m m o n  ‘ c o u n t r y ’  s o r t , w h ic h  a re  
m a d e  o f  p o o r  m a te r ia l, s u n -d r ie d  o r  d r ie d  in  r u d e  k iln s , 
a n d  m o s t  e r r a t ic  in  sh a p e . T h e  re su lt  o f  th is  la tte r  fa i l in g  
is  th a t  it  is  im p o s s ib le  t o  g’e t  p r o p e r  ‘ b o n d ’ *  in  th e  w a ll, 
w h ic h  th e r e u p o n  b e g iu s  to  c r a c k  in  a  s h o r t  tim e  a n d  a llo w s  
th e  p a s s a g e  o f  m o is tu re , in s e c ts , e tc . W h e r e  g o o d  ch u u a m  
m o r ta r  o r  c e m e n t  a re  u s e d  w ith  w e l l -b a k e d  ( ‘ P . W .  D . ’  o r  
‘ G o v e r n m e n t ’ ) b r ic k s , p r o p e r ly  la id , a  t h o r o u g h ly  su ita b le  
w a ll ca n  b e  c o n s tr u c te d  o f  th e  th ic k n e s s  o f  a  b r ic k  a n d  a 
h a l f . t  V a r io u s  o th e r  m a te r ia ls  a re  u se d  f o r  th e  h o u se s  o f  
th e  p o o r ,  te m p o r a r y  s tru c tu re s , e t c . ,  w h ic h  m i l  b e  d e s c r ib e d  
a fte r w a r d s . D o u b le  w a lls , w ith  a  v e n t ila te d  s p a ce  b e tw e e n , 

a re  v e r y  g o o d  a n d  k e e p  a  h o u se  d r y  a n d  c o o l ,  b u t  th e  
c o n s ta n t  p r e s e n ce  o f  s q u ir re ls , ra ts , e t c . ,  m a k e s  it  d if f icu lt  
to  p r e v e n t  a  n u isa u ce  a r is in g  fr o m  th is  ca u se .

T h e  o u ts id e s  o f  th e  w a lls  in  n e a r ly  a ll h o u se s  a re  p la s t e r ­
e d  a n d  w h ite w a s h e d .!  T h e  fo r m e r  is  d o n e  m e r e ly  to  h id e  
th e  kacha b r ic k w o r k , b u t  th e  w h ite w a s h in g  h a s  u n d o u b t ­
e d ly  th e  e f fe c t  o f  p r e v e n t in g  th e  a b s o rp t io u  o f  a  la r g e  
a m o u n t  o f  h ea t. I t  is  b e c o m in g  th e  cu s to m  in  th e  ca se  o f  
o ff ic ia lly  b u ilt  h o u se s , e t c . ,  w h e r e  g o o d  b r ic k s  a n d  n e a t  w o r k  
a re  e m p lo y e d , to  le a v e  th e  o u ts id e  w a lls  w ith  th e  b r ic k s  
e x p o s e d , in  o th e r  w o r d s  o f  a  r e d  c o lo u r . I t  c e r ta in ly  lo o k s  
w ell a n d  is r e fr e s h in g  to  th e  e y e , b u t  th e  b u i ld in g s  a re

* Bonding is the arrangement of the bricks in respect to one another 
so that no joint in any course shall be in the same place with anv other 
joint in the course immediately above or below it; the object bein'* to 
preserve a transverse and longitndiual tie between every portion of a 
structure, so that its stability should be practically independent of the 
mortar.—Jones, op. cit., p. 135.

+ “ A brick and-a-half wall of puclca masonry will carry almost any­
thing. _ As a rule, there is much unnecessary masonry in Indian houses ” 
and this means waste of money that might be much more usefully expend- 
ed in proper surface drains, etc- r

+ The plaster used in India is really finely-ground mortar bein" made 
of ohuniim and river sand or chunam and white sand in varying propor­
tions. Sea sand must never be used, on account of the hygroscopic salts 
that it contains. Whitewash is made by adding slaked lime to a solution 
of gum, glue or rice-water. Sometimes blue or yellow washes are used 
but they are not so useful in preventing the absorption of heat. Dark blue 
is especially bad.



((( 1)1 ' (&T
\ V ^ > 7  HOUSES— OP THE WEALTHY. 2 3 3  J

p r o p o r t io n a te ly  h o tte r , as a n y o n e  w h o  lias  to  l iv e  in. th em  
s o o n  fin d s  o u t .*

T h e  in n e r  s id e s  o f  th e  w a lls  a re  g e n e r a lly  p la s te r e d  a n d  
w h ite w a s h e d  a l s o ; th is  b e in g  r e q u ir e d  o n  a c c o u n t  o f  th e  
l o u g h  n a tu re  o f  th e  w o r k . "W liere  th e  w a ll is  w e ll  m a d e  
o f  g o o d  b r ic k s , p r o p e r ly  ‘ p o in t e d /  th is  is q u ite  u n n e c e s -  
sa ry , th e  in n er  s u r fa c e  b e in g  s im p ly  p a in te d  w ith  o il  p a in t  
a n d  t h e r e fo r e  w a s h a b le . A s  to  w h e th e r  th e  w a lls  sh o u ld  
b e  b u ilt  o f  o r  c o v e r e d  w ith  so m e  im p e r m e a b le  m a te r ia l, 
th e re  is  a  d if fe r e n c e  o f  o p in io n . S o m e  c o n s id e r  th a t  th e  
p o r o s ity  o f  th e  w a ll is a g o o d  t h in g  as b e in g  an  e x t r a  s o u r c e  
o f  v e n t ila t io n , b u t  th is  is an e r r o r  a n d  a  ta c it  a c k u o w le d g -  

, in e n t o f  fa ilu r e  to  v e n t ila te  a h o u se  b y  th e  p r o p e r  m ea n s .
W h a t  is r e a lly  w a n te d  is  a  s m o o th , 'w a s h a b le  a n d  n o n -  
a b s o rp t iv e  s u r fa c e , w h ic h  is  in  a d d it io n  im p e r m e a b le , so  
th a t  it  ca n  b e  c le a n e d  p e r io d i c a l ly  a n d  w ill p r e v e n t  th e  
e n tr a n c e  o f  h e a te d  a ir  o r  m o is tu re  fr o m  w ith o u t . F o r  th is  
p u r p o s e  n o t h in g  is b e t t e r  th a n  th e  b e a u t i fu l  p la s t e r  o f  
M a d r a s  w ith  its  p o l is h e d  s u r fa c e  r e s e m b lin g  w h ite  m a r b le . f  
B u t  th e  p r o c e s s , i f  d o n e  p r o p e r ly ,  is  a  le n g t h y  a n d  c o s t ly  
o n e j  a n d  r e p a ir  a fte r  in ju r y  is  d if f icu lt . E n c a u s t ic  t i l in g  
o r  c e m e n t  a re  e x c e l le n t  f o r  k it c h e n s , b a t h -r o o m s , e t c . ,  a n d  
w ill  p r o b a b ly  b e  u s e d  la r g e ly  s o m e  d a y . A t  p r e s e n t  th e  
b e s t  a v a ila b le  m e th o d  f o r  g e n e r a l  u se  is  g o o d  h a r d  p la s te r  
c o v e r e d  w ith  o i l  p a in t . T h e  p a p e r in g  o f  in n e r  w a lls ,

. a lm o s t  u n iv e r s a l  in  E n g la n d , is  c o m p a r a t iv e ly  u n c o m m o n  
in  I n d ia  a n d  is  n o t  t o  b e  r e c o m m e n d e d , sa v e  p o s s ib ly  f o r  
r e c e p t io n  a n d  d in in g  r o o m s . C a re  m u st b e  ta k e n  th a t  
a rs e n ic  is  n o t  m ix e d  w ith  th e  f s iz e ’ u se d  f o r  m a k in g  th e  
p a p e r  s t ic k  to  th e  w a ll.§

*1 .llie ten<?en°y to m&ke Indian houses conform to European Btyles of 
akn' oT w’ 6 18 Cert,nnlJ p, ave llli8tabe- Gwen materials and workman- 
a anted 1 ™ “ "  g00Ch,eSS- elegant and hygienically suitable building 
adapted fiom various oriental patterns, should be designed and built’ .* 
standing examnles for the native builder to copy.

t  •!?., t. George s Cathedral, Madras, where the plaster, about sixtv years old, is smooth and beautiful still. ty
t  v. Jones, op. cit., p. log, et seq.
§ It is commonly added in large qnantity by the native workmen to 

prevent insects destroying the paper, but there are other harmless snh-

, 3 0 d
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Floors .— I n  a  c o ld  c lim a te  l ik e  th a t  o f  G r e a t  B r ita in  t lie  
f lo o rs  o f  h o u se s  a re  a lm o s t  in v a r ia b ly  m a d e  o f  w o o d , b u t  
in  I n d ia  th e  p r a c t ic e  is  n e ith e r  a d v is a b le  n o r  n e c e s s a ry  in  
an  o r d in a r y  h o u s e . H e r e  th e  f lo o r in g  m a y  b e  m a d e  o f  a 
v a r ie ty  o f  m a t e r ia ls ;— b r ic k s ,  s to n e s , t ile s , b r o k e n  b r ic k s  
a n d  m o r ta r  (t e r r a c e d  f lo o r s ) , c e m e n t , a sp h a lte  a n d  w o o d  
a re  a ll u se d . L ik e  m a n y  o th e r  th in g s  in  In d ia , th e  c u s to m  
o f  th e  p la c e  o r  d is t r ic t  la r g e ly  d e te r m in e s  th e  u se  o f  a n y  
p a r t ic u la r  m a te r ia l . A  te r r a c e d  f lo o r ,— m a d e  o f  a la y e r  o f  
b r o k e n  b r ic k  (o r  hunltur) a n d  a  lit t le  m o r ta r  w ell b e a te n  in , 
f o l lo w e d  b y  a  la y e r  o f  surkhi m o r ta r  w e ll  b e a te n  in , a n d  
f in is h e d  w ith  a  la y e r  o f  fin e  sh e ll  l im e  o r , b e t te r  s t ill, 
c e m e n t ,* — m a k e s  a v e r y  g o o d  f lo o r  f o r  u se  in  h o u se s . T h e  
g r e a t  d r a w b a c k  o f  s u ch  a  f lo o r  is  th a t  it  is  d if f ic u lt  to  
r e p a ir  ; in d e e d  th e  w h o le  f lo o r  m u st b e  ta k e n  u p  a n d  r e la id  
i f  a  g o o d  j o b  is  to  b e  m a d e  o f  it . F o r  la r g e  h o u s e s , th e  
m o s t  su ita b le  m e th o d  o f  f lo o r in g  w o u ld  p r o b a b ly  b e  t o  h a v e  
th e  ce n tr e  m a d e  o f  th e  b e s t  te r r a c e  w o r k  c o v e r e d  w ith  
c e m e n t , th e  m a rg in , a b o u t  tw o  fe e t  w id e  a ll r o u n d , b e in g  
m a d e  o f  e n ca u s t ic  t ile s  p o in te d  w ith  h a r d  ce m e n t . B y  s u ch  
an  a r r a n g e m e n t  th e  c a r p e t , o r  o th e r  c o v e r in g  o f  th e  flo o r , 
n e e d  n o t  c o v e r  th e  e n t ire  r o o m , so  th a t  g r e a te r  c le a n lin e s s  
a n d  s e c u r ity  fr o m  th e  r a v a g e s  o f  in s e c ts  a re  s e c u r e d . 
W h a t e v e r  f lo o r in g  b e  a d o p t e d  f o r  th e  g r o u u d  s to r e y  it  
s h o u ld  b e  a ir  a n d  w a t e r - t ig h t .  T h is  is  o f  supreme im port­
ance in  th is  c o u n t r y . f

U p p e r  flo o rs  a re  o fte n  m a d e  o f  w o o d . !  W h e n  th is  is  th e

stances which would doubtless do instead. Of course, no paper contain­
ing arsenic in the colouring matter should ever be used, ns such a practiceI is very liable to cause chronic ill-health from arsenical poisoning in some
individuals.

* Only good mortar must be used and the beating must be very care­
fully done. The surface layer of lime or cement must not be too thin, as 
is frequently the case, or it will certainly crack and permit the passage of 
moisture, dust and insects.

+ There is little donbt that with pure drinking water, suitable clothing 
and a house with impermeable floors and walls, good health can be main­
tained by any one for a long period in a malarious place, whilst others, 
under less favourable conditions, suffer from repeated attacks of malaria. 
v. chap, in, p. 128.

J Various devices for rendering a wooden floor impermeable and non- 
ubsorptive of dirt and moisture have been invented. One of the simplest
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ca se  th e  jo is t s  a n d  p la n k s  o f  th e  flo o r  s h o u ld  fo r m  th e  
ce ilin g 1 o f  th e  ro o m  b e lo w  so  th a t  n e ith e r  d ir t  n o r  v e rm in  
ca n  re m a in  c o n c e a le d . I n  E n g la n d  th e  s p a c e  b e tw e e n  th e  
p la s te re d  c e i l in g  a n d  th e  flo o r  a b o v e  is  u su a lly  f i l le d  w ith  
‘ P u g g in g ’ to  d e a d e n  s o u n d  ; i t  is  n o t  a  g o o d  p r a c t ic e  a t 
a n y  tim e , b u t  is  a b s o lu te ly  in a d m is s ib le  in  th is  c o u n tr y .

I t  is e s s e n tia l th a t  p r e c a u t io n s  b e  ta k e n  d u r in g  th e  
c o n s tr u c t io n  o f  a h o u se  o r  o th e r  b u i ld in g  to  p r o te c t  it  
f r o m  th e  r a v a g e s  o f  w h ite  an ts . F o r  th is  p u r p o s e  y e l lo w  
a rse n ic  o r  o r p im e n t  (hartal) is m o s t  g e n e r a l ly  u se d , b u t  
g r e a t  ca re  is r e q u ir e d  i f  th is  is  d o n e . H a v in g  a s c e r ta in e d  
th a t  th e  fo u n d a t io n  a re a  is  f r e e  f r o m  w h ite  a n t b u r r o w s ,*  
a rse n ic  is m ix e d  w ith  .th e  c o n c r e te , m o r ta r  a n d  p la s te r  
u se d  iu  th e  fo u n d a t io n , f lo o r s  a n d  w a lls  t o  a  h e ig h t  o f  fo u r  
fe e t ,  b u t  never in  any surface coat so  as to  b e  e x p o s e d  to  
a ttr it io n  o r  r u b b in g .  T h e  m ix in g  a n d  a p p lic a t io n  s h o u ld  
b e  d o n e  u n d e r  c o m p e te n t  s u p e r v is io n .

Roofs.— T h e  r o o fs  o f  In d ia n  h o u s e s  a re  d iv is ib le  in to  tw o  
c la sses , fla t o r  terraced  r o o fs  a n d  s lo p in g  o r  pent r o o fs .

T e r r a c e  r o o fs  s h o u ld  h a v e  ju s t  s lo p e  e n o u g h  (n o t  le ss  
th a n  1 " in  1 0 ')  to  a l lo w  ra in  w a te r  to  flo w  o f f  th e ir  s u r fa c e .
T h e y  a re  o f t e n  v e r y  b a d ly  m a d e  a n d  a f t e r  a  l it t le  t im e  
b e g in  to  c r a c k  a n d  e v e n  g a p e . I u  m a n y  n a t iv e  h o u se s  
th e y  a re  m u ch  u se d  as a  p la c e  o f  r e s o r t  in  th e  e v e n in g  a n d  
th u s  s u b je c te d  to  e x t r a  w e a r  a n d  tea r . T h e  c o n s e q u e n c e  
is  th a t  th e y  l e a k f  d u r in g  r a iu y  w e a th e r  a n d  r e n d e r  th e  
h o u s e  a n d  its  c o n te n ts , su ch  as b e d s , c lo th e s , a lm ira h s , e tc . 
d a m p . T h e ir  c o n s t r u c t io n  b e in g  m u c h  th e  sa m e  as te r -

— -----------------------------------—  -  .......—  \

iuifl bast plans consists in melting solid paraffin (paraffmum durum, il. 
l ;), 1’™ *  lfc 0,1 tlie floor nncl ironing it in with a box-iron. The excess 
° p,Y.a 18 craped off and the floor brushed with a hard brush : a little 
paraffin in turpentine is then put on, and the flooring is good for wears 
Longstaff, quoted by ’ burkes.Notter, p. 226. This would probably do 
excellently tor teakwood floors. Other plans, ■ suitable chiefly for softer 
woods, are given in S. and M., p. 777, v. also San. Kecord for 1S93.

* v. note, p. 231.
f  For compositions used to fill the cracks, v. Jones, op. cit., p. 14 4  

When an old root is repaired by oovering with usphalte it should be 
painted white, for coolness, v. post, p. 259.
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r a c e d  f lo o r s ,*  t lie  sa m e  c a r e  in  la y in g  th e  co u r s e s  is  
n e c e s s a r y , a n d  o n ly  w e l l-s e a s o n e d  t im b e r  s h o u ld  b e  u s e d  

f o r  th e  r o o f in g . +

P e n t  r o o fs  h a v e  v e r y  v a r io u s  c o v e r in g s ,  s u c h  as t e r r a c e  
w o r k , t ile s , s la te s , th a tc h , c o r r u g a t e d  ir o n , e t c .  T i le d  
r o o fs  a re  c o m in g  m o r e  a n d  m o re  in to  fa s h io n  o w in g  to  im ­
p r o v e m e n ts  m a d e  on  th e  c o m m o n  p o t  t i le  o f  n a t iv e  b r ic k  
-w orks. B y  fa r  th e  b e s t  a re  th e  M a n g a lo r e  a n d  A l la h a b a d  
t i le s  w h ic h  a re  m a d e  o f  fir s t  c la ss  m a te r ia l a n d  a c c u r a te ly  
to  s iz e . T h e  d e ta ils  o f  c o n s tr u c t io n  o f  th e se  t i le d  r o o fs  a re  
t o o  e la b o r a te  to  b e  d e s c r ib e d  in  th is  w o r k .J  I n  th e  P u n ­
ja b  a u d  so m e  h ill  s ta t io n s  s la te s  o r  s to n e  fla g s  a re  u s e d  a n d  
i f  th e  s la tes  a re  o f  e q u a l d im e n s io n s .a n d  n o t  la id  to o  s p a rs e ly  
t h e y  m a k e  a g o o d  r o o f .  O n  th e  h ills , w o o d  p la n k in g , 
t a r r e d  o v e r , a n d  s h in g le s , i.e., sq u a re  p ie c e s  o f  s p lit  w o o d , 
a re  a lso  u s e d  f o r  r o o f in g . T h e y  a re  c o o l  e n o u g h , b u t  s u c h  
r o o fs  a re  c e r ta in  to  le a k  u lt im a te ly , b e s id e s  r e m a in in g  d a m p  
f o r  a  l o n g  tim e  d u r in g  w e t  w e a th e r .

T h a t c h e d  r o o fs ,  c o n s is t in g  o f  l o n g  w iry  g r a s s  la id  in  
b u n d le s  o n  a  b a m b o o  fr a m e  w o r k , a n d  fr o m  s ix  to  t w e lv e  
in c h e s  in  d e p th , a re  v e r y  c o o l  a n d  w o n d e r fu l ly  d r y . T h e y  
a re  la r g e ly  u sed  f o r  b u n g a lo w s  in  c e r ta in  p a r ts  o f  I n d ia  
w h e r e  th e  h e a t  is  v e r y  in te n s e . T h e ir  c h ie f  d is a d v a n ta g e s  
a re  th e  l ia b i l i t y  to  ta k e  fire  a n d  th e  n u m b e r  o f  s q u ir r e ls , 
ra ts  a n d  o th e r  a n im a ls  w h ic h  th e y  h a r b o u r . I t  is  a  q u ite  
u n su ita b le  m a te r ia l f o r  m o s t  b u i ld in g s , e s p e c ia l ly  h o s p ita ls , 
o th e r  th a n  v e r y  te m p o r a r y  on es . C o r r u g a te d  o r  g a lv a n is e d  
ir o n , z in c  a n d  le a d  s h e e t in g , a re  a ll  u s e d  as r o o f  c o v e r in g s ,  
b u t  e s p e c ia l ly  th e  fo r m e r . F o r  h o u se s  in  th e  In d ia n  h ill  

‘ s ta t io n s  th e  fa v o u r it e  fo r m  o f  r o o f  f o r  e x c lu d in g  th e  f r e q u e n t

* In tlie same way as for floors, instead of a lower foundation of bricks, 
tiles or stone flags may be used. “ Three layers of tiles laid to break joint, 
the upper layer being covered with a thin eoat of plaster, well polished 
aud oiled, forms a very durable flat roof, aud possesses the advantage of 
being lighter tjian a terraced roof, and in any case it is the upper surface 
that the water-tightness of the roof depends upon.” —lloorkhee Treatise.

f  Used here in its technical sense, viz., the joists, rafters, etc,, upon 
which the roof covering is laid.

J v. For description of the former, Joues’ Manual, for the latter, the Raorkhee Manual.
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a u d  h e a v y  r a in fa ll  is a  r o o f in g  o r  fr a m e w o r k  o f  w o o d  
c o v e r e d  w ith  c o r r u g a te d  iro n , th e  la t te r  in  its  tu rn  h a v in g  
a  c o v e r in g  o f  M a n g a lo r e  o r  o th e r  t ile s . W it h o u t  th e  t ile  
c o v e r in g , th e  iro n  r o o f  is n o is y  d u r in g  ra in  a n d  h o t .

Ceilings .— I n  a  f la t -r o o fe d  h o u se  o f  o n e  s to r e y  o n ly , th e  
r o o f  t im b e rs  a re  g e n e r a lly  le f t  u n c o v e r e d  in te r n a lly  e x c e p t  
fo r  a  c o a t  o f  p a in t , o r  s ta in  a n d  v a rn is h , so  th a t  a n y  in ju r y  
d o n e  b y  in se c ts  ca n  b e  a t o n c e  d e te c te d . O n  th e  h ills  th e  
sam e th in g  ca n  b e  d o n e  w ith  th e  p it c h e d  r o o fs  o f  c o r r u g a te d  
ir o n , b u t  i f  th e s e  la t te r  a re  u s e d  o n  th e  p la in s  it  is  n e c e s ­
sa ry  f o r  c o o ln e s s 5 sa k e  to  la y  a  w o o d e n  c e i l in g  u n d e r n e a th .
I n  h ou ses  o f  m o re  th a n  o u e  s to r e y  th e  c e i l in g s  o f  th e  g r o u n d -  
f lo o r  ro o m s  a re  b e s t  m a d e  b y  s im p ly  le a v in g  th e  jo is t s  a n d  
f lo o r in g  o f  th e  ro o m  a b o v e  e x p o s e d  a n d  p a in te d  a n y  
d e s ir e d  c o lo u r . T h e r e  sh o u ld  b e  fr e e  v e n t ila t io n  a n d  m e a n s  
o f  in s p e c t io n  r o u n d  th e  e n d s  o f  a ll w o o d e n  b e a m s ,*  b u t  
th e  o p e n in g s  m u st  b e  c a r e fu lly  c lo s e d  w ith  m e ta l g a u z e  to  
p r e v e n t  th e  p a s s a g e  o f  b ir d s  a n d  rats.

I n  fo r m e r  d a y s  a  v e r y  fa v o u r ite  fo r m  o f  c e i l in g  f o r  a 
p e n t  r o o f  w a s  th a t  m a d e  b y  c o a r s e  c a n v a s  (c e i l in g -c lo t h )  
s t r e tc h e d  fla t  o n  a  fra m e  b e n e a th  th e  r o o f  a n d  t im b e r s  a n d  
p a in te d  w h ite . I t  lo o k s  w e ll  w h e n  n e w  a n d  b e a r s  a  d is ta n t  
r e s e m b la n c e  to  au  o r d in a r y  p la s te r e d  c e i l in g , a s  u s e d  in  
E n g la n d , b u t  i t  h as m a n y  d is a d v a n ta g e s  a n d  is  g e n e r a l ly  
a  q u ite  u n e ss e n t ia l a d d it io n .

R a in  pipes.— I t  is  v e r y  im p o r ta n t  th a t  a  h o u s e  s h o u ld  b e  
p r o v id e d  w ith  e ffic ie n t  m e a n s  o f  g e t t in g  r id  o f  ra in  w a te r  
as s o o n  as it  fa lls , a u d  b y  g e t t in g  r id  o f  i t  is  m e a n t  its  
c o m p le t e  r e m o v a l  to  a  d is ta n c e . T h is  is  e a s ily  m a n a g e d  
e ith e r  w ith  a  fla t o r  p e n t  r o o f  b y  h a v in g  p r o p e r  ra in  p ip e s  
f ix e d  a n d  Icept in  repair. W it h  a  p e n t  r o o f  th e re  s h o u ld  
b e  g u t te r s  p la c e d  a ll r o u n d  th e  lo w e r  e d g e  o f  th e  r o o f  a n d  
v e r a n d a h s  t o  c a tc h  th e  ra in , w ith  o p e n in g s  in to  d o w n -t a k e  
p ip e s  a t in te r v a ls , t h e s o 'la t t e r  b e in g  b e n t  o u tw a r d s  a t  th e

* On account of the initial expense and liability to destruction of wood,
Iron girders, trusses, etc., are coming more and more into use iu Indian 
buildings.
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f o o t  a n d  d is c h a r g in g  in to  th e  su i-fa ce  d ra in s  r u n n in g  r o u n d  
th e  h o u s e .*  W h e r e  th e  r o o f  is  fla t  th e  b e s t  p la n  is  to  h a v e  
th e  w a te r  d is c h a r g e d  t h r o u g h  s h o r t  sp o u ts  c a r r ie d  w e ll o u t  
fr o m  th e  w a ll, th e  a re a  o n  w h ic h  th e  w a te r  fa l ls  being- 
c e m e n te d  a n d  g r o o v e d  so  th a t  th e  w a te r  f lo w s  a w a y  in to  
th e  s u r fa c e  d ra in s . I t  s h o u ld  b e  an  a x io m  th a t  no water 
of any hind , clean or d irty , should be 'permitted to f a l l  on and 
soak into the ground im mediately surrounding the found­
ations o f a house.

Out houses and Compound.— Another point in which most 
Indian houses fall far short of sanitary requirements is the 
situation and condition of the out houses and stables, and 
the state of the compound. A sa  general rule, the kitchen, 
servants’ godowns, stables and coach house, with other 
buildings often in addition, are all crowded together in 
admired disorder. In nearly all the older bungalows these 
‘ offices’ are in a semi-ruinous state and unspeakably filthy, 
the neighbouring subsoil being saturated with the organic 
pollution of years. Add to that a dirty hole or tank, 
sometimes full, sometimes empty, aliuays used for purposes 
of ablution, bodily and otherwise, by the servants, a tumble 
down and dirty servants latrine or a tangled mass of under­
growth which, serves this latter purpose, and one has a 
picture, by no means overdrawn, of fifteen out of twenty 
compounds.t Hence arise those seemingly mysterious 
cases of sudden disease,— cholera, typhoid fever, etc.—

* The down-take ‘pipe should be kept well away from the wall by sup­
ports, and both this and the gutters and spouts examined aud cleaned 
periodically.

f  As stated before [v. note, p. 225) the responsibility for such a state 
of things must generally be divided between the landlord and tenant.The former, however, has undoubtedly the advantage in most large towns and has kept on raising the rent to suit each fresh valuation or taxation by the municipality, while the tenant, powerless to pick and choose his residence, owing to the paucity of houses, has perforce to pay an enormous rent out of a salary worth just half its nominal value. There is no doubt, from information received from thoroughly trustworthy sources, that in former days when officials were more settled and received suitable remu­neration, the ordinary bungalow compounds were much better kept in every way. in some <mofussil stations, originally the sites of cantonments, the above conditions are reversed and it is the tenant’s fault if the com­
pound remains in a flltby condition.
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which attack and carry off child or parent and are put. 
down to the unhealthy climate !

In a new house, then, the kitchen, godowns and stables 
should be kept separate, and the godowns limited in 
number as much as possible. Tanks are quite unnecessary 
when there is a pipe Avater supply : if Avells are made 
thejr should be carefully constructed* and their use 
ordinarily confined to garden purposes. Water should be 
laid on to all the buildings, and properly cemented places, 
leading to the surface drains, constructed for the wash­
ing of seiwants, carriages, etc. There should be a dry 
earth latrine for the use of the servants and the master 
of the house should feel it to be his duty to inspect the same 
periodically or else, if he feels unequal to the task, to 
depute the same to responsible authority.

Kitchens.— Indian kitchens, as being the place Avliere the 
food Avliicli rve eat is prepared, deserve careful notice. Yet 
what good is it possible to say of them ? The following 
extracts from the pen of a Avell-kuoAArn reformerf in this 
matter may serve to bring the picture more vividly than 
othenvise possible before the thoughtful reader. “ Remem­
bering as we all can so well the cheerful aspect of the English 
kitchen, its trimness, its comfort, and its cleanliness, Iioav 
comes it to pass that in India Ave continue year after year 
to be fully aAvare that the chamber set apart for the 
preparation of our food is, in ninety-nine cases out of 
a hundred, the foulest in our premises— and are not 
ashamed ? *  * * Why, in short, in the one country
are we scrupulously careful that our food shall be clean, 
and in the other at all times williug, apparently, to eat 
dirt ?”

“ Over and over again have revolting facts been dis­
covered in connection Avitli the habits and customs of the 
cook room. But instead of striking at the l’oot of the evil,

* v. pp, 54-5.
+ Culinary Jottings for Madras, Wyvern, 5th ed., p. 49G, et seq,t where 

the original article should be read by all.interested.
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a n d  t a k in g  v ig o r o u s  a c t io n  to  in a u g u r a te  r e fo r m , w e  a re  
c a llo u s  e n o u g li  n o t  o n ly  to  to le i ’ a te  b a r b a r is m s , b u t  e v e n  
to  sp e a k  o f  th e  m o s t  a b o m in a b le  p r a c t ic e  as je s ts  ! T h o u g h  
c o g n iz a n t , th a t  is  to  sa y , o f  th e  in g e n io u s  n a s t in e s s  o f  o u r  
c o o k s , w e  s h r u g  o u r  s h o u ld e r s , c lo s e  o u r  e y e s , a n d  a sk  n o  
q u e s t io n s , a c c e p t in g  w ith  r e s ig n a t io n  a  s ta te  o f  th in g s  • 
w h ich  w e  c o n s id e r  to  b e  as in e v ita b le  as it  is  d i s g u s t in g .”

“  B u t  is  i t  in e v ita b le  ? T h in k  firs t  o f  a ll o f  th e  d is ta n c e s  
w h ic h  as a  ru le  se p a ra te  o u r  k it c h e n s  fr o m  o u r  h o u se s , a n d  
th e  fa c t  th a t  th e  r o o m  is p a r t  a u d  p a r c e l  o f  a  b l o c k  o f  
g o d o w n s — n o t  u n fr e q u e n t ly  w ith in  e a s y  a c c e s s  o f  th e  
s ta b le s . S e t t in g  a s id e  o th e r  c o n s id e r a t io n s  f o r  a m o m e n t, 
d o  w e  n o t  a t o n c e  p e r c e iv e  h e re  tw o  g r a v e  e v ils  : in  th e  first 
p la c e  th a t  p r o p e r  s u p e r v is io n  o f  th e  k it c h e n  is  a lm o s t  o u t  
o f  th e  q u e s t io u  ; a n d , in  th e  s e c o n d , th a t  p r o m is c u o u s  
g a th e r in g s  o f  o u ts id e r s ,— th e  fr ie n d s , r e la t io n s  a n d  children 
(a  f r u it fu l  s o u rce  o f  d ir t in e s s )  o f  o u r  s e r v a n ts — c a n  ta k e  
p la c e  in  it  u n d e te c te d  ? A g a in ,  th e  ro o m  is g e n e r a l ly  
c o n s t r u c te d  w ith  as l it t le  v e n t ila t io n  a n d  l ig h t  as  p o s s ib le ,  
its  p o s it io n  w ith  r e g a r d  t o  th e  su n  is n e v e r  t h o u g h t  o f ,  a n d  
a r r a n g e m e n ts  f o r  its  p r o p e r  d r a in a g e  a re  ra re . A s  th e re  
is  n o  s c u lle r y , o r  p la c e  f o r  w a s h in g  u p , e tc .,  th e  g r o u n d  in  
th e  im m e d ia te  v ic in ity  o f  th e  k it c h e n  r e c e iv e s  th e  fo u l  l iq u id  
(as w e ll  as a ll r e fu s e  m a tte r ) w h ic h  is  c a r e le s s ly  th ro w n  
o u t  u p o n  it . T h e  c o n s e q u e n c e  is  th a t  h a r d  b y  m a n y  a 
c o o k  r o o m , th e re  is a  n o is o m e  c e s s p o o l  c o n ta in in g  an  in k y  
lo o k in g  flu id , th e  e x h a la t io n s  fr o m  w h ic h  ca n  s c a r c e ly  
im p r o v e  th e  m o re  d e l ic a te  a r t ic le s  o f  f o o d  w h ic h  a re  se n t 
fr o m  th e  h o u se  f o r  p r e p a r a t io n .” *  T h e  w r it e r  th en  p a sse s  
o n  to  d e s c r ib e  th e  c o n d it io n  o f  th e  in te r io r  o f  th e  k it c h e n  
a n d  th e  m is e r a b le  f i t t in g s  in  c o n n e c t io n  th e r e w ith , a n d  
s h o w s  th a t  i t  is  im p o s s ib le  t o  e x p e c t  th e  c o o k ,  a m id s t  s u ch  
d e g r a d in g  s u r r o u n d in g s , t o  b e  c le a u  in  h is  h a b its  o r  p e r s o n . 
M o s t  r e a s o n a b le  s u g g e s t io n s  a re  m a d e  as to  th e  s itu a t io n , 
f i t t in g  u p  a u d  g e n e r a l  a r r a n g e m e n t  o f  th e  k it c h e n  as it  
s h o u ld  b e ,  a n d  a t te n t io n  d r a w n  to  th e  fa c t  th a t  t h o u g hD

* There are much more s e r io u s  objections to such a practice than this.
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c o n s id e r a b le  o p p o s it io n  m a y  b e  m e t  w ith  in  th e  first  ca se , 
a good c o o k  w ill s p e e d ily  a p p r e c ia te  l ig h t ,  a iry  a n d  c le a n  
q u a rte rs , a n d  th a t  l 'e fo rm  fr o m  w ith o u t  w ill s o o n e r  o r  la te r  
b e  fo l lo w e d  b y  re fo r m  fr o m  w ith in .

HOUSES OP THE POORER CLASSES.
H i a t th is  is a s u b je c t  o f  v a s t  im p o r ta n c e , n o  o n e  w h o  

lia s  a n  in t im a te  k n o w le d g e  o f  th e  c o n d it io n s  u n d e r  w h ic h  
th e  m illio n s  o f  In d ia n  p o o r  l iv e , w ill  a t te m p t  to  d e n y .
T h a t  th e se  c o n d it io n s  a re  n o t  in  th e m s e lv e s  so  a b s o lu te ly  
d e g r a d in g ,  so  c o m p le t e ly  b r u ta l is in g  as th o se  to  w h ic h  th e  
p o o l  o f  L o n d o n , 1 a r is  a n d  o th e r  g r e a t  E u r o p e a n  c it ie s  a re  
s u b je c t ,  is  m o re  o r  le ss  c e r ta in , f o r  e v e n  th e  p o o r e s t  c la sses , 
th e  p a r ia h  a n d  th e  r y o t , a re  m e r e ly  ig n o r a n t  a n d  u n c iv i l ­
is e d  a n d  h a v e  n o t  h a d  g r a f t e d  u p o n  th e m  th e  u n sp e a k a b le  
v ic e s  a n d  m is e ry  w h ic h  re s u lt  f r o m  a  l o n g  jir o c e s s  o f  decivi­
lisation. I n  a d d it io n , th e r e  a re  c e r ta in  th in g s  in  fa v o u r  o f  
th e  In d ia n  p o o r , e.g., th e  r e g u la r  fa m ily  l i fe — as o p p o s e d  to  
th e  sw in ish  h e r d in g  o f  th e  s e x e s  in  th e  E a s t  e n d  o f  L o u d o n —  
a n d  th e  t r o p ic a l  c lim a te , w h ic h  is n o t  so  d ir e c t ly  in im ica l 
to  l i fe  as a n  E n g lis h  w in te r .*  B u t  e v e n  so , th e  fa c t  
rem a in s  th a t  th e  d w e ll in g s  o f  th e  p o o r e r  c la sse s  a re  o f  th e  
r u d e s t  a n d  m o st  im p e r fe c t  d e s c r ip t io n  a n d  th e ir  s u r r o u n d ­
in g s  w orse .

In  to w n s  th e  b u ild in g s  a re  o f  b e t te r  c o n s t r u c t io n , b u t a n y  
a d v a n ta g e  d e r iv e d  in  th is  w a y  is  m o re  th a n  n e g a t iv e d  b y

* In connection with this subject, the writer, in a course of lectures on 
the 1 rmciples of Hygiene delivered in Madras at the request of the 

the Vl.ot" na le chnical Institute, sa id ,-“  To the rich, who are 
able to live comfortably m special quarters and to leave them when they 
like, the great city seems a delightful place and they would not change for 
anything. llut.to the poor man, who has to pass one half of his life amidst 
the smoke and dust of furnaces, the roar and rattle of machinery, and 
the other half anndst that appallingly depressing scene, row upon row 
ol small streets and slums; whilst the seasons come and go unheeded, save 

1 18 Sllmm0rj for ifc rains, and winter, for it is bitterly cold ; to the
ii „ fi. m’ i .Clty aPPears in all its hideous realitv,and he curses
the fate that placed him there.”

‘ ‘ The average ryot iu this country cannot be said to lead too pleasant an 
existence, but at least he does not know much better, and the hardships 
ie mic eigoes, slioit of actual starvation in famine years, are in every wav

afas^ovv ”aU 4 1036 ° f LlS fellowman in the slums of London, Liverpool or
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t lie  in c i ’ easecl w a n t  o f  f r e e  v e n t ila t io n  and  p u r e  a ir . T h e  
o r d in a r y  p o o r  l iv e  in  sm a ll h o u s e s  w ith  b r ic k  w a lls  
a n d  t h a t c h e d , t i le d , o r  te r r a c e d  r o o fs .  T h e  fo u n d a t io n s  
a re  s h a llo w , th e  w a lls  m a d e  o f  m is e r a b le  b r i c k s  la id  
in  m u d  o r  th e  p o o r e s t  m o r ta r , w h ils t  th e  f lo o r  is  s im p ly  
m a d e  o f  m u d  p la s te re d  w ith  c o w d u n g . A s  a  r u le , th e re  is  
a p lin th , b u t  o w in g  t o  t l ie  m e th o d  o f  c o n s t r u c t io n  o f  th e  
lo w e r  p a r t  o f  th e  b u i ld in g ,  th is  is  o f  l it t le  u se  so  fa r  as 
im p e r m e a b il it y  t o  g r o u n d  a ir  a n d  m o is tu re  is  c o n c e r n ­
e d . T h e  p r e c a u t io n s  to  b e  o b s e r v e d  w ith  r e fe r e n c e  to  
s e le c t io n  o f  s ite , th e  a l lo w in g  f o r  fr e e  e x te r n a l a n d  
in te r n a l v e n t ila t io n  a n d  p r o v is io n  fo r  th e  re m o v a l o f  w a ste  
m a tte r , a re  p r a c t ic a l ly  u n k n o w n ; h e n c e  it  is  e x t r e m e ly  
c o m m o n  to  m e e t  w ith  h o u se s  w h ic h  v io la te  d ir e c t ly  e v e r y  
s in g le  c o n d it io n  o f  h e a lth in e s s . N o t  o n l y 's o ,  b u t  c a r e  is  
ta k e n  t o  m a k e  m a tte rs  w o r s e  b y  tu r n in g  th e  w a lle d -in  
s p a c e  a t th e  s id e  o r  b a c k  o f  th e  h o u s e  a n d  th e  f r o n t  
v e r a n d a h  in to  s ta b le s  o r  c o w s h e d s . T h e  w in d o w s , i f  s u ch  
e x is t , a re  v e r y  sm a ll a n d  a re  a lw a y s  b a r r e d , f r e q u e n t ly  sh u t.

T h e  f o l lo w in g  e x t r a c t s *  f r o m  a  d e s c r ip t io n  o f  th e  sm a lle r  
n a t iv e  h o u se s  r e fe r  to  s o m e  o f  th e s e  d e fe c t s  :— “  T h e  
o n ly  v e n t i la t e d  o p e n in g s  in  th e s e  h a b ita t io n s  a re  sm a ll 
s iz e d  w in d o w s  a n d  d o o r s , w h ic h  t o o  o f t e n  a d m it  o n ly  
s ta g n a n t  a ir  lo a d e d  w ith  a ll s o r ts  o f  im p u r it ie s , a n d  n e v e r  
d r iv e  it  o u t . I n  c o u n tr y  p la c e s  h o u s e s  p o s se ss  y a r d s  
b o u n d e d  b y  a  b r i c k  o r  m u d  w a ll, w h ic h  k e e p s  th e  in s id e  
a ir  v e r y  fo u l .  A  la r g e  n u m b e r  o f  h o u se s  in  th ese  p la c e s  
a re  v e r y  o ld  a n d  r ic k e t t y .  O v e r  a  la r g e  p a r t  o f  th e  
c o u n tr y  th e re  a re  n o  t i le d  a n d  s lo p in g  r o o fs ,  b u t  a  fla t  la y e r  

o f  e a r th  o v e r t o p s  th e  h o u se  a n d  p re s s e s  it  d o w n . O p e n ­
in g s  in  th e  w a y  o f  s k y - l ig h t s  in  th e  r o o f  t o  a l lo w  th e  fo u l  
a ir  a n d  s m o k e  to  pa ss  o u t  a re  s e ld o m  s e e n . I n  th e  K o n k a n  
a n d  n e a r  th e  G h a u ts , a t  th e  f r o n t  o r  b a c k  o f  th e  h o u se s  
th e r e  a re  g e n e r a lly  t o  b e  f o u n d  d e n s e  m a ss e s  o f  v e g e t a ­
t io n — th e  d e l ig h t  o f  th e  o w n e r . *  *  *  W h e r e  o p e n

* IC. V. Dhnrandhiir, L. M. & S. Trans, vnfch Intermit. San, Sci. Cong.,
Vol. X I, p. 133.
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spaces exist round about a house, they are very often 
suirounded by a fence of prickly pear or wild cane grow­
ing in luxuriance, and inviting or concealing filth of every 
kind. * * * In many cities the privies are found
neai the entrance of the house, and are ranged on both 
sides of the streets. In many big towns in Gujerat aud the 
Deccan, a latrine can very often be seen in front of houses 
with a cook-room by its side, and a bed-room over it.

Lliere is always a place reserved somewhere 
close to the hut of the poor or to the dwelling of the well- 
to-do, which serves as a pit in which all cattle dung, ashes 
and home rubbish are collected for one whole year, to be 
removed to the fields for purposes of manuring.”

The poorest classes, including ryots and coolies of all 
sorts, live in still worse houses or huts made w ith  mud 
Avails, or Avattle and mud, the floor and Avails plastered with 
cowdung, the roof thatched Avith grass laid on a frameAvork 
of bamboo. These houses are hot in hot weather, damp in 
Avet Aveather aud cold in cold w eather; their site is gene- 
m lly  the Avorst possible; Aviudows are uuknoAvn and at 
night, if it is at all cold, every hole, including the door, is 
carefully closed.

But there is no need to dAvell further on their deficiencies : 
it is more important to consider whether it is possible to 
improve them in any way. TJiis is a matter of extreme 
difficulty, primarily, because the people are so poor, and 
secondarily, because they are so apathetic. Looking upon 
disease, as nearly all of them do, as sent by offended or 
evil deities, they are the last to be induced to believe that 
semi-ruinous divellings saturated Avith moisture and filth 
can be the predisposing cause of numbers of the diseases 
which attack them. Any remedies that may be suggested 
or tried must be purely local in their effects and their exact 
nature must largely depend on the circumstances of the place 
Avith reference to situation, climate, customs, etc. Strict 
rules aud regulations regarding the construction of anv 
buildings used as dwellings by human beings are necessary.
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b u t  w h a t  is  in fin ite ly  m o re  im p o r ta n t  is  th a t  th ese  ru les  
sh o u ld  b e  fa it h fu l ly  a d h e r e d  to , a n d  th a t  any building 
erected in  violation thereof should be 'peremptorily pulled  
down or its construction stopped t ill the needful changes 
have been made.* I n d iv id u a l  p o v e r t y  is  n o  e x c u s e  f o r  a 
p e r m a n e n t  p o l ic y  o f  d o -n o th in g  ; f o r  th is  m a tte r— th e  
b e t te r  h o u s in g  o f  th e  p o o r — is a  n a t io n a l o n e  a n d  o f  p r e s s ­
in g  im p o r ta n c e , i f  th e  d e a th -r a te  is  e v e r  to  b e  e f fe c tu a lly  
a n d  p e r m a n e n t ly  lo w e r e d .

T w o  p a r t ia l  r e m e d ie s  a re  p o s s ib le  a n d  h a v e  b e e n  a p p lie d  
to  a  sm a ll e x t e n t  in  C a lc u t t a f  a n d  B o m b a y , viz., th e  
d e s tr u c t io n  o f  u n s u ita b le  b u i ld in g s , i.e., th o s e  w h ic h  i t  is  
im p o s s ib le  to  ' i m p r o v e ’ in a n y -w a y , a n d  th e  e r e c t io n , b y  
m ea n s o f  p r iv a te  b e n e v o le n c e  o r  m u n ic ip a l sa u c t io n , o f  
m odel*  d w e ll in g s . J T o  th e se  la t te r  th e re  is c e r ta in  to  b e  
c o n s id e r a b le  o p p o s it io n  a t firs t , a s  th e r e  w as a n d  is  in  
E n g la n d , b u t  in  p r o c e s s  o f  t im e  it  w o u ld  d ie  a w a y  a n d  th e  
b e n e fit  t o  th e  c o m m u n ity  a t la r g e  w o u ld  b e  g re a t . A s  a 
m a tte r  o f  fa c t  th e re  a lr e a d y  e x is t  s u ch  m o d e ls  in  v a r io u s  
M in es ’ f o r  p o l ic e ,  c o m m is s a r ia t  c o o l ie s , G o v e r n m e n t  p e o n s , 
e tc .,  b u t  e v e n  th e se  a re  b y  n o  m ea n s  p e r f e c t  n o r  h y g ie n i -

* Such rules do exist under various local acts. v. Post. Part V, Sanitary 
Legislation. Elaborate rules are not necessary ; what is wanted is the 
authority to carry out simple regulations, and systematic periodical in­
spection, by trained inspectors, of all old and new buildings, It is a dis­
grace that iu towns like Madras and Calcutta, occupied for many years by 
so cleanly a nation 113 the British, filthy tumbie-down parcherries or 
bustees, rivalling, if not surpassing, the villages of darkest Africa, should 
still abound. Poverty is undoubtedly a difficulty, but is not a sufficient 
excuse.

f  Demolition or improvement of insanitary dwellings in one direction 
is of little nse, if the erection of similar dwellings in other directions is not 
prohibited. “ Jf these places, which hardly anything short of clearance 
will remedy, are not to grow worse, and if other localities like them are 
not to spring into existence, building regulations which will effectually 
prevent huts and houses being built irrespective of ventilation, drainage, 
air-space, and means of scavengering must be enforced. * * In Cal­
cutta, though considerable sums are being spent in endeavouring to im­
prove unhealthy localities, equally unhealthy areas arearising.” v. Report 
by Dr. Simpson, M. O. II,, Calcutta, I. M. G., January 1887, quoted by 
McNally, op. cit., p. 128.

+ A wealthy Indian philanthropist, of whom there are many such, could 
End no better way of doing good to his poverty-stricken fellow subjects 
than by devoting a large sum of money to the erection of model dwelling 
houses, under trustworthy direction und supervision, in several of the 
largor towns.
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c a l ly  c o im u e n s u ra te  w ith  th e  e x p e n s e  in c u r r e d  in  b u i ld in g  
th e m  : in  a d d it io n , th e y  a re  n o t  th e  s o r t  o f  h o u s e s  s u ita b le  
as d w e l l in g  p la c e s  f o r  th e  o r d in a r y  c iv i l  p o p u la t io n .*

T h e  ru le s  t o  b e  f o l lo w e d  iu  p la n n in g  a n d  b u i ld iu g  s u ch  
h o u se s  a re  r o u g h ly  o u t l in e d  iu  t h e  r e q u ir e m e n ts  o f  a 
h e a lth y  d w e l l in g  as b e fo r e  g iv e n ,  d u e  a l lo w a n c e  b e in g  
m a d e  f o r  th e  a b s o lu te  n e c e s s ity  o f  cheapness. B e  it  r e m e m ­
b e r e d ,  h o w e v e r , th a t  d e m a n d  c r e a te s  s u p p ly  a n d  th a t  
c e m e n t , t i le s , ir o n , e t c . ,  w i l l  a ll b e c o m e  c h e a p e r  as  t h e y  a r e  
m o re  c o m m o n ly  u s e d  iu  c o n s t r u c t io n . F in a lly ,  it  is  e s s e n t ia l  
to  s e c u r e  th e  w a r m  c o -o p e r a t io n  a n d  e x a m p le  o f  th e  m o r e  
e n l ig h te n e d  o f  th e  c o m m u n ity , a n d  in  g e t t in g  th is  th e re  w ill  
b e  n o  g r e a t  d i f f ic u lty  i f  th e  s a n ita r y  a d v ise r ’s a n d  w e l l-  
w is h e r s  a re  in  e 'a rn est s y m p a th y  w it h  th o s e  th e y  s e e k  to  
b e n e fit .

F o r  th e  r e p a ir  a n d  m a in te n a n c e  in  a  s ta te  o f  c o m p a r a t iv e  
c le a n lin e s s  o f  th e  o r d in a r y  h o u s e s  o f  th e  n a t iv e s  o f  th is  
c o u n tr y , th e  f o l lo w in g  t w e lv e  s im p le  r u le s  s h o u ld  b e  a d h e r e d  
to . (1 ) T h e  u se  o f  c o w d u n g  as a  c o v e r in g  f o r  th e  f lo o r  
a n d  w a lls  s h o u ld  b e  g iv e n  u p ; i t  is  a d irty  habit and an 
unhealthy one, f o r  c o w d u n g  a t t r a c t s  e x c e s s  o f  m o is tu r e  a n d  
fo r m s  a  nidus f o r  m ic r o b e s .  (2) M u d  flo o r s  s h o u ld  h a v e  the 
surface dug up and removed every few  months, a  la y e r  o f  
f r e s h  m u d , to  r e p la c e  th e  m u d  ta k e n  a w a y  b e iu g  la id  o n  
a n d  b e a te n  in  d u r in g  d r y  w e a th e r . (3 ) M u d  w a lls  s h o u ld  
b e  l e f t  in  th e ir  n atu ra l condition in terna lly , o r  whitewashed 
e v e r y  fo u r  m o u th s . (4 ) E v e r y  r o o m  s h o u ld  h a v e  e ith e r  
two windows about 2 f t .  square opposite each other o r  e lse  
one window  3 f t .  square opposite the door. W in d o w s  must 
open to the order a ir .t  (5) I u  th e  c o o k  r o o m  th e r e  s h o u ld  
b e  s o m e  s o r t  o f  v e r t ic a l  o p e n in g  o r  c h im n e y  iu  th e  r o o f  to  
a l lo w  o f  th e  ready escape o f smoke. (6 ) D ir t y  w a te r  a u d  
f o o d  r e fu s e  s h o u ld  o n  n o  a c c o u n t  b e  th r o w n  a tva y  iu  th e  
im m e d ia te  v ic iu i t y  o f  th e  h o u s e , b u t  carried to a d ra in  or

* A reward might be offered, sufficient to tempt the most capable persons 
to compete iu designing model dwellings of tho various classes required.

t  In the large native houses one window or the door would open 
naturally on the inner court, the other on the outside wall of the house,

1
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dust-bin respectively and there deposited. (7 ) T h e  ea rth  
r o u n d  th e  d w e l l in g  s h o u ld  b e  'well beaten down a n d  a sm all 
channel made leading to the ditch or drain  at the side o f the 
road, f o r  d is p o s in g  q u ic k ly  o f  th e  ra in  w a te r  as it  p o u r s  o ff  
th e  r o o f .  (8 ) T h e  h o u se  s h o u ld  b e  opened up as much as 
possible, morning and evening, to  a llo w  o f  f r e e  p e r fla t io u .
(9 ) I t s  e x t e r io r  s h o u ld  b e  whitewashed as o f t e n  as n e c e s s a ry  
to  k e e p  it  c o o l  a n d  c le a n . (1 0 ) T h e  la t r in e  m u st  b e  outside 
th e  g e n e r a l  b u i ld in g ,  w ith  a n  impermeable floor o f  a s p h a lte  
o r  c e m e n t , i f  p o s s ib le ,*  easily accessible from  behind f o r  
th e  s w e e p e r , cleaned da ily , a n d  w ith  a  d o o r  a n d  w in d o w  
la r g e  e n o u g h  to  a l lo w  o f  plenty fresh a ir  and light g a in ­
in g  a d m it ta n c e . (1 1 ) W h i l s t  a  fe w  p la n ts  a n d  sm a ll 
tre e s  in  th e  n e ig h b o u r h o o d  o f  a  h o u s e  a re  p le a s a n t , th e r e  
s h o u ld  b e  no interference with the free passage o f fresh  
a ir  and light to a ll parts of the dwelling, a n d  a ll a n im a ls  
su ch  as c o w s , pon ies,, fo w ls ,  e t c . ,  s h o u ld  b e  separately 
housed outside the house and its enclosure. (12 ) T h e  o c c u ­
p a n ts  o f  th e  h o u se  s h o u ld  b e  lim ited to the proper number, 
a n d  th e  u n h e a lth y  a n d  o b je c t io n a b le  p r a c t i c e  o f  l e t t in g  
ro o m s  to  V a r iou s  fa m ilie s  p r o h i b i t e d . f

«

ENCAMPMENTS OP THE NOMADIC CASTES— GIPSIES,
PILGRIMS, ROAD COOLIES, ETC.

Nom adic Gastes. J h is  is  a m a tte r  th a t  r e q u ir e s  c o n s i ­
d e r a b le  a t te n t io n  b e in g  p a id  to  it  a n d  r e c e iv e s  b u t  v e r y  
lit t le . T h e r e  a re , in  In d ia , n u m e ro u s  t r ib e s  o r  c a s te s  w h o  
le a d  a  r o v in g ,  n o m a d ic  l i fe  a n d  se t t le  d o w n , in  th e  c o u r s e  
o f  t h e ir  w a n d e r in g s , f o r  a  lo n g e r  o r  s h o r te r  t im e , o n  a n y  
p ie c e  o f  o p e n  g r o u n d  th e y  ta k e  a fa n c y  to . T h e  b e s t

* Tarred chatties make the cheapest suitable form of receptacle Two 
should be placed, oue in front of ‘ the other, so as to receive and keen 
separate the liquid and solid excreta. Of course if .the latrine communi 
cates with a pucka open or closed drain, a sloping impermeable floor is all 
that is necessary. Cesspools, khalcoovas, sundasses, etc., are quite inad- 
missiole.

t  The extent to which this practice obtains in some places is almost 
unbelievable. Every available room and corner is ‘ let,’ and the whole 
place being screened ofi with tatties, etc., at various angles, ventilation is 
impossible. In addition, each party does its own cooking in the one room 
or corner of the verandah belonging to it, whilst one filthy latrine does 
duty for the entire establishment. '
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k n o w n  a re  p r o b a b ly  th e  brin jarriea  o r  t r u e  g ip s ie s  a n d  tb e  
dhers o r  wadders, t b e  ta n k  a n d  w e ll  d ig g e r s  o f  S o u th e r n  
In d ia . B e s id e s  th e s e , th e r e  a re  o th e r s , s u c h  as th e  tr ib e s  
w ith  la r g e  f lo c k s  o f  s h e e p  a n d  g o a ts , e t c .,  e t c .  T h e  g ip s ie s  
u s u a lly  e r e c t  r o u g h  te n ts  m a d e  o f  sk in s  a n d  c lo th s  s u p p o r t ­
e d  o u  a f r a m e w o r k  o f  s t ic k s , w h ils t  o th e r s  b u i ld  b e l l - s h a p e d  
o i  d o m e -s h a p e d  h o v e ls  o f  m u d , b a m b o o  m a tt in g , p a lm  
l e a ie s ,  e tc . t h e s e  p e o p le  a re  a  s t a n d in g  m e n a c e  t o  th e  
h e a lth  o f  a  c o m m u n ity  a n d  h a v e  b e e n  r e p e a t e d ly  th e  
m e a u s  o f  s p r e a d in g  d is e a s e  fr o m  o n e  l o c a l i t y  t o  a n o th e r .*
I n  th e  e v e n t  a ls o  o f  c h o le r a  a p p e a r in g  in  a n y  t o w n  i t  is  
c e r ta in  to  f in d  an  e s p e c ia l ly  c o n g e n ia l  h o m e  in  a n y  p la c e  
lo n g -o c c u p ie d  as an  e n c a m p m e n t  b y  o n e  o f  th e s e  c a s te s , 
t h e  p e o p le  th e m s e lv e s  g e n e r a l ly  p a s s  th e  g r e a t e r  p o r t io n  
o f  th e ir  liv e s  o u t  o f  d o o r s , a n d  th o s e  th a t  s u r v iv e  th e  p e r i ls  
o f  in fa n c y  o f t e u  l iv e  to  a  g r e a t  a g e .  B e in g ,  h o w e v e r , as 
th e y  a re , e x t r e m e ly  f i lth y  in  t h e ir  h a b it s  a n d  s u r r o u n d in g s , 
s p e c ia l  a t t e n t io n  s h o u ld  b e  d e v o t e d  t o  th e m  b y  th e  m u n i­
c ip a l  a u th o r it ie s , a n d  t h e y  s h o u ld  n o t  b e  a l lo w e d  t o  p ic k  
a n d  c h o o s e  th e  s ite s  o f  t h e ir  te m p o r a r y  h a b ita t io n s  b u t  b e  
m a d e  to  s e t t le  o n  s e le c t e d  p ie c e s  o f  g r o u n d  a n d  b e  s u b je c t e d  
to  r e g u la r  in s p e c t io n , u n d e r  p e n a lty  o f  h a v in g  to  f m o v e  
o n ’ to  a n o th e r  d is tr ic t .

P ilg rim s. S o m e w h a t  a l l ie d  t o  th e s e  in  p o in t  o f  h a b it s  
a re  th e  c r o w d s  o f  p i lg r im s  th a t  in fe s t  th e  g r e a t  h ig h w a y s  t o  
c e le b r a t e d  s h r in e s , s u c h  as P u r i ,  H u r d w a r ,  e t c .  T h e y  
m o s t ly  m o v e  b y  n ig h t  a n d  s e t t le  d o w n  a t s u n r is e  l ik e  a  
s w a rm  o f  lo c u s t s  iu  t h e  o u ts k ir t s  o f  a  to w n  o r  v i l la g e ,  o c c u p y ­
in g  th e  r e g u la r  c a m p in g  p la c e  w ith o u t  f e a r  o f  m o le s ta t io n .
T h e  c o n s e q u e n c e  o f  s u c h  a  c u s to m  is  th a t  on  th e s e  p r in c ip le  
h ig h w a y s  th e  b e s t  c a m p in g  p la c e s  a r e  in  a  c h r o n ic a l ly  
f i lth y  c o n d it io n ,  th e  g r o u n d  s o d d e n  w ith  e x c r e m e n t  a n d  
th e  w a te r  s u p p lie s  c o n ta m in a te d , s o  th a t  iu  th e  c a s e  o f  
r e g im e n ts  o r  o t h e r  b o d ie s  o f  m e n  t r a v e l l in g  b y  th e  s a m e  
r o a d , c h o le r a ,  d y s e n t e r y  a n d  o t h e r  d ise a s e s  s u d d e n ly  m a k e

# As small-pox has lately been spread in England and typhus t 
France by wandering tramps and mendicants. tever ln
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th e ir  a p p e a r a n c e  a n d  w o rk  d ire  h a v o c .*  S u c h  c o n d it io n s  

p r e v a il  e s p e c ia l ly  w h e re  th e  r o a d  p a s s e s  t h r o u g h  th e  
te r r ito ry  o f  s e m i- in d e p e n d e n t  r a ja h s , a n d  th e  r is k  o f  
e n c a m p in g  a  b o d y  o f  f o u r  o r  f iv e  h u n d r e d  m en  a n d  
s e v e r a l  h u n d r e d  w o m e n  a n d  c h i ld r e n  on  s u ch  p la g u e -  
s p o ts  is  v e r y  se r io u s . In  f o r m e r  d a y s , w h e n  r e g im e n ts  
w e re  c o n s ta n t ly  m o v e d  fr o m  o n e  s ta t io n  to  a n o th e r  b y  
r o a d  in s te a d  o f  b y  r a il ,  c o n s id e r a b le  c a r e  w a s  e x e r c is e d  
in  th e  u p -k e e p  a n d  sa n ita t io n  o f  c a m p in g  g r o u n d s ,  b u t  
s in ce  th e  c o n s t r u c t io n  o f  r a i lw a y s  t h r o u g h o u t  th e  la n d  th e  
p r e c a u t io n s  ta k e n  h a v e  d im in is h e d  w h ils t  th e  e v ils  rem a in . 
C o n s e q u e n t ly , th o s e  in  m e d ic a l  c h a r g e  o f  t r o o p s  o r  o th e r  
b o d ie s  o f  m en  m a r c h in g  b y  r o a d  m u st  ta k e  g r e a t  t r o u b le  
to  se e  th a t  n o  p la c e  h a b it u a l ly  u s e d  as an  e n c a m p m e n t  b y  
p i lg r im s , ca r a v a n s , e t c . ,  is  c h o s e n , s a v e  u n d e r  d ir e  n e c e s ­
s ity , f o r  o c c u p a t io n  b y  th o s e  in  th e ir  m e d ic a l  a n d  sa n ita r y  
c h a r g e .  S im ila r ly , th.e sa n ita t io n  o f  th e  r e s e r v e d  c a m p in g  
g r o u n d  n e a r  a n y  t o w n  o r  v i l la g e  s h o u ld  b e  c a r e fu l ly  
lo o k e d  t o  b y  th e  c iv i l  a u th o r it ie s , a n d  a  s p e c ia l  p ie c e  se t 
a p a rt , w ith  its  o w n  w a te r  s u p p ly , f o r  th o s e  w h o  m a y  b e  
e x p e c t e d  t o  b e  r e a s o n a b ly  c le a n  in  th e ir  h a b i t s . t

Construction coolies.— S till a n o th e r  v e r y  im p o r ta n t  b r a n c h  
o f  th is  s u b je c t  is  th e  s e le c t io n  o f  th e  s ite  f o r  a n d  th e  e r e c ­
t io n  o f  b u i ld in g s  m e a n t  to  b e  o c c u p ie d , fr o m  s e v e r a l  m o n th s  
u p  to  o n e  o r  t w o  y e a r s , b y  g a n g s  o f  w o r k m e n  a n d  c o o l ie s  
e m p lo y e d  in  th e  c o n s t r u c t io n  o f  r o a d s , r a i lw a y s  o r  o th e r  
p u b l i c  w o r k s . T h e s e  b u i ld in g s  a re  o f t e n  r a is e d  o n  m o s t  
d e fe c t iv e  s itu a t io n s  a n d  c o n s t r u c t e d  o f  m o s t  w r e t c h e d  
m a te r ia l , so  th a t  th e  u n fo r tu n a te  o c c u p a n t s  fa l l  v ic t im s  
w ith  th e  u tm o s t  c e r t a in t y  to  a n y  p r e v a le n t  d is e a s e  ; a u d

P * E.g., the road from Central India leading to Pnri on the East coast, near 
Cuttack, was (1888) infested from end to end with bands of pilgrims, the 
consequence being that, in many cases, the only suitable encampment for 
the regiment with which the writer was marching, was quite unusable aud 
had to be passed by for another in many ways defective, particularly as 
regards water supply.
■f A great deal depends, of course, on the amount of interest in sanita­

tion taken by the Commissioner or Collector of the district and his sani­
tary advisers. In one district the camping places will be models of clean­
liness whilst in the next the reverse may obtain.
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U.ot only s o > bufc owiug to their poor clothing and diet, the 
ngour of the weather during the rainy or cold seasons, the 
absence of all proper ventilation in their Hues at night 
and last, but not least, the feeling of home sickness or 
nostalgia they suffer from so keenly, it is by no means 
uncommon for some disease such as epidemic pneumonia 
scorbutus typhus (?) or other fever to break out amongst 
them and help to swell the already large number of deaths.
-Before a single foundation is dug or a single cooly imported, 

e site, plan of the buildings, available articles of food 
and clothing and their price, and all other essential details
should be the subject of careful and responsible sanitary 
enquiry* y

— CAMP LIFE IN TENTS. •

In choosing a site for a pitched camp, the same precau­
tions are necessary as on other occasions, with regard to 
drainage, water supply, etc. On arrival, the first thin* is to 
ascertain the nature and distribution of the water supply 
and to make arrangements by which the purest water will 

e reserved for drinking purposes alone. A small amount 
of purified water should always be carried,-}- so as to obviate 
the possibility of having to drink from a doubtful source 
dents are best pitched in a place not recently occupied bv 
o er persons, on gently-sloping ground free from brush­
wood, but well-shaded by large trees. Ventilation during

the end8 ^In^dditloii^fche ° f g°?d 8amiatl0“ being the truest economy in

sleeninJn .frl i l l ; . c 1  have Heen coolies and camp followers eat in* 
would a l l o w  ti a' "  l’61 force under conditions snch as no man but a savage 
state of mT est l,east of burden to exist for a day. That each a
of no argument8 ‘ N r fS ^ t h e ^ a -4-6, 6" f ’ i,,fi" ite-y “ OTe C°®tly’ ad""to 
officer, pine and simple L n  ® 1 “ “ "  ° f an en«V,eer ,l0r of H medical
o f te n  a ssu m ed . S p e ma l ’ t m k V "  effio.ienfc B.aBlfcalr y  ,ott,c;e r > as is  t o o  On tlm  i a . t ia m in g  a n d  e x p e r ie n c e  a re  a b s o lu te ly  n e c e s s a r v
atio « !  , Lr d> ,tbe cooliea themselves often object to any ve * aiion. etc., most stroiudv nnS n.;n ■ , ■, , v  v«ncn.
windows being made in t h ^ u e  > “  b°dy a pet,tl° n agU,UBt a " 7

t v. p. 96,
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th e  n ig h t  s h o u ld  r e c e iv e  ca i’e fu l a t te n t io u ,*  * * § a u d  in  th e  d a y  
t im e , w h e n  e m p ty , th e  te n ts  s h o u ld  b e  o p e n e d  u p  as m u c h  
as p o s s ib le  to  a l lo w  o f  fr e e  p e r fla t io n .

I f  in te n d e d  to  b e  o c c u p ie d  f o r  m o re  th a n  on e  o r  tw o  
d a y s , th e  e n ca m p m e n t  s h o u ld  b e  c a r e fu l ly  a r r a n g e d  so  as 
t o  k e e p  th e  d w e l l in g  te n ts  t o  w in d w a r d t  a n d  to  h a v e  th e  
k it c h e n , s e r v a n ts ’  q u a rte rs , la tr in e  te n ts  a u d  a n im a ls  q u a r ­
te rs  a ll s e p a r a te d  b y  p r o p e r  d is ta n ce s . A n y  s e r v a n t , a fte r  
d u e  n o t ic e  g iv e n , fo u n d  c o m m it t in g  a  n u isa n ce  n e a r  th e  
c a m p in g  g r o u n d  s h o u ld  b e  p u n ish e d . A f t e r  a  f e w  d a y s  
o c c u p a t io n  th e  te n ts  s h o u ld  b e  s t r u c k  a n d  r e -p it c h e d  on  
fr e s h  g r o u n d , u n less  th e  g r e a t e s t  c a r e  h a s  b e e n  e x e r c is e d  
in  r e g a r d  to  sa n ita t io n . F u r t h e r  d e ta ils  as to  a r ra n g e m e n t , 
d r a in a g e , c u b ic  s p a c e , e t c .,  w ill  b e  fo u n d  u n d e r  m ilita ry  
h y g ie n e .I

HOSPITALS.

Fo r General and Special diseases.— T h e s e , in  c o m m o n  w ith  
ja ils  a n d  b a r r a c k s , a re  c o m m o n ly  b u i lt  m o r e  c a r e fu l ly  and. 
o f  b e t t e r  m a ter ia ls  th a n  o r d in a r y  d w e ll in g s , a n d  in  a d d it io n  
th e y  a re  m o re  s t r ic t ly  l o o k e d  a fte r  w ith  r e s p e c t  to  sa n it ­
a t io n  a n d  r e p a ir . T h e  fo r m  o f  b u i ld in g  m o st  s u ita b le  as a 
d w e l l in g -p la c e  f o r  a  n u m b e r  o f  s ic k  p e r s o n s  h a s  r e c e iv e d  a 
v e r y  la r g e  a m o u n t  o f  a t te n t io n  f r o m  a r c h ite c t s ,  m e d ic a l  
m e n , n u rse s  a u d  m a n y  o th e rs , a n d  h o s p ita ls  a re  to  b e  fo u n d  
s c a t te r e d  t h r o u g h  th e  g r e a t  c it ie s  o f  th e  w o r ld  o f  e v e r y  
c o n c e iv a b le  fo r m  a n d  s t r u c t u r e ^

W it h  r e g a r d  to  d e ta ils  o f  c o n s t r u c t io n , th e  d ir e c t io n s  
g iv e n  f o r  th e  b u i ld in g  o f  an  o r d in a r y  h o u s e  a p p ly  in  s im ila r  
m a n n e r , b u t  th e r e  a re  o n e  o r  tw o  a d d it io n a l p o in ts  r e q u ir ­
in g  m e n t io n . I n  d e s ig n in g  a n y  h o s p ita l  th e  a r c h it e c t

* A few years ago, two native shikaris on the Nilgiri Hills closed their 
small tent at night and kept a pan of hot charcoal beside them for 
warmth. Next day they were both found dead, haring been poisoned by 
the carbon monoxide given off from the bnrning charcoal, v. p. 1 1 .

t  Except in the case of hot land winds of wind blowing from a malarial 
swamp.

t  v. Part IV.
§ v. The magnificent wwk by Burdett, lately published, on the Hos- 

pitals and Asylums of the World,
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r e q u ir e s  to  k e e p  tw o  t i lin g s  p r o m in e n t ly  b e fo r e  h im , t-fz., 
th e  n e c e s s ity  f o r  very free ventilation  c o u p le d  w ith  compact­
ness oj the building, s o  th a t  th e  s ta ff  f o r  a t t e n d a n c e  o n  th e  
s ic k  m a y  b e  n o  la r g e r  th a n  a b s o lu t e ly  n e c e s s a r y . B u t  
o f  a ll th in g s , p u r e  a ir  is  the m o s t  e s s e n t ia l  r e q u is ite  f o r  
e v e r y  h o sp ita l.

I t  is n o t  o n ly  th e  f a c t  th a t  th e re  a re  a  g r e a t  m a n y  p e o p le  
o c c u p y in g  o n e  b u i ld iu g  th a t  is  so  im p o r ta n t , b u t  th a t  th e se  
a re  side p e o p l e ; a n d  th is  f o r  a  t w o - f o ld  r e a so n . I n  th e  
firs t  p la c e , e a ch  p e r s o n  r e q u ir e s  a n  a d d it io n a l  a m o u n t  o f  
p u r e  a ir  to  a id  h im  in  th e  p r o c e s s  o f  r e c o v e r y ;  in  f a c t  h e  
s h o u ld  b e  b a th e d  in  p u r e  air. I n  th e  s e c o n d  p la c e , th e  a ir  
o f  a  h o s p ita l  b e c o m e s  m u c h  m o re  r e a d i ly  lo a d e d  w ith  im ­
p u r it ie s  f r o m  th e  p e r s o n s  o f  th e  s ic k , th e ir  b e d d in g ,  c lo th e s , 
d r e s s in g s , w o u n d s , u te n s ils , e x c r e t a ,  e t c . ,  a n d  th e s e  im p u r i­
t ie s  m a y  b e  a n d  o f t e n  a re  o f  a  s p e c if ic  n a tu r e , s o  th a t  i f  n o t  
s p e e d ily  r e m o v e d  th e y  m a y  b e  th e  d ir e c t  c a u s e  o f  s p r e a d in g  
tu b e r c u lo s is ,  p y m m ia , e ry s ip e la s , h o s p ita l  g a n g r e u e  a n d  
m a n y  o th e r  d ise a se s . M a n y  d is e a s e s  w h ic h  fo r m e r ly  
d e v a s ta te d  h o s p ita ls  a n d  m a d e  th e m  lite r a l  d e a t h -t r a p s ,
h a v e  n o w , b y  v e n t ila t io n  a n d  c le a n lin e s s , b e e n  a lm o s t  
e n t ir e ly  b a n is h e d .*

B e fo r e ,  h o w e v e r , t a k in g  u p  th e  c o n s id e r a t io n  o f  th e  
m o s t  a p p r o v e d  d e s ig n s  a n d  a r r a n g e m e n ts  in  m o d e r n  h o s p i ­
ta ls , r e fe r e n c e  m u st b e  m a d e  to  so m e  o f  th e  w o r k  d o n e  in  
p a s t  y e a r s  in  c o n n e c t io n  w ith  th e  r e fo r m  o f  In d ia n  h o s p ita ls . 
F o r e m o s t  a m o n g  n a m e s  a s s o c ia te d  w ith  s u ch  w o r k  s ta n d s  
th a t  o f  th e  n o b le -h e a r t e d  F lo r e u c e  N ig h t in g a le  w h o , a t  th e  
le q u e s t  o f  th e  P r e s id e n t  o f  th e  R o y a l  C o m m is s io n  o n  th e  
S a n ita r y  S ta te  o f  t h e  A r m y  iu  I n d ia ,  c o n t r ib u t e d  a  m o s t  
v a lu a b le  r e p o r t  o n  th is  s u b j e c t . !  A f t e r  d is c u s s in g  th e

ilie subject of the reform of hospitals generally cannot be further 
considered here. It is of absorbing interest anil affords most conclusive 
testimony of the value of true hygiene. Those wishing further information 
mny consult the articles in Parkes’ Hygiene and Stevenson’s and Murrthv’s 
lrentise and the references contained therein ; also the comprehensive 
work of Bnrdett, before referred to. renensivo

t  Entitled, “  Observations on the Sauitarv State of the Army in India 11 
She also wrote another most valuable work," " Notes on Hospitals.”
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, w v a r io u s  w e a k  p o in ts  iu  th e  s u r r o u n d in g s , a c c o m m o d a t io n , 
m o d e  o f  l i fe ,  e t c .,  o f  B ritish , s o ld ie r s  in  I n d ia *  sh e  g o e s  ou  
t o  d is cu s s  th e  q u e s t io n  o f  h o s p ita ls  iu  th a t  c o u n tr y . S o m e  
o f  th e  s ta te m e n ts  a re  a lm o s t  u n b e lie v a b le , b u t  t h e y  a re  
a ll ta k en  fr o m  th e  a c tu a l r e p o r ts  s e n t  iu  b y  m e d ic a l ,  
e n g in e e r in g  a n d  o th e r  o ffic ia ls  on th e  s p o t .— “  T h e  '  sa n i­
ta r y  s ta te ’  is g e n e r a lly  r e p r e s e n te d  as '  g o o d , ’  a lth o u g h  a t  
th e  sa m e  t im e  w e  a re  to ld , as in  c e r ta in  ca se s , th a t  th e  h o s ­
p ita l  is  '  u n fit  fo r  a c c o m m o d a t io n  o f  E u r o p e a n  p a t ie n t s ; ’  o r  
th a t  'e p i d e m i c  d ise a se  lias a p p e a r e d  in  i t ; ’  th a t  's o r e s  b e ­
c o m e  e r y s ip e la t o u s ; ’  th a t , as a t B a n g a lo r e , '  o n e  o f  th e  fla g s  
[s t o n e s ]  in  th e  flo o r  b e in g  r e m o v e d , th e  s m e ll fr o m  th e  o p e n ­
in g  w a s  so  o f fe n s iv e  th a t  th e  s u r g e o n  w a s  o b l ig e d  to  r u n ; ’ 
th a t  '  g a n g r e n e  a n d  p h a g e d o e n a  h a v e  a p p e a r e d , w h e n  th e  
h o s p ita l  w a s  c r o w d e d ; ’  th a t  ' t h e  p r iv y  is  a  n u is a n c e  t o  
o n e  w a r d ; ’ '  th a t  th e  c e s s p o o ls  a re  a lw a y s  m o re  o r  le ss  
o f f e n s iv e ;  th a t  th e  'o u t -h o u s e s  a re  in  a  v e r y  d ir ty  a n d  
u n w a s h e d  c o n d it io n . ’  A t  M u t t r a  th e  c o n t e n t s  o f  th e  
la tr in e s  a re  '  c a r t e d  a w a y  e v e r y  m o r n in g  f o r  c o m b u s t io n  
in  o n e  o f  th e  m a n y  b r ic k  k iln s  w h ic h  s u r r o u n d  th e  s ta t io n , 
a n d  h e lp  to  p o is o n  th e  a ir . ’  A t  M a d ra s , th e  s a n ita r y  s ta te  
is  c a lle d  ‘ g o o d , ’ a n d  th e  C o m m a n d e r - in -c h ie f  h im s e lf  a d d s ,
'  i f  th e  v ile ,  s t in k in g  r iv e r  C o o u m  w e r e  n o t  u n d e r  th e  v e r y  
n o se s  o f  th e  p a t ie n ts . ’ ” !  *  *  *  "  B a n g a lo r e  g iv e s
a  re a s o n  f o r  th e  c o v e r e d  w a y  to  th e  la tr in e s , w h ic h  w e  
s h o u ld  n e v e r  h a v e  t h o u g h t  o f  : ' i t  is  a  c o v e r e d  p la c e  f o r  
e x e r c is e ’ ”  ( ! ) * * *  T h e r e  is  n o  in s ta n c e , e x c e p t  
a t  W e l l in g t o n ,  w h e r e  th e  h o s p ita l ,  i f  o n  o n e  f lo o r , as  is 
u su a l, is  r a is e d  f r o m  th e  g r o u n d  w ith  a n y  c u r r e n t  o f  a ir  
b e n e a th . T h e s e  h o s p ita ls  a re  s ta te d  as a t B a n g a lo r e , to  
b e  '  a lw a y s  d a m p  in  w e t  w e a th e r . ’  A n d  o f t e n  th e  f lo o r  is  
m e r e ly  th e  g r o u n d  b r i c k e d  o v e r . R a n g o o n  a n d  T o n g l io o  
l iv e  l ik e  th e  b e a v e r s , a n d  ra ise  th e ir  b a r r a c k s  a n d  h o s p ita ls  
o n  p ile s , w ith  f r e e  p a s s a g e  f o r  a ir  u n d e r n e a th . T h e  c o n -  
s e q u e n c e  is  th a t  iu  th o s e  ju n g ly  sw a m p s , t h e y  a re  m o r e

* v. post., Part IV.
, +, T^e ‘ 8t',nkin*? Coonm’ !s still under tl.e noses of the patients in 
both the General and Station Hospitals, Madras; and is probably now 
piore vile and stinking: than ever it was. 1 *
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h e a lth y  th a n  a t m ost o th e r  In d ia n  s ta t io n s  w h e re  th e  m en  
s le e p  c lo s e  to  th e  g r o u n d ,”  *  ^ -ss- <c qq^g ^y^vds ca n
n e v e r  b e  sa id  to  b e  l ig h t  o r  a iry  ; c as a  g e n e r a l  ru le , h o s ­
p ita ls  are  b a d ly - l ig h t e d  a n d  g lo o m y  ; ’  d o o r s  a re  m o re  
co m m o n  th a n  w in d o w s . A n d  th e se  d o o r s , w h e n  c lo s e d , 
le a v e  th e  w a rd , i f  n o t  a b s o lu te ly  d a rk , y e t  a b s o lu te ly  d is ­
m a l a n d  c lo se . I n d e e d  a  d a r k  w a r d  m u st a lw a y s  b e  a  
c lo s e  w a rd . O r ‘ l ig h t  e n te rs  f r o m  a  c o u p le  o f  p a u e s  in  
th e  d o o rs  n e a r  th e  to p , a n d  w h e n  c lo s e d , d a rk n e ss  is  a lm o s t  
c o m p le t e /  T h e r e  is in  In d ia n  h o s p ita ls  h a r d ly  a  ro o m  
l ig h t  e n o u g h  to  p e r fo r m  a  s u r g ic a l  o p e r a t io n . A n d  o p e r -  
a tiou s, it  is sta ted , h a v e  to  b e  p e r fo r m e d  in  th e  v e ra n d a h s .
T h e  in n e r  v e r a n d a h s  a re  g e n e r a lly  u se d  f o r  s ic k  w h e n e v e r  
m o re  ro o m  is w a n te d  : th e  o u te r  on es  so m e tim e s  c u t  u p  
fo r  la v a to r ie s , d e s t r o y in g  w h a t v e n t ila t io n  th e re  is . T h e  
su p e r fic ia l a re a  p e r  b e d  is  a lm o st  in v a r ia b ly  t o o  sm a ll, a n d  
th e  w a rd s  a lm o st  as in v a r ia b ly  to o  h ig h  ; th e  re su lt  to  th e  
s ic k  b e in g  th a t, w ith  an  a p p a r e n t ly  su ffic ie n t  c u b ic  s p a c e , 
th e  su r fa c e  o v e r c r o w d in g  is  e x c e s s iv e . O n e  o f  th e  w o r s t  
e x a m p le s  o f  th is  is  th e  r e c e n t ly  c o n s t r u c te d  h o s p ita l  a t 
T n m u lg h e r r y  (S e c u n d e r a b a d )  w h ic h  co n s is ts  o f  th r e e  
w a rd s , tw o  o f  w h ic h .c o n ta in  n o  fe w e r  th a n  2 2 8  b e d s  e a c h ; 
th e  w a rd s  a re  42  fe e t  h ig h , a n d  a ffo rd  1 ,001  c u b ic  f e e t  p e r  
b e d ,  b u t  th e  s u r fa c e  a re a  p e r  b e d  is  o n ly  24< sq u a re  f e e t / ’

A l l  l l16 d e fe c t s  o f  th e  b a r r a c k s  r e -a p p e a r , a n d  
w ith  w o rs t  c o n s e q u e u c e s , in  th e  h o s p ita ls  : viz., b a d  w a te r  
s u p p ly , b a d  v e n t ila t io n , n o  d r a in a g e  (F e r o z e p o r e  sa y s  
‘  d r a in a g e  n o t  n e c e s s a ry ’ ) ,  o f fe n s iv e  la tr in e s , so  o f fe n s iv e  
in d e e d  th a t  th e  p a t ie n ts  h a v e  so m e tim e s  to  le a v e  a  p a r t i ­
cu la r  w a r d , n o  m ea n s  o f  b a th in g  a n d  h a r d ly  a n y  o f  c le a n ­
lin e s s .”  T h e  fo o d ,  c o o k in g ,  c lo t h in g  a n d  a t te n d a n ce  a re  
a ll sh o w n  to  b e  fa u lty .

N a t iv e  h o sp ita ls  a re  “ g e n e r a lly  n o th in g  b u t  a  sh ed  
p e rh a p s  a  ‘ g u n  s h e d , ’  o r  a  ‘ c a t t le  s h e d ’ as  a t K o la p o r e ’ 
c o n v e r te d  in to  a h o sp ita l, w h e re  th e  s ic k  r e c e iv e  n o th iu o ’ b u t  
m e d ic in e . T h e  p a t ie n ts  c o o k  th e ir  o w n  d ie ts , e a t in g  a n d  
d r in k in g  w h a t  th e y  p le a s e .”  *  *  *  “  T h e r e  a re  n o  c o n -  
v e n ie n c e s ; s o m e tim e s  th e  s ic k  g o  h o m e  to  wash o r  b a th e
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