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PROTE TIO:\"" OF R I\-ER .-\~D H.-\RBOR WATER FRO~l 

~IC:\""I IP. L \YA TE 

\HTH • P E UL REFEREX E TO THE OXDITI O:\T I X XE\\- YORK 

THE PROBLEM OF SEW AGE DISPOSAL 

C
ITY lif pr ·ent pr ing an l peculiar biological probl m ·. \Yhen a 

large numl er of human being are cone ntrated upon a mall area 
the fundam ntal need of indi,·idual life mu t be met by new mean . 

Special mea w-e mu t be adopted for ·etting food from a wide radiu 
into the center "·here o mu h of it i · to be con urned. The pread of epi­
demic which always threat n crowde I ommunitie mu t be guarded 
again ' t; and the wa t product which accompany all li,·ing proc e mu t 
be r mo,·ed. 

This la t ta k, the remornl of the ity ' · wa te , i one of the mo t 
diffi ult ,Yhich confront a modern municipality. From Yen- large city 
th re pour out a riYer of ,rn te material which pollute tream , harbor 
and fore ·hore-, p iling what hould be the hief pleasure pot of the city 
and damaging prop rty Yalue ·, if it loes not actually threaten human life 
and health. By the modern method of anitary ci nc th e liquid wa tes 
can he purified and rendered harmle and it i with such methocl of pro­
tecting the purity of inland and eaboard waters that a section of the Public 
Health Exhibit of the American 1\Iu eum now deals. 

City ewage i a far le offen iYe ub tance than might be ima 0·ined. 
To the ight it i imply a rayi h liquid with fa1e f1 .. -~ " u pended matter 
in it; to the mell it i inoffen i,·e when fresh, ha Ying only a faint musty odor . 
. naly i how · that the a,·erage American wage contain les than one 
part in a thou and of olid matter, the re t being water. Of the olid matter 
half i of mine1-l nature, o that only a re iduum of perhap f ur-hundredth 
of one per cent of organic matter require e pecial treatment. It i the Ya t 
Yolume of the e,Yage tream howe,·er, which make the problem uch a 
. eriou one. For example, there i nmY discharged into l\ew York harbor 
about .500 mill ion gallon of ewage a day. Thi amount of liquid if con­
e ntrated in one place, would fi ll Ea t R iwr und r the Brooklyn Bridge 
for a di tance of one-fifth of a mile. E,·en four-hundredth of one p r c nt 

5 
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of thi , immense ma 

mat ly th amount f 
\·cry day . 

f liquid amount · to 00 ton ; and thi: 1 • approxi­

rgani · matte r di 'Charg' l int ~ \\" York Harbor 

The organi · matter in ·ewage, \\'hi ·h i.' the principa l s urce of embarrass­

ment in it ' disposal, is ma le up for the mo ·t part f imperfrctl,\· o,idizecl 

un table m lccul s \\'hi ch may und rgo n r the other f t\\'0 different 

ri es of chang s. Fir ·t, it ma,\· d ompo · or putrefy in th ab ·en 

of oxyg n, \\'ith the pr du ction of off en ·i\· ga ·cous ornp uncl · . Or 

se ondly, under the influen c of xyg n it may un lerg another proce. -

that of nitrificat ion, a I ". burning or c-ombu ·tion whi h ·01w rts th rganic 

matter into nitrates or other min 'ral ·ubstanc-cs, witho ut the prod uction 

of foul odors and in a wholly inno ·uous " ·ay. 

'\\"h re · wage i lisc-harged with ut clue prccauti ns into the near s t 

water ·ourse, th fir t sort of c-hange is lik I,\· to re ·ult. If the \·olume or 

the sc\\'age in relation to the st ream be. mall , ther ma,\· he enou gh oxygc'n 

pres n t to ·arc for the rg,tni matter. H , on th oth ' r hand, the \·olum 

of se\,·age ex ·c el s the purif,\·ing ·apacit~· f th st r 'am (whi ch may h 

taken a" about onr part of se\Ya g- in fifty parts of \,·at ·r) the \\·hole process 

change" : ins t ad of self-purifi ati n, there is 1 utr faction. Dec- mposahl 

organi c- matt ' r a cumulates on th bottom and the \,·ho! st ream or pond 

is t urn ed in to a frrmenting pool. the odor from whi ch mn,\· produce a serious 

nui~a n ·c fo r considerable distanc·('S from its hank '-. ( 'o nditi ons like th sc 

now cxi"t within t he limits of :rrcater ::\'ew York in s u ·h plac-es as the 

f's tua r ies of th GowantK Canal and ::\'ewto"·n Creek. 

CONDITIONS IN NEW YORK HARBOR 

::\'ew Y ork i: more J'ortunat than most cities in its in sular I osition and 

111 the la rg bodies of wate r whi c-h wash its shores. En' n here how Yer, 

the I resent mC'thocls ot' cl isposal b,\· the haphazard dischargl' f som 

. e\,·ers at the Ii rs or bulkhea I lin •s is manif ':tl,\· unsati sl'actor,\·. So far 

as t h harbor waters a: a whole are concern d, it mus t he noted that the 

amount of dilutin g water an1ilabk is mu h k s: than ,\"()U ld at first s ight 

appea r. Th houri~· n1 riations arc gr at. (her 8000 mi ll ion c-ubi · feet 
of ,rnter pass through the • ·arrows in a s ingle hom at the maximum p riocl 

of Aoocl. 1 The total chh at t his point is l:2,:..1:~ million c-ulii fret; hut th 

1 ata in rrgard to c nclition~ in Xcw Y rk H arhor arc ouotrcl from the· R 1por/ of the 
Jletro p ol , t ru, S t li'l rn(l t C o mr,1 1.-.:., 1011. I . 10. 
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total flood i 11,030, o that the net outflow i proportionately mall. In 
the Rud on RiYer the ebb is 6,910 million cubic feet and the flood - , 740 
million. In th Ea t River the figures are respectively 4,068 million and 
3,96 million cubi feet and in th Harlem Ri \·er 176 million and 153 mil­
lion. The re ult i that most of the ewage o ciliates back and forth in tead 
of pa ing promptly out to ea. 

The g n ral effect of this pollution i , manife t in the reduced oxy0 en 
content of the harbor. Th Ea t Ri\·er abo\·e Hell Gat contain on the 

Gathering driftwood from the polluted waters about the teps of the Batt ry. Photo­
graph from a model in the American J\Iuseum 

flood tide 92 per cent and on the ebb tide 0 per cent of the oxygen nece ary 
for aturation. Below Hell Gate th \'alu fall to 69 per cent on the flood 
and 60 per cent on the ebb. In the Hudson Rinr abo\·e Spuyten Duyvil 
there is about 8-:1: per cent of th oxygen necessary for saturation, on both 
tides; below puyten Du~·Yi l th figur fa lls to 76 per c nt on the flood and 
66 p r cent on the ebb . ample taken from the eastern end of the Harlem 
how on the aYerage only -:1:3 per cent of the oxygen neces ary for aturation 

on the flood ti le and only 27 per c nt on the ebb. The upper Ea t RiYer 
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a nd th upp r Hud ·on are in g n ral in fair concli tion ; the lo\\·er : ctions 
of the · ri,·er · adjoin in · l\Ianhattan I sland ar 'Onsiderabl,,· p llut ,d; and 
th Harlem Ri,·er i gro · ·ly p llu ted. J n the immediate ,·i ·inity of s " "<'r 
out! t · the oncliti n · whi ·h exist are clis tin tly ofl'en:iY to the sen · •s . 

Desi les thcs condition of lo ·al nui sance, there an real dangers to 
health im·oh· cl in the present method of dispo.-a l of :--:c"· York se\\"age. 
The ,,·ust s from a it,,· a lwa,Y · c- ntain the 11:erm · ol' : uch infect ious cli sca ·cs 
a · typhoid fe\"C r and thos who come in ·on tact with watN i 1to \\"hich such 
wa te.· ar di · ·hargecl a r li able to contra ·t the di sea ·es in qu estion . ::\fore 
or less contact i: in Yitai>! with the waters immediately surrounding th • 

shore's and do ·ks. Thu .- at th' steps in Battery Park and a ll about tlw 

CLAM DIGGING NEAR SEW E R OUTL E T , JAMAICA BAY 

Sl1C'llfls h proC'urccl from t11i a nd simila r loc·a littcs art• sold in thC' C'ity·s markets and 
ar occas iona ll y rC'. pon iblr for ca;;c•;. of typhoid fcver . Photograph of a model in llw 
.\mr rican :\I11srum 

ity, driftwood and other floating obj ·ts a re pi ·keel out and ca.rried hy 

the po r to their home ·. :-\11 tlwse objects haYc been expo · cl to danger u 
pollu ti n and may arry the germs of disea ·e. ln .Jamaica I3a~· and lse­
wher near ~ 'W York, c·hLms and othu· sh llfish arc taken in the near 
n ighhorho d of publi · and priq1tc SC\\" L ". Some proces es of c-ooker,v 
dest roy th germ s of typhoid but others d not. The amount of di · ase 
now cau.-ecl in this wa,,· is probably not larµ;c hut the clanger exists. The 

most s rious of th se sanitary problems is that due to bathing in the pol­
lut d wat r . Free floating bathing establishments a r maintained by th 

ity at rnrious points a long th water front , oft n in th near Yicinity of 
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A MUNICIPAL BATHING - PLAC E 

Free floating baths at various place along the waterfront are p laced in close proximity 
to ewer out! t , t hus menacing t he li ves of many who freq uent the c bath during Lhe 
-ummer month . Photograph of a model in t he American lviuseum 

ewer outlet ·. It cannot be doubted that uch conditions furni sh excel­
lent opportunities for infection of Yariou · sorts. 

The afe an l inoffensin dispo al of t he wa tes of a la rge city i a difficult 
but by no means an insuperable task. It inYolves one or more of three 
main proce ·es, accordin °· to local conditions - namely, the elimination of 

F ine mesh revolvin"' creen and detritus tank for removing u pended solids from 
ewage. Photograph of a model in t he American Museum 
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u -pended ·oli ls, th xiclation of un ·table organi compoun I- and the 
de -truction of pathogeni bacteria. 

SCREENING OF SEWAGE 

Th first problem in almost e,· ry a is th elimination of the coar er 
floating particle· by some form of training or er enin o-. ometime- this 
i accompli heel rou 0·hly by the use of coar e bar er en with bar half an 
inch or an inch apart. In England and Germany fin er ere n of wire cloth 
with meshes a clo ea· a tenth or eYen a twenty-fifth of an inch ha Ye been 
u-ed. ~uch · reen are fr qu ntly arranged to reYolYe like an endles belt, 
o that a fre h area i con tantly brought into action and the accumulated 
creening are carri cl upward and automatically brushed off into a trough. 

\Yhere it i nece sary to remow a larger pr portion of uspended solids 
than ca n be held back by creening, ed imentation i then xt proces ca ll ed 
into play. creening alone i · suffi cient for all practical purpo · in ·ome 
ca s so in oth r ·creening and sedimentation will produce an fflu ent 
pure nough to be di charged into adjoining ,nter . a preliminary to 
th proce . e. used for final purification, seclim ntation aln10 t ahYay play , 
a part. 

SEDIMENTATION 

The purifying action of a eclim entation tank depends on the phy ica l 
factor of Ye loci ty and time. If the Ii men ·ion · of the tank are .·uch that 
the flow i redu ced only to a rate of thirty f et per minute th hea,·y mineral 
matter - graYel and ancl the like - will be remo,·ed but th fin er organic 
particles will not be affected. uch a ·mall tank a this i knmrn a a 
detritu tank or grit chamber, and form a part of practically all e,Yage 
work , gen rall .v in intimate connection with the scr ening proces . 

True edimentation f or o-anic olid req uire a Yelocity as low a . ix 
feet per minute, or less maintained for a period of several hours: and the 
tank u ed for uch edimentat ion are u. ually r ctangular ba ins of con­
crete or masonry with a capacity of four to tweh ·e hour flow of ewag . 
In place of hallow ba in of thi patt rn Engli h engineers, notably at the 
city of Birmingham, haYe obtained Yery sati factory re ults by th u~e of 
deep tanks with conical or pyrami \al bottoms. The sewage enter near the 
bottom and a it ri e·· and ·prea l. out in th conical section, progre iwl.,· 
<limini h in " locity and leaw. its u pended . olid matter behind, so that 
the effluent flow off clear at the top . The e deep tank haYe the added 
adYantage that the heavy ludg an I e drawn off by a valve at the bottom 
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without mptying th<' liquid ab ,·e. The ordinary shall w :-.ccl im •ntation 
basin will n t remoYe mor t han from 30 to (j,j per c nt of th, su:p ndcd 

lid:,; whil th cl p tanks at Birmingham ,ffrC't a purifi ·at ion of 1.. .) p ' I' 
<; nt. 

,\' here ·ti ll mor com pl ·te rcmornl of ·u ·p ncl ecl . olid: ·eem: to be call cl 
for, the force of graYity may be re" nf r · cl by th addition I' ·hemitals 
whi ·h produce a fl occul cnt prccipitat , capabl<' of carr,,·ing cl wn with it 

the fin r particles, H'n to :om ' of thos' " ·hi ·h xi ·t in a ·tat of colloida l 
su ·p ns1 n. Thi gin'· h tte r J urificat ion hut u ·uall,,· at a rather high O' t. 

THE SLUDGE PROBLEM 

In all pro · ·es f ·edimeotation a eriou · diffi ·ulty ari ·es in conn ·tion 

" ·it h the di ·po ·al of the emi- oli cl : luclg rem Yecl from the . wag and 
accumulat I in th b ttom f th basin ·. . t th least there i: pro lu cl 

m fi,· t ten ton · f wet ludg ( ontainin 90 p r nt f m i tur ) 
f r e,· r.,· milli n gallon of ewa(T treated. For a community of on 

hunch· cl per ·on (as uming 1 0 gallon of ewag per apita) thi w uld 
mean one t tw hundred pounds of wet sludge a clay. ,\'ith a Yi llag of 
n hundred p r on. it would 1 deal with thi · semi- olid ,rn. t 

hy bmying it ; hut with a it.,· of 100 00 inhabitant · and fiO to 100 ton · a 

DEEP SEDIMENTATION TANK 

clec•p opc•n tank for dim ntation of c" age-. Photograph of a mode-I in the- Am ric-an 
l\ l USClUTI 
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ept ic tank or modified edimentatiou ba in . Photograph of a model in the Amnican 
:;\luseum 

day to di ·pose of, the task is far from sin,ple. A · a matter of fact thi · i · 
still a problem which awaits sat isfactory ·olut ion. Citi es on the seacoast 
can carry their sewage ludge out to ea in tank ·tearners and dump it in 
deep water with rea onable ucc ss and economy. For inland communitie · 
there remain only the alternafo·e · of burying or burning, both f " ·hich are 
costly ancl unsati sfactory. l -ti lization seems theoretically promi. ing, but 
it has not been practicall y reali zed ex pt with sewage li ke that of Brad­
ford. England, which contain an enormou proportion of fat from indu t rial 
·ources. 

THE SEPTIC TANK 

There is one form of the proce · · of e limentat ion which i - peciall,\· 
de igned to minimize the sludge problem and which, to a limited extent , 
doe achieYe that end. This is the . eptic tank a . ociated particularly with 
the \\·ork of Cameron. but in it e. sential features la ting far b yond the 
:,ear le 95, " ·hen he gaYe it that picture que name. The s ptic tank i 
indeed only a cientificall y controll ed and regulated cesspool , a sedimenta­
tion ba in in which the su. pend cl olid: are remo,·ed by phy ical proces e , 
hut in which they a re afterward allowed to remain so that they may h 
decompo ·ed and reduced to the liquid form by the act ion of putrefacti\·e 
bacteria. 

The first eptic tank · were tightly clo ed, in the opinion that thi " ·a. 
essential to the desired liquefaction. It ha since been found, ho\\·eyer, 
tha t thi is unnece ary . All that i es ential i that the ewage, or the 
Judge remond from the ewage, hou ld be retained in a stagnant condition ; 
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th e bact ria growi ng in t he liq uid ·on ·ume OX,\ ' !( ' n mu ch fas ter t han it can 

lw absor b ,cl l'rom t h surfact, and a na erobi C' ('Ondi t ions a re easil~· main­

tain cl. In suc- h a t ill pool of s 'wage ·Ju dge, t he pu t refacti\· baett' r ia effect 

a hyd rolyt ic: clea\·age of t h ' rgani c compoun ds a nd ul t imately s1 li t t hem 

up in to ·uch : im ple fo rms as ni trogen , hyd roge n, ca rbon di ox ide and ma rsh 
gas . 

. \ side fr m · r tain m inor deta ils as to :ize a nd ·onst ru ct i n, t he ( 'a meron 

s ' p tic ta nk is ·imply a bri ck or m a ·onry basin , c:o\·ered perhaps \\'ith a 

\\'OOd n roof t I rotec:t it from t he \\·ind , bu t wi th no sp cial feat ures to 

d is t ingui sh it from a ny other ta nk. If in op(•ra t ion t he sludge is rc·mon'd 

at freq uent inter vals, the ta nk i:; merely a sedimenta ti on bas in. If the 

·ludg i · not n •mon•cl pu t refaction set · in, t he li q uid becom.e.' da rk cnlored , 

bubbles ri s from t he bottom a nd burst at t he top and ' o met imes a t hi k 

crust or s um fo rms Yer t he whole :--urface. The soli ls a rC' ·ha n/!,'ecl first 

to li q uid a nd t hen to gaseou · fo rm . Th am oun t of ga · e\· h ·ed is la rge, 

fo ur or fi yc gallo n · fr m a hundred gallons of sewage a nd wi t h elo: ccl 

tank ' it is possib l to oil · ·t t h is gas a nd burn it . 

T h n 't practical resul t o f t h ' septic pr c ' ·. is a n a ppr iabk reduct ion 
in t he a moun t of s tored suspend cl solids, clue in par t to t he liqu l'y ing act ion 

of th bacteria and in par t to co nsolidat ion of t h sludge, whi C' h ma ke- it 

more com pact a nd a ier to ha nd le. Th a ,t i n of t h ta nk fa lls fa r shor t, 

howe\· r, of t h hope n t •r ta in d by its ori gina l promoter ·. H alf or t wo­

t hird · of t he : lucl g s t ill rema in · to b ha nd ! cl , a nd t he tank it self frequ en t),\· 

becom · a nuisan e from t h eYolu t ion of odor.' of cl omposit ion . :-:;eYera l 

improved t.\·pes f li q u fy in g tanks ha\' \)('en ·ugg- sted durin g t he las t few 

yea rs, of whi h t he on ' cl e ·ig-ned by Imhoff fo r t he E mscher D rai nage 

Boar d of ~ or t h Germ an~· ha. in I a r t icul ar att rn cted wid e attC' nt ion. I t 

is a ta nk wi t h a n upper por t ion t h rough whi ·h t he l'resh sewagC' fl o \\'s a nd a 

deep com1 a r t men t below in whi ch t he sluclg ac·c·umulat <?s a nd liqu efi es, 

a nd it i · sa id to ,ffe ta r emarkable des t ru ct ion o l' slud ge wit h no obnoxious 

odor . 

DISPOSAL OF SEWAGE BY DILUTION 

T h pro· sses o fa r ·ons icl cred a re prd imin ary p rocesses n l,\·, " ·hi ch 

r mo\·e from t h s \Yage a la rg r or small r p rop r ti n of its burden of sus­

p nd d soli d: bu t \\·hi ch do not atte mpt ul t imate purification or th e organic 

on: t it uen ts, eit he r in solut ion or suspC'nsion . T he fi na l aim I' sewa ge 

pm ificat ion i: to effect a t ran : fo rm ation o f t hes orga nie c mpouncL into 

inno uous m in ra l s ub · tanC' s hy t he act i n f xygen, and t his act ion i: 
n itrification , p ract ica ll y brn ugh t a b u t b~· t he act ion of cert a in bacter ia. 



PROTECTION OF RIVER Ai\fD HARBOR WATERS 

\Yhen wage i · di harged in small volume into a relati,·ely large body of 
water thi. proce s take place ·pontaneously . Th bacteria normally 
pre. ent in th water attack the organic matter and oxidize it and at the ame 
time the typical ewao·e bact ria, find ing themseh·e in an unfa,·orabl e 
ern·ironment graduall y die and di appear. Disposal by di lu tion, or the 
discharge of ewage under regulated condit ions into adequate bodies of 
water, i a recognized method of sewage purification, much u e I in Germany, 
and often with ucce · . The di charo-e of too large Yolume of ewage into 
bodie of wat r which could not uccessfully digest them has however fre­
quently caused graye nui ·ance and dan°·er to health, and the undue con-
·entration of ewage in mal l bay and in restri cted areas near shore rna,Y 
produce local ond ition · of the ·ame ·ort. l\Iost inland ·ities and many 
seaport citie a well are therefore compell ed to seek ome sp cial method of 
ewage treatment before their wa te. can he discharged into adjacent 

water cour es. 

BROAD IRRIGATION OR SEWAGE FARMING 

The mo t ol)\·iou a lternatiY to the di po al of sewage in water is it · 
di t ri bution owr the surface of uitable Ian I; and thi proce · of "broad 
irrigation " is the primiti ,·e form from which our modern m des of ev,•age 
treatment are deri,·ed. l'n ler proper ondition the livin °· earth readily 
absorbs and dio-est the foreign material , by the ame proces ·es which lead 
to the annual di appearance of manure from heavily fertilized Ian l ; and 
the organ ic matter is not on ly rendered harmles but is changed into a, form 
in which it . en ·e a: food material for the higher plant ·. 

Baldwin Latham, the di ·t ingu i ·heel Engli h engin er, beli eYed that he 
had di co ,·erecl ·ewer and irrigation areas in the ancient city of Jeru alem; 
and in China excr ta haw been uti lized for centurie · as fert ili zer for the 
field . At Lausanne in witzerland, at :l\Ii lan in Italy, at Bunzlau in 
Pru sia, irrigation was practi eel in the fifteenth and ixteenth centurie . 
The exten iw cleYelopm nt of the art dated, how Yer, from the wa,·e of 
anitary reform which swept o,·er England a a result of th Report of the 

Health of To wns Commission in 1844. This report marked the beginning 
of exten. iYe sewerage construction in the modern sen · and with ewerage, 
. ewag di ·po. al wa urgently required. vVith the desire to di po e of pol­
luting materi al, there grew up in the e early days a parallel interest in the 
po sible profit to be deri ,·eel from crop 0-rown on the irrigated land. The 
two aims ar well balanced in the definition of sewage farmino- as "th di -
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tril ution of :e,-..-a(7e oYer a large -urface of ordinary airicultural land, ba,·in 
in ,-iew a ma:-.imum C7f0Wth of Ye .. etation Icon i ·tent "·ith due purification l. " 

Pro(7re: - in En(Jland alon(7 the:e line- wa - rapid, ;;o that o,·er two hundred 
irrigation area - of Yariou - size · were in peration by 1 _:3. ::\Ian~· are till 
in u.::e to- lay and on the continent, Pari - and B rlin off r cla -ic example., 
of thi - method of di -po al. The Pari ;;e"·age i di -tributed on pri,·ate 
land and it i · not ea -y to form a -ound jud(7m nt a to the ucce;; of the 
·y -tem. The Berlin farnr on the other hand are operated by the city and 
offer an excellent example of "ewage farming at its maximum of efficiency. 
The farm include 3 , acr ' of excellent sandy . oil, an area of o,·er -ixty 
-quare mile -. Gra -;; an<l cereals. potat · and beet are cultiYated and 

Inrermittent -and filter bed. Photoirraoh of a model in the American ~I -eum 

dairie- and di tillerie - are maintained for the utilization of the crops. £yen 
the effluent draiw are ' tocked with fH1. T he farm ' are operated by com·ict 
labor and with errnan intelli ence and German military di-cipline, the 
enterpri -e i not only ucce -ful a - an experiment in -ewaCJe di p -al but 
i- al -o economically profitable for the crop- co,·er all co t of operation an l 
pay for a part of the intere' t char e- on the land. 

In (Jenera!, howeYer the re ult of broad irriCJation haYe been by no 
mean o fayorable. Tbe proce- require- large area of land. The se,YaCJe 
of a community of one hundred per on ' "·ould need from one to two acre - ; 
and the oil rnu ' t be loo e and andy in character. ,Yhere a - in many 
En li h town the attempt i- made to treat ewage n clayey -oil, di a -ter 
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is a Imo ·t ·ur to f llow. The land ·log and b co m ". e,rnge ·ick " a 
a l nui sa nce i -rcat d and mor or le unpurifi cl wag must h di . -

·hargecl into th near t watercou1"e. \Yher lo al concliti ns and aclmini~­
t ratiYe effi ciency ar les fa, ·orab le than at Berlin th · n mi· adnrntage 
ck appear . Th most rec nt :tudies of th Briti h Royal omm1s ·1011 
incli at that cropping of ir rigat cl land ·carcely pays for it:elf - : ti ll Jes:-­

. ntributes toward the co:t of ·ewage treatment. In th e arid r gion: of 
the ,,·e tern part of th l -nit d :tates wh er e,·ery drop of ,rnter , a: such , 

is pr ·ious and wh ere the ma nu rial rnlue of ·e,rng' i. r enfor ed hy ib 
water , ·a lue, wage farming bee me · rea lly profitable. Tn many parts of 

California and oloraclo and other we. t rn tat s irrigat i n is elcarly indi ­
C'a t cl a ' the be t method f ·ewag treatment. Elsc,,·lwrc, its application 
is more t han prohlemati al. Th idea of com·ertin g the wastes of a cit.,· 
into walnut grows a nd fi eld of wa,·ing corn is an attracti,· on . Tlw 
engi neer, howeYer always ,,·ants to kn ow the co ·t; and herr, as in otlwr 
modes of se,rng uti lizat ion, it i: p or policy to reeon•r Yaluabk elemen ts 
t ha t ·ost more to recon:' r than their intrinsi · ,·a lu . 

INTERMITTENT FILTRATION THROUGH SAND 

The r al a rt of sc•wagr disposal began on]~- wh en the crud e prn ·ess or 
broad irrigation m 1s freed from the sedu ct i,· hope of agricultural gai n and 
d('\·clopecl inten. i,· ly and scicnti li C'a ll y a: a means fo r sewag<' disposal pur<' 
and . irnplc . .:\Iainly t hrough th ' experiment: of the .:\Iassa ·hus tts .'tate 
Boa rd of H alth at L.nuen t', it wa: sho\\"n that the t'ss ' ntial process in 

sewage purifi ation , either by diluti on or broad irrigation, \\"as an xi da tion 
ol' organic compounds by the nitrifying ba teria, a nd that this pro· ss co uld 
he ·anicd out mu ch more effi ·i •nt ly b.,· cardull,Y controlling th ' co ndi t ions 
: urr >unding it. For a fil te r b •cl r ·ub:tratum fo r t he suJ port of th grO\\"th 
of ni t rifying ba te ria , a fairly p rous san I ·hould h used , and th ': wage 
sh uld h applied in regulated int rmitt nt do. e.- ,,·ith rest: between for the 

. 1q ply of oxygen ncc·essar.,· to the process. By : uth means the rat ' of 
filtrati n can be raised from .),000 to 10,000 ga ll ons p ' r aC"rc J er da.,· (for 
broad irrigation) to .)0,000 r 100,000 gallon. . .\.n intermitt ent filtN 
of haH an a T in a rea would th r fore C"are fo r th sewage of fi,·e hundred 
J ersons whil fi,·e atr s of broad irrigat ion area ,,·01tld h n ded for a 

s imilar population. 
Th on. tructi n f int rmittent fi lte rs in regions like th nortlwa. tern 

pnrt of t h rnited States is ext reme!.,· s imple. This part of the tountry i:,, 
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conred with depo its of 0-lacial drift sand , ideal in haracter for e\\ age 
purification. All that i , nece ary is to expose and leYel off area of this 
and, to lay lines of underdrains a few feet bel w th ·urface to carry off 

the efflu ent and to in tall de\·ice for discharging the ewag on the urface. 
bed may be do eel on one day out of three, or in mailer port ion several 

time a clay. In wint r th bed are furro\\"eo o that an ice roof form on th 
top of the ridge whil e the ewage find s it way along t he furrows between 
a nd , a lthough le efficient in wint r than in summer, the microbe do their 
\\"Ork at all ea on \\"ell nough for practical purpose ·. The efflu ent from 
an intermittent filter, properly built and carefully operated, i a clear 
liquid , colorle or slightly yello\\"i h in color, " ·ith no odor or on ly a lightly 

Doub! contact bed for purification of ewage. Photograph of a model in the Ameri­
can ::\Iu eum 

mu ty one, practically fr e from putrescible organi c matter and low in 
bacteria - a liquid t hat can be discharged \\"ith impunity into e\·en the 
malle ·t \Yatercourse. 

The ucces ful and economical u e of the proce s of intermittent filtra­
tion i limited to tho e regions where ample area of t h ri ght oil ar easi ly 
aYailabl . In clayey or chalky regi n , sand bed · mu t be artificially con-
tructed ,Yi th material brought from a di tance, a nd thi " ·ould make the 

co t of the ::.\Iassachu etts method almo t prohibiti,·e. In Eno-land where 
th e\\"ag problem pre sec! harcle ·t for olution , ·and i u 'ua ll y not ayail­
able and it wa , almo. t essential t hat furth r improwments ·hould be 
made. 



PANORAMIC VIEW OF TRICKLING FILTERS, COLUMBUS, OHIO 

THE CONTACT BED 

:\Ir. \\" .. f. Dibdin , Ch mi . t to the London County Council, wa · one 

of the first to att 'mpt to modify the sewag filter so that it would operate 

at high r rates, and as a fir::;t tep he naturally sought to build his heels of 

coa rser material. ln a notable .·cries of experiments at the Barking ou tfa ll 

on the Thames, lie found that the nitrifying hac-teria ·ould he grmrn on 

fragment::; of cok or stone a · w II as on sand and that purification could 

be eff ct d in su ·h bed · if on ly the sewage were held in contact with the 

material, instead of being a ll owed to s tr am direct ly th rough. In sand 

filter.·, fri ·tional resistan e delay. tlw pa. sage of t he sewage, so that t ime 

is gi,·en for the purifying pro ·e . \Yi th coar:er material , howewr, it i · 

neces. ary to regulat · the Aow by making the beds water-tight and r tain­

ing th' sewage in them until purification is completed. This was in outlin e 

the gen sis of t he con ta t bed. 

Beds of thi . typ ar simply conc re te or maso nry ha ' in:, filled " ·ith 

crushed stone or coke or slag, in \Yhich sewage is a ll owed to stand for a period 

of about two hours . .\l"ter one dose i.- withdrawn the bed stands empt~· 

for a .. ration for four hours or so a nd another dose is then introduced, three 

fi lli ng · a day hcing perhaps an a,·erage. .\ single contact treat ment doc's 

not ·ommonly yield an effluent .- uffic·ient ly ·table to discharge into a small 

s tream. Tt is t he general practi se t herefore to usr doubl e co n tac·t, tr at ing 

thr sewage first in a bed of coarse stone, perhaps one and one-ha lf to two 
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inche in diameter, and th n in a fine bed, of perhap ha lf-inch material. 
The rate of treatment, Yen . o howe,· r, i much higher than that commonly 
u ed " ·ith and bed ·, 500,000 gallons per acr per clay again t 100,000. H alf 
an acre of contact beds woul<l treat the wao-e from a population of :.. ,.- oo 
a ain t -oo for the intermittent filter. The effluent e\'en from double 
contact i · 1 _. , highly purified than an intermittent filter efflu ent . It is 
dark an l some,Yhat turbid, but it ' hould b free from the tend ncy to putre­
facti ,·e decom po i tion. 

THE TRICKLING FILTER 

::.\leanwhile the probl em of purifyin°· sewage at high rate · wa ' being at­
tacked in another and ,·en more prom1 ·mg manner. The fundam en ta l 
·ombination of ba ·terial film ·, ewag and air can be effected in , ·ariou · 

way . The lat Colonel George E. ,Ya.ring attempted it at X ewport in 
1 9-± by blo,Ying air into a bed of c:oar ·e ·tone below, while ·ewage ran down 
through it from abo,·e. Theoretically this seems a ·ati ·factory proces · 
but it ha · not yet been lemonstratecl that a ·uffi ci nt ·upply of oxyo-en 
can I e economically pro,·ided in thi manner. ucces · ,rn finally reached 
alon another line by re ·orting to th deYice of applying ewage, not in bulk, 
but in a fine ·pray di ·tributed a e,·enly as po ible o,·er the urfac f the 
bed. By this means the rapid flow of large streams of ·ewa ·e i pr ,·ent d 
and the liquid trickle in thin film · o,·er the urfaces of the fillin g material 
while the ' pace betw n are continual!~· fill ed with air, the oxygen content 
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of whi ·h in practi · do · not b ·ome · riou ·ly exhau ·t cl. Th ' condition 
i · anal u to that whi h htain in th pr c -- of Yin ·ga r manufacture 
wh n alcoholic liqu r i a ll ow d t run 0\'C.'r sha,·ing: con'r ·cl with rowth :-; 
of ac tic acid ba t ria. rncler the mun , of th trickling bed ( alkd also 
s1 rinklin bed r percolating heel ) this has come to be ·onsid •red one of the 
most promising and effe ·ti,· of all de,·ices for sewage purification . 

. \ - in the ca. c of c:onta<.:t bed ·, almo:t any hard non-friable material 1nay 
G~ u · cl f r th con ·trn<.:tion of trickling filt ers. In .\meri ·a th , :-- iz ' of the 
filling material i ' gen rail.,· between ne and four inch s and th depth of 
the bed between fi,·e and ight fe t. ~Ir. Rud lph H ering in a wry enlight-
nin r view of th underlying principl of e,Yagc treatment has r ·ent ly 

point cl out that there are thr fundamental ,·ariabl s in thi: proc· ss of 
purification, air. upply, total ar a of bacterial film · and tim of •xposure. 
The area of bacterial film · i · condition cl hy the size of th e filling material 
and th l pth f the b cl (the mall st mat rial, of <.:our:e, gi,·ing the great-

t urfac ) and th e t im of xpo ·ure i · ·ontr li ed by th e rate at ,Yhich se,rnge 
i. applied. R due cl to it lo"· ·t t rm · a trickling filter i: s imply a heap 
of t n or other material of u h ·iz depth and textu re as to : up1 ort a 
ba t rial growth uffici ent f r th work in han l. 

The di tribution of th " ·ag o,· r the urface ·on:titutes the mo:t 
eriou difficulty in th ·on truct i n and operati n of th tricklin r heel . 

In England, many of th Ii po al area · are qui1 p cl with m chani ·al 
di tribut r of gr at comp! xit,,·. Som ar de ignecl n the princ-iplc of 
th lawn prinkl r and ar rernh ·ed by the propuls i,· f r of the s ,rnge 
a: it i Ii charo-ecl. 0th r ar in th form of reat mon~bl weir: " ·hic-h 
pa ba k and forth on r ctangular h cl , !ripping :e\\·age a: the.,· g<. .\t 
Hanl ey am hani ·al di ·tributor \\·a install d for a quart r a T bed which 
w ighccl tw h ·e ton and wor ut a rorty-fiye pound bridge rail in t,,·o and a 
half year . 

. \ t oth r Engli .- h plants, lik th mo: t famou : of all at Birrningha111, 
and at mo t .'uneri ·an di. po a l area. , the :e" ·ag is distributed by spraying 
it up\\·arcl from fixed : prinkl er nozzle ·. This method cff' ·t: a le ::-; perfec-t 
distribution than that attained by th Engli: h me ·hani ·al a1 paratus hut 
th o t of constructi n an l r n ,ml i: mu ·h I ss. 

Th trickling filt r can b opernt cl at a rat of :2 ,000,000 ga llon: per 
a T per day, r f ur tim . a fa:t a. th ontact bed . Half an acre of 
tri ·klin b cl \\·otild car f r th sewage from 10,000 J erson: whil a s imilar 
ar a would only do f r :...500 p rs n · with th con ta ·t h cl an I for .)00 with 
th intermitt nt filt er . Furthermor trick ling beds an' prac-tically free 
from the clogging whi h m na · '· the perman ncy of th' ·onta ·t proc-css. 
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for th .'u.-pende l matter come throu o-h trick.lin o- h cl · in the long run in 
about the sam amount in whi h it goe on at the top, changed only in 
it:- chemical nature. The efflu nt i · far le ' ". 11 purifi cl than that of a 
,-and filter. It i · mor turbid e,·en than c ntact efflu nt and in appear­
ance may not e,·en eem ,·ery different from untreated ewage; h we,·er 
the es · ntial change· ha,·e been brought about. The more un table 
organic hodie.:: ha,· b n xidized and the fflu nt ontain a uffici nt 

exce ' : of oxygen . o that ucceecling cha n o- ' will be nitrifi ation and 
not putrefaction~. _ t Birmingham Eno-land " ·here the tricklin o- proce 
ha:' been mo ' t ably and exhau · ti ,·ely ' tu lie I a ·ewa e flow of :30 million 
gallon::- a day i , tr at cl firt in , edimentarion and eptic tank and th n 
on tri kling b cl , ha,·ino- a total area of about thi.rty acre ; and in di -
mi ' irw an injunction °ranted a 0 ain ' t the city by a lower court the 
:\Ia -ter of the Roll ha recent ly decid d that the effiu nt from the Birm­
ingham work actually impro,· th haracter of the ri,·er into which it i 
cli::-chargecl. The lar 0 e plant recently con tru tee! in the 1.; nited tate at 
Columbu~. Ohio (t,Yenty mil lion gall w ) , at \\'a ·hin°ton, Pa. ( ne million 
gallons) , at R ading, Pa. (t\\·o million gallon.) an I at :\It. Y rnon ~- Y. 
(three milli n ~allow) are all of the trickling type. The trickling filt r i 
indeed an ideal mechani ·m for -oh-in o- the 'ential problem of . ewage cli · ­
posal. It xhibit · the impli it,,· of all ·cientific applicatiow, ,,·hich are 
m r l~· intelligent intenjfication.:- of natural proc e . A pil of tone 
on which bacterial gro\\·th may gather and a regulated upply of air and 
e,yao-e ar the only l ·iderata. \\'e meet the condition re · ultino- from 

an abnormal aggr gation of human life in the cit.,· by etting up a econd 
city of microbe. . The clangerou or0 anic wa · te mat rial produc I in the 
cit~· of human habitation i carried out to the city of microbe · on their hil l 
of rock,;, and " . r ly on them to turn it o,·er into a harmle· mineral form. 

SEW AGE DISINFECTION 

, o far nothing ha · been ~aid about the problem of ba. terial remo,·al. 
Tn general thi: is a subjdiary que tion in ~e"·age purification. Frequently 
the elimination of offensi,·e organi decompo. ition i nil that i nece· ar~· 
and bacteria can he allowed t pa with the effluent into the tream, to 
be remo,·ed 1 ~- the quite di ·tinct proce e of wat r purification from any 
\Yater tak n out for human con umption. and filtration effect a \' ry 
consiclcrahle purifi ation in li,·ing an I !if le" con tituent · alike; hut the 
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contact and trickling bed are es" entially oxidizing mechani m without 
filtering action adequate for the remoYal of micro-organi m . It is true that 
in the unfaYorable enYironment of the septic tank and tri ckling filter, many 
. e"' age organism do die out, but their elimination i incomplete and un­
certain. If a nearly germ-free efflu ent is required some special method 
must be adopted for bacterial removal. Thi particular problem has come 
into great importance of late in connection with the protection of shellfi h 
industries, menaced by the sewage of eaboard cit ie . Fortunately there 
ha been worked out to meet thi need a simpl e and efficient method, a 
new chemical treatment, not de igned as in the old precipitation processes 
to remoYe uspended solids but merely to destroy living germs. The appli­
cation of ordinary bleaching powder, or chloride of lime, in mall amounts 
of fifteen to thirty parts of bleaching powder to a million part of ewage 
will effect a satisfactory reduction of bacteria at a very reasonable cost, 
as shown first by Mr. S. Rideal in England and by Prof. E . B. Phelps in thi 
country. Baltimore, faryland, ha adopted this procedure a have certain 
. mall towns on t he New Jersey coa t; and it promise to be of u e in dealing 
with certain phases of the New York Harbor problems. 

There are many que tions still to be olYed in the purification of sewage. 
The remoYal of suspended matter, for example, urgently demand further 
carefu l study; yet the work of the last ten years in England and t he United 
States has blocked out the main outlines of satisfactory sewage di posal 
practice. The engineer can to-day ·uccessfull y meet any demand for the 
purification of domestic sewage; and thi purification may be carried to 
any degree of perfection for which the community in question i prepared 
to pay. If a clear and sparkling efflu ent, highly purified bacterially, i 
desired he can design an intermittent filter fo r that purpo e. If merely 
a stab1e effluent which may be discharged into a tream without creating 
a nui ance i wanted, he can build a trickling filter. If, on the other hand, 
a disinfected but not organically purified effluent is called for, that end, 
too, may be attained. 
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