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animonio silver nitrate in a aimilnr manner to tho others 
gave on nnnlysia :--silver, 36-16 and 36.35 ; nitrogen, 
254% nnd 2 5 . 0 3 ~  ccnt Calculated for 

(C(NO&N. Ag)BNH,? Ag36.0, N? 25.7 . p r  cent. 
Molcc~lnr woight dctcrminntion (boilin point) in acctonc 

gnvc results distinctly confirmatory of t!c nbovc formuln, 
but nmmonin seems to bc split off froin thcnc conipounds by 
Ion hcnting in ncotonc or alcohol. All thcso subatnnccs 

w x & ~ e  or burn rapidly wlicn ~it.ntcx~ nnd nrc nlno scnaitivc 
when thy to pcrculiaion or friction. 

Bcgond tho nnalyscs and cbiilliosco iic molcculiir rciyht 
<lctcrniinntion, no proof of tliu abovc lorniii~n in nt Iircacnt 
put forwnrd. 

Manc hester Sectfon . 

ESPERIJIESTS 0s THE OXIDATION OF SE\\'ACE \wriiow THE AIL) OF FII,TEI{S. 
DT EDWARD ARDElCS, 31.SC., A S D  \Vll,LI.\>I T. II)CKY.TI', 31.W. 

It liw long IJCCI~ known thnt if sewngc IJC esponc~il to the 
air for a suflicitmt pr iwl  of tinic, thc organic conte-ntn nro 
grntliinllr osidiscul, with tho formation of n dclilJHit of no. 
cnllcd A' j i i~~nus  '' wid the titin1 production of nitriite froin 
tlic nninioiiiuni salts nnd tlic nitrogcvioiis organic nlnttc-r. 

Thin wrificiition eliurigu of which the coiimc of tho rc- 
action h a 4  !wen no carcfii~~y stiidicci nnci t~ io ro i tg~y  
worked out 11s Atlcncy in liiv rrncirrclicw on bclinlf uf tlin 
I!ovnl C'oininiaxioii on Scwngo I)isposnl, tnkt.8 plncc. how- 
cr&, conijinrntirt-Iy nlowly, and crcn if nitIi*cl I J ~  direct 
ncration, l ~ y  no niciina h~coiiics n prncticnl nictliocl of scwngu 
piirificntion. 

~ U I I i C T O I i H  invcstigriton Iinre from tiinc to t inw cn- 
drevourccl to iitilinc ncrntion 11ict1ii~I~ i n  tlic ~~rncticnl 
soliition of tlic HCWnCO ~iroblcni. but iintil qiiitc rcwutly 
withoiit niiy rensonnllc ninoiiiit of HIICCVHH. 

Anioiig t Iic cnrl i t~ inrwtigiitionn riiny IJO nicntionrcl 
thoeu of Uupril nnd IXbclinl on tlic ritmtion of luntlon 
Scwngc, nnd those of tlw Jln~~wncliirnc*tts Stntc Iionrd tif 
Health rchting to tlic line nf ncrntion in tlic tiltnition of 
scwngc through griircl rri icl  snritl liltim. Dr. l)rvw1!,2 
clirniiat to tliia Iloard, concli~clctl froin tlic rcviiltv of n HC'IIIV 
of csprrinlents. tlint tlic oridetion of orgiinic niiittc-r in 
wntctr wn4 not Iinrctcncui 

Wnriiig3 of tliu Unitcd Stiites ann one of tlic first to 
npp1.y ncrritiotl nicthds in tho prificntion of scangc on n 
rorkinc ~cnlc. 

I n  1866 ~Itirtlnnd pntcnted on ncrntion cliniiibrr for tlic 
~ii~rificntio~r of ticwnge or tnnk effluent, whicli Knyc l'nrry' 
cnil~loyetl in cxl~crinients iinclcrtrrkcii i n  18117, whilo 
i n  1892 Lorvcock conducted cxpcriinents on thc ncration 
of filtcr iJCll8 by o forced tiir siip ily. 

In  tlic latter yciir ~ n a o i i  nnd Ilinca piib~is~ict~ tlio 
rceults of 11 rescnrcli on tho nurution of niixturc of scwiigo 
nnd water i n  which Llicy concludcd tlint ncrntion hod but 
jiltlo osidiition uficct on thc ~ w t i g e .  

In 1897 Fowlera invcstigetccl tliu offcct of nerntion on 
tlic cfllucnt reaiilting from thc clicniicol prcci itution of 
~nnchcstcr  sownyc, without tiny very tntidlle rcslllta 
bcing obtnincd, at any rnto 80 for ma tlic totnl amouiit of 
.oxidation wos concernd. 

It woultl thus appear that  tho rcaiilta of tlic cnrlicr 
invcstiyatiotu on thc subjcat of aeration of sowagc, iircli- 

rigorous ngitntion with nir. 

~~ 
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cnkd thnt ncrntion per ue could not be conaidcml an a 
prncticnblc ndjunrt in thc proem of ecwngc piirificntion. 

Hecentlv, however. the auhject has h n  rcopncd by the 
work of Ulock and I'hclpe, Clark, Gogo and Adanis, and 
Fowlcr and 3Iurnfod. 

Indenling with the qucstion of tlic p l l ~ ~ t i o n  of the New 
Pork Hnrbour, lllnck and I'help; stu&nf tho possi- 
bilitics of tlic niiplicntion of ncrntion to tho trcntmcnt 
of ncivngc. 

Thcir oxpcrimcnts dcnlt with tho nerntion of h t l i  
frcnh and ~inrtinlly scpticisnl scwagc, in V8riOUH t v p b  of 
tnnkn nnil i t  was eliown tlint under certain condiiions i t  
wns pmiblu IJY III~UILS of R rcclclonnblc omount of ncrntion 
to rcmovc tho moro rcsdily jiutrrncil~le nirttera from the 
~ewrgcnnd thcrcb ton  ccrtnin cxtcnt incrcm i ts  stability. 

I h c k  and I'heGs wcrc 80 for co:iviilccCl of thc prsctic- 
nbility of SIIC~I rnethotle of trcntmcnt of scwngc, 03 t o  
rccoinnicnd that the newegc frcini a certain mt ion  of tlic 
Xcw Tork nwn nlroiild IJC ticult with on tlirvo lincs, prior 
to cliechnrgc into the wntcn of tliu hnrhur.  

In tlic Annunl I k l ~ ~ r t  of tho Jlwsnchunctta Stntc 
I h n l  of Health for tho yenr I f t l? ,  ~iiiblinlic~l nt tho cnti 
of 1013. in clcwcrilnd (in invc%tigntion I J ~  Clark nntl Do 31. 
Cngcr on tlic ~ ~ w i i l ~ i l i t i t ~  of the I I H ~  of  ncrntion for prc- 
liiiiinnry trc~trtnicnt of scwaqc prior to tiltration. Thcv 
foiintl tlint niinli~c nrriition of wcwngc for 24 liours rcvluced 
the free ant1 iilbuniinoitl orninonia to sotlie extent nntl thnt 
with sewiigc wliich wn.. 1~0th ncrntcrl nntl ~ m l ~ v l  with 
Krcvn growtlm-f'rofucoccur, niid SCeliefcdIiiUd-t~~? 
cill~uiiiinoicl nininoniti wns even nioru noticcal~ly r~dircctl. 
1.nter i t  an.. found tlint n p ~ ~ r ~ ~ i i i b l t ~  nitrificntion wn3 
obtoinctl within 24 I i o i i n  in the ncrntcd H ~ W I I ~ C  contnininz 
tho grwn growtlin. 

- 
Si iba i~~~~on t ly  Clerk nnd Gngu found tlint nerntiori for n 

riiiicli s1;ortt~ rriocl, in n t s i k  contniiiing nlnbs of slnto 
nborit om incl, npnrt. c o r e d  wit11 n cornpet brown 
growth of sewnge iriirttrrr, am nuflicicnt to congulntc tho 
sowngi? colloicb. anti tliiis to iroclirco a well clnrifid non- 
nitriticti vflliicnt c ; i I i n ~ c  o/  nutiafnctory filtration n t  
scvcrnl tiiiicw tliu i i ~ ~ r n i n l  rntt.. 

I A e r  Fwlcr nntl .\lutnlinie curried ont cx~rririic.rrta 
on tlic nction in thv ~ ~ r i ~ c n c o  of nir. of nil organisin 
clcsignatcd " 517 " (inoletcrl by J l ~ ~ n ~ f o n l  froin ponds 
rcccirinq wiitcr clir;cliiirgcrI from R collic~y) on scwngc 
contnining n ccrtiiiii pro mrtion of iron niilts. 

This orgnninni liiw ttic Iirolrrty of prccipitnting tho 
iron ns ferric hyclroxitlr froru ~ o l i i t i o i ~  of imn anltd. 

I n  the ~ i n ~ r r  rcferrwl to, it in HtlitCd thnt scwnyc (in 
Iircscncc of a crrtriin qiiiintity of irnn H I h )  inoculated 
with thin orgnninni. can Iiu thoroughly chrifid by air 
lioun ncrntion. l'lio rolulttint cfllucrit after settlcnient 
of tlic nu~inrnt~UI orgnnic colloitla, w n ~  quitc clcor nnd 
Iirncticnlly frcr froin colloittn. I t  is further stnted thnt 
nltliougli tlic orclini~ry ~iiethocls of nnnlyain fniletl to rcvcnl 
tho extent of tho chungc effectecl IJY tho nloro treottiicmt, 
tho cflliicnt nfter ncration wes nlwnyn non.piitrcfectiv: on 
incubotion, and coiiltl Im rcndily oxidisd and nitrified by 
filtrntion a t  ir high rtrtc.. 

I n  quitu ir recent ~iulilicntion Clnrk ~ i i d  AdnnisD give 
tho r c d t u  obttrincd cluring I:! months o ~ ~ r n t i o n  of '$0 
qwcinlly conntructcd tnnli riwd in thcir earlier erpcri- 
iiicnts ~~rcvioiisly referred to. 

It is sliown thnt n rnthcr better congiilution of the 0rgnni.c 
colloids and purification of tlic suwngo Vcncrnll , can bo 
obtoiiiccl by meniis of ticnition for n pcnd of A c  hours, 
under tho contlitione of cslrriincnt, thnn ia obtoined by 
ctticiunt clicniical lirecipitutioii, end nt a conaidcrablg 
rcduccrl cost. 

Tho effliiuut reaulting from tho aorntion trcntnicnt w43 
applicul to tricklin~ lilton 10 feet dccp, u t  rates varying 
froni 8 to 10 rnilli& gnlloiw lwr ncro pcr day, with the 
~iroduction of a well-nitrilid nnd thoroughly sbblc filtrate. 

In conncotion with tho cxlwrinicnb corrid out by 
Clark and his collcogiics, i t  should ha inontiorid that tho 
sewogu trcekd ww co~~idcrably niorc dihrto than tho 

0 
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majority of English Bcwapes, ns will be wen froin the Dr. Fowlcr suggcatcd that 'new work 
following ni-crnge annl~.tienl returns tnlien from the 1 might with ndvantngo bo enrricd out on eonioshnt silnilnr 
pnpcr quoted. I lines. 

Acting on 'this suggestion, further investigetioris with, ! r e  nrd to tho subject of Rcrntion of scwngc, were under- 

i An account of the rcsults which hnve 80 far accumulated. 

algal growth. 

I(H),OOU. pcr 
Ovygeu ro~isuniccl ........................ R.t? 
Free and saline nni~noiila .................. 3.62 
dbumlnold aiuinonlo U.57 

Tho rcscnrclies of Clnrk, Gnzc, nnd Aclnms, nnd of 
Fowler and Jlurnfortl, show R n~nrkccl Rtlvnncc on previous 
work, but i t  will be seen thnt in the cnsc of the fornirr ; 
invcdipntors tlic iden of surfnee contnct i R  rctniiiccl, as series of I)rclilllillnr+,. cxperimcl,ts, 8nnlpllcs of evidcncd by thc eo!rntriictioii of the ncrntion t n i k  nilti : ~lnnellevtcr rnw serngc, eontoinell in bottles of 8o oz. 
that  in o d c r  to prodl~co a nitrifid nncl etnblc c.filnrnt, cnprcjty, ,,itrificntion cnsllctl ;: 

the ncrntion Icing effected by drnwing nir through the further treatment in filters is still rcqiiird. 
\\'ith r w n d  to tho method of trentnient snggestecl bv 

~~~l~~ 
in tho absence of clurfneeeolitnctn, tiic q~lcstions of inoellln- 111 the enso of tho first exixriment. nborit fivo wwlie' 
tion rind tllc ,,dclition of iron snits nrC introclucecl tile continiio~is ncrntion wns required in order to obtnina 
I)roYision of liitcm for the rnl,ill trcntlnent of thc clnrified . coinpletu nitrificntion, ns hncl been previously obscrvcd. 
cfflucnt remniiw. At tho and of this period the clenr oxidisad liquid wow 

rcniorcd by clcciintntion, nntl n fiirtlicr finrnplu of rnw 
Swicty,o in mgnd to of t~le,vcrcrtc licIllor fro,], mvngc ncrntctl in contnct with the originnl clcpositccl 
sulphato of nlllnl,,,,ia plnnts on ~ rnnttw. until tho suwngo wna ngnin coniplctely ~ritrifid. 
tho prcgant outhors. in conjunction with Dr. Fowler, gnro This nietliod of trentnrcnt wns rcpntecl a nunrbcr 
~ o m e  rcsulta of tho clirc-t nrrntion of sewage. of tiiiim with the retention in  each cnso of tho depoaitccl 

It wm notnl thnt while sonie congulutioii of the colloid bolide. 
matter took plnco in tlic coumc of twentyfour hours I t  wns found thnt na tho nrnount of the doposited. 
acrntion, a priod of sevcrnl weelie clnIeed before nitrificn- , riinttrr increnscd, the tirnc requirecl for cnch succeeding: 
tion way complete. cixidution b~ndunlly diminiehed until cvcntunlly it wni. 

i taten by the niithors. ...................... 
is gircll in the followi~~g pnrngrnl)hs. 

J'rdiinitt(iry trpcriinenia. 

nerlltetl llrltil 

~ ~ l l l l l f o ~ ,  wllilo tho cln,-ificntion is c.fircte;l I bc'"n6e bS Incn11S of nn ortl i l inV filter I"'"'P* 

In prc,,iol,s colllli,lln~cnt~on to 

ositlntiun of 

I n  Xovcinber, 1912, Dr. Fowler risitccl thu States in 
tonilcotion with tho question of tlie pollution of tho Xew 
York Harbour. Shortly nfter. his rcturn h u  described to 
the authors n Inborntory espcri~iiont which hc hnd seen in 
progrew nt tho Lasrcnco Expriincnt Stntion, llnssa. 
chusotts, which evidently rcfcrrcd to the earlier work of 
Clark nnd his collcagucs on the ncration of suwnge in tho 
p rwaco  of ,grccn organisms, utl tho bottlo i n  which tlic 
sowago was nera td  rag conted iiieide with sfrnnde of 

-- 
10 Tlili Journwl, So. 10, Vol. S X S I . ,  IUI?.  

posbiblu to couipletely osiclim a freah snniplo of orudo- 
sowago within twc~~ty.four hours. 

For rofurcnco piir oses and fuiling a bottor torin, tlic 
deposited solids r e J t i n g  froin tho comploto oxaation of, 
micwngo havo bcon elcsignnted " nctivntud sludge." 
I{efcrcnco to its guiiornl chnrnctcristics, clioniicnl compoei. 
tion nnd biological aontont6 will bo iiiado labr. 

As n result of tlieso iniinnry ospcrimciitcr tho follow. 
ing observntioiis mny K!nodo :- 

((0 In  odor  thnt tho find nitrification chan Q iuny 
proccd without hindrnncc, i t  is nccessnry t i n t  tho. 
ulknlinity or bnllicity of tho wwnyo should bo rather I I I O ~ U ~  
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1 thnneqiinl to tho nitric ncid rwiihing from nitrification of : I n  onlcr to  clearly illnstrnto this coiimo of tho rcnction 
tho nmmonium snlte. 1 tho results of nn cnrly cxpcrimcnt (sco Tnblc 2, p. 527, Exp. 
bccn found ncceasnry t o m i d  n sninll q u n n t i t y 7  d k n f  1 14) nro quotcd, in which n smnll proportion only of 
prior t o  conipletu nitrification. ! nctivntcd sludgo wag employed, as in tho later cxpcrimont,s 

(b)  It is Mlscntinl t h n t  tho nctivntetl sliidgo should with nn incwaecxl proportion of M I U ~ ~ O  t h c  firxt chnngo 
Iw kclit in iiitiinntc contJict with the sewngo during 1 occnrs rnpidly nnd consequently nitrification ie cstnblishcd 
nwntion. j YO cnrly as to  jmtinl ly  mask tho courso of tho rcnction. 

This point is illiintrntctl by nn crpcriiiicnt, tho rcsulta of j Tho rcsnlts of this cxpcrimcnt nro plottcd in  Fig. 3 
wl~icli nrc givcn in Tnblo I frorii wl~ich i t  will bc satn t h a t  ' from which i t  will bo Been thnt  tho urificntion chnngo 
,wliilo ttic? initinl cficct on tllc ositlisnblo ninttcrs ns i follows on t b  lines doinonstrnted b ll"cncy. 
rnrnsuretl by tho oxygcn n l ~ s o r l ~ t i o ~ i  tcst. ia not  iiintcrinlly ~ I n  view of this fact  i t  wnx t lought  of interest t o  
nffcctcd. on furtlier nerntion n iiinrkal ini~irovciricnt is , cndcnronr to sectioniw thc  piirificntion proccss into (u )  D 
*ho \vn  in tho cncc whcrc tho nctivntcd elirclgc is kopt  in  

conditions do not ulitnin. Fnrther. in rrrnrtl to tlic I 

In sonlo cnscs i t  lins con ucntl 

intininte contnct with tho wwngc. tlinn whero such F I G  U- 

tlic first chnngc, i.e.. tho rcrnovnl of tlio oridknblo matter 

nniount of nitrificntion very niuc~i  g k n t r r  &iie*rcncc- nrc! 
t o  bc obscrvctl. Tliis is of colisidcnrblu iniImrtnncc. na i t  
will Lo seen Iron, Intcr cxpcrinicntu thnt tlic ninintcnnncc 
of  tlic nctivity of tho rludgo is consiclcrnlily infiuenccd 
by t h e  rxtent to  which t l ic  omitlntion is cnrricul. 

( c )  Thnt  tliu rclntioii o f  tliu voliinic of tho nctivntcd 
4udgc to tliu v~i l i i i i~c i i f  wwn 90 tnwtccl ie of iniportnncc, 
inorc w wcinlly in refinn1 t o  ttic rntu uf nitriticntion. 

'rtiin Lt tc r  p i n t  i s  clrnrlp sliowii I)? tliu rcaulta of nn 
c.mlrriti~cnt wltich crns ncturrlly citrricd oiit much Inter on 
in  thc  courw of  this inrc%tigtitioii nnil \vl~ich nru given on 
Tiiblc In  (11, $211) nnil plottccl in Figuro 1. 

I t  will Lo ticcii froin this table iintl dingrnni t h t  wliilr 
nlinrt from tho clilution cfftet. tho nduction in tlic nniount 
o f  oxiclisnllc ninttcr is nclt scriouslp nfl~vtctl lip tho vnrying 
Iirupitionu of nctivntcd slutlgc*, tlic nnioiint nnd rntc  of 
nitrificntion nrc influcncctl in n oinrkccl rlcytv. 

111 p.nernI n ~ i r ~ i ~ ~ r w t i o i i  of onu vcdutnu Of nctivntcd 
slntlge t o  four voliinits of w w g o  \vns tnkcn, nltliot~ph in tlic 
cnrlicr c*s~ic*rinicntti ii niiicli tinitrllcr prolurt ion of s lut lp  
wns c ~ n ~ i l o ~ e d .  

A n i in ihr  elf typic111 rcsiilta nrv ieccrnIec1 in T ~ I J I C  2. 
In t w l i  IJf tht .  vslwriinenta rliiottul tht- snni )It* of w;c.\vngu 
tnkrii iirv i \wntv- fo i ir  1i0iiM nvcwigo t,ninJw.. 

I~cft~rcncc to  this tnI)Ie will tiillow t ~ i n t  nn cxtrnort~innri~y 
high clegreo of wilicntion cnn IJU obtiiiiicd witliin n 
rcnsonnIiIc Iwriotf of tirtic ncrntiuii in contnct with 
tho activntrd rlutlgv. 
On t h ~  nvcwigv, nt-riit ion iinclcr tho conditions of 

c ~ s l ~ ~ i n i c n t  for it Icriotl of nix Iiiiiirr. with s i i l ~ ~ q ~ ~ r i i t  
wttlcineiit, ia s~~f l ic~t*nt  tti o l~tnin n Iicrccntirgc purificntion 
41% inwwurc.tl l iv tliu four IiouIti Oxygrii Alistirption nnd 
AILiiniinuiiI , \ n h n i i i  '~'ihts, qiiitu t y i i i i i  to  t h n t  yirItIcri 
by clRric*nt bnctt*ri:il l i l tem. I I I  nll ciiws tlic rtwiltnnt 
eflliiciit. ig  non-~~ii tn~fnct ivc on inciibntion. 

Tlic nntount of nitrilicntion ulitiiinrd tluriny t l i i ~  Iwriotl 
tlc~'c.ntle to  II certain csstcnt on tliu conccntrntion or 
ntrcnytli of tlic w\vngt~ tlcnlt tvitli, In ~cvcrn l  insturrccs, 
~ v l i t w  trcnting \rut wcntlicr sr\vngc, ris Iioiin' cwrntion liiw 
I~ccn foiiiicl auflicictit to coiiipletc~l~ omitliso tho nininonin 
~ ~ r c w n t  (ficoTnI~Io2, I<spt. So. 90). )\'it11 nverngc strength 
Jlnucliwter ticwagu t t ic  f r w  nncl snliiie nniriioriia contcnt 
ia rntirelv reiiiovtd in  froni 10 to  18 hoiim' iicrntion. 

It  s~ioidtl  110 rncntirinc~~ thnt  rill tlic uspcriincnts hnvo 
bee11 workctl on tho fill i ~ n d  tlrnw nicthod, nnd it n~ny bu 
rcnsonnbly nnt ici intctl t l i i i t  cq11n11y gooil results woiilci be 
obtninctl witli n I t w  ncrntion Irriotl, wlicn worlting on n 
continiioiis flow sytcni. 

Outdoor omIwriuit*iits nrc bcing cornnicnccd in which n 
continuolie flow of it iiiistiiro of H O I ~ I I ~  nntl nctivutctl 
tiliidgo will bc pnewcl through an ncrntioii clinnibor. 

C'oiirac o j  rcuction. 
In all c n m  it lins bcon notctl tl int tlicrc is n rnliid 

initinl cffcct on tlio osiclisnblo nint,ters iiotli colloidnl, otc., 
*stnlloidnl. with tlio Inwhotion in n pcriotl of nbout 

tlircc cri ours of n well-rlnrifiud offluont. 
Tlio lrrtur strtgcti of tho norntion nro Inrgcly coiifincd to 

tho nitrification of tho ntiiinoiiiiiiii coit~~ioiiniL~. 

did not nctivfly Iironioto nitrification. 
'l'lirw lnrgc bottlcs wcro usd. 
( I )  Contniniiiji 11 ccrtnin voluiiic of this pnrtinllynetirntcd 

tiilldg0 (a Sllldb&). 
(2) ( p  xlutlgo) nnd (3) (a6 sludge) Containing n similnr 

voliinio of tliorourrbly nctivntcd slutlro wliicli had b n n  
proved cn1inbIc of  \.igorousIy promotiig nitrification. 

Tlic cm~w~inicnt  wns cnrricd out in tlic following innnncr. 
I~~rlunl volun~cs of tho snino snm~ilo of sowngc wcrc intro- 
cliiced into bottles SOH. 1 nnd 3 nntl nernticin conimcncccl. 
At  tlio end of two hours' ncrntion tho contcnts of h t t l o  
So. 1 wcro nllo\rcd to scttlo for two hours nn:l tho 
siqicrnntnnt liquor wiis dccnntccl into bottlo Xo. 2. 
Anotlicr wrunlilo of sccvn o wns then ndtlccl t o  bottlc No. 1 
nnd ncrntion rrsunicci. h t c r  n fiirtlicr two hours' neration 
tlic contents of cncli of tho bottles w r o  allowed t o  scttlo 
for two hoiim. 

In this ninnncr a n  cfflucnt wns obtnincd from bottlo 
Xo. 2 which lint1 rcccivccl two hours' ncrntion in contact 
with t h u  pnrtiully n c t i v n t d  (n) sludgo nnd n further two 
Iioun' ncrntion *in c o n t w t  with nctivcly nitrifying (6) 
sltidyr, nntl from bottlo No. 3 nn cfflucnt d i ic l i  lint1 bcwn 
iienitcd for sim Iiuurs in contnct with thoroughly nctivntcd 
(a@) eluclgo. 

Wiis iiictlitwl of opcrntion wns rcpcntccl ns often ns wny 
rcnsonnbly ~~rnctictrblu witliin tho twcnty-four Iiours, with 
tho rcvult tlint tho pnrtinll nctivntcd slutlgo nnd nitrifying 
y11idgo (bottles NUS. 1 nnd'3) denlt witli tlirco vo~ulncs of 
scwngo cncli working dny. na conilmrcd \villi tlic t s o  
voliii~ica trcntccl by tho thoroughly nctivntcd sludgc. 

Tlio results obtninrd during tho coiirso of this cwpcriincnt 
nra given in  'I'ublu 3 (11. 528). 

ltcfcrcnco to this bblo will show tha t  tlicro wna no rory 
inntorid diffcrcnco in  tho cf l luo~~le yicldcd by tho tao 
niothods of working. 

A t  tho wruiio timo i t  will bo sccn thnt  tho rcsults with 
tho ordinary w t i v a t a l  uludgo show a m n r k d  clctcrioration 
IB c o m p a r d  with thoeo pruvioiisly obtnined, purtioulnrly 
in r o g a ~ l  to  tho amount  of nitrification. 

. - 0  
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- 
The rcsu1ta of the first cxpriment of this series 

(Expcrimcnt w) nre given in ordcr to ol~ow t h t r t  the 
activity of tho slud r e  in racli c u e  was identical. As the 

In the abeence of any other altered factor this d c c r e d  
efficiency might rePsonably havo been eecribcd to the 
fact that whilo in tho previous expcrimcnta any prticular 
sample of scrag0 wan always aerated in contact with the 
activated sludge for from 20 to 24 hours tu ensure completc 
n:trification. in tho p m n t  cane, at tho end of first six 
hourd' aeration tho purified liquor was replncd with a 
furthzr a m p l e  of scwagc. 

Unfortunately, howover, during the coursc of this a r i r s  
of cxprimenta, low tenilrrnturee were expriencd,  
not only with the scwage clealt with, bu t  also in the 
laboratory, owing to trouble with the heating apporntus. 

I t  wan thus impossible to say to what extent, if m y ,  
eithrr of t h w  two factors influenced the n - ~ u l b  obtninrd, 
nnd instead of continuing scctionisnl ex rrinwnts on thme 
lines, attention WM diverted to the study of the cluestions 
i nvol v d .  

&fore leaving this part of the sub'ect it may k stated 
that whilo the above exprinient f a i h  to determine the 
p i b i l i t i m  of sfctionising the oxidation thc 
matter haa not bccn loet sight of. and it is tLi?izntion 
of the authors to return to this quintion nt an early dnte. 

portion of R variety of trade effluents, with those of more 
purely domentic wwage. 

Saniplca of wwngo were therefore obtnind from tho 

Nainlenancc of Sludge Aclirify. 
In order to determine how far the purification rffect 

of the activated sludge wan influenced by not cnrrying the 
oxidation procfss to conililcte nitrification the following 
cxprimcnt WM carriecl out. 

Activatcd eludgc of known efficiency w w  clividcd into 
four equal volumrn and placed into Reprate Imttlcn. viz., 
A. 15. C. and D. each of four litrcs capacity nnd contnining 
a rmmple of thc same newage. 

The following procrdurc was then ndopterl :- 
Bottle .4.--Sewnge ncrntcd for six hours i n  contnct 

with activated sludge. followed by two hours' ncttlernent. 
mmplo. of purificrl effluent token, remnining contents of 
bottle wratcd for 14 to 16 hours longer. 

Boitle B.-Sca.nge ncratcd in contnct with nctivntcd 
tluclgo for ten hours, somple taken nt end of nix houru. 

This oprat ion wna r e p t c d  twice during the twentg- 
four hours. 

Uolllc C'.-&wagc ncrntcd in contact with netivated 
rludgc for six hours, snmplc tnken arid purifitrl effluent 
removrd OR in A. Sludgc was then nerntcul for the 
rernnindcr of thc day. 

Hoftlc D.--Scwngc acrntcd for six hours i n  contnct 
with activntcll slodgr. followed b two hours' twttlement 
and s u k q u c n t  renioval of puritinjYeflluent by dccnntation. 
This opcration was rcpcntcd threw times during the 

trcnty-four hours. 
It will be sccn thnt with similnr ncration tlie wlutlgc 

in bottle D. dcnlt with three volumes of s e w a ~ e  to two 
volumc~ in cane of bottle Is. nnd one volurnc in thc. CRYC of 
bottle A., while tlie sludgc in bottle C. nlso only dcnlt 
with onc volunic of wwagc.. but the nrnount of air requircd 
for ncrittion was reduccd b r  tho fact that for from 14 to 
16 hours the ~ l ~ d g e  dono 
A ariw of resulfs obtniiicul during tlic course of this 

cxpcriment arc given in 'l'nble 4 (p. 526). 

ncrntcul. 

exjrriment Irroccdh .  while tho oxidation cflect as 
mcasurcd by the oxy en nbsorption test diflerrd only 
@lightly according to t%e niethod of working, a marked 
tlifferencc w w  obwnrvcd in the nniount of nitrificntion. In 

only dealt with o m  mniplo of sewago 1"' day, the 
nitrification was mnintnincd as in tho first rqwriment, 
but in ench of the other niehods of working the nitrification 
was wriourly inipnirtul, in fnct almost inhilritcul. 

I t  was obrrvd ,  howov(nr, that  the sludge in ]Iottle C. 
pfkr the mmovn] of the oxidiwd effluent, hsc] not bcca 
well ecrutcd during the period of working. Accordii,yly 
meana WCM adopted to iniprovo this wrutiiin. 1 hu 
resulttt obtained during thu  necond and third week's 
working. of which t pica1 exam 1Ir.e are given (Exprrinientcr 
5 M ) u h o w  thattlecfiect of tbisiinj,rovcclRcrutton wasto 
maintain the nctivity of tho nludga and conwclucntly to 

tho cpsD of the c o r l ~ i n e ~ l  in Uottle A., whicll 

yield similar resulte to those obtained when tho whole 
of the scwago and sludgo was aerated for 23 hours. 

It will bo wen that tho multe obtained with thc aludge 
contained in Bottlo D. gradually deterioratc with the total 
inhibition of nitrification. I n  the caao of the sludgo in 
Bottlo B. the falling off in its activity was not so marked, 
although tho nitrification was comiderably d u c d .  

It is evident from tho results of thie experiment that  
tho aotivity of tho sludgo is gradually diminished. when 
working on the fill and draw method, if i t  is called upon to 
treat further ssniplm of crude scwngc, prior to the complete 
nitrification of the previous sample dealt with. 

The rwulta also show that this difficulty may be over- 
come by simplc r r a t ion  of the slirdao alone, until the freo 
and ealino ammonie content is removal. 

following scwnge works :- 
(a) Mow Bide S.rugc Workq .,.......... Urmton 
(b) Wltlilripton Sewage \Vorks . , . . . . . . . . . . Cliorlton 
(cJ Gorton Sewiiye Works . . . , . . . . . . . . . . . . GclIWn 
(d)  !dUCClCdIk'hl YC'WlIkW Works . . . . . . . . . . . I'fCldllUrY. 

I n  view of thc difficulty of obtaining nvcrugo r e p -  
antat ivc saniplcn of wwagu from tho nbovo worb, it was 
dwidcd to work with snniplcs of nlnxinluni strcngth, 1.e.. 
in each e m  tho samples were taken-in the nftcrnoon, 
aiid conncqucntly thin fact niont bo borno in niind in 
considering thc rcnults which nro given in 'hbles 8 and 0. 

I n  connection with thew resultn uttention should bo 
drawn to thc following :- 

(a) N O ~  8kfe  aeiculp. 
Expcrimcnte on thio wwago weru carried out i n  the 

enrlier purt of tliu investigation end colrecqclently the 

Itrj7ucnce of Temperalure. 
I n  order to dctcrmino the influcnco of tcmpcraturc on 

tho oxidation procesn a wries of cxperimcnts extending 
over neveral wccks were c n m d  out on tho aeration of 
Manchcnter newnyc in contact with activated sludge at 
kmpcraturcs varying from tj0-WoC. A numkr  of 
typical rcaulta arc given in Tablm 5,fJ and 7 (pp. fib-5:II). 

It should bc nicntionrd that in all tho cxprirnents 
u o t d  in this ncction of the work, thc activated sludgo 

Scalt with one volumo only of wwnge p r  day. Samplca 
wero tnkcn after three, six and nino hoirra' aeration 
rcn~~cctively and then aerntion wan resumid until tlic next 
doea of sewage wus trcatcd. 

It was found thnt thc oxidntion procw could be main- 
tained within n fuirly wide rnngc of temlrrnture. A t  
tempcrnturw comtontly bclow 10°C. a very marked 
detcriorution in the ri-sults was obwmd, espcially with 
rcgnrd to tho reniovnl of the colloitlal ninttern. Alao 
nitrificntion wnn 1wacticnlly inhibited within n wiwl of 
nino hours' rwrntion. I t  in fnirly evident that  t\rid effect 
would be accuriiulntive over n Iirolongd Irriod of working 
with the probnblc cventunl iroduction of inactivc sludgr.. 

At tempernturvs vurving Irom 12-14' C., which is tho 
usunl nir tempernture of the ~aL~orutory, tho activity of tho 
sludge was well niaintoinecl with thc ~iroduction nt nll 
times of n sntisfnctory effluent. 

It was further ohwn-cd that with n teiiqwrature of 
90" C cqunlly good recrulb were olrtoind nn regards thc 
reniovnl of the oxidimnblc nintter and chrrification effect, 
with nn incrensc in riitrificntiolr during the Inter periods 
of arrntion. 

Working with t w i  rrnturcn ae high as 30" C. it WRS 
found thntthc initiul dnrificntion cllwt was to ~ O I I I L '  cxtent 
intcrfrnd with and thnt the.  eMiwnt rcnulting from 
subsequent twttlcnieiit nhowcul n slight deterioration ns 
conilinrcd with that obtninecl when working a t  tenlpwn- 
tures frorn 12-20'' C'. This eflcct bcctrmc Icw niarkcul as 
the aeration continued irnd once nitrificntion was cnttrldishccl 
i t  prwcdcul nt n sliglitly iiicrenwd rut0 o compared with 
thnt obtnincd u t  tcmlwrntures below 20' C. 

Oxiddioir of curious tCI lYIgC8.  

It was thought of interest to cornprc tho rrsirlts olhined 
with 3lnncheater sewnze. which contninm nn unclue pro- 
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((1) Jlftcclc&ltl aeircige. 
~ l i c  enriiplu of Jlncclcsliclet wcwngu wiw very turbid nntl 

wnn snid to coiitaiii wnntc rcfiiwe of n ~iiucilugiiioirn clinructer 
dericcd troiii silk works. \Vith this t y p  of scwugu tho 
oxidation Iirociwls sntisfnetorily olthoirgh tho perccii!ngc 
purificntiori cfrectcd is not quite so good n s  in tlic cnsc of 
Oortoii .scwngc. A well clnrifiirl cftliiciit w w  obtiriiicd 
with nix Iiours' ncrntioii in coiitnct with uctivntcd aluclgc 
nntt su\)scclucnt suttlciiicnt. 'rlio wliole of tliu frcu sulino 
aninionin wiu  rciiiqvccl within n p r i d  of nixtc.cn hours. 

Quditg o/ e/llueiita. 

from the oxidntion proccen, while having n coiiipnrirtivuly 
low oxygen nbaorptioii ns iiicnviirivl by tliu perniuiigniiuto 
tent and n low nlbuiiiilioiclnriiiii~.iii i content, inn absorb an 
iiiiduo proportion of dissolved oxygiiii on incufkoii for 
number of dnyn. Wlicn once tliu frcu, end salinu aninionin 
content of an cffluont is very considerably lowtwduvun with. 
out matcriul altoration in tho four hours' oxygrn absorption 
and nlburninoid ainnionio fignrcs, tho amount of dillsolved 

It llny frcqucntly obscrvcd tlllrt effllients oljtnincd 

proportion of nctivnted alridgc to thc wwnge trcnted wnq 
considernbly 11x9 thnt in thc later cxperimentn. Further 
in order to nioro clcnrly clemonntrntc the nctunl oxidation 
cffcct of tho nctivntd aludyc in the control cxperinient 
thc scwngc nernted nlonc WRU dili i td with n volume of 
tnp wntcr cqunl to thnt of the sludqc cmployd in tho 
cxlwrinicnt. The nnnlyticnl figiircs given for thc atinken 
snmplc of sewngc rcfrr to the Rnmplc nctrinlly tnkrri plus 
tlic ililiiting water. 

S i ~ ~ ~ i p l e  -4. 
This wnn n 3lonclny nftcnioon snnililc. nnd obviously 

contnincd nn cxccsaivc niiioiint of noirliy mnttcr. It will be 
accn from thc tnlilc thnt thin sonpy mnttcr exerted n 
con~idcrnblc cmiilsi ficntion or clrllocciilntion rflcct nq shown 
Iig thr  incrcnno in the four Iioiirn' oxygrii nlisorrition nnd 
nlbuniinnicl nnimonim of the " originnl " acttlcd aniiiplc 
nftcr mixing with the nctivntcul sliitl;c*. niitl in conncqocncc 
of this clrcTt thc results obtnincd wero not so ntriking ns 
tho prct-ioiis onm, nltliottgh cctn~iclcnrl~le nitrificntion wns 
chtnintrl within six hotirn. I t  would npprnr tlint in the 
cnm of ricwngac contnining 1ie111ic plmrt ioi i  of aonpy 
ninttcr. Iin4iininnry trcntnicnt with liinc niiglit IJC ndvnn- 
tngcoiidy cniploycul. 

coiiccrnucl with tho mrilicntion process, nn cxporiniont 
lins IJceli riindu on the olrcct Iirodiicnl by ttlu ncrntioii 
of acwngu i n  coiitnct with nctivutd sludge both bcforc anit 
nfter stcniii stcrilinntion. 

Tfio rcsulb of this cx~x?riiiic~it nrc givcn in Tnblc 10, 
froiii which i t  will Lm sccii tlint nctivutcd sludgu whcn stcri- 
lined under tlicwo conditions hod no priticntion uffect 
whntovcr (too i {J). 

It must \m LA: in niiacl, trowcvcr, tiint tlio pbysicnl 
cLnrnctcriatics of tho nctivntd sludgu niny bu acriously 
nl tcrd by tliu stcnniirig proc~~na nrid conacqucntly soiuu 
other inathod of stcrilisution, c.9.. by nrcnii of ultra.violct 

Suriistury a113 Conclusion*. 
Tho forcgoing investigations liavu cntnblishd : 
1. Thnt tlic ronultnnt solid ninttcr obhincd b prolonged 

aoration of euwngu, wliiclr linv iwun turmoY uctiveted 
eludgo, tins tliu pro I y of cliorriiously i n o w i n g  tho 
piirilicetion eRwtcvl b;tsiniplo aurntion of wwagu, or iu 
other wordn i t  greotly intonsitlee t@ oxidation proow. 

'"P l11i61rt Yield solliewhat cii'fcrent 

.sullIJdE II. 
I t  will 110 awn froni the nnnlyticnl rc*tiirnn thnt this 

WM A strorigrr sewnw tlinii the pmwuling one. Imt cxi- 
tninccl Iwa soup. I n  thin c nw no prvliiiiiiinry cmrilailicntion 
EM oliwrvtul nntl n tiiiicli prwtrr 1iurilicntion IVRW i*(lectcd 
in the earlier stngc-s of ncmtion. 

orvgcn nbrrorhcd by the effluent is cnormourly rducod. 
I t  would thus appear that  thu stage to which nitrificntion 
haR nctvsncecl is one of thc fnctors governing the nmount 
of dissolved oxygen absorbed by nn cWucnt. Exporimonkq 
nre in prognys with n view to throwing furthcr light on 
thir sitbject, but the clotn 80 fnr nvnileblc is insufic:cnt 
to nllow of any tlcfiriitc conclusions. I t  is qnito certnin 
Iiowevrr. thnt in the effluents obtainel. thu amount of 
oxygen nlisorlid from prinrngnnntc knrs  no rclntion 
whntcrcr to tlic niiioiint of disjolvd oxygen nbaorkd. 

A d i ~ ~ k d  nlicdge. 
Activntd s l i idy  nccirmiilntctl in thc manner prcvio islv 

dcscrihecl is quite inoffcnaivr, clnrk hrown in colour n d  
flocculent in clinrnctcr. and cles~iitc its low specific grnvity 
scpnrntw from wntrr or sewngc nt n rnpid rntc. After 
prolongccl acttlcnierit the nctirntrd ~ l i i d g ~  howcvcr rnrcly 
contniiw I c w  tlinn 95 1n.r crnt. of wnter. 
h rcninrknblu selurrntion of the water froin tho aludgc 

cnn br rentlily obtnincrl IJV twnf nicnt OIL finc grnclc etrni x r i  
witti  ttic production uf b sludge of thc consistency of R 
stiff jelly. 

Cclntinc counts linvc aliown n bncterinl content of n t  
Icwt 30  nill lion ogniiisms 11cr cubic ccntimetrc. I n  
nddition, tlic sludyc Iiy renson of i ts  nitrifying power 
must .of ncceasity contain n Inrgo nunilcr of nitrifying 
orgnnisms. 

I t  slioulcl nlso IJC notel thnt n fnirly lrrgu nrrnibcr of n 
rnrirty of protozon nnb to I)c found nnd we arc indebted to  
Mr. Jnmw Cmbtrrc. for nwistnnce in rcgnrcl to the eiiiiincrn- 
tiorr nncl ielcntificntion of these liiglicr fornis of life. It 

\\'it11 thnw hours' ncrutioii u rcminrknble chengo wns 
eficctcul ns iiic~nxurcul 11y tlic i i~ual  tcats. After nix Iioum' 
rrrratioii nn extrciiidy well clnrilietl cflluent WUI ul)tnincui, 
h i t  unfortuiintdy owing to iiii  ncciclcnt i t  is not ps.jilJle 
to give tlic cheiiiicnl nnnlyaia. 

Ikspitc tliu liiglily coiicciitriitcrl nnturc of this s~wngo 
!I I ~ O I I N '  ncrntion wn.. sufticii~rit to yicltl nn entirely rutis- 
fuetory cfllucvit showing n rutlicr Iiiglicr Iwccntngu p r i -  
fientioii on tlic rnw sewngc thnii thnt which is yiclded by 
cflicicnt lactcrinl filters. \\'ittiin u I w i d  of 9-18 hours 
tlic ~ ~ l i o l c  of the free and suline aiiiiiioiiiu wnn rcwiovcd 
from the sewngc. 

Up to tho prcsciit tho nutliora hnvc not acrioiialy in- 
wrticntcul the nctiinl nicclinriisiii of tliu ~iroccm nnd consw 
que:itly no attempt has been iiintlo to ditfcrcntint*? between 
the p r t  plnvcd I J ~  phvaicnl, cl ienii~d niid biological 
ngciicics. till of which u;u doiiIitIcw. in wrying dcgrxd 
rcsp~iisiblo for thc total purilicntion change. A3 to 
wlietlier tho Iirotozon contciit has nny inllucnw or not on 
the cmxtciit of tho Iiurificntion hns yct to IJC iletcrinined. 
nltliough it would iippcnr thnt they nither indicnto n 
jinrticular conelition of tliu act ivutd sludgc than plny an 
iiiiportnrit pnrt in tlio chniigc.s cffectcd. 

\\'hilo na previously stntcvl no serious nttcmpt has h e n  
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I 
2. Tho cxtcnt of thc accelerating cffcct depends up011 the 

intimnta manner in which tho activated sludgo is brought 
into contact with, and upon ite proportion to, the scw'ngc 
trrated. 
3. That in o d c r  to mnintain the sludgo a t  ita highcst 

cfficicncy i t  is ncccsanry thnt them should not bc at nng tinto 
nn accumulntion of. unosi t i id  rrcwngo solicls. 

It is not ncccssary thnt tlic sowngo shoiild bc Lcpt in 
contact with thc nctivntcd SllldgC until such conditions 
obtain, na its nctivity mny bc ninintnind by suitnblc 
ncration of tlic uctivntctl L I ~ I I ~ ~ C  nlonr. 

4. Thnt tcntpcrntun? cserts n conaiclcrnble influcmcc on 
thc oxidntion The purilicntion effcctcd is 
scrious~y diminisKYn? tenipcrattircs constnntly below 
10" C!. Up to W-%"C. no nintcrinl tliffcrencc in the 
clnrificntion cfiect and gcnerirl purification lins bccn 
obscrvd nlthough the nitrification clinnge procmls moro 
rnpidly ns tho tcm rature rises. At higher tcrnpcrnturcs 
tlio clnriticntion c E t  is somcwr.iiot intcrfcrcri witli cluring 
the earlier pcriod of ncrntion, with n consccliicnt clclny in 
the cstablislimcnt of nitrification. Subsequently t Iio 
rnte of nitrificntion some\vhnt increiwrs. 

5. Thnt under the conditions of cxpcrinient n wcll 
oxidiscd cmucnt can bo obtnincd by t1inni:rntion of nvcrngti 
strength Jlnnclicvtcr scsngc in contnct with octivntcil 
sludge for n pcriod of from sis to nino IIOIII-Y. Tlw ~ w r -  
ccntrgo piirilicrtion effcctc*cl ns mewured by the usunl 

of wwngo on cfficicnt bnctcrinl filters. 
Tho pe r id  of ncrntion iinturnlly de1wncls n1mn the 

strcngtli of the scwiige trentcd trnd thc drgrcv of piirilicn- 
tion requird. 

0. Thnt the nctivittcd sludgc diffrrs very conrjidcrnbly 
in charncter and comlmsition from ortlinnry sewngc sluclgc. 

It is in n well osidiscd condition nncl con~~qucni ly  
cntircly innocuouo, can IJC rendily drained on etmining 
filters uncl posc~scs n high nitrogcii content. 

The ecopc of this inquiry !ins imn 111) to the prtwnt 
lnrgcly confined to laborntory inwstigntions nntl while t 1 1 ~  
results ottniiicd hnvo shown conclusivcly thnt tho pim- 
ficntion process can LIC readily ninint;iintrl, n Inrgc uinoirnt of 
further rescnrch is required in onlcr to obtain n tltorough 
knowlnlge of the chnrnctcr nnd nicclinnisrn of t lie chnngcs 
taking plncc, wliicli will be essential for t1w eflicitmt 
control of the process. 

The method cmployd in Iiroducing n satisfactory 
purification of scwugo is ho\vevcr of so simple n nnturt.. 
thnt thero would not nppenr to bc nny iiuuiwrublo difli- 
culties in trnnslnting tliu csprilnents dwxibcd, on to ii 
working scnlc. 

I n  vicw of tho oliviously Crcnt rccluction in the nrcn of 
works rcquircd and capltnl expcndituro involvccl. thc 
nrnilablc data in regard to the Iirobnble cost of wrntion is 
tjiich us to lend encourngcmcnt to the idcn tlint tlic atloption 
IJf ncrntion iiietliods on tho lincv of tlicsc cxlwrimcnta woulcl 
result in a conaidernlile reduction in the totul cost of 
scwngo purificntion. I n  this conncction it nin be rcitsoii- 
ably anticiptwi t~iat. tile en~innccti vnluo of J c  resulttint 
sludgo should nt  lcnst cover nll costs incidentnl to its 
dis ml. 

E'conclusion tlio uutlrors wish to cxprcss their sincero 
ttinnlrs to Ur. Fowler for the siiggcstion which originated 
this inquiry, nnd for the lccc~i iiitcrcst with whicli he llns 
followed the wholu series of cxpcrintcnts. 

They nro indebted to tho Hivcra Committee of tho 
% h d m t c r  Corporution for pcrmiwion to ~ ~ i t b l i ~ h  tho 
rosultq of this investigation, which 1111s. bcen curricd out i n  
tho laboratory n t  thu hporn t ion  Sc\vugo IYorks, h v y -  
hulmc. 

trsts is at Icnrt cqunl to thnt obtnind by the t - '  .enlnlc~nt 

1>1scuss10s. 
Dr. J .  CROSSMAS said thnt tho didgo question lint1 

cntcrcd upon n ~JII~SO in which, though i t  wnn not cs1rcctctl 
to produco n Inrgo profit, it wus to n ccrtnin cxtcnt CiI]iRIJIU 
of cominorcinl trcnttnent. Whore tho prcscnt Iirocesscs 
of purificnt ion might tJo bnrrcd by locnl circurustances 
the prwcaa dcmrihd i n  tho paper if succc~ful  would bu 
grontly in dvnnco of what WDB being donu nt prescnt. No 
doubt, in some inntnnccs i t  would bccomu n cominerciiil 
question ua to whfther nuration by mcnnli of iictivntetl 



Vol. XXXIII., h'o. 10.1 AR DERN k LOCi(ETI!-OXIDATION' OF SEWAGE WITHOUT FIISEItSS1 ' 537 

were that  thc grosser colloidnl ninttcrs licld I y  sewtgc 
liquors cninu down rcndily in odinirry continuoiin flor 
diinentnt ion tnnks. tliirt the grcnt bulk of tlic colloiclnl 
innttom-sny i0-80 pcr cciib-wcrc lield wry tcnncioutily 
by tlic R C \ W ~ U  liquor nncl W ~ T O  only romnvccl 11s ritlicr 
biol1igic111 agents. or ~iliynicnl forcw suitiilily iqiplictl 
~ u c l i  for instnnco I IR in n well constrirctccl nntl IiroIicrly 
worked bitctcritr l)c11. 111 orclinnry II~IH~ITII works prncticr 
~irobiibly t Iia biolugicnl firetom w r c  tlm Incist potent, nnd 
the cs~wrinients crirricd out by the h t l i o r s  inclicntrcl t lint 
this Iield p o d  with rrslrct t:i tlic iicw process they clcs- 
cri 1i~vI. 

Oiic other p i n t  Iic wLlietl to refer to \rns the jinrt i I~rrctl 
~ i y  tlie nitrogen in t~icso ~i~icnmncii i i .  II~. iigrccd \i*itli 
tlic rtutliont tlint tliix I~eliiiviour wns rrrtlic-r iiiirdiiig, 
itntl I I I I I ~ I I  work rciiiniiicd yut to bu cloiic on this liiost 
iiii iortnnt RS wet of tliu qiicstioii. 

Lr. S. 15. S~mmsii  tilouplit tiic prociw clvscribctl \vns 
idcnl inrisniucli nx i t  rrsolrctl itself into it airiple-tnnk trent- 
Iiicnt. 'l'lic grc~ntctit 11iigl~'nr to t Iiu HCWII~U 1iroblciii hncl 
Iwen tliu cluwtiun of sluclgc tlispowil. By iiicnns uf the 
iicw systcin thc slirclgc, sctivirtccl in tlic iiiiiiiiior tlcsrribrcl, 
I~~~cnnic tlic- friend rtrtlic-r tlinii tlic ciiciiiy cif  t he minitrrry 
sciciitist. h ~ l  tlierc been niiy tstiiiitrt.ioii of tlir per- 
ccribgu of nitrogrii during the clillrroiit stngc.s of tlic 
tluvc~lopi~ic~iit of trctivity o f  tliu sl1111go it woitltl be 
intcrcstinp to Icnrri lig \rliirt stirgw t Iiu listitioii nf tlic 
iiitrogcii took plncc. I l c  tiliricrwd tlint the cnrbon tetra. 
cliloriclc cstrnct WIW piit 11oa.n 118 grcwc. llntl nng 
rrp~irosiinirtu uxnniiiintioii Iircii ~ t i i r t l c  of thnt rstiiirt. (is 
i t  woultl be clistiiictly iigiiiiitit the vsli~u of t l ~ c  sl~itlgi~ 
IW 11 inniiiirc if tlie grcrr~c~ WILS left in ? Tlic \rlioIc scliciiic 
op~rurcd. to IJU onc of grctrt vt~liiu for coiiiinniiiitirs w i t h  
very tiinrill ~rvailtrl~lu qiiwcs of l r rnt l  nt tlicir clisposnl. 
If i t  w w  powsiblo to Iinvii tlio CI~~~JOIIIICCOIIH foriiic~iittrt ion 
cnrriccl out ~ucccsnfully iir n prcliiiiiiiitry tstrk, wlietlicr 
i t  WIW in tliu nrituru of IL " roiighiiig " tnnk or filter, or 
siniilnr esisting tluvicc, and HO bringing tlio ollluciit to tho 
stugu dierr ,  by pwiiig ' i t  through trcrirtiiig-iiltcm t 110 
i iwwnry iiitrilicntioii cuiilcl bu uttirinrtl, IL yrciit siiving 
coiiltl bu rlIected. Tho lilteirc coultl bu fccl four to six 
times tlieir iisuitl ~ p c d .  A n  iiitercstiiig point we irrecl 
in coiincctioii with tho tliatyi~wcarrriico of nitrogen, wlirru 

nnd thc nbocc figurc was rcclucccl hy n six holm sojoiirn I in sonic cnscs thc ositlisrtl pro~luct. did not rit nll corrcspoid 
in tliis wwcr to 9-11 pnrts 1wr 100,OOO. ' Tho sirrfncc I with tho frrc ninnionin. Acconling to one of tho tRhIcs 
t o  whicli the lic uor \vns cxpo~ccl in this scwcr wns vary I shown it woi1ltl8crm thnt the best dilution for tho osidntion- 
e<ntiiciernbic nn i  ttic colloidnl ninttcr tvns prccipitntcd to j cvelc to ' procercl, regiriirrly nnd eolnpjctcIy, tns  I : 12. 
nn npprccinl)lc cxtcnt on this jniirnoy, whilst the snspcntlccl ' .\iight thcrc not Iic soinn fensihlc cs~iln~intio~i of tho loar 
tlinttcr WRH corrcs ndingly incrcnscct. This siisprnilctl of nitrogen \rhrn the rntio of nctirntcd sludgc to sowngc 
rnnttcr was nrrmtccEn itpwnrcl flow conicnl tiinlis nnt l  the wns nitlch higher ? 
tigiirc for thc clrnr liqiior imuing froin these tnnks fell I >[r. PERCY C;.\UST Siiid thnt the nlcthotl of trcntnicnt 
frorn ! is 11  (nbovc) to 8.71 p r t s  per 100,000. l'nswgo i suggcstcd might. offer IIt~vllnt:l~l:cR suflicicnt to c o n ~ p c ~ ~ s n t o  
throql i  n percoliition 11cd tlicri wdiiced thc figuru to nboiit 1 for nny ndditiun~d Iiolver reqllirecl for thc ncrntioti prnccs~, 
t w o  pnrta jier IOO,O(w) i n  A to 1 hour. in view of tlic rcrliicrtl nrrn rcvliiirecl, nntl tho )ossibility 

I f  tilt nliovo ol)scsrvnt;onri wrrc set nut. ns mtcs Iwr ~ of rcctiirtion cif tlic niiisnricc f r m i  srnc~l nnti /rAi  flies. 
lioiir of cliininntinn of inipuritics in solution thr rcmlt ' Untlrr the prrsi*iit systc*ati. ('\-en when circiirnstanccs 
1,ccninc very striking. fnvoiirecl n fairly C I I I I I I I ~ C ~  schenw. nn nrrn of trn ncrw 

\roiiltl iisiinlly IIP rcyiiirrtl for the clieposnl works of R 

, town of nlioiit 4 0 , W  iiihnbitniitti, when cliic nllownncu ,, ,, rc!ptic ,t ""'O 9 '  ' 9  *' I line1 i)ceii mn:lc for tlic sc-~cction of n sitr provitling tllu 
i fnll of scvcrirl fret, necrssnry for n filtrntion Iiroccw. Tho 
I rslwrinicnts tlescrihil B l l g g ~ S ~ I d  tlic possibility of rcvliicing 

tlir nrcn by iibnut eighty i w r  cent., niitl tlic circcljsnry 
A sui tn~~le sitc u d c r  rsintilig con- 

by ?? Iionm tnnk trentnimt WIIS nlioiit 60 prr cvnt. nnd ! ditions niiglit IN! two  or t h r w  inilw from the town. rntniling 
\rns gwntcr iintlrr .' sclitic " tlirin iinclcr '* non-bcptic " , nn indcpcrvlwit ~ina'cr iii.itrrllntion. \rlierrns with tliu 
conditions. i rcvlu c11 nrcir nncl cli~t~ininlic~cl fiill rcqiiircnirntn of t IIC 

111 nnotlicr art of cs1wriincnts on the I n r p  ticnle thc. niiggcstecl inctliocl, full  ntlrtrr~tngc riiight bo taken of niiy 
scwngu WILS clivitictl into two portioiia cnch Imrtion Iirisirig chrnp power (tirich IW n town gns. or clcctricity ~ i ~ p p l g )  
t Iiroirgli two ac!pirrntc w t n  of  tnnks. Onc portion WIW j in clioosing the position of the works. Intrrcwting inforinn- 
tn*ntc;l wit11 two 1urrts 1"' 100,oUO o f  lilencliiiig ~w\rdcr , tion RR to the rrlntirc iiii1wirtnncc of tho iliytiicnl nnct 
nnrl tliu otlirr uiitrcntcci. ~ i c  c~oriiintc.c~ ~iqiior wns i bio~ugicnl fttctom in Iiiirificntion iniglit bu oLtn.nm1 frwn 
*tcriIiricd by the trentiiicnt, n*id no clinugc t w k  plncu in coiniinrntirc wrirtioii rspcrimcnts contlitctrcl (n) unclcr 
tho figuro for " ur~gcii  nliyurtcul " ow:ng to ~ ~ ~ ~ p c  orctinnry contlitions; (I)) in the prcsciice of iiltrit.vidct 
tlirougli tho tnnks. whilst on thu other IinntI an npprwiirblc 8 rnys. 
c h o p  in tho diwolrecl oxitliwnblc? inipiiritics occiirrccl in  ' Mr. .JOIISSOS inqiiircil wlicthcr tlic sludgu contnincd 
tho liquor pnxsing tlirougli thu otlicr act of ,t,nnks to wliicli nn nniinonia. niicl irlsn wlint C1iinntit.v of iiir m n  required. 
110 blcncliiiig ]:o\rdcr lind ~LY'II ntlclrd. ~IIM;C pbHer\'ll- h r .  ,r. 7'. ~110311?;oS said thnt onc striking fcntilm of thu 
tionti lind 11 lmring on tlic proccm I~rouglit fortvnnl by I IICW Iircimis \rns tl~nt. i t  wns ncrobic froiir beginning to  
~legurs. Anlurn nncl hcke t t .  for thcy tlircw sonic light j cncl. nnd it WILP ~irobnlilc? tlint tlir nnioiint of Rillell woii l~i  
on tho iintiirc of tliu nction. Broadly, Iiia conclusions bc ncgligible. If tlicsc lirliorntory result8 coultl be cconanii- 

cnlly olitniiicd on n large tienlc the priwmt clrrbornte svstciii 
of iIcnIing with scwngc wouItI be s i i n p ~ i ~ i n ~  : tii; cmt 
of prcming sliidgc. clcpositiiig it, in tlic sca or in treiichcv 
on lrrntl would IK! nroitlccl, for nctirntccl s l i i d ~ ' ~  cridentlv 

'l'licsu rntm w r c  ns follo\rs :- 
On tllc ticdilllrrltlrtio,l tnl,k o,(is Ilnrts I,er ~lour. 

,, ., livc-mile Rcwer 0.70 ,, ,, ,. 
,, ,, ~i~*rcolntion bcd, nbout 104(J ,, ,. ,. 
,, ,, iip~rnnl flow tniik 0.28 1. 9 ,  I ,  

The totnl iiurilicntion of clissolvccl oxitlisnblc ini]iiiritics j fnll to R few ilichen. 
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blowing i t  up in scwagc. with apparcntlg littlc rcsiilt. 
Othcr chemists had tried thc aamo cxlwrirncnt. It wna 
only right to admit that thc illiiminating iden which origin- 
atcd tho work wna really duc to a visit hc hnd pnid while 
in the Unitetl S t a h ,  to the Jfeccn of scrngc? purificntion, 
nnmdy, tha exprimcntnl station at Iawrcncc ~n tho State 
of Mnssichusctts. whcro hc saw the bottle. described 
in the m p r ,  in which scwngc had b n  coni11letely Iiiirifinl 
by 24 ~ioiirs. ncrntion. Thc idea n t  that tinic. nnd subac- 
qiicntly in tho cxlwriincnts which hntl h - n  ~iiblishnl 
from that Iaborntory. involvirl thc principle 01 siirfnce. 
He dieciissccl sonic of tho p.sibilitica of the Inrthocl with 
tho Frinidcnt of thc Scw York Scwrrngc Coiniiiiwiion, 
nnd thnt gcrrtlcninn wna of thc opinion tlint tho itlcn of 
mrfnco should IN nbnndoncvl if possible if the iiinttcr was 
to b n d l y  ndvnnccrl. They nlno discuwxl thc climtion 
of tho clnrificntion of scwngc. The 1~oblrtn nt New York 
wag to den1 with nonic 1.W million girllotid of newngc 
1x-r dny nnd tlio idea of sprinkling mch n Inrgc cliinntity 
about in the ntnioaphcrc? in t l ~ c  hut Anwricirli ntininicr clicl 
not swni to bc nltogcthcr prncticublc. I n  tho intervening 
tiriio othrr cx~rrirnenta hnd limn ninth by Mr. Mumford 
nncl hiinwlf with regard to tlio cliwificntinli of ocwngc 
bnctcrinlly. nnd thcy Iincl siiccmiivl in clnrifying nltogcthcr 
&out 1O.OOO gnlloia by IIICJIIW of a ~ I I ~ K X W  wliicli tind 
nlrcady tnvn piiblinhecl. AS I)r. C:rossninn-i lind olrscrvd, 
local condition8 hd to Im tnken into con.qicli*rntion. 
I t  ww nlao neccwary to consider the jrroccw of wcmgo 
pcirificntion on tho onc hnnd nncl tlic iitili.ration of the 
nitrogcn nnd other constituciita on tho other. The ~rroccw 
clcscrilxul in thc 1inIm-r niiiiirl nt  ~riirifyiiig the ncwngc 
rn ra ritlly niid nn siinply RY 1mo"sililc. Hi-. for hid own 
part, Llicvcrl thnt tlio ~ r r o c w  wns ~~rncticnlrle on n lnrgc 
scale, nnd tlicy would hnve nome idea of d i n t  tlint riicnnt 
when hc rnentioncd tlint the Rcttling tanks nt Ihr-yhulnic 
wcro conutructd to liold 21 millionq gnllon3. The rtaulta 
indicntd in tho 1 q c r  H I I O W ~  that  noiiio nir hours' blowing 
would p r ~ l u c e  nn cfllucnt c q i d  to the l i d  cfllirerit nt 
yriYent ubtnirinblc : that  wno to soy. coniplcte punlieation 
in six hoirw. Assuming thnt the operation wns crnlv carriccl 
out twim in tlic 24 ~ioiirs, dowing H i s  Iioilm'to IJIOW 
and six hours ftir the ~nnnilri~lirtion Mr. linrt 11. .I( 1 n I mkcn 
of, ncrntirig the b!uclgc niid so forth, it incnnt tlint 111 tho 
tanks nvnilnhlu 42 riiillion gnllorw p r  cliry coiiltl IJC 
~riirifiecl. l'hc colec.qiiriit snviiig o f  xl~ncc nncl c~sln*ntlitiire 
on filters would IJC nonictlling cnorinoiis, nntl would nllow 
for ( uitc n lwgc cspvncliture on 1wwr nntl otlierwim 
for tlic provision of nir. l ic w o i ~  not cotiiriiit liiniself 
to figUWd tlint evcning. I t  woi~lcl not bu a wisc procriuling 
a t  thnt xtngc. l'lie clueation of codt lint1 Iicc~i wry ciirefirlly 
coruidcrrl. nnd tlio whole ninttw liird Iici*n np~~rt i~cl i rd  
from R ntriribc-r of points of view. E&niikta hat1 lwcn 
obtained for large scnle-work in blowing nrrcl IW forth. H e  
llud colwiiltctl Mr. S. 1,. l'ciircc. tlic Cliirf Engitict-r [if tlic: 
Jlanchcater Corl'orntion Electricity I!cpnrtiiient. with 
rtfercncc to the nrnount of power riquirecl for providing 
a certain nnioiint of air, c.r?tininting for the g-rntcwt 
quantity of nir conceivnblc for tlio ~iur~msc,  nnd rcccrit 
work which hnd bccn hgiln nhowid t t in t  tliero hnd been 
on ovcr-catinintion in that direction. l'nking everything 
togcthcr lie wnd convincd thnt tho proccw was n Iirncticd 
propition. I n  order to carry i t  out by thu most 
cconomicnl method possiblo it was, of coiirw, nccrwry 
to call in tlio aid of their fricnh tho enginwrs. Figures 
as to cost had h o n  published by cxperinicnters in Aniericn. 
I n  a paper by JIesm. Clark and Adums, ~ri~blinhetl in tlio 
'' Engincvxing Itecord," the figiiro for electricity wna 
plecd a t  2d. p r  unit, which w e  not vcry chcnp, nnd on 
that  bmris tlic cost of air wna givcn at &. Id. pcr inillion 
gallons. The Anicricnn scwago w e  rnttior dilutc. "hero 
WM abo cost of tho s l a b  surfoccs. Still, if i t  was possiblo 
to c m y  on tho proccsa at tho cost of 8s. 4d. per million 
gallons tho matter ap n d  to bo quite prncticnblc. It 
wan noce%sary to get tE principle right in tho first placo, 
and on that p i n t  ho hod no doubt. Tho iden wna really 
nothin now in  a way. All that  wan h a p p i n g  was that 
imteuk: of running tho stream of SOW8gO ovor n filter 
lod with imperfeotly o x i d i d  nludge on0 took aotivatd 
nludgo and moved i t  about with complote aoration. In  
the u m e  way that  a mmoloting Blbr  WM a concontration 
of l a d  treatment H) the trcatment dcsoriW ISM a furthor 

concentration on tlic pcrcolsting filter. No rcally nca 
principle was involvnl. nnd for that  reaaon i t  nppcared 
to him tho thing was on right lincs. Regarding tho 
ycst ion of nitrogcn which had h e n  raiscd, his vicw wns 
t at thc organisms collected a ccrtain nniount of nitrogcn 
from thc ~rroductu pruscnt in solution nnd birilt up  a ccrtnin 
amount of protopla~ni thcrcby. Hc wna confirmid in this 
opinion by cxperinicnts nindo nt thc Jlanchcster University. 
where n clepsit wns obtnind containing cvcn morc 
nitrogcn than was indicated in thc papcr. Tlic nniount 
of niincrnl riinttcr in nctivntid shidgc WAS not high. It 
woiild bc ncccvsnry in o d c r  to scwurc succrsa that vcry 
cnyful nienm bc taken to rcniovc tlic grit,, and considerable 
cnqlnccring skill woiild bc rqiiirivl to dcsign rcolly 
entiafnctory grit clmnilwrs. Thcrc were no siicli tliinga 
in cxistcncc in thc world nt tho prwcnt tinic, but no cloiibt 
tliv ~irol~lrni was cn~inl~lc of solution. The comiilctc 
rcniornl of grit woi~hl  rnntcrinlly mint thc working of the 
lrroctw. l'llc rrscnrcli work cnrrid out by Miusm. 
A d c r n  nntl Iackctt opcnd  out po.wibiIitica which would 
ro-nwnkcn the 1iiiblic interest in tho sowngc problem. 
which. ~~crlinps, to sonic of thcin lind latterly bcronie 
noaiewl~nt of a b O r C  bvbcing stnidardiacd to such nii cxtcnt 
that  the wliolc qiicsiinn had kcoiiic one of roiitinc. Thc 
niithon; of tho 1mIw hnd now lircd n bonibshc~~ into thc 
cnnip, and pcrlinps thcy would all start on ncw wnys in tlic 
f 11 t urc. 

Mr. ARDERS, in rc dy, snit1 tlint no incnns lint1 becn 
tnkcn to rcniot-c tlic clctritus from tlic scwnge w~lic~i  wn3 
griiernlly the average 24 Iioiira' H~IIIIIIC. AII inslwction 
of tlic nnnlysix woiild H ~ O W  thnt tlic pcrccntngc of orgnnic 
nintter in tlic rmi~lting sliidgc wna 05 lwr ccnt. or thcrc- 
abouts, w1icrcn.q tlic usunl Iwrccntngc of niinernl innttcr 
in sivlinicntcrl H I U ~ ~ C  in tho cnsc of JInnclicstcr would bc 
about 50 pcr cent.. so tlint thcrc WDB a considernblu 
incrcnsc in the orgnnic content. \\'it11 rcgnril to the liigli 
pcrccntngc of nitrogon, thc figurc givcn wna tho mcnn of 
novcrnl dctcrniinntio~~s. I t  would nppenr thnt tho high 
nitrogcn content wnn duo to n lnrgc cxtcnt to tho Ilocculn. 
tinn of tho f:wd ctdsion.  'rhcrc Iind brcn I i o  
dctrrniinntion.. of nitrogrn nt differcnt stngcs of thc? 
nccuniulntion of tlio sliitlgc. Tlicro wcrc still n niinibcr of 
points rcqiiiring cluciclntion, nntl it wn.9 not suggcstcd tlint 
invcstigntion Iind bcrn rnnclc into cvcry opcrntion tlint 
nctunlly took plncc. \\'lint lind bccii donc was tocnclcnvoiir 
to olitnin results wliicli coiiltl bc renclily ninintnincd under 
conditions in wliicli nppnrciitly thcrc sliould bc no acrious 
di?iculty in trniwlating to n prncticnl working scolr. Tlic 
ncicntific side of tlic innttcr liacl only bccn clcnlt with in n 
liinitcd mnnnrr. 'J'lic niithors ngrwd with I h .  Fowler 
in regard to tlio ~rrinciplc of tlic 1rroccs? w*liicli Iic had 
dcnlt with in tlic course of I i i H  rcwnrks. AH etntccl bv Mr. 
O'ShniigIincssy. with n tein wnrtiirc of 30" ('crit. thcr;? wns 
nppnrcntly n slig~it dellc~culnting action on tho sliitlgc, biit 
i t  wns not innintninid, tlio effect k i n g  observable in the 
initinl stngus, flocciilntion nubscqiicntly occiii-ring. h'o 
cxnminntion lind l)ccn inndc of tho grctuiu extract, as nt tkc 
tinic tho dctcrniinntion wna rnnclo tho nctivntd sliidgc 
wnq rather a valiinblo product froin tho cxpcrimcntnl 
p i n t  of view. Hc waq of o~rinion, Iiowovcr, that tho 
prccntngc of fntty nintter ~rrcscnt was not euniciont to 
niilitnte ngniilst tho iinc of tho sludgo ns n fertiliscr. It 
was n coririderubly lower pcrccntogc, aa Ur. Crossiiiann 
would IJC awarc, tlinn in tlic cnao of ordinnry sewngc 
tank elutlgc. ovcn coiinting tho wliolc cnrbon tetrachloridu 
cxtrnct ns grcnsu. It w e  quitc coininon for ordinnry 
tank sludgc to contain 10 to 15 por ccirt. of greano oxtract, 
and powiibly in soino cnacs a grcntor qunntity. Tlicro wn8 
no dcfinitu explanation to oRcr in connwtion with tho 
loss of thc nitrogen, and thero w e  no doubt that  with 
rcgnrd to tho conrcervation of tlint coilstituont furthcr 
informatiou wna required. In  tho earlier oxpriniontu 
alniost uantibtive nitrification of animonia w e  obtnind. 
This di3 not npply to tho lntor ox riniontu whcro thcrc 
w e  a greater 10Re of nitrogcn. B may tm mcntiond 
that  during tho Intar cxperiinonte a groabr v o h n o  of 
sludgo wan omployed, and nitrification prococded at a 
moro rapid rnto which might pssibly havo mnio influonco 
on tho liability to l o o w  of nitrogon. Tho queation of tho 
ofloct of waato liq!ior from sulphato of ammonia plsnte 
h d  not h n  investigahl. Tho Manohester sorego 
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denlt with, Iiowover, contnincd from 0 5  to 1.0 pcr cent. 
of this trntlo cmuent, nix1 in this proportion no scrious 
rctnrding cffcct on tlic oxidation process wns nppnroiit. 
If, ns nppcnrcd probnblc, tlic process wns csscntinlly 
bnctcrinl, thcro wns no donbt tlint niiy scrious nmouiit 
bf inhibiting ninttcr, of whntuvcr type, ns long ns i t  \ins 
bnctcricidnl, woiiltl doubtless hnro to H O ~ O  esterit n 
detcrrcnt clfcct. Tho voluinc of nir reqnirccl wns n IrJiiit 
wliicli obviously wns coiincctctl with tho cost of tho 
ncrntion proccss. Tlicy find not goiic w r y  tleeply ii1t.r 
tho ninttcr. As n ninttcr o f  fnct the Inliorntory experi- 
nicnts hntl  bccri nerntcrl witliont coriqitlerntion of tlic 
qncation of cost. ‘J‘licy lint1 tlctcrniincd tliu volunio of 
nir used in the cspcrirncrits, which ivns critlciitly niiicli in 
CSCCAS of thnt nctnnlly rcqnirctl ; t l iu qiinntity nnioiiiiting 
to  sonicthing nbont orio-fifth of n cnliic foot per squnrc 
foot of tniik nrcn per niirintc. l\’hilc 1)r. l~o\vler nnttirnlly 
rcfrniiicxi from giring rrny figures, o m  coultl wiy witliocit 
Iicsitntioii tlint tlic qnnritity of nir rctlnirccl \ins very niiicli 
ICM tliirii tlint nllowcd in niiy cnloulntioiw Iiu lint1 iiintlc. 
111  tlic Inborntory cs1icdiiicnt tlic nir w:rs l i d  not only for 
ncrntion but nlso as n nicnils of ngitntion. niitl it  wi is  quite 
oonocivnblc tlint n coinliinntion of niccliniiical ngitntion 
with tlic nsc of nir for nerntion 1~11r1iosi~ only woiili Iio 
inoru ccoiiornicnl. Thnt, of coiirsc, reiriniti~ul to  bu secii. 
A quwtion litid beon rniswl na to tliu cffcct of  grenac, 
concerning wliioli Iio could not givu nny inforinntion. 
Wlintcvcr grcnsu thcru wns in the nvcrngc sirinlrlu \ins in tho 
scwngo when tlicy trentcd it, nnd tlieru wns no nppnrcnt 
~Iiintlrnnco to tliu osidntion process. At no tinic wns tlierc 
on oxccssivc qunntity of grcnsc, but lit! w i s  of opinion tlirit 
~oi i io  simple iiienw would bc uiloptcd for rcinoving nny 
trctnnl grcnsc froin tho sewngo bcforc subjccting i t  to nny 
such trcirtniciit. 

Thc riinin fcntnru of tho cxpcritncntnl work \ins tho 
-st isfactory piirilicution of scwngo by tnnk trcntnient 
nlonc, with tlic production of n slndgu which, owing to its 

.oxidiacd nnd llocculcnt condition, coulll bo reudily dcnlt 
-.with nnd converted into n vnliinblc fcrtilising. ngcnt. 

A nunibcr of nninlilcs illostrnting tho eqwriiucnts of tlic 
-nuthorn w w o  exhibited. 

Obituary. 
lil~l~!lIAx FRi\SCII. 

IIcrninn Fradi \ins born iri Cniltlorf, IViirtcmbcrc, in 
In 18(iY he wont to Anicricn nnd BOOII nttnirietl 1861. 

tho forcniost position in tho Lnborntory of Prof. Xnisch 
of thc l’hilnilclphin Collcgo of l’linrnincy. In  n short 
tinic, Iiowcvcr, 110 turncd Ilia nttention to clicniicnl 
inthistry, niid nctirig qnito indopnduntly, ho coin- 
rueiiccd n sericv of invcatigntions henring upon tho 
siibjcct 01 ptrolcirni nnd its prodncts. In 1870, a t  
tlic ngo of twenty-four, Fr.nach cvolvcd n process for 
refining pnrnflin wax. which so plensccl the directors 
of the Cluvcliuitl l’otrolcnni Compnny, that  they 
purcliuctl it. nnil tlic young clicniist wns intluced 
to Icnru lDhilndcl~iliin nntl go to  Clcvolnnd, nnil 
ninke thc 1wtrolcuni nitlustry Ilia slwcinlity. Xnnicrous 
patents \vcw now tnkcii out by hiin. Tlicsu \vcm riot 
nll coiifinctl to  ~mtrolcurii niid it3 ~rrodncts. for in 1888, 
110 pntoitctl II procew for innking d i i t u  lcntl clircctly 
froin gnlcnn, c r r v l  bctwccn IS82 nncl ISYti one 
for rni?king aoc!icini enrfiotirrtu from ciait by tho 
ninintiniii proctsi. Ix.didc:, othcrs i r r  connwtion with 
Imicticnl apirlicntions of tlieriiio.clcctricity. hi tho 
works of tliu 1Sinpim Oil Conilmny. Frasclr solvcd tho 
~ l ~ O ~ J b l l l  of pnrifyiii * tliu offcnsivo sii1l)liuriJcd ptroleuiu 
oils of Ccril:rrlir nnh Ohio. thui rniaing thcni to u high 
degrcu of purity. In 1888, tho Stnndi~ril oil  Coiiipniiy 
bouglit Iiw pnteiits nftor cxhnustively testing thuir 
riiliic. Oiiu of Frnsoli’s gmntcst ncliiercnionts was 
his ingenious Iiroces* for rwovcring tho sulphur froin n 
lingo tleposit in Imiiaiunn, 1000 fect down in tho cnrth 
nntl covcrctl by tleiisc Inyera of snntl. IIcnt ~ ( L B  npplicd 
to thu siillilinr i r r  rilic I J ~  nicnns of su1wrhcntocl wnlcr 
frirrwcl clown u boring. first fusingnnd tlion iin1wlling tho 
inc l td  sullrliur i i p  nn iriiiur tub0 to tho surfnco (sw 
this .I.. W12, 1ti8--1(10). 110 npplicd for 10 pnkn1?1 
for lrroccwul uncl tlp[ULNtU8 in thia connuction. Xow, 
t hnnb to Fnr.lch’a inrctitivc gcnius, sulphur (fonucrty 
shippcrl from Sicily to  America), is oxported in largo 
qiiwtitia+ fmni Aniericn to Eirropo. Prnwh ultinintcly 
Iwcnniu l’nsidcnt of tho Union Sulphur Cbnipny of S o w  
York nnd Ifninburg, and of tho liitcrrintionnl Sulphur 
llclinuricn of .\lnmcilles. Two ycnm ago. nt n J h t i n g  
of tho Now Pork Srction of thig Gociot Prof. 
C‘linntllor, in prednting t o  hiin tho i’urkin GOB JIednl 
of tliu ilsytwintcrl,, Chmiicnl nnd Elcctroclioniicnl 
Socic+s, snid. tho l’crkin Jlculnl Coniniittw felt fully 
justilietl in plncing Mr. Frwcli by tho sido of \\‘illinn1 
11. lDcrkin, na oiiu of oiir grontest industrial chumita 
oncl clioiiiicnl cnginccm.” 

H u  died Mny Ist, 1914, in Pnria, at tho ago of 03. 
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YaKt tg  8flillldCd o 1morculercd or lipid a ~ ~ l u / t r ~ t c c a  : .4p~~uuralrta 
/or -. T. L obcrts, Ilolton. Eng. Pnt. 7351, Mnrcli 
28, 1013. Acldition to  Eng. l’trt. 23,237 of 1011. 

VAUIOIJS iuaoliuiiicul duviacn for controlling tliu unipling 
,duvioo of tliu uppuratus dcscrihd in tho oliiuf ptcii t , ,  
mid uloakwork iiiuoliuniani for olmrutiiig tlio coiltrolling 
~ l u v i u o  aro cluji!id.-\y. 11. C. 

Uetcrrrrirtiiig by ireiglrt quuiililiea of giw, elcarri or ollier 
t v p i t r  or iiquid : Proeecia uml q iprcr fue  lor -. 
C .  A. €1. l h z ,  Enfield. Froni C. A. Hnrtung, Berlin. 
351ig. h t .  8042, April 5, 1013. 

THE resistnncc for vnr iiig tho inensuring ourront in pro- 
portion to tliu flow of ti0 tliriti in tlie nicnsuring apparatus 
ilcscribcd in Eng. h t .  27,367 of 1011 (this ,I.,  1013, 74) 
is ilucucl in tho circuit beforo i t  brniiohos to tho rosietnnco 
brhyo, uiid tliu rusiatuiicos whioh sorvu to corropt for 
wwiutioiu of preenurn nnd tom aruturo .are plucod in the 
bruiiolrw of b ~ u  bridgu itwtlf.-\$. H. C .  . . . . .  

I) 




