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CHAPTER XVI. 

"It is but wMte tD hury them prcciDusly ." -ClwII1'rI'. 

The manner of uiRposin~ of tIle boJies of the dead in 
this country varies greatly accorJing to the religious 
customs of variOIlH crocus and castes. ChriRtiaTlR, Jews, 
Mahoffil'uans, ChineRe, and Rome CftsteFl of the Hindus 
bury them in the earth; the HinrlllR in general burn 
them, or senu them adrift in t,hc Rftcrc(l stl'eamR; and 
the Parsecs or Zoroftstrians expm.;e tllCm to the clements 
snd to birds of prey ill Towe:'s of Silence. 

The Christian, .Tewi~h, anu ChineKe clrad are uRually 
buried in coffins; the Mahomedans anu Himlns simply 
wrap in a winding sheet. Some 'castes of Hindus, 
such as the BoiRtUHlR, are Imricu in ' au upright or 
sitting pORture. The peculiarity of the ' .l\lahomedan 
mode of burial has been fully described in the c1Japter 
on Burial-grounds and need not he repeated. . 

The Hindll dead are cremate,l on the banks of the 
sacred.Ganges, 01' where too remote to be carried thence, 
on the banks of some stream or tank, and except within 
municipal limits, wher~ regulllt.ions are strictly enforc~ 
(;ld, the corpses of the poor are very generally sent adrift 
after a slight charring, . or perhapfl only touching the 
~ou.th with fire; and only a few years ago the number 
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of floating corp,~efl, on which the foul carrion crows rode 
merr~y over the ,vaters uf the Hooghly, was one of the 
sights for which Calcutta was famous or infamous. All 
old writer says: "Either from indolence or penury, the 
body is generally placed OIl a small hurdle, and when 
little 1110re tlHLn scorched, if) pushed off fl'om the shore 
with a bamboo, there to float until it arrives at the 
ocean, 11111es,,; it be Jll'eviom;ly picked up by a shark or 
:tlligator, or whieh is frequently the case, dragged aRhore 
by pn.ritth dogs awl jILckals and devoure,l by them in 
company with a IlUIIH'l'OUS train of carrioll birds of 
various descriptions. From Olle hllndred to onehundre(l 
!lJ1d fifty ot tbeso (li,~gustillg olljecbl may be counted 
passillg any 0110 poiltt in the cour~e of a day, and in 
flame places, where eddies prevail, It whole vortex of 
putrid coqmes may 1)0 soon eil'eling auout for hours 
together. It was very common fur us to be obliged 

• "to clear the cable" ocea,~iollally of' a humft.rl body 
speckled over by the partial 1'5oparation of the cuticle 

• and the rete 1,meo:n~m ii'olll putrefaction." 
I cn.n well l'~member this stlLte of things, and how, 

before the paRsing of the law forbidding the practice, 
and which is popularly known n.s Beadon's Act, the 
residents in the river-side villas at Garden Reach and 
frOID Cossipo're to Barrackpore, bad constantly to employ 
(Zornes, or mUl:daful'ashes, to push off stranded bodies, 
and even to remove putrid corpses from under the open 
basements of the houses, where they were dragged dur
iIlg the night time by jackals and dogs, to the intense 
discomfort of the iumates of the'le otherwise delightful 
re'liuences. 

It would serve litUe purpose to enter into a eOIl-
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Rideration of the l'dative rnerit~ of cremation and burial 
as a means of di~posjng of the dead: iu this cOlinll'Y. 
The former is, as is well known, the common mode of 
disposal amongst the Hindus; but the sentimental and 
medical .iul'is~rudcntjal ohjedions which stand in the 
way of the general atluJltion of cremation in European 
countries, would 11l1\,0 eqm11 force here M regards our 
Christian populatioll. while there is a strong religious 
preju.lire which w(IllI(l a)wl1Js prevent its a<loption by 
our Muhomc(lan ft·llow-snlo,ic·(·ts. Cl't'matiol1, as practised 
in this cuuIlt,r,)' 1y UlC Hill(luK, is however but little 
unJel'stuu(loy Europealls, j>Jw of wh011l, though perhaps 
long l'esillollts in the ('otmtI'Y, have cared to investigate 
into the su~ject, and it iN perhaps tllerefol'c not a matter 
of a.stonishment tlmt 'HJ find even tho Iatc:;t awl best 
writers on sanita,tioll gi\'ing CUlTeTWY to Ruch vague and 
incorreet statement" as the foll.)wing, whidl I qnote from 
the "Treatise on Hygiene aIHI Pu),iic Health, edited. 
by Albert H. Duck, ],J.D., of New York," (IS79), one 
of the lat.est, m()~t cOlllplete awl comprehensive popular 
works on sanitary subjeets ever publiohed. 

"The list of natiollS ill which cremation has been tho 
customary way of dispOHiIlg of the doad i8 a very long 
one, iucluding the Greeb· and Homan8, IUa~y of the 
ancient tl'ibeR of Europe aJld ARia, and.at tlJC present 
day tile East India.ns and some Indian tribes 'n north 
and South America. In all those cases tile body is 
burnt on a pyre in the open ail', and the process is a 
very objectionable one, rcquiri1Jg, as it does, a long time 
for its accomplishment, an enormous mass of fuel, and 
creating an intolerable E;tench, which has to be smothered 
with the aroma of spices, where thc rolati\'cs can afford' 
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it. Moreover, the burning is often imperfectly done, 
the heat attainable in this way being insufficient to 
calcine the remains." (Vol. II, page 454.) N ow this 
statement is 80 widely different from fact that it is plain 
the writer could have haa no personal knowledge of the 
su~ject, and it is apt to cl"t)ate an unwarranted prejudice 
against a practice which, religio\H\ prejudices and senti
mental objections apart, has every thing to recommend 
it. Now what are the actllal factA as reganl:,: cremation 
as carried out at tho estll.l,lished cremation ghats or 
grounds within municipa.litie~ in Bengal. I give them 
f!"Om intimate perROllltl knowledge of tile suj,ject. t.here 
being from six to eight thow;and hollie,; anTlually cre
mated at two burning gliats within my jl1l"isdiction, and 
which I COIlHtan tly visit. The quantity of fuel (ordinary 
soondry, gran, Lan or ot,her COIlJllIOIl fuel wood) required 
to completely conSllme the corpse of an Iwcrage adult is 
from three to five mauwlR, or 24.0 to 400 lbR. The time 
required is from two to four llOUl"H, and the burning if! 
RO perfectly effected thn.t nothing remains but a small 
pile of grey a~lJe;;, a slIJa.ll bull of contracted sinew 
about &R big fl$ a tennis ball and o('ca,~ionall.r a few 
scraps of cah;iJled bone, such a~ the ball of tIle great tro
chanter, or a small pOl'Lion of the base of the cranium, 
while as for "the intolerable stench which has to be 
smothered in the aroma of spices," it is Ollly the rich 
who indulge in sandal wood and the like, and that not 
from necessity, but from o~tentati()n; and I may aver 
with truth, that though I have spent hours in watching 
t.he procesi!, and have Atood within a few feet of the 
burning pyres, that unless directly to leew&l"d and in 
~he way of the smoke, no offensive odour was percep, 
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tible. In fact there is but little to offend either sight 
or olfactories, the bodies are 60 folJeJ up and hidden by 

the wood that there is littlo to be seen; awl as to the 
smell there is hardly any perceptible at a short distance; 
awl when the buruillg grounJ is sUl'l'oundod with a. 
lligh wall, the lluisallce t(, the neighbourhood, if any, is 
reduced to a minimum. Dr. Parkes admi tl:l that' the illl
puritio,; in lul'lling can va well diffuseJ into the atmos
phere at large, aIHi woultl nut ad(] to it allY perceptible 
impurity;' lmt he abo appeu,l'::i to eon"illcl' the ex.pense an 
obi.,taele to itH general adoption. Now the entire neces
~mry co,.,t of l,ul'llillg a IIimlucorpfll', illduc1iug fuel, extras, 
the fee of the ofticiating priest 01' lllOl'ipom bmhmulI, and 
the JOllie,." or ullllertaket·s, is only lt~. 3-7 a1UJaS, or flay 
Mix shillillgs. Cum pare this with the very cheapest 
furm of funeral and elH1J'g-e8 for intermcnt in any Chris
tian lJUJ'ial-gr\llIllll, and there can Le little douLt as to 
the ecollomy or cJ'elllntion, wlIilc as tu itr-l Buperiority 
over lJlll'ial ill a 1'iIlllitary point of view, thcre can be 

harLlly a Jitf~rellcc of ol'iniull. 
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CHAPTER XVII. 

" T f ppl ~h :tt the 1I1lc;;tion of tbe jitD~~" or un.ouD<l me:tt fot' roof! is 
ill RIICh an l1n~etLlcd "tn tt'o tll1lt my action in tll(> m.:Lkr i,; ortell very 
UDceltn.in. aud I shnuhl l ike j,t) hl\\'e th!' fjlt ~~l,inll experimentally 
t1e~ermincu, for fl~ it, lIOW kt,[l]H.lR We lin' CJllwr conl].'mning Jar!:" 
Ijll!tllLi LicH nf meat which l1l:t}' ]I!! l ' utl' U \\'i t h hafl't"I'. and ,tre thercforc 
confiRc:tting properly ,wrl l"",cnillg tlll' "uppl}' of fOllu, or Wfl are 

jlenlJittilli! ullwhol",Oll1tl me:tt to l""'~ almof'L lIDl!ltaU('l1getl in the 
lJUhlic IDurketH," -))1'. LI'llil'lif/. 

One of the jlrint·ipnl dlliil.'s of n{Ji('t,l's of Jlf'aWI, 
or whero tlwre ilO 110 i'ipceiltl health dCP:,l'tlllt'ut, or t.ht, 
consPJ'Vl1,llCY st,lttI' of a towll , j" to }JI'I'\"('nt the f;ltle 01' 
eowmmptiollof ullwholesolilo al'tid('s of human loud,
that is tu say, any il!'~h. fish, 1~J\\'1, 't'~('(-,I\,lllt's, com, rice, 
l,reau or other ill()(l CIIIl:'ltitulmt, which j,.; disen.;;cd, UD
Round,'ullwho!eSOllW, or nnlit f~'r the funa of man. 

It Imfl lX'en saia, nlHl wit.h .iustic:l', "that a thorough 
In'acticn'] knowlc,Ig't' of the qnn,iities anu appcarancer; 
presc!ltcd lly tho "arion!' nrticlcR of diet in their whole
SOIllB or unauulterate,l Rtatt' , is <t 111'cessitl'j" qualification 
for tlw detection of ullwhole,~olJle or u!lultcl'atcd I-i}wci

lUens ;" and 1 feILr that tllllt C!n,HS of knowledge is one iu 
which most conservancy officers in this couutl'y are very 
deficit'mt, especially in the Imtttcr of meat, Still m<A'!t 
native~' of this country ]IM'e a sufficiently intiruate 
knowledge of the qualitit!s of food grains and vegeta-
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bIes, to discriminate between what is good or bad. '\VitlJ 
regard to fish there can hardly be a mistake made, while 
as regards meat, even good authorttws in England, such 
as Dr. Letheby, confess to doubts. 

The mos~.il11portant staple of the food of the people of 
Bengal is "ice. Of this grain there are numberless varie
ties, and, as a rule, unRollllll rice is seldom exposed for saJe 
in the open markets. The greater portion of the rice is 
brought to market by Loat, awl accillents in the l'irerfl 
and canltl,; are of frequent oecurn'llct'. It often happenfl, 
thereforc, an(l especially in tlw nci~h lourhood of Oalcntta, 
that boat:.; la(len with ric() urc Huuk in the c!ml1nelN, ana 
some portion of the eargo iR ]'ec()vcr(.!(l :tftrl' illllllersion 
for a longer or ,~lJ1)rt()l' tilllc. In these ense.~, more p:uticu
larly if the rice lm~ hCPll I-Illl!IIlCTgl'll in tillal or ])raekiHh 
water, it beC()llIL'.~ Cior11 len, decolJlPo.~eH, awl i,~ (Iuite un1i.t 
for human consllmption. 

Rice i~ al~o occa.~iullally (InllJageil in large <jllantities 
by accid(mtal tires, amI 1.y l)\~ill,~ drenrlw(l b'y tl}() water 
poured over tho bumillg lJUiJtling,~ to oxtingni~h the 
tfalllei'J, tho cOlllllilled aet,jon of heat, Rlllo],e, un,I water 
rendering it qnite Hunt for food. SftJallcl' quantities am 
also damagol! by leaky LuihlingH, damp storage, Lad 
harve,;ting, &c. 

Natives of the poorer c~aRfieH will, however, readily buy 
such ricc at a nomillal price and U'l0 it for food. It is 
also purchased hy the makers and yendors of the coarse 
inferior sweetmeats or cakcH callcd l1lalpowas and dall
PUriCFl, which are largely commmcd by the pOOl' and 
labouring class, and which are well known to cause 
dial'rhma and colic. Such rice should at once be taken 
charge of by the Conservancy or Health Department, and 
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submitted for examination to a medical officer, Where 
there are any large pig-feeders, like the Chinese hogslard 
manufacturers of the Calcutta surburbs, it lllay be sold 
to them under bond, but otherwise it should be buried 
ill the nighti';oil trenches as the only safe way of pre
venting its being used, 

It may possibly be that, after only a short immersion 
in clean fresh wutel', the rice, if sprea(l out to dry in 
LllC ::lUll, may, l110Ugh dctrriorated in quality as a comm,er
cial staple, ue not actually unwholesome; but this the medi
cal offiecr will determine, ]n this view, however, every 
faciJit,y consistent with "ccmity against rmrlOx[d without 
permis,~ion should he given to the owners to spread it 
out in the SUll nnd turn it onI' tll dry ., the ol!jret being 
to p I'(! l'e lit 'injltl'Y to Ilw hmlth ~f the pcuple an(1 not to 
corifi8crtt(~ '{II'O/JeI'i!! or a(i(\ to the alreatly f:ieriom; loss 
which Ims fallen upon the I}Wll('r . 

It i~ , as a l'ule, ca.sy to di,~tinguish fi"h which has 
become unfit for foO(1. Fresh ti,;}l differ wry much 
in appearance from thoRe tlmt hn.ve b,ecomc stl11e or have 
hegun to deoompo~e. 1'1e gill should 1)0 bright and red, 
not llludtly, pab 0; di~eo]ore(l ; the fll'sh finn, stiff, and 
elastic, 011 prc:-~Sillg the finger into the fi08h it f:ihould at 

, once rise; if it remains tlented in, or has a doughy pasty 
feel, the fi~h is !:!talo and unwholpHome. 

Dut pCl'hap,~ the HOIlHO of smell may be the most reli
able guidt~: tainted or putrid fish eannot be mistaken. 

Large quantities of chingrees in a putrid 01' semi
putrid condition are often cxposed for sale in the markets, 
It ii! well known that the consumption of fish or shell 
fiHh in such a f:itate not unfrequcntly produces serious 
intestinal disorders, and this is the more to be dreaded 
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in wa.rm climates. There is no article of food in resptlCt .~ 
whieh the lower orders are more reckless: they will ea.t 
fish in a.lmost any stage of putridity. The Burmese and 
Sia.mese habit'lally eat rotten fi~h ,a.s a condiment under 
the name of gnapee and baUachOng. -

Even fresh fish and shellfish at certain seasons and 
with certain inuiviciualR produce serious illness. I have 
myself suffered from cholN'a from inca.utiously · par
taking of oysters out of x\.'n8on in BomLl1Y, an'd at 

• the present lime two or three BUlIlhay oyHt(~rx. however 
fresh and good, in or out of xl ~:t~on. are :-mfficient to pro;
duce violent choleraic fiyHl ptOIllS. Tho same effect is 
produced on many pel'son,~ from eat,jng craLR and other 
crustacians, and if the fish 10 nt all dllcomposo<l, the 
effects are more marke(} alltl viol ollt. The flanitary officer 
should never he,~itate to seize awl impound auy fish 
which he fin<lx in (wy st<t(Jt' of d(lcolllpo,~ition, always 
remembering that when t.hat stage has commenced, every 
hour adJs to its intewlity. 

Thertl is a very consiJeral,le trite Ie in dried fisIl, 
which is not only a Hource of nuiHance to the neigh
bourhoods where they are Rtol'ed, 1at which iii ~ most 
unwholesome article of diet when partaken of, as it of ton 
happens to be, in a state of putridity. Natives, a.s a rule, 
cann0t be brought to see this, and consider the 'Heilrura 
and destruction of such fish an arbitrary and unjus
tifiable proceeding. A few days before thi'! page Wal 
written, some cart-loads of such fish were brought to me 
for en.mination, ·the greater portion of the mass was 
moi!rt. and putrid, 8)Varming with maggots, gru~. and 
weevils, and the smell arising from it most ofttmsiva and' 
sickening, still the owners WQutcl not admit ,that the.fish 

w 
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'wSs 4t any degree offensi ve or unwholesome. It consisted 
of numerous kinds of fre~hwater fish, with ,a small 
schnixture of the heau" anu tail!; of larger fi~hcs, evi
-dently the rejection::; 0[' the market, but largely of small 
flat l'ounu n~h, a1)Ollt the size of a rupee, and which 
when tilted into the trench for burial, looked like a 
'h'eap of witherell amI decaye<l lcaveR. 
, A 'reference to the Ruhjcet of unwholesome milk will 
be f<;tull,l 14~dcl' lhc lwau of CV'/{l u:IJ I'I:S. 

Meat is a mueh more tlifficult s\ll~iect to anal with, es
pecially with untmilltll native oYel'Sl'l'rs and inspector::;. 

The followiTL~ ;;illlple llillts lllay be a guide to the 
judging of g'()()a OJ' \ .ad meat: 

, The mll~cJ(' slliJul.t 1)(, fi rill , hut, dastie, mither too 
pale nor tuo dark. \Vlwll tI.e t! L,,,h is I'ak awl moiHt, it if; 
an indicatioll tImt tIle allil11al \\'a~ tlisl':1St'tl. TLe fa.t 
slionhll)c firlll, \I"hik, nJ1(l ,riCh 110 si6'11 of 11H.~Tllol'l'l.age. 

YeUowDL'SK of ["at i ~ not alwa,YB a, f-ign of unwhoLe-

8omenc~s, a.~ feeding on oil-ct\kes hu.:; a telld~ncy to color 
thr. fn.t. 

Any juice which exudes from the lIIC'ut sho~I]J be 
sronll in quantity, reddish in color. There should be no 
~oftolling mllciJa;;i IIOUf; fluid 01' purulent matter in the 
cellubr tif;sue lying between the lllUi:iele::;. 

TIlis tis~ue a,lso flUftenH, lLnd i" easily torn when 
stretch(J~, if decolllposition hns commenced. 

the ouour of the meaL "hould be only slight, fresh, and 
pleasant. When ll('U,t is RllS[liciollR, but ~llUws no distinct 
outwal'd ~ign of putrefact,ion, it may still lJe (letectecl by 
tluusting a long elron knife Jeep into the flosh and 
'smelling the blaJ.c. When meu,t is commencing to putrefy, 
it bccoru('~ pale, moist, !loughy, smelli sickly and offen-
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sive, and grauually turns gTecnish; after thi~ stag .. ~. 
mistake can bc madc, and no furthcr instrurtioll& are 
necessary. The consequ(mces of ea.ting disca~ed au.dun
wholesome meat arc Home,yha.t u.n~taili. Parkes says, 
" Instances arc not at. all uncommon where pe~solls, after 
eating presumedly di~el1scd meat, have hecl} attacked, 
with serioUf; gastro-inkstinal i4YlllptOlllfl, Yo.miting, dia1,;l'r 
hml1, antI even cramp, follow(·d in HOllie ellHCH by severe 
febrile symptol\lH. 'rhe whole COlllp]":; of s)'mptoll1s some
what rc.~elllllle cholera at fil',.;t, and nftl'rwards typhoid 
fever." On the other lw,nd, it is w<'li known tImt di~
easerl meat. haR })0on largely c(tt(m witIlOut producillg allY 
ill etl;·c(,s, awl it if> pr01ab1\\ that, the nllti~;epl,ic powpr ()f 
thorongh cooking llmy uestro'y tbe c]clileuLs of plLraf.itic 
dise[tse. 

The death rcLnrns of the Ruhlll"h~, however, show tJmt 
there if'; heavy lllortality ml10ngst the low eh;;ses of 
natives who hldiitually eat dead animals and dif';('asorl 
meat" such aR the UOl1lCR, mehturH, chamarR, alld dosaurh, 
the death-rate ill 187!)-HO ranging from ]00 to 151 

per 1,000. 
Large quantities of tinned provisions are now im

ported into the country and sold by 1111ction, and it 
often occ.urs that some portiom; of tllC comigllllw~ts are 
damageJ or JI1~tli3(l as it iR termed in the trade. These am 
bought up anrl retailed by hazar dealers a,nd up~cOlmtry 
bOJnlJall(ts or itinerant vendors. Sickness, cliarrhma, !1Ild 
colic are Dot \Infrequently cauRed by lIRhlg til1l~ed or 
canned provisions, especially lobstel:s,ILud other shell-fish: 
the only guide tho inspecting officer has is the condition 
of the cans. If the heads or endl'> of the rollS arc concave, 
they are usually good and wholel::iome ; if, on the contrary,' 
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the heads are convex, bulged out or puffed,' decompo
sition has commenceu. If an awl or b7'od or sharp nail is 
driven through one end of the puffeu can, the gas which 
is generally most c4fensive, will rush out with a noise 
lilre a steam escapement. Puffed calif; should he con
fiscated and destroyed: they may do infinite mischief 
if ~oJa, and their contents partaken of l,y the poorer 
classes of Europeans or Eurasians, the only people likely 
to purchage or consume them; chwlmcs8 l,eing alway;, 
a sore temptation to the puor, though, as a sequel, the 
cheapest bargains often proye the dearest in the end, 
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CHAPTER XVIII. 

" By a diginfect:1llt 'H meant firAt I). Aubst!111Ce whic'I destroys or 
render~ in~rt that which llrotiuC()S tlise,,~e, whether of Itn infectiouB 
or contagious tYI'A; and secondly, a 8n]"t,ancc which arrests those 
putrefactive procesRcs in deeomp"~llble IlI11terhl wbioh fOHtor or per
hill's produce the !lermA, g-11~C., ,wll vltpours that inuuQe uiseasc in 
the humun organi;lll,"- W"llr.r "'t D;.';II/cctants. 

One of the disinfectantH in mORt common use in the 
prescut day, is cftrbolic acid (Phenylic acid or eoaltar 
kreoRote). Thi~ is an oily liquid of active cauKtic pro
perties, and 18 allti,~eptic in its actioIl. 1t exists in the 
form of needlelike crystal~, which liquify at a tempera
tUre of 93 :Wo F!thl'enhcit. It i.'l prcpareu in various ways, 
but for commercial purpo::\e-s it is distilled from tad oil of 
coal tar. Naturally it is found in the urine of cows 
(Tidy), and if in their urine, it p()ssil.J~y exii'lts in their 
dung. ]\fay not this be one reason for the J'eputed puri
fying and disinfecting properties possessed by the ex
cremental products of the sacred cow. 

Carbolic aeid, whether ill the fonn of solution or pow
der, is a most useful disinfectant. "It is destructive of 
the low forms of animal and vegetahle life, and arrests 
fJ,Ild prevent.~ all kinds of putrefactive changes. (Wil8on.~· 

Professor R. V. Tuson, Royal· College of Veterinary 
Surgeons, London, bas lately recommended an improved 
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di~infectant consisting of caruolic acid saturated with 
sulphurous acid: its composition if:! sufficient to SllOW that 
it must be a mOflt u~eful disinfecting agent. A similar 
combination was some years ago proposed by Professor 
Abel. 

Oalvert's carholic pow(ler is a convenient dry form in 
which it is procurable at any chemist's. 

The acid (Calvert's) cost.,; ill London about four shil
lings a gallon. 

Oarbolic aeid i.~ usefully employed in conjunction wit.h 
the iron salts, as well as mixcll with ghkell lillie. In the 
latter eoml,illatioll I have used it cxtcn.si vely for disin
fecting latrille 8e<tts all,l dminH. 

:For li(lUi(llflattel'.~, sudl as the contents of CCi'foI-pools, 
drains, pl'ivy-Wt,lls, all(l slallghter-Iwuse I:~l'YoirH, four 
pouuds of Forl'on . .; slllplmLc, or two to three pint:;; of 
:;trong :,;ulntioll of pel'chlol'ide of iron, with two OIlUCCH 
of purr, ciulJOlic acid, (li.~.~uh·e,l in a gallon of water, will 
hc fonnll useful; fur di~illrl'ct,in.~ heaps. of :.;oli(l lIIUllUI'l', 

or other oliellsi VD mattm' in Imlk, tive to six gallons of 
water may llc allLlcd, and the sO]utiOll (listl'ibuted through 
the 1'08e of an ol'llillary gan1en watering can. 

Onruolic acid iu irn'l pmi' cullcelltratcrl state is an activo 
caasLic destroying the skin. If it unfortunately comes in 
contact with the haml, the be.st remedy is olive or other 
kweet oil. Taken internally, it i.'\ a violent poison: l)livo 
oil is in this case also the best antidote. A very pleas
ant amI useful (leodol'ant is formed Ly the admixture of 
equal parts of carbolic acid ane! camphor. This mixture 
dissolved in water may be employed in cases of domestic 
sickness, for disinfecting utensils, bathroom drain pipes, 
and the air of sick-roolllf:l. 
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Macdougall's P9wder is a carbolate of lime and mag
nesia. It is one of the first and IJCst disinfcctants for 
sewage, privie'l, cess-pools, and excreta pails. It is sold in 
casks by the cwt., and is an economical agent when a. 
deodorant is required for use in largc quanti tics. 

Sulphurous anhydride or sulphurous acid gaR is one 
of the i-limple~t and most powerful agents for disinfecting 
the impure air of hospitlll~, sick-rooms, dead-houRes, privy
vaults, and even the open air where foul Ollonl's m'iRe from 
the dccompositiull of dcposits of street refuse in pondR 
and tank:>. It decolllposcs sulpllUrutted hydrogen, acts 
powerfully upon organic lllattcn~, and completdy disin
fects miasms (Parkes). It j,~ prouuccd hy burning sul
phur in the Jll'l',~CnC0 of oxyg0n. 

Chlori,10 of lime, the 11m1.ching pow(ler of commerce, 
prepare,l hy impreguating liIlle iu a dry tit,ate with chlo
rine is a. wdl known aJl(} valualile tlisillfectant fur draills 
a.nd cess-pooh, lut tor \J.'.;e on a large seale is too expensive. 

Quick-lime is useful for pulJie Jat.riDl'-dmins and for 
opcn dmim into whieh sewage How,'!, Lut its cflects are 
neither thorough nor lasLing. It lIlay ue bettor described 
as a detergcnt than a deodorant. 

Ferrom; sulphate (copperas or green vitriol) or proto
sulphate of iron ha.~ IJeen recolUmended for disinfocting 
heaps of dung, foul cess-pools, and the like. It is easily 
prepared, the cpude lllaterial lcing o1tainal)lc' in the 
bazar. It is prepared by l:ipreading it out on a floor in the 
opell air, watering it, and tuming it over till completely 
ox.idated. Its benencial action i'l, however, somewhat 
doubtful 

Ferne chloride (Perchloride of iron) is next in use
fulness to Macdougall's powder. It is prepared by mixing 



200 Fer1'ic Cltloride, ~·c. 

(Jquivalent proportions of common salt, iron rmt, sulphu
ric acid, and water. When used as a disinfectant, it 
yields chlorine to organic matter, bocoming itsolf reduced 
to ferrous chloride (Tidy). It actR both on sulphurdted 
hydrogen and on sulphide of ammonium. It contains a 
small proportion of ar;;onic (Parhs). 

The cost of manufacture is about twenty-£ve rupees 
a tOil. 

Nitrate of 1011(1 (Plumbic nih'ate) lIas l'c('cntly boen 
recommended, diRfiolved in watc'r with tbe addition of 
common salt, but I havc not discowl"l,d that it has any 
effect in tleodorizillg either urine Of f.ect's. 

Oltlomlum is It much ailvcrtisctl and 1JelaUlled pre
paration for di,;infecLillg purpo~es. It is simp\¥ a chloride 
of aluminum, lIt;eful as an antiseptic, but with little dis
infectillg po,ver eOlllpared to the zinc aml iron salts. 

Alum is ul-ieful for precipitating the impurities in 
stagnant pools or liquid HowHge, with t]IO after alldition 
of milk of lime or eream of limo 'as it if> ROllletilllt'H called. 

The salts of copper are powerful (lisillfedants, uut their 
expense is against their general m;e. The usual form is 
the sulphate of copper or Llue vitriol. 

The waste solutions from telegraphic batteries Inay be 
usefully employed for disinfecting purposes, their action 
being aided by the. copper compounds which they con
tain to a small extent. 

Among the more liimple disinfectants suited for do
mestic use may be mentioned roasted coffee. The way 
of using it is to dry the 1"a w bean, then pound it in & 

mortar, and roast it on a heated iron plate or a hot fire 
shovel until of a dal'k color. The smell is pleasant and 
refreshing. 
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CHAPTEr:, XIX. 

"Honee~ are huilt to live in, tlot to look on; therefore l~t use be 
preferred before uniformity, except where hoth mny he had."-Ltml 
Bacon. 

In Lower Bengal all house;;, however well raised from 
the ground, are more or Im';R (In,rnp in the rains. . 

Even in the best bnil t European uwellil1g~, raised ()Jl 

arches, it may lIe five to six feet from foundation level, the 
unmistakable cla1J'I-p linc makes its appearance both on 
the outer and inner walls as ROon as the rains have lasted 
long enough to saturate the Ruhsoil on whieh the founda
tions rest. This is owing to the clay Boil which retains 
moisture even in well-drained 10caliticH, anu to the mate
rials of which our houses are constructed being of a spongy 
and abHorhent nature. The hardest and be.~t burnt brick 
will absorb one-sixteenth of its weight of water, and the 
Bofter and more porous the brick, the greater quantity 
will it drink up. 

ThQ brickwork, therefore, being in immediate· contact 
with the wet subsoil, the damp risel' in the walls by capil
lary attraction until it reaches the line of evaporation. 

, .As both the soil and the materiab of buildings are often 
saturated with nitrous salts, the latter crystallise as the 
moisture evaporates, a.nd theil' lJUlk being thus"increased, 
they burst the pores in which they are contained and the 
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disintegrat~d plaster and brick crumble away, causing 
that unsightly desquamation and dilapidation so common 
in the basement wnlls of ordinary builuings and especi~ 
ally in inferior native houses. 

It will be ormel'ved that this crumbling away does not 
take place at the foot of the 'wallf; or pillarl'l, uut at I'lome 
distance from the ground, and that if the lower part be 
protected by a coating of Portland cement, the line of 
pvaporation anr1 erosion only mOllllts hig]wr, but this 
deteriorati ve action iH not prevented from taking place. 
Tho extent to which this disfignration, amI II Him<lt.> l'mD 

EnEelS OF. NITROUS EFFLORAjlON ON BUILDINGS 

of hmldingR, goes, is shown lly the above Rketch, which 
represents the state of many uuiJdingll familiar to every 
l'cfliucnt in a Lower l:engal town. This state of things' 
is due either to ignorance or heedlessness on the part 
.of the builders in noglecting during the construction to 
insert a damp-p1'oof mate1"ial as the last course of the 
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plinth. Several plans have been tried with more or less 
success to prevent damp from rising in the walls, and to 
remedy or hide it when present, and the lower stories of 
many otherwi:>e comforta,blc houses are renuered unin
habitahle or unsightly from failure to accompliFlh this. 
Portland cement plastering', high dad)R of dark eoloureu 
silicate paints havo all bllen tl'irj!l, Imt still the nitrous 
efflorescence appears, awl the tbmp line Inounts higher 
anu higher till it call ('FlCape illto the air hy evaporation. 
Silicittc paillt, though heLtel' t.han the or<liuary pl1ints, is 
inelticacious where tillire i'l milch nitre in the walls. 
The following, which il'l a nlt'lsittlL reei pc, Inay be tried 
with advantage: l\bke a hoilillg f'Ollltioll of two Reel'S of 
green vitriol (or copperac.) to fifty Heel'S of water, or 
about twelve gallolls; alhl one ~('cr ",·hite resin, five 
Heel'S of sifted red or yellow ocitl'e, foul' seers of rye meal 
(01' eoal'l>e cOltlltry tlottr), amI throo IlUlI-a-llalf 80ers of 
linflPetl oil; stir tIw whole tllgether till the ingredients 
are thol'oug-Idy iucorpomtecl, Ilwl apply two coati> whilo 
hot, allowiug the Ii I'st to dry l)(Jfore ILpplying the Heconrl. 
The mixture mllFit be applied ill dry weaLlter while tho 
wal];' are free ii'om damp: a coat of Rilicate paint of 
any liosircll color may be aftenvanlR applied. Complete 
prevention, however, iR only applicable at the time of 
cOllstruction, and it is effected by tho inRertion qf a damp
proof course or a layer of ROlllO ll()n-ab'>orbellt impervious 
material or composition betw(:en the fi)lludation and 
superstructure. Various substance:> have been used or sug
gesteu for this purpose. Sheet-lead or Hhect-eopper would 
perhaps be the best material:;, being inliestructible, per
fectly impervious to damp, anli neither apt to break DOl' 

crack beneath supE'rincumbcnt, and unequal pressure, bu~ 
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their expense is quite !lgainst their general use. I onee 
knew a case where a German engineer, in charge of 
buildings near Calcutta, put flhects of plate glass in the 
wall of a building as a damp-proof layer, 1 fear with
out much success, as the uMqual settlement of the build
ing and the weight of tho superstructure must have 
reduced it to fragments. In those Jays De la Bastie's 
process of toughening gla'ls was llot known, and it may 
now be well worth ascertaining whether toughened glass 
tiltJl:I ur slabs manufactured from blast furnace ~lag Ly De 
la Bastie's or Siemen's pr()CCK~, might llOt Le introduced 
into buildingfl for damp-proof conrses with every prospect 
of success; af! if the glass tIm!> prc)(luced is sufficiently 
tough for railway sleepers, it wl)ulll surely be quite capahle 
of bearing the inert. prer-;sure of the weight of a builJing. 
Slag bricks, enamelled lll·ic:ks, and vitrified stone-ware 
perforated tiles, as reCOITlln()I1Uell by Eassie, a.re also now 
manufactured. The lll~terial lllust commonly ui-led in 
this country is SeYHsel Asphalte, out it has several elil'!
advantages, the pJ'incipal Leing itH aptitude to soften at a 
high temperature and its cornproso;iLility, tho great pres
sure of the super;.;tructurc RfplElezing and forcing the 
yielding material from between thejoints which interferes 
with its succes~ful action as It damp preventer, and the 
superstructure of buildings has even been known to slip 
ii'om the softening of the asphalte in hot weather. .A n 
useful but little known composition for the purpose is a 
mixture of freBh slaked lime and vegetable oil. This 
must be well mixed by hand the day Leforo it is wanted 
for use. It is then to be spread evenly over the founda.
tio.n course with a tt'owel in a layer about three-quar
ters of an inch thick, and after it has been left for a day 
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or 80 to set firm, the building may proceed, care being 
taken in laying the first courses of hrick not to break up 
or diHturb the cement. A damp-proof comse may also 
be laid with bricks, which, after being heated, have been 
plunged into a bath of boiling coaltar and then rolled 
in dry sand, It will add little to the flnlt cost, but greatly 
to the stability anrl good a[,puarance of houses generally, 
jf the bascments are plastere<l with Portland cement 
instead of the onlinal'Y "and plaster; and the extended 
lllanufacture oJ Cl'lIleut ill this country, (,specially by the 
Iudian Cement Company, will lend to llring t.he material 
into more geneml usc. Va mp houses can never be 
llCalthy hou:-!ps, lUoistnre 1" i 1Ig' a lICCeS';11fY fltetor in the 
procc~~ of decompositiull ur ' 1I 1~;Hlie matters in the soil, 
which give ri~c to malaria 1LIHl const!<luent danger to' 
health. A house huil t OIL a tlamp site, without a damp~ 
IJroof COlll'!le, and with walls oftun of insuflieient thjck~ 
neAS, expose(l to heavy drivillg rains, lasting as they 
sometimes rIo ill tho tropics for day:'! together, canTlot 
fail to be unhealthy; tho daUlp is aLsorLeu by the walls 
and given oft' in vapour inside tho rooms. 'l'hus during 
the rains in Bengal we fiud our bootfl, books, and every~ 
thing made of leather coverell with green lll~uld, and 
falling to pieces, while cloth ell refuse to dry, and all our 
surroundings feel damp and clammy. Pictures hung 
against the walls Lecome irretrievably ruined, and -every 
piece of furniture or cabinet-work with glued joints fa.lls 
asunder, 

Every house should be surrounded with & well-con .. 
structed stone or brick drain, well cemented with Po~ 
laItd cement, to carry off the water streaming down the 
outer walls lionel which would otherwise lodge a.bout. the' 
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basement and soak int,() the foundations. There sllOuld 
always be a space of ten 01' twelve feet rOllnd the house 
either paved, tiled, or laid with a gool) layer of jhalU3 
01' stone well cOllsulidltted alld sloped from the ba~emellt 
nnd nicely gravelbl. Gra<;r; Rhould never be allowed uv 
to the walls. A bult of sharp gl'avel is alsn a great 
obstacle to Rnukcs, which arc too apt to find their way 
into our Indian houses. 

Moisture and heat \wing the two m{)~t essential ele
ments in the process of organic decolJlposition, the next 
desideratnm of our Iwlian dwelling-houses, aftcr tho 
prevlmtion of damp, is to kCl'P the tL'1ll1wl'ature as.!ow a8 
pos,~il)le. ~illglc str))'ic,l, or what are callcIUo,vul'-roomed 
hOtlR()S with tiat tel'mced J'OO±:~ are often nnhcal'aLly hot.· 
'l'erracell roofs are llf>lHtlly eOllstruek·d witL lJl'alus, rafierA, 
and a Jouhle bye)' of tiles; tlJe uPJlf'1' layel' im k"clJed in 
mortar and pbcet\ Jj:t;;onn.ll:v, HO as to Im'ak jUillt with 
the lowel', ant! frOlll fivc t.o eight indies of COl1el'dl! jleaten 
and plastcrcIl. III SOllie of the older houseR a depth of 
even ten to twch'c inches of material will Le found, 
evidently put 011 wi th the iutentivn of' opposing a greater 
obstructioll to the Slln's rays. A roof of this kind is, of 
eonrRe, very weighty, and nc:ce~sa)'ily requires stout walls 
and tillll)()l's of con~iLlerahle scantling fo)' its support; 
and in the older houses alluded to, very cOJJSiderable 
deflection of the lleams lIlay ue observed. J IJave recently 
eonstructc(l an improved fOl'lll of terraced roof or fioor, 
which, while it has all the Rtrength, rigidity, and stability 
of the ordinary form, possesses tlil'(~e important advan
ta.ges, vi:;., greater depth or tliiekne!'lg with comparative 
lightnesR, economy ofmatcrial, greater resistance to the 

· ~heat of the suu, aud complete ventilation. 
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Over the ordinary leams and burgahs (rafters) the 

~ ; 
! 
1 A. iJidJ'ick 0 or 
mOll-Maier 

TAt· a.,rrows S-ft.(Jw VU; (.-Opr,st/ 
111c,o fwX ail- cu,.rrcllj; 

firflt CoUlW~ of tiles is laid fiS uSllal, a row of tal)le-moulded 
bricks is lai(l on cdge in lll()dar over the lOllgitu<lillal 
oin, alHI the Fecond layer of tiles jl> tlll'l1 lai(l with 

mortar, thus leaving flue;.; or spaecs of lline ifl(:he~ j)y five 
as shown in the following Hketch, FOlll' inches of fInely 
broken khoah is then flpreaJ a;:; ]Juiol'c, mixed with a 
sufficient quantity of good fresh lime, well tUJ1wd over, 
incorporated, beaten, and finished off in the U8UI11 man
ner. We have thus nearly doalJle the depth of the 
ordinary roof with less weight, and the air spaces not 
only interpose a i:ltratum of air and prevent radiation of 
heat as in the case of the soli(1 tcrt";LCe, hut j Iy the use 
of air bricks or ventilators at the endB of the fluGH, an(} 
perforated tiles in the low(:r layer or cei1ing, perfect 
ventilation and escape of hot air from the upper part 
ot the room if; secured, and the temperature correspond
ingly r.;uuceu. 'l'here can be no rea.sona.l>le doubt as ~o 
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the stability and durability of a roof so constructed, for I 
have had a floor constructed on this plan, over which 
there is constant daily passing to and fro, and O\'er 
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which the whole of the heavy furniture of the upstairs 
. rooms, including heavy almirahs. requiring ten or twelve 
men to lift them, has been carried without in the le9.llt 
affecting it. 

Doubts were expreRsed by Reveral practical builder~ and 
engineers at the time of con~truction &s to whether this 
floor would Htand, 01' even bear the conen~sion of the 
beater~ while consolidRting the concrete, hut the result ha." 
proved the!':e fears to be groundless. Where iron ('.an 00 
procured, a more durable form of this roof woulll be to 
substitute iron girders anll inverted T iron for the 
timbel' beams aml raftel's, the tileK resting on the ffangeR 
of the invcrtccl .1. il'OllH. Another advantage of thifl 
form of cOllstructioIl iK, that tlJC <:eiling uetwecn the girder 
Leam~ can ue pJaHtereJ HJIJooth and ii ll~h with the under
surface of the .1. iron. awl will Llms give lllore f:\Cope for 
omalllentation if dcsil'cl1. There is in mn,ny other direc
tions great room for improvement hoth ill the plan andeon
struction of 0111' IIHlil1n .]wellingA. and which, ifiuJlowed, 
would add not only to our comfort, and enjoyment., but to 
the prcflervation of health. IJittlc attention has been 
paid ill the first inR!;;tI\ce to tllC reljuiremelJts of a tropical 
climate, and house buiIJel'.~ IHwe gone on from generation 
to generation uuildiug upon the same lines and following 
the same models as their preJece~~ors. AB far /),8 appear
ance is concerned, there scems to have beon little attempt 
at !esthetic treatment of private dwelling~, and in short, 
if, as a. well-known writer on architecture saYA, "archi
tecture is building with BomeUling more in view than 
mere utility and convenience, it is building in such a 
manner &6 to delight the eye by beauty of fonn, to 
captivate the imagina.tion, and to sa.tisfy that faculty 

o 



210 An Irnprmrea Dwelling. 

of the mind which we denominate taste;" then it is 
evident that arcilitecture had nothing to do with the 
construction of the hideous square four-sided, equally 
divided buildings in which Anglo-Indians seem,ss a rule, 
content to pass the best part of their lives. 

The object of this work, however, is not to descant . 
upon wsthetic,,> heyond thi~ point, that beautiful surround
ings by adLliug to contontment and happiness, are un
nouhtod aids in preserving that 'rnen8 Buna in cor
lJO'I'e sano,' which is esselltiaJ to our well being. With 
regard to the cOllstl'uction of our Indian dwellings, it 
hal!! often been a matter of wondol' to roo that English 
settlers ill thir,; OOllllLl'y have not taken a lesson from 
the people of the sunny hwds of th'l south of Europe, or 

. fl'OID the Syl'iall.~, Ei"rypLiau:-l, aUlI other eaatern nations, 
and built their dwellings wit,h an open central court, 
thereby admitting' light and ail' to the very heart of 
their habitation. 

I cannot· claim thi,; idea as an original one, for I llave 
quite recclltly, whil.~t employed on the~e pages, come 
acrOR~ a similar snggeHt.jon mado as far back as 1803 
by that excellent authu)'ity on snch 8ul'jects, Colonel 
,T. G M euley, R E., late l'rincipal of the Rool'kee College 
and Editor of the Pl'OfCRHiollal Papers on Indian En
gineering; but I believe I Illay fairly claim to be tha first 
who hilS not only iwlependcntly arrived at tIle same idea, 
but has, to usc hi" wonlR, " worked the idea into a tangiNe 
shape." The room in which I am now writing looks 
into just such a court as Colonel Medley has suggested 
in the following extract,-" In many parts of the country 
perbaps the oiU eastern otyle of building l'ound an open 
quadrangle in the centre might be adopted with a.dvan-
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tage. This open court paved with marble or stone, filled 
with fragrant shrubs, and with 8. fountain and tank 
in the centre." My court hlU.! no fountain at present, ' 
there being no regular watet'-supply, and all fountains 
which depend upon a tank filled by'the bhisty, are to 
my mind but a delusion auJ a sna.re ; but it is enlivened 
and made fragrant and llealthful by manr-hued and 
sweet-scented shrubs aud plants, a.ud is shaded by an 
ornamental veranda.h or sllT\::lhade on all four sides. 
The rooms JJ.illg bnilt aronnd it, every room in the house 
opens to the open ail' 011 both sides, and as the sun in his 
diurnal pUiSRage from cast to ,vest only shines directly 
into the court fur a short period of the day, whilst every 
current, of air Hnll:'! its way into it, the house i" cool and 
pleasant at all times. I may ]'emark that the house 
was not newly built on this plan, out the opportunity 
of restoring a very large and somewhat ruinous llOuse 
was taken, Hncl the centre portion entirely removed and 
converted into the court, and a rcsidellce in the house 
throughout the three sea.soni:l has proved its complete 
suitability to the climn.tD. 

There can he no douut that in damp and hadly drained 
localities the health of the people would be better if 
their habitations were well raised from the ground, so 
as to remove them from immediato contact with the 
fiubsoil, and permit the air to permeate freely underneath 
them. This is recogni8ed l)y tE:a-plantel's and others 
who settle in malarious and j ungly districtl:l, and is 
adopted with great advantage by nearly all the agencies ' 
{or deportation of emil,'Tant coolies . 
. It is hopeless to expect that the people will eve~ be 

iBducerl to depa.rt from their old pla.n of hut-building. 
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but local authoritiCH who may have to hut coolief! 01" 

nightmen or other employes might follow this plan with 
ativantage, ant] there can be no doubt that the extra 
cost of constmction will be more than repaid by the 
incrcaRed healthiIwRfl of their workmen, and consequent 
gain in the amount of work obtained from them. 

'When lluts are so raiHeJ from the ground, however, 
tIH'Y Il1UHt be f>ufficicntly lligh to admit of any dirt or 
l'ubbiHh that may gatbet· under them being cleared away, 
and the. Rpace helow the floor must neithtt' be allowed 
to become a deposit for garbage or to accumulate stag
nant water. 

Huts RO Imilt may be floored either with split bam
h}()s, or with jaTool plank:;. The ordinary dwellings of 
the poon·), clas~Cf; of Beugal are constructed chiefly of 
hfllUboo fi'nmework with timl,er PORts, either ,,&,I-wood 
(SllO)'cn rolmsta), soondl'i (HeriLicl'[t littoralis), or g'oran 
(Ccl'iops rox1JUI'ghianllH 01' Hizophora rlecalldra) with a 
roof of tileK or thatch of paddy straw, ooloo-grass 
(Hacharum tlmnlX'rgi), .or golcputta (Nipa fruticam;). 
The latter it! mueh u~ed in the neighbourhood of 
Cl11cutta, lJoing l,rought in great quantities froUl the 
Sumlcruuncls, in some IJarts of which it grows in great 
profusion, anll regarding which Dr. Hunter, the Statis
tician of Bengal, has fallen into a curious error, as he 
fltates this to be the leaf of the hental (Phronix paluJosa), 
known in the Sumlerbunds as hurtal, hcntal, 01' bokra.. 
The latter is a species of wild saltwater date, the fruit of 
which is a favorite food of the rhinosceros, and the pith 
of which is eaten by the wild pigs, and occasionally 
under pressure of hunger by boatmen, but the stiff 
prickly leaf of which is most unsuited for thatching 
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purposes, as would be evident to anyone who tried to 
. force himself through a. patch of hen tal jungle 01' 

• bokra~bon,' as I ha\'e often had occasion to do in 
pursuit of game. 

Gross, straw, and' golepuUa roofs become extremely 
inflammable in the hot weather, and for this reason 
laws and bylaws have been enacted to l)l'ohibit their 
erection in towns, and it is no doubt the duty of loca,l 
authorities to discourage them in every way in populous 
localities. As a quefltion of comfort and hygiene, how
ever, 1 consiJec the goleputta or any thn.tched roof far 
superior in every vray to one of tiles. In the first 
place, it iB lCS8 w~ay; secondly, it is much cooler in the 
summer, more watertight in the rains, and warmer in 
the cold weather. True, it is more illJiauunable, aOtl in 
this respoct there is an clement of danger; on the other 
hand, an occasional fire is It great puri;jier, and as the 
hut-owner has seldom any heavy property to remove, 
and there ill, as It rule, little danger to life, I am not 
sure that the halance is not on the whole in favor of 
inflammahle constructions (in thinly populated neighbour
hoods and situations remote from other valuable build .. 
ings or property always understood). 

However unfavorable to public health such a result 
may prove to he, we must accept the fact that" one of 
the inevitable consequences of the spread of civilisation 
and increase of prosperity in any country is the aggre ... 
gation of a large portion of their inhabitants in towns. 
And in all the problems we }lave to consider for the 
sanitary improvement of our towns, we must constantly 

. keep in mind the fact, that the evils Il.ttendant upon 
pvel'ctowding and the aggregatiou of large number~ of 

• 
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people witrun an urban area, will continually increase 
with the growth of the population. In all our plans for 
improvement, therefore, we must not only bear in mind 
the actual wants of the present, but the probable neces- · 
sities of the future. l'he8e points should be especially 
considered when remodelling oIU bustees and mohullas, 
as well as in laying out new quarters and extensions. 
It is mainly by their utter disregard to future re
quireruchts that the predecessors of the local authori,
ties of the pref>ent da.y have lrft their successors such a 
fearful legacy of intricacy, disease, danger, and filth, as 
exists in the crowded mohuUas ana paras, the narrow 
tortuou~ gullies and Janes, and the reeking cees-pits 
and filth-l'wdden soil of the majl)rity of native towns: 
for one of the grcateHt rlifficulties in the way of muni
eipaJ improvement ill tllis country is the irregularity 
with which the streets and lanes are laid out, most towns 
prc~enting a perfect labyrinth of tortuous lanes, bylancs, 
and' gullies, clearly showing tl1at their arrangement has 
been a matter of chance, f"llowing the necessities of the 
time being, Wit1lOUt any respect to the puLlic convenience 
or the futuro of the townflhi}J:'l. 

The following description by Mackintosh of the native 
town of Calcutta, in 1780, is very characteristic of the 
. condition of lIlany native towns even at the present Jay:
" From the western extremity of California to the eastern 
coast of Japan there is not a spot where judgment, taste, 
decency, and convenience are so grossly insulted as in 
that scattered and confused chaos of houses, huts, sheds, 
streets, lanes, alleys, windings, gutters, sinks, and tanks 
whi.ch j~mbled into an undistiUoauishable mass of filth 
~d cOl1'uption, equally offensive to human sense &n~ 
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health, compose the capital of the English CompanY'fI 
Government in India."· 

Not only does such an arrangement largely contribute 
to the general insanitary eondition of our towns from 
the imperfect perflation of air, and the impossibility of 
carrying out proper scavengering, but in cases of con
flagration it adds greatly to the rapid spread of the fire 
and to the difficulties in the way of checking its ravages 
and its advance. Wherc t.he llOuses occupying theRe con
fused areas are constructerl, as is wmnJly the case in 
Bengal, of most combustible material, which, after bal,iog 
in the torrid heat of the snmmer sun, beeomCA as dry and 
inflammable ali tinder, the fire f'!preads with a rapidity 
that is most appalling, the heat from the hlazing huts 
creating a vacuum, which on the Rtillest day generates 
an air current, which in its turn dri vcs the flame forward 
with increaserl fierceness. Everyone who has assisted 
at such a conflagration will undemtand the powerles:;
ness of even steam fire-engiIle~, and that the only means 
of effectually checking the advance of the fire is to pull 
down the hub, in a wide gap, aud flO cut off the com~ 
munication with the ref;t of the town. 

Tllis, when the streets are r>traight and wide, iR eaRily 
effected; lmt where, afl is too often the case, the crowded 
masses of huts amI house~ are intersected only by nar
row winding lanes and gnllieR, is almost an impOSAibility. 
Torrents of sparkR rain on the J.ry leaf or graRs roof II, 
blazing bamboos propelled by the steam generated it!. 
the hollow stems are projected like rockets into the air, 
~d the fla.roes leap from hut to hut with uncontrolla.ble 

'\ 
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rapidity. The hea.t and smoke become insupportable 
such as not even trained firemen can face, and I hav~ 
seen tlle men of the European fire-brigade of Calcutta 
fairly driven frolll the hose of a steam fire-engine and 
obliged to abanuon it in the miust of the flames, it being 
impossi11e to extricate it hefore thc fire was upon them. 
On thiH occasion the flames uevoured everything before 
them till they reached a hroad street, where thcy died out 
simply from want of [Ulihe! fllel. 

It is a curious thiug that these great fires in our native 
town!ol appear epidemically. During' one hot seas(m 
hanlly a Hingle large fire will occur; the next, village 
aftl'r village, mohulla after mohnlla, will b'J swppt away. 
It is difficult sometilllPH to account for these occurrences; 
they probabl'y originate in the loajority of cnscs from 
acciclellt or caroJessnesR, but they arc not unfl'c(luently, 
whether rightly or not, attributed t.o the ghuramee, or 
thatcher cllLYS, who a\'() supposed to ad the part of the 
incendiary to outain work ; and in cases which have 
come untler Illy notice there coulcl bc little doubt on the 
suhject, rags soakefl in kerosille oil having been found 
in the thatch of It hut. The ghuramee iF! popularly believed 
to impress tho crows intv his service in carrying Ollt his 
nefarious designs; a piece of smouldering tinder being 
attached to It bit of flesh, which is then thrown to the 
crows, who seize the tempting morsel, and flying oft' with 
it, drop it, the chances being ten to one that it falls Oll 

the roof of a thatched hut and sets it in a blaze. 
It will thus be apparent that there can be no real 

security for life and property unless wide straight streetB 
and roads are constructed, so. as to intersect the bustees and 
roohullas at convenient intervals. These streets should, 
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as far all possible, run in parallel lines and the cross streets 
should intersect the others at right angles, advantage 
being taken of large public tanks to construct squares. 
The municipal or local authority should always take 
advantage of the clcarapcc effected by periodical contla
gratioTm to control the rehuildingof the houses and huts, 
and to l'emoclel the bustees, securing them by the con
struction of roads and cross laneA, tIm proper alTangement 
of the hutR, awl the prohibition of inflammable walls 
and. 1'00£" from future risks from fire; and providing for 
proper, ventilation, thorough scavcngering, and sani
tary supcrvision. The planR given on the next pagc 
give a good example of the vast improvement that may 
be etiected in thiN direction; they repreRcnt the past and 
present, Htate of one of tlw bnstcc8 inthe suburbs of Calcutta· 
The huts which were formerly conHtructea with mat walls 
and goleputta roof.~ of all shapeR, sizeR, and elevations are 
now replaced by ncat compact houses with white-washed 
mud ,walli'! and red tiled rooL~, at the same elevation 
throughout. The huts are six feet apart from wall to 
wall, and,three feet from cave to eave: between each 
row is' a footpath nine feet wide, while the main roads 
are sixteen feet in width and are metalled. 

The floors of all huts are well mised, the material for 
floors and walls being taken ii'om the spoil earth from the 
l'e-excavation of the tanks kept for drinking and bathing, 
several filthy u8des~ tanks having been filled in with 
refuse, and the material obtained by levelling the whole 
space· occupied by the old busteo bofore its reconstruction. 
A.fire-engine can have access to any part of this bustee, 
and from the arrangement of the houses and their construc
tion, the risk from nrc has been reduced to a minimum. , 
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A Bathing tank. 
B Tank for domestic uses. 
C Public latrines. 
PI) Road over covered"sewer. 
E Intended site for a. ga.Iden.. 
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In every municipality or station we may presume that 
there is something in the shape of a fire-brigade, or at 
least some appliances at the disposal vf the Municipal 
authority, the Mag-if-Mate, or the Police authorities, for the 
extinction and controlling of fire, and if there is not any 
organiscd establishment, there certainly ought to be. Even 
in our largor townR, howevor, the means at the command 
of tho local authority have l5eldOlll been in any way effi
cient. and what I IUlNe myself noticed as being a great 
want on the occurrence of serious fire, even when an 
European ul'igade }las been prosent, has been the want of 
sufficient appliance8 for cutting down and romoving 
inflammable 1'00£9 and walls in, order to cut .off and con
fino·the fire to a cerlain area, vi:;., light fdlarp axes, toma
hawks and hil]:,;, as well 2,8 pole-hooks and drag-hooks 
and chains. These arc of groater importance even than 
fire-engines and hose in the case of lmstce fires. '1'0 
play upon a blazing hut even with the steam-engine, is, 
as a rule, a waRte of time, labor, and water; the thing to be 
done is to pull down and remove the huts in the track 
of the advancing flames, and to l:iatnrato the roofs of the 
huts in front of the fire so as to prevent them, if possible, 
from catching. 
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CHAPTER XX. 

"A smooth, firm, dry road ie one of the greatest conveniences a.nd 
enjoyments, while II rough, soft, mllildy road is one of the greatest 

. drawbacks and annoyanceR of conntl'Y life. Bl1d roads form the 
grooteRt obstacles to progress an,l permanent improvcments in all the 
neighbourhoods that are hll\st~d with their presellce ; they have a 
demoralising effect upon the iuilnbita.nts, ann are 8. 8ure sign either 
of poverty or mismanagement. 01' buth."-Amcl'itlalt Htate ll'Jlort. 

Roads in Bengal are of two kincls-cutcha, or fail' wea
ther roarls, and pucka, or md.allecl roark The eutcha road 
is simply a tmek more or l(j!,;~ raiHe(l and drained, formed 
on the natuml soil of the rlisLriet, and lluless in gravelly 
01' Ral\(ly soilR, is hardly passable in the raillY HeMon. 

Pllcka roads in Lowcr Hengal are again divided into 
stone 01' M/l,eadamj~e(l roads and jhama rO'l.ds, or roath 
metalled with jlmma kllOll, or broken "itl'ified brick. 
'Higher up the country, roa,ls nJ'e made with kunker 
(nodular limestone) or quartz pebbles. 

In making cuteha roarh Oil alluvial f)oil, nothing can 
be done beyond raising the 8urli1Ce of the road suffi
ciently to prevent it.fl being Ull!ler water during the 
rains, and providing side ditches or drains with sufficient 
fall to carry off the water and prevent the Aaturation of 
the 8libsoil. Culvert:> or waterways must also be pro
vided to allow the drainage of the country to follow its 
natural inclination, and so prevent the road embankment 
from being breached. Where masonry structures can
not be afforded, very efficient bridges may be Con
strueted of tal trees or other indigenous timber, as 
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shown in the figure below. This is formed by & row 
of sheet-piles formed of tal trunks (a a) split in half, 
pointed at the lower ends, alld driven down below 
the bed of the watercourse, A plate (p) is then bolted 
01' spiked along them, a similar piece (t) being pol ted 
to the underside of the bridge timbers (T), and struts (8S) 
fixed in the manner shown at (The should 

be continued in tIle forlU of a wing-wall on the upper 
side of the bridge to prevent the wllter cutting away be
hind it as shown at (P p), Tho Lauks should &lways be 
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turfed, all slopes so protected will Jast for yoors withQut 
repair or attention. Cutcha roads should not be made 
too wide, as the wider they are the greater will'be the cost 

. of maintenance; 20 to 2;; feet will be found a sufficient 
width as a rule. If I were a.~ked to define a perfect roa.d, 
I should say that it is one the course of which is per. 
fectly straight, itll line perfectly level, and its sUliace as 
hILl'd, smooth, and llon-elaqtic as possible. 

A well-constructed jhama road when kept in proper 
order and watered during the hot months to keep 
down the dust, is one of the most pleasant forms of 
roadway for horse and carriage traffic imaginable, but 
for heavy cart anu waggon traffic it is hardly suffi
ciently durable. What is known as jharua, is hard 
well-burnt brick partly fllsed or vitrilied by the action 
of the fire. Good well-burnt jhama breaks with a clean 
sharp fracture, does not pulverisc to any appreciable 
extent, and packs close and firm on the road surface. It 
ShOllld be hard, heavy, of a dark reJ color, running into 
bl1W in parts, with a clear metallic ring when strllck with 
a hammer. OverLurnt jhil.llla becomes porous, honey
combeJ, alld mixed with sCOl'ire, and ia flometimea so 
light as to float when thrown into water; this is useless
for road-making. First class road metal should consist of 
about 7i> per cent. of jhama of the kind above described, 
the remainder consisting of sound well-burnt brick. 

All aJr(I).th, or soft ~rick, and peelah, or unburnt stuti', 
should 1>e rejected. In making a lIew road, the surface 
'of the ground should firOit be cut to the proper level and 
section, and with a slight rise to ,the centre of the road. 
The whole surface ill then laid with bricks fiat, called the 
80ling. Soling bricks should be laid by a brickla.yer,or 
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other workman aecustomea to the wOl'k, and should. 
break joint over the whole surface so as to make a firm 

• ,RLIRGBJlLCK BREAKINlhlOINT', 

stahle foundation. Over thifl soling is laid the jlmma 
brokcn to a size which will paRs through a l'ing of two 
inches diameter. It is to 1e laid to a depth of five to 
eight inches, and to an cqunl depth aU over, but w:ith a 
slight rise to the centre of the road. The jhama after 
being raked over is h:tudpaclwl, all large lumps being 
broken with the hammer; the whole Burface is tben rolled 
with a one-ton to two-ton roller, plent,y of water heing 

'sp"inlded over the llUyface throughout the rolling. When 
sufficiently consolidated, which can only be juuged by 
practice, an inch of good dry kiln or building rubLish.is 
spread over thc surface, which is again watered. and 
l'oIled till a thoroughly hard even' surface is the result. 
Plentiful watering during tIle rolling is a sine qua non. 
The person supervising road cOllstruction should never;i 
'allow rubhish as bindipg to he put over a road until he 
'has satisfied him~elf that the melal has b(.'ell properly 
hand packed antI sufficiently consolidated. Contractors 
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and underlings will hurry on the binding, or as it is not 
inappropriately termed sometimes, blinding! material to 
conceal def\Jc~. 

As jhama. meta.l is uSl1ally broken on the sille of 
the road to be repaireu , it ,1101l!U be stackeu in uniform 
contiuuou,~ stacks, 11.11.1 the person responsible SllOUld 
satisfy himself by JJJca~ul'elllcJlt that the full qualltity 
of metal contracted. fur has Leen supplied before /lny 
spreaditlg is perlllitteJ. .Fo!' exu.lJlpJo, ~!1y the length of 
roa.d to ue mcbalJcll is 3.000 feet. nUll the width ) ~ fed" 
with a ,Iepth of metal of G", the llJdaJ, jf 8tacked 
cOJltinu (lU.~Ij' , would \\H~a~\\l'C in Ht!tck. I ellgth , :l,OOO 
feet; C~'ObS section, width of ba.~c ;; ieet; wi,ltit at 

Ah~ 
• ... ,., ....... _ .•.. , .5fr, ............ _._.-

tff · / ~ ~0Jl\ 
_······ .. ·······_· .. -7;fc._ ................... _ .. -

~[{[llll 
--!F-

top, 1 f()ot ; llt ·ig-ht. 2 
fl l(!t; iwctional urea, (j 

H(llll1J'e fet·t; (,()Il/A.·llts, 

11'1,000 cube feet· but 
as ic if! in pr~ctic() 
usually impOf\HiLlo tu 
Htnck Dletal in an 1Il1-

lJl'okel11ino on aCColmt 
of Cl'oss·pa~sagt.'s,gate
wStys, house enhanceR, 
trees, and uther ob
~tructi()nfl, it is more 
convenient to put it 
up in staeks of~ flay 

2() feet Iong-. Ei gh ty
eight stacks of tho 
following di mICnsions 
will give 18,000 less 
48 cuLe feet ;-

p 
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Length of base, 20 feet j Jength of top, 14 fect; hei&;1it, 
3 feet: cross section, width of base, 7 feet; width of 
top, 1 foot; hcight, 3 feet; sectional area, 12 square 
feot; contonts, 204 cube fect. Thc diagrams in the 
margin will Rllow thi~ clearly, the following being the 
mode of' calculation:-

20 + 14 = ~~ -17 7 + 1 = ~_ - 4 
'2 -. 2- . 

Ii x 4 = ()S x ·3 = 204,. 

Tllc sam I' principles ltpply to stacks of any dimensions, 

but it will be found convenient to have a stl1Ddard 
llll'1tR1Il'Cnwnt awl ~upply tllC contractur with a "wooden 
gauf;e. 

1 U l'<'pairing' 01' l'clllctfl,lli n~ oltl l'ufl,di', the surface of 
t.h e road i,q to bo well pieki'(l up (wLllovell(Jll, HO that the 
IJeW awl 0),1 lIIetal lIw)' l)illd properly: no part of the 

olel·metal Rhol1lt.l be rCll~oveu !ul~l used as binding for 
the HOW layel's, 

A well Illa.( le jh1tmn rmtd , laid with good picked 
mlttcrial, "honhl b!'\t, without l'Cpair8, !>ul"ject to ordinary 
town tr:dIie, for three season!;: this, lJOwever, depenus 
911 the (lualltity and cia;;!> of trafl'ic, ' 

Sbnc ron,dR, 01' wlutt arc often called l'.Iacadamised 
1'IJSlds (nftrr Macadam, one of the first constructors of 
m(.clem roltlls with \Jl·tll~en stone), nre laid with indige
IIOU!'! ~t0ne or Sllip's bltllast bl'okelJ iuto irregular cubes so 
as to pass throngh a ring' of two inches in diameter. In 
Oa.lclltta and its neighbourhood the SCOIJC llsed is . either 
bro\lght from Ooduoa nulJah ill the vicinity of Raj
malla!, flnu excavated froll the low spurs of the Raj. 
malllli Rills, 01' is uallar.lt from Bombay, Melbourue oc 
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l\~Ul'itius , Laterite is much uiled in MaJ1'I1s, but is too 
soft to stand much traffic. Gl'anite, tmp, amI bard lime
stones arc the best kind. All .stOllD roads should be laid 
upon a foundation of stone l)oulders, or, where they 111'13 

not procurable, on It well-laiu soling of' s()ulHl hal'(l 
bricks. A RtOllfJ road made without HoI ing, though it llIay 
hOi to all appearance, a hitI'd ROllll d road, willne\'cl' bear 
lleavy tmfiic, the sllusoil will yield more or ]ess ull(I('l' the 
supcrinclllllucnt weight, alld in long' eontilllletl wet werL
ther, cApeciaJly wiLh the tl'l' Ill('lId ()lI~ tropical dOIl' nponI' 
of the!'c latitude;;, the Bllld wilt WOtk up to the fmrllLGtl 

I1n<] tIle road will sprc(liJy he come illl p'ts":al,lo. I do !l ot 
overlook tIle fact tllat Maea<1nm mailltl1i))(lll tLl1t no 
foulll1ation of large stOIlP!,; OJ' otl llJf Illlltorinl waH neCORSItJ'Y 
evon ill the ~()ftl'st soil, uut, l'u('umlUl'lHl(,(1 tll!l.t the frlllIlrlfL
tiol1 he mitt1e of brokon strine t,]IP RnllJC fiR the SUrface. 

Vvhel'e agooa fOllllrhtioll of boulders lilts lJCoIL tint hi.iil, 
0, Blx-inch l ~ .yer of hwken stono wilt form a gooll l:lstillg 
road; but w]lCre hril'ks are uscr1 O\'I~r a soft ;ml.!wil, lit ](,Mt 

eight to nine illl:hes of metal will bo \Hlces:>!\ry at fin:;t 
COlJstruction to ensure a good tl'ititicable 1'08.(1. The ltmIJunt 
of tmctioll power required varier; vcry \'onsid l' f1]'hly 'on 
roatls of different, cOlistruction, and is mu(~h le.QR in pro
portion to the strength and hardness of the BIIl·face. · 

It has heen proved by experiment that, "Oft a well 
made pavemellt" the power required to oraw Ii wagon 
\Val! :33 lbs.: on a roacl ma(le with six: incli{'K of sCone 
of great hardnesil lai(l on ·/I. foundation of' largo stOIlr.~, 

the power required WaH 4G fi)S. ·: Oil n. road made with a 
tJ.ick coating of brol,en stone laid on earih, 65 lts., Ili.d 
(In a gra.vell'oa.d laid on earth, 1417 It.lS.'' 

Stone fu[' roau-makiug lDUi:lt Utl brokell into lihil.rp 
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angular forms. They then wedge together into a htrd 
compact mass. According to Macadam no binding material 
should be used, but in this country the use of binding is 
ulliversa.l, and care mu~t be tahn that the Linding used {s 
good dry brick and lime ru1bish without any admixture 
of earth or clay, which would make the road muddy 
during rainy weather, or where streets are copiou8ly 
watered. The transverse section of the road should be 
gently convex. As footpaths are seldom used in this 
country, pipe drainage is not required.; bllt there must be 
provisiou lor lctti fig the Rnrface water pass fi'eely into 
the ~ide drains, which should be of sufficient depth to 
drain not only the surface but the whole formation. It 
should al waYH be hOrtle ill millil that the oe.<;t stollc,-that 
is to Ray, the llflwlest and toughcst,-though perhapi:l'more 
cost,)y at tI,e outset, is the least so in the end. The best 
material for stolle roads, as ut'fore noticed, is tough gnUlil e. 
Water is the worr;t enemy to good roatIs; it is thereforo 
one of the first principies of road-construction that they 
shoultl be leept dry; no water being allowed to lodge on 
the road Aurface. 

A useful material for rair;ing and metalling lanes aTHI 
byroads, where there is little traffic, is often available in 
towns where allY large manufactories, mills or foundrieil 
elriflt, in the slag, cinders, asbes, and scorire from the fur

naces. 
In some parts of England, and on the Continent of 

Europe, as in Silesia, slag is largely \1Rcd in road-making. 
It is not available, however, in sufficiently large quanti
ties here to make it of value for that purpose, but occa
sionally Aufficient qUf\.ntitie~ of it, mixed with 1I.'ilJes and 
cinders, are l)l"ocul'able ill suburban districts, to form a dry 
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su,Pstantial surface to small lanes and footpaths. It 
met'ely requires to be laid on the road surface, levelled 
and rolled with a light roller. Where there is little or no 
wheel traffic, it will last with a little attention for a long 
time, anJ add greatly to the comfort o~ the residents at & 

very small cost. 
During the hot weather the stone composing road sur

faees is very apt to work loose: nllloose stones should be 
gathered lip aud removed, M they are lIot only likely to' 
throw horAes down or lame them, hue each stolle, as a 
heavy wheel passes ovel' it, actil as a pick to loosen others, 
the mischief thus repeat~ itself, and the roa<1, if neglected. 
soon becomes almost impasH<1,l,le. Gr('at economy will 
result from a regular attention to , alld immeuiate repair 
of any sma.ll portion of road surface which has worn out. 

There is some difference of opinion as to whether trees 
are beneficial or hurtful to road surfaces. Some authorities 
consider that where trees are plallted close to and over
hanging a road, the dropping;; fl'om the leaves iujure tl~ 
surfa.ce, and theil' shade keeps it from drying properly. 

Others consider tJlat they do more good than harm. 
by protectillg the slIrface from extremo heat. I think 
that if the unJoubted comfort to the wayfarer be adde<l 
to the probable benefit, the balance is in fnvol" of planting 
trees, so as to give the greatest amount of shll.ue with tl~e 
minimum of obstruction to traffic. American engineers 
hold, that shade is objectionable 011 earth roads though 
admit;sible on atone roads, and theil' ohjections, so far 8.$ 

they go, I,ave reference more to the exclusion of the SU~ 
from the road surfaces in winter, when the roads &I'e 

dangerous and slippery from frost, than to any otller 
question. 
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Tlle metalled portion of a road sllOuld not be less than 
sixt,(·cu feet, to allow ve]licles to paRs each other with ea.<;e. 

Although prohal)Jy few Municipalities have to under
take extensive works of this class, it may happen tllllt 
th()~e ~jtl1nted IlOHl' the ile:t-bOll,rd, or contiguous to tIle 
large tidal l'i \'er~, Ilmy J'cquir(J pl'ot.edive works of the 
kind, and It few words Oil the lSuloj er.t of CUllstl'1lct.ing, 
'prot.otting, alia mailltaiuing cmurmklllcllts may tlwrefore 
not he out (If plaeH. 

Whiht ellga~ed ill the r Ollstrllcti l)1l and IlH1intenance 
of :-meh works, nlld the rcdalllativn (,I' ti,lal hull,.; at Port 
Cunning :LIIll ill the :!4-I'l'rgIlIlIHlhs, SUlIIlf'] huUtls, I had 
eX(:t' l't.i{}JJH.l opP'1rtullit.ie:-; uj' st.ut.l;yillg the sy:-;Lcm of 
CI1l1,allkillg' t,hemin V<iglle n,1,,1 ill d l~t,(!d.illg its faulLs and 
WtiaklleH,~().';, IIJlil all illl[lTO\' I; ,j Ryst"l1l \\'a~ introduceu hy 
me ill the w{)I'k" ullder 111)' eh:\)'~I.', 1\ i Lh ~n;ltt ad valltage. 

The C~lllil\()n Jiwlts were: t.he ~()Il~lnll't.i(lll of cllIbank
m!luts with jll~ntljrjellt slopes, especially Oll the river face; 

:the diggillg of t,lw elLrt,h 1'("Iuin ~lll ; I\' Lhl' eow;t,l'uf'tion from 
hregulltr boJe~ or piLs (locally ternH'd cllOkats) from both 
I:!id('s of the I'llllm,n kment iJl(liHC l'i minatt'l y; aud the throw
ing up of long lcngtlls of rough t'mbnukment without 
hcfttillg, ramming. HntI cOIlRllliclating the material whilst 
moi~H and pla.sLi(;. The evils resulLilig from these errol'S 

,\tere: first. the erosion and illfltnLility of the embankment 
from in~uflieient i-ilopes; st'collllly, the holes from whence 
the earth had been dug heillg' bell)w high water level, tlle 

learth was kept const,alltiy llloi~t and ROft, mud crabs bur~ 
rowed freely through the softened hUr>e of the embank. 
ment, there WI1.S cOlltiont>uR percolat.ioll backwards and 
fOl'wards as tlle tides rose alld ft!ll, and tIle eml)allkmen·~ 

beiug thus rendered ullstable, sottled, and cl'acked, leaked, 
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and finally gave way, Qt' ,vas hreached by the spring tides; 
thirdly, the stiff' alluvial earth being cut in plo.stic lumps 
was thrown toO"ether to form the bank, awl when these 

t:o 
lumps were exposed to -the Slln and ail', they quickly 
dried and hardened, forming hard clods, which could 
Dot be afcerwanls made to pack or lie close, the embank
ment was thus full of hollows, and th(',~e admittin~ the 
water, formell leaks anu fissures, which soon caused its 
destruction. 'Ve will now consillo[' how an embank
ment ought to he made, No pal'tieulltl' form or dtmen
sion can be illsi~ted upon for ~(,lJol'al auoptioll, as the 
necessitie!:! of each ca~e, a11<1 the forces which the embank
ment will be required to withRto.lhl, llI\1~t determine these 
points; uut it may bc acceptod UK a nnlt principle, that 
where the Lauk is formed of suml, as light sandy soiL 
the sea or l'i vel' face must have a ~uffieiently long slope 
to receive allJ ueauen the furce of the waves all they 
traverse its surface, and that to oppose, an abrupt slope 
to recei vo the shock of the waves or the constantly eroding' 
actioll of a strong tide or current, ,,,ould be to ~qu!'t 

the destruction of the embankment. Tlw hoight of an 
embaIlkment must entirely depend on the maximum 
height of the tides calculated at the highest springs, and 
no rule as to height can therefore he givml ; the top of the 
bank, however, should never be Mss than two feet lligher 
than the highe~t known rise. A good form of embank'7' 
ment for a four-feet high bank is a base of twenty-foul' 
feet, top four feet, external slopes three to one, and inter
nal slopes 'two to one; where the IDo.terial is sandy, the 
outer slope may, with advantage: be increased to three 
a.nd-a-ha.lf to one, and the inner slope reduced to one and
,~ha.lf to one, 
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Where, on the ot.her hand, the material is sound and du
rable, 8S it usually ja in the case of salt marshes, the outer 
slope may, with safety, be reduced to two to oue, the base 
of the embankment being thus reduced to eighteen feet. 

The material for the construction of the embankment 
should never be taken from holes or chokats OIl both 
sides of the bUlIll;' it may be takcll frum the main ditch 
or dl'ain within t.he embankment, or be taken from cut
tings along the foreshore , In the latter caHe the high tides 
which flood all the land outside the embankment would 
deporoit so much silt, that these holes or cut.tings would 
soon be cntilely 1illed up, thiH silting up being grea.tly 
facilitateu 1y planting brushwoou spurs uiagona.lly across 
the foreshore. In tllis maIlller the whole of the land out
side the bank would be gradually raised, thus adding 
greatly to the staLility of the work. The great bellefit 
to be effected by the use of simple mea~ls, like the plant::. 
ing' Of brushwood spurs, is 'not sufticielltiy appreciated 
or understood, but I have seen large gaps in river banks, 
and the mouths of very large reclaillled creeks. made 
up by this very easy and illl-:xpensi ve expedient. It 
ia well known tha.t large rivers like the Ganges and ita 
affiuents running their course through alluvial soils, bring 
dawn in suspension Vllst quantities of lllud , and silt, 
especially duriug the rains. This is carried out to sea., 
and aids in the formation of those dangerous bill'S and 
shoals at the entrance of the deltaic rivers called the 
Sll.ndheads; but it is not, I believe, so generally recog
nized, that the flood tides bring b :ck a very large quantity , 
of this silt. This, so lang as the tide is running, remains 
and is carried along in suspension; but when the force 
of the tide is spent, and what is termed the period of · 



Action of Spurs. 233 

sla.ck water occnrs, the mud and' silt rapidly subside, 
and if not exposed to the scouring action of tho ebb, 
gradually raise the grounu where they are deposited. 
The unvarying law of the currents aids this process, for 
the flood tide rushes over the shallows, but the ebb 
water subsiues gently off the highe.r ground and seeks the 
deep channel, where its scouring action iil, therefore, great
est. The spurs act by intercepting the silt, breaking 
the force of the current, th\1~ cnn;ring more rapid subsi. 
dence and lel'.sening the sconr. The thin] point reforred 
to is faulty eonstrl1c ~ion; thifl C[l.Il ollly be aVl)ideu by 
constant anfl intelligent flupervision, by imlifltiug on 
every length· of the emhankment beillg w('ll packed. 
rammed, and beaten into a fmlid homogclHHlfl mass before 
the clay has IOHt its plasticity by drying and hardening. 
and all fiSSlU'CR caused by the Sl4n-ul'yiug anu cracking 
the bank, being ~aref:ul1y filled and rammed; water being 

, added, if necessary, to moisten tbe 'earth. t Ail embank·" 
ments should, when complete(l, be well gra.~seJ or turfed 
to pre~erve thcm from the effedf! of the weather and the 
erosive action of water; the bel>t grass for the purpose 
is the commoll dhoob or doorva (panic lim or cynodon 
dacty Ion), w hicl!, when once fairly cstablished, is almost 
inadicable, and forms a finc close-matted covering to the 
bank and yields an excellent fodder. It is easily planted 
either by dibbling in small rooted tufts three inc1les or 
so apart, or by chopping up a large quantity of the 
roots g.nd jointed stems, mixing them with a puddle of 
clay a.nd cowdung, and plastering the mixture aU over the 
b&nk. A few coolies, or even old women and children, can 
thus cover a. Yery large !lurface at small cost, and'if done 

. in ilie ra.in&, three weeks or a month will suffice to cover 
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the whple surface with a fine growth. Of course turf
inC)' 01' sodJinlT makefl a closer, strol1b

rrer turf in less time, 
o '" 

uut it is much more expensive, and sufficient turf is not 
alwaYR procural)le. Stone or shale will 8eldom be avail
able; but wllero it is, it ll1n.y be uHed for facing the bank 
to great auvant.age. All sea and river embankments 
require COllRtallt watching to prevent awl remedy the 
pcrfv\'ati\)Jl of tbe \Yanks by rats, crabs, 0.\1(1 other bm'· 
rowing verTllin. Crahs do an immensity of mischief to 
the cuI ti vators' bUIlds, and the Govel'llmellt emhankments 
in the SUlIIlcrhumls aJl(I the 24-Pel'gulIllILhs. An embank· 
ment lllll~t be kept perfectly impermell,ble to water, a 
rat-hole or crab lmrrow (or ghoguc, as · i t if; locally 
termCll), thongh apparolltly of little consequenoe at fiJ'Rt, if 
unattell<led to, will IJe t.ll e sure precursor of t1 breach. 

Thifl danger ran ol1ly be gu:trd e,l agninst by constant 
inspectioll1Lud by keeping (biluu.rs) 01' wOl'killg pah'0ls 
constn,utly Lraversing the emua.nkments anu stopping 
the holefJ and repairing weak pla.eeR. 

In America, in Uw ret.:lnmatioll of marsh lanch" great 
difficulti es have been experiellc0u fmIn the def;trllctive 
ravn.gC'i'\ of muskrat~. amI iu lDltny case!> attempts at 
reclamat.ion were entirely defeated by thelle persevering 
and de:;;tructive rodents, who bored through the eml!ank
ment~ between high ItllU low water lIl!1rk. In the re
clamation works at Ne\'I'nrk Meauows, New Jersey, this 
difficulty was at last UYemOlllC by the illsertion in the 
llcart of the embankment of iron dike-plates or cores, 
covering the spn.ce between high or lo'w water mark . 
Sneh a material would prollably be found too expeusive 
for ordiuary use, hut wllCre common timber is plentiful, Ilo 

dike cure of wooden slabs might be used with adv~t&ge. ' 


