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I. DITOODUCTIOH 

L:-u-ge volumes of liquid industrial 'H"tlstes are produced. tron1 the 

processing, dyeing, and .finishing or textile fibers, 'With the textile 

dyehouse contributing a large percentage or the total lm.stes. These 

dyeing operations are responsible £or a highly pollutional and harmful 

waste from the standpoint of color, biological oxygen damand (B.O.D. ), 

and chemical oxygen denwnd (c.o.n. ). '!he wastes may also contribute 

suspend.ad solids, high teanperatures, high or low pH values, and toxic 

materiD.ls. In soma oases suah wastes have created oondi tions of 

stromn pollution that mu.st be abated,. 

There have bem r,.any research and pilot plant studies ooncerni.nG 

the treatment 0£ dyehouse im.stes. These studies have included the 

treatment of 1-m.stes separately, the treatment or all the ·wastes from 

tho ,to.xtilo processes together, mld the treatment of the dye ·wastes 

o.nd other -i,mstes ·with. domestic sm,mge. The types of tre~.:tmEt:nt used 

b.n.ve included ohemicnl treatment or 000.gu.lation, lagoons, and aerated 

ll\goons or bio•aeration processes. other treatments are activated 

sludge pl~ts, adsorption processes, trickling filters, and those 

treatment methods assooiAted ,dth tho treating of wastes, au.ch as 

sedin1ento.tion, .filtration, and sludge digestion. 

Of nil the pollutiono.l characteristics of rt.re t-m.stes, oolor 

pollution is the oost easily detootod, and, therefore, one of tho 

imst significant forra.s of stroron pollution. Until reocntly, littlo 

otfort has been ex1,ended tovrard the r8l?l0Vnl of color from wnstes or 

streams. Color in streams is esthetically objectionable, o.nd in tho 



(!fl.JGS or the public, color is nn indicntion of pollution. 0n:cy- small 

<;JlDnti ties of color a.re removed. by current tre'1tmfflt :methods devised 

tor eli'1111nating other forms of palluti.on, but oher.tical oougulat1on c.nd 

adsorption processes have been su.ocessf\ll, to diti"ermt degrees, 1n 

removing aolor tron1 dye ·wastes. Although the ooagulation and adsorption 

processes result in high oolor rmmvcl.s, there is an eoonoml.c oo:md.der-

ation involved. Tho oo st ot chmJJicals and odsorbe11ts o.nd the raninte• 

nance costs of t.heso processes are great because of the large a.m,unt of 

color involvocl and the tact that many of the mod.am dyes contain dis-

persing and surface o.otive ._r.:,.""""'· ... ,i:#. Whan the chor:lioo.l ooagula.tion or 

ndsor:ption methods tire us~, most of the ohemicnls or :Jdsorbonts are 

needed to overcome the effects o:£ tho dispersing end surto.oe o.otive 

a.gents. 

Ovor the pa.st ten years, a new- lo,,-oost treatment process has been 

introduced as a. treatment for dye wnstes. This process, called the 

aerated la.E;Oon or bio-aeration process, is basal on the development of 

miaro-orcanimns in a single one-stnge prolonged biologioal. process 

'tdthout the use ot sludge digesters as COliJJ.'X1red with current conven-

tional. notivated sludge processes. 'l1ha aerated lagoon costs oonsiderab4' 

1ess then raost conventioncJ. treatment methods, ond 111 situations, 

tho oocrt less th.a., trontmant in a joint municipal 1)lant (23). The 

effioioot'JfJ of the o.erated lagoon is comparable to the efficiencies 0£ 

conventional treatment methods. 

Since high degrees of color rerrx,vnl. are achieved by- the ohernioa.l 

coagulation process, it ·wn.s desirable to doter.mine if some form of 

\ 
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biological trea:tmont• prior to chand.oal ooagulation, i~"Ould raiuoe the 

chemical ooagulo.nt derumd or d3e wastes, while producing an efficient 

~. economi.cal treatment process. 

Tho following resGArch consists 0£ au investigation enxploy-lng an 

n.erated latit.roon or bio-aeration pl"Ocoss as a pretreatment 0£ a dye 

,m.ste• .follot-roo. lTJ a ohentl.cnl ooar,.'Ulo.tion prooets. The ·wastes cho set1 

.for tho investigation ware black ai1.d brotm disparsod dyes, in.uoh 

reprosent t1-10 of the most difficult dyes to treat econo:miccl.ly. Tl1.e 

purpose of this study was to determine if bio-aeration treat..<r;1ent -uould 

· effectively rocluoe the cllandcal ooagulant demand ot blaclt and brown 

disporsed dye wastes, while remving a. lal"ga pe:roantage of the pollu• 

tional clk.-i,.raoteristies of the wastes. 'l"he virtue of such a process 

t~uld be the ren:>vol. of n. substantia.1 traction of the color :u'ld other 

pollutional r.w.tter from dark dispersed dyes at a .nti.n.imU..'?1 oost. 
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·.rextile waste treatment is one ot the liX1st oomplex problems in 

tho fieJ.d of industrial waste treatment because seldom are two textile 

.. re.stoe Alike in ahara.eter. In this situation, the dii'ferEllt nastes 

IfUX3' require quite different treatlmmt processes. E.van the wastes from 

eaeh textile dyeliouse ditfor, beoause of the iddely d1tterant dye 

proaossos and operations. 

Although some textile tmstes were treated in this country an<! 

abroad, little wns o.coonpllshed prior to 1925; and t'Ost of the infor-

ma.tio11 concerning textile waste treatr.1.Etlt bas bean developed sinoe 

1930. Prior to 1930, several mills, in ree;ions ·ti1here stream J.X)llution 

was ?IX)eJt severe, built ·waste treo.tmant plants a.t le.rge cost. Hany or 
these plants did not provide su.ccesstul treatment commensurate with 

their oost because of the lack of scientitlo information on the subject. 

Be~'tle 1n the early 19301 s, investigative ,~rk has been con-

ducted as nn ende~vor to develop general principles lllld prooedu.res, 

basic in ohe.reoter, ·which could be used and tu.rther developed ~J the 

hldustey in solv:1:ng ~1nste disposal problems. over tha years, many 

treatment processes or oomina.tions of treatment prooesses have been 

used for the treatment of dyehouse wastes. 1'.rtXmg these treatment 

processes, activated sludge and trickling tilter methods have proven 

efticdant in m::my cases, espe~ ·when the dye irasto is continuously 

combined t:lith domestic sewage (1) (J) (4) (.5) (10) (12) (19) (20) 

(21) (24 ). Tl1e adsorption process ha.s been studied and found to be 



- ll -

etfeotive in reni,ving oolor born ·dye wastes (l?) (26). Tho process that 

has been mst studied Qld developed. to give t})Od reductions 1n color and 

pollutiona.1 loe.d ha.s bean the chamicc..l coagulation method. '£his is the 

mst widel;y used method of treating textile dye wastes. In certain 

situ.e.tions, ohemioa.J .. coaeulation has been e£:foctive 1n removing up to 

99 per cen.t oi' th.e color and a large peroentago of other pollutional 

charaoteristios. Coa.gulMts oonll!Oncy' used nre ferrous and ferric sul-

fate, ferric ohlorido, aluminum sultate. lime. 0t..'-'.l.cium chlor.1.de, su.lturlc 

acid., and ooni>inations of these. In general, it seems that ferrous sul-

fate or oopperas and. lini.8, together, fom the liDst aatis.fa.otory treat-

ing r:1Aterial from the standpoint of color renx>val. from dye tiastes (2) 

(14) (16) (18) (20) (21) (22). forges, Horton, and Baity (13) found 

that the ohemicals that produce opti:.mum ooaeulation var.lad according to 

the tva.ste being treated. Therefore, one reagent or oorabinntion o.f rea-

gents should not be relied upon i,mon investigating ohemioa.l coagulation 

'ille most siwdfioant and comprehensive resea.rn..Jl investigation on 

chemioo.l coagulation as a dyo waste tMatment tlethod 1:.0.s performed by 

Forgos ot o.l (lJ ). 1hey used o. systematic app1"aoh tor studying the 

ooa.guu.1.tion of eye wastes. lt)st studios on chemical ooagulation, prior 

to Forges et al (13), used a trial and error method to arrive at the 

best trea:bnent process. 

7ests eonduoted by Porges et al (l:3) indicated th.At pH, coagula-

tion proced.u.res, orda1~ 0£ addi:tion of chm1'd.cals, and heat ef.fects ,rore 

important variables in the ohandcal coagulation of tax.tile cya wastes. 
Some results of their resen:roh imre as follo°'rs: 

1. 1rhe pH range of coagulation tor soleotod reagents that gave 



optiln:u,.v;i alar:U'-loation 01~ color ror,x.,vnl for several types or 
eye wc.stas 11as doter:cn.noct. .:Uoo, MY 001,.ro1n.tion bot-vman. 

trio h;ytl.rogen-ion concentration, Dnd the degree of ooa.guln.td.on 

For ferrous 

;zttll mi optimun 

clo ~o oon~elation bot\roo.n th.c chenicals usod D.l'ld tlie 

....... ,, .. p 
.i.'..W.~f 

bo intlopendent of tX>st of the imstes treated.. Otha!' tto:r'~s 

t.n\1 tbutJ:1er et al (20) (21) (22). o.."Q.'.)orimenting ir.l'th a variety 

of ~"'e uast,ea, obtained .final pH values approximating the 

range.s determined by· r:-iorgos et al (lJ ). 

2. 1"1.justt1ant ot the pH of the SU}lematant liquor prior to clis-

aharge was an irltp0r'tont taotor in the ohemioal trea.tli1ant of 

dye wastes. It ivns estimated th.at a pH varying .from 6. 0 to 

s. O ·was satistaotory for discharge into streams. This 

range was also odvooatotl as c. disoluu--ge criterion by Chrisco 

at al. (2). 

3- 11'he order in 1tflioh tho ohem:l.oals -were added in the coagulation 

test ,ras very important. lbe ord.or 0£ addition of chemicals 

depended upon tho type 0£ waste being studi.ed. It was sho1m. 
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tlw.t for a. greenish-blue ;b1digo wnste (initial pH 10 • .5), 
liln.o should be added. prior to ferrous sul.t"ate. !ibr a. blue 

vat dye waste (initial pH 11.7) and a blue developed color 

waste (initial 3.3), ferrous sulfate or forr1c chloride 

should be a.d.ded prior to the addition of lime. Golor 

re1roval and sludge compaction were the cr:1teria in nil the 

cases studied.. 

4. Iwper ro-"'dng and flocculation 11am determined. ond the"'J 

c..ppea.rad to be :tmpcnrtant factors at times. Sludge oonwaotion 

was influenced ~J mixing ll-"'ld floocro.la:tion. Lcl:>oratoey find• 

iligs shtn,red that for a deep blue-black sul.i'ul .. eye ·waste 

(initial pH 11.7), a short rapid mix, followed by llttla or 

no flocculation, for.med the D10st compact sludge liJben ferric 

chloride wa.s used as tho ooagu.l.ont. .Fbr a. greenish-blue 

indifjO ·waste (initiltl pH 10.5), a short rnpid trd.x, followed 

by r.t lea.st 30 nlnutes floeculntion, formed the most compaot 

nl1..ltle;a ·when lime ~l ferrous sul.f ate were uoed. F.Ln.al1:7, .for 

a. blue direct dye 1•raste (:L"litit'l.l pH 10.a ), a JO second rapid 

r:L"'t; foll.Olred by five ndnutes f.loeculation, fonnad the nx,st 

oonpo.ct sluilr;e. A blue devalopoo color ,mste (initial 

3. 3) o.ncl c. re:idish-broin1 no.pht.1101 oolor dye waste (initial 

ll. 6) requiroci the smne r.d:x:ing end f'l-0 oouln.tion .:1s the 

direct d::,e. 

5. temperature of tho ·n.aste affeoted the amount of sludge 

21roduood from ooagul.ntio11. Tho oonpaotion of sludge m,r1 
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ratio 0£ dewn.tering increased 1.ri th increased waste tempera• 

tu.re. It was s.hotA1 that tor coagulation of a. deep blue .. 

blu.ok su.L.'1lr dyo -waste (ini t1al 

o. sl'UlJ;l:> inoroase in the settlillg rato of tho sludgo occurred 

,at 4;f c, and. the optimu.ut settling rate occurred. 65° c. In 

the OD.se of fi1tering rate, a sho.rp inoreaso oocu.rred at ll-5° C, 
0 but rJ,)ove 45 c, little c..11Dnge in tho dewatering rate -wo.s 

observoo. 11.he affect of hoat on sludge volmne t1as o..lso 

obsorvod by Rudolfs .and Ba:wngnrtnor (l.5 ). They found that, 

coagulating a sul!ur dye imste 1-dth ferr-lc chloride end 

h:ytlroohlorlo ~aid• the volume occupied by tho sludgo at 80° C 

tJ-o.S less tlwn r.alf ot t..lie volume at 20° c. \ilth. temperatures 
0 

higher than 80 c, the tandenQ'{J ·was to produoo n. thinner sludge 

and the floe beOtll'fl.O smaller. 

6. 'l:110 sludge :il1 tho coagulation process was "t-m:i.gh.tocl 'td.th inert 

n.nt,orial in CJl etfort to redu.oo the volume or slud~ and induce 

C0!;1paotio11. Ftn-- a doop bl.uo-blac.k su.li'ur dyo ·wtt.ste (initial 

ll. 7), it was found that in~(Utsed. settling ratoo, but 

oolo1' ronDvcl tms poor. coal dust t:nd scnc.1 increased settling 

color remvul. .ith long detention tiz:1es, such as 

211 hou.rs, al1 sludr;es tendod to reach :maidJ::'llltl ooi-:1paction. 

~11oretoro, it was ah.0111 that ·weighting not bo oova.ntageous 

·uhore 1ong J.otention periods ere avnilable. 

,. l"c,tios of o.luc.lgo voluma to supematan.t vo.lu.me £1--om the 



blue-bltlck sulfur eye 1ra.ste (initial ll. 7), tho ratio 

wus 1. 3 :1 ~"'tor oon.gulatio11 'td th, .ferric ohloride and settling 

for one hour. l~:r a greanish-bluo indigo w~sto (initioJ. pH 

10 • .5), the rc.;tio ua.s br)t<tmen 1:4.l and 1:4.9 after coagul::.tion 

1dth lli1e m¥l ferrous suliate and. settling for one hour. 

iu'to:: settling fo:.... 2A hours, the ratio had inoreusad. to 

1:5.7 fo.r the indigo waste. 'ihese results were sornevlhat 

diftorent fl-om tho results tound by Chrisco et al (2). They 

found that tho sludgo vol'llm.O to supenu.ttm:1t volu:t1.o ratio tor 

:.u1 iridigo ·w.n.ste variod fro1n l:J to l:20 ~~er ooagulation 

·;d'bh lit;ie and ferrous sul.f'n.te and settling tor ?J..:r hours. 

!ib1~ c. sul.:l'\:U" d7a 11,urte, it was s.hotm that tho ratio varioo. 

fror2 l :6 to 1:10 aJ."te.t• oc.H1t"U.ltltion idth £arric chlorido and 

sottlir1g tor ~:h, hours. :.illis di££'e::.."enoe mrrJ be oontr-lbuted 

-to dif:f'orenoas in t..1-re dye com;positions or dyeinG ~)rocedures. 

'.1110 roauJ:cs of rr~~w 11ilot plant end oon:i-u.ete treatment pl:nnt 

studies h~vo roinforcod. the roaults p:roduccx~ Porges ot al (lJ). 
Ono such pilot plant study on mil..i\.ir dye waste by ?cu:.·ges. IIorton. end 

Gotao.s (lt1, ), sh.owed that J.a1.)0l'atorJ studios by li:>r~os ot. rJ. (lJ) gc.ve 

c. closo indication 0£ plo.nt opor-ati<.:m. li,;'1.borator-J 1--esu.lts of color 

ror.oval boan. sl.i[;litly better tli..1.n pilot pL."\.:nt studies bo<ll?.ttse 

of the possibility of r.10ro c.ocurate aontrol in tJio lo..boratory. It 

C.:ll1 nou be seen tha:t the tuo investigations by Porges et a1 (13) (14) 

1rere tur:rJ.nc; points in the troutr.iont of' no..stes, with th.o 1.,,osult 

being tho tlcvcloyi..m.ent of n. s-Jstoxi1c:tio o.pproac.h to tho troatm.ent 0£ 
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dye wastes. 

Durll1e; ·tJ:10 last decade, .n.mi trea"timant process hns been develop. 

ing in the :.C1eld 0£ te)..1;,ilo wasto treaunent, 1rrdch t.18J beoo11:10 a second 

turning point in the troatmant of dye W'I-US't.os. i,his net-r process is the 

c.nd mill at Cone ?ills t rttvo:r plant in North. Cc.rollna (8). 

In aeration S'1JSteiil, a lc.i;Oon of su.f'.ficien'i.i 
sizo is built to hold tho total ,mate oxp0cted 
for a ti«:>-or-tlll"ee dtcy" 1:,erlod. At the inlet ond, 
rt r:tl.xing basin is .titted id.th a strainer to rer;;cve 
c:,.:r:, undigestible solid 11U1tter. At the do1i\1UrJ 
O?'lelt there is a settling basin ,r.1.th or ,,d.thout 
l)t--ovision !or p!.k""1J.~g baak a l,?Orticm of tho 
sludzo to the antoring end of the ln.eoon. 

1..n operation, 3ir punws into tho la.goon at the 
entering and ·t.1u10ugh distribution ;pipes. 
nil" circulates the waste and provides or.rgen for 
·the aorobio bacter"J..a. 

jl0octi02:1 is b1""0u@1t into be1ruice ·b:J· roculatinr; 
cir flot, and• 1,:here naoossary • by introducing 
sludgo t1v1;1 tho oottlinG basin n:t, tho deli ver-J 
011.d of the la30on. 'rhis slu.d~;o is rich in 
b.:1oterit1., i.dtiah i'oed en th.e nt· . .-:: ,_'..,a-n.ts in the 
mill trn.ote-aau:1.Ge l?lixture. 

The clear etfluat1t from the top o:r tho settl.L~g 
b;;;.;;d.n c.lisoharges into the stl."etJ':1 at n D.O.,;. 
reduction rate of . eo to 95;~~ Sludge dooa not 
c.ocu.1:rJ.lo.te i:i.1. tho lagoon bocau.so tho orcar..ic 
matter is ·toto.11y dastroyod. and the soluble 
st.lts i'l.'Om. t.he textile waste are, of course, 
cc.mod through. in solution. 

J .. 11other 1nothod o:£ introduomg air is by 
mech.a.nic.o.l cn:1trailu1ent produood b-3 agitation 

a rrl.xer instolled ahead or the lagoon [or 
~io lagoon] (G ). 

Sout:w:c ct D.l (2..l) found th.a:t a 90 per ca11.t textile mill 1mste -
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10 por cent sa11age mixturo nera.tad £or 24, 48, and 72 hours 1n air 

aerated lagoo11, 1:dth Var"/ing amounts of aerated waste being recil~ 

cu.J..a.ted, resulted in good ro.~vals of n.o.D. and fair rerrovo.ls of 

color. 1110 24, l}O, and 72 hour re11X>vals 0£ B.O.D. wero 40.l, ,56.6, 

and 92.3 per cont, respective~, and the rer.Dvals of color 1mre n.7, 
:;z. 3, al'Xl. 44,.; pe:r cent, respactivol,y. A sevat1 to 10 per cant 

domestic 't·ra.:t,owater soad wns required for satisfaotor-1 biologiocl. 

gro,vth. It uas found that acid t:.djustraent 1,ra.s not required £or 

a highl.;y- alkaline textile waste, co11taining large amounts of ~e 

alkalinity. ihore was a roduotion in during the aeration of the 

waste. &~, it was sl101111 that the oo st of tho aerated lagoon 

process varied from ·} to -} that a trickling fUters arid a.otivat8d 

sludge processes. Those results were a.loo reported by Jones, 

Alspaugh, ni1d stokes (6) in a. wra detailad stlltW'• 
pilot plant studies by vllll~ans and Hutto (27) have shown 

that tor tuo d.iffera1t eyeing a1ld :el.nishin(I -wnstes, aerated lagoons 

,iith detontion periods of: LR} hours 01" m')l'et .follo11ed by settling, gave 

B.o.D. removals of 75 to 80 per cent. The vrastos 1:-mre markadJ¥ 
ditt'icult1 0110 lw.ving a pH of 5.7 and the other a pH of ll.5. The 

·uastes 1mro ~81."a.ted without prior seeding wlth sm,rage. In tha treat-

ment of the iraste with pH ll.5. there was a roduotion in the pH of tha 

effluent after hours aeration. !be final pH was 8.2. All during 

the aeration atlJdy period, the lagoons operated without odors. The 

only problem encountered. ·was tha production of oons1derable an:ounts 

of to.nm, espeoinll1 on warm, hur:d.d ~s. 1ihe foaming resulted from 



tho la.rGe q~'1...11.tities of detorgmts and soaps used in tho dyeing n11.d 

finishing. pi--ocesses. The--:1 .found that onti-fo.ol!t age11ts and a spro;rlng 

S3"ster11 using effluei1t b'On tho lagoo11 gavo .favorable results for tho 

reduction of the fot::i..~. l~th.o'll.Gh. oolor w::.s not ntea.sured., it appeared. 

to be red.uoed, aild the et.flu011t ,m.s a. mu.fern grcrJ', reGardloss of tho 

ooJ..or of tho inf'1ua11t. Sl.udge c.ccu.mulc.tions in tho oettlil1g lagoons 

tiere small, aa c. result of tho lot, ar:vunt or su.spoo.ded solids in tho 

wastes. 

&lutl1e1.~ (23) re1,'.;0rtcd th.at as the aeration ti:rrs.e inorea.oed f1't>111 

16 hours to JG hours il1 tho trea:tn1ant of a vat eye wn.ste-sat•ra.e;a mixture, 

tlle B.o.D. :t~·x:.>v.il incraasocl fi'O!ll 6.5 to 9,l.; por cant and the color 

~val increased from 60 to ?(1 per cent. Ho also showed that for a 

te.'Ktile ti~rrto td.t.!1 a pH less thro1 7.0, there was an incro.aso il1 the 

pH upon ~.eration. Fbr a ncsta id.th a pH grea.t-er t-han 7.0, a reduction 

1n pfi wns e.ffeotoo during aeration. 

Pina.ult (12) roportocl that an e..orated lagoon tren.tL1ant ple.nt at 

Ca:11ton Cotton HU.ls, canton, Goo1"gia, "t-lUS ob~g 9J per cant n.o.D. 
ret7i0Vti1 11ith pra.cticnlly no residual color. ~tha waste tras aerated tor 

?JI. hour-s. 

Accord.ins to pilot plt1J1t studies, liluris and t4llis (9) r.l1d. 

Jonas (7) havo reported rosuJ.ts oonsiscont 'Hith those l"Oported b"J 

South.er et al (2.l), Wllliron.s et e.l (27), and Souther (23). 

It 110uJ.d appear that a combination 0£ the aerated lagoon and the 

ahemicc1 ooa.C'llntion process i10uld be an acceptable treatment process 

.for cyo uastos. Th.e of!octs of the aer~.tion systam sem~1 to produoe a. 



subst&.""ltio.1 1"0Cluation :l1 n.o •. o., a.nd the ohel1l:icD.l coagulation 

process 

reduction, tho c.eratcx! Llgoon 

0£:tootivoly 



llI. J!EING Pl10C!8DURE AND WA;.:;i"'T.E COMPOSITION 

'l'he textile wastes chosen for this investigation were those that 

have been offenders because of their volumes, strengths, color pro .. 

parties. and presentment of treatment problems. Tbs ti«> wastes 

chosen 'Here under the category of dark dispersed. dyes 1mich have been 

increasing 1n popularity over tho pa.st several :,ears. These dye 

wastes, 701 Bl.D.ak and 803 Brovm Disperse Dyes, were simulated dye 

1-mstes and irere prepared by D:.m River Mills, Danville, Virginia. The 

tormul.ee ot the dye bath mixtures and the eyeing p~cedure were also 

obtained from nan River MU.ls. 

&o?!5?2.s.Y9Jl of 1i§,:tes 

The wastes were very similar, with the main difterenoe having 

been the type of dye matsrial. u.sed. 

A. 701 EQ;lak Di&ereed. B9 mne 
The dye 11::is used .:for yam. dyeing ot a .50 per cent Fortrel/ 

.50 per cmt Cotton blend. The color of the dye waste i~s brow, 

but the yarn 1-ras dyed black. lhe tlnal pH of the i1aste 1-1ns .5.8 

at the end of the dyeing run. The dye 1:raste was composed of the 

follo'Wing materials• 

l. 3. O per cent, Fbron Blaok K Blwer ( this includes Fbron 

Mavy 2 OL, Fbl'On Yellow Brown 2RF.L, and Fbron Rubine GFL). 

2. 3.8 per cent, Dispersing Agent 8 (this is a. 33 per cent 

solution of Tamol SM). 

3. l.O per cent, Cc.lgon. 



·..:.his dya was alsc, used tor yam dyeing ot a .50 per cant 

Fortrel/50 per cent t::otton bland.. 1l1he oolor 0£ t,.\e dye vaste ivt:1.s 

1:as 6.2 at the and o::f the dyeing run. •fue dye wasto was co1nposed 

cf' tho folloY..u1g co:i::1pounds: 

l. 0.9.5 pc1" cent, i\!,m.cron Oran.ge LS. 

J. 0.3.5 per cent, Eastman Fo]¥estcr Hed B. 
1+. ;. 3 per cent. Dispersing .Agent 8 ( this is e.. :3:3 pe1" oen.t 

toluticn of '£m1Xll SH). 

6. 1. Q per ce1Yli, :i.onooodiu.t1 fhosph.ato. 

7. 1.15 per cent, Sodiu:u .rlitrite. 

lne ci.yeing proaedtu--es for jD.J.,l ~re.il1.g o:f' 'forlrel/ :»tton blends 

using ?Ol Dlaok end DO:} Brotrri. 1}ispersed ;,.}yes were ·~he st.me. ·Ihe 

pro<uY..lurc was as iollows: 

l. -~i:arn was waahed in an 80 liter dye machine witb hot water 

·w1til all t1·acas ':Jf' tint t.~ere removed. 



JJ.tor of ;iispo?-sin.g Ac;e11t 8 1rci,s put i.nto 

nc.ch:i.Jw tras 011erntcc1 to pr01ridc c,git0.tion 

rive ni:nutos. 

s, uhich inclu.dod the dye e.ncl clispersinc 

cant, of the !bnosodiun Pl1.osphatc end l.O per c011t 

of tho Cd..gon ·were the11 addocl. I.bth 1-1ere in 1.1.quoou.s solu-

2.nd d:i.lnted to ~pprox:unatcly 10 per cent solutions 

to tho l~"''"ch:l.xul. The lonosodiur.i l?hosphate 

to control t.lle 0£ the dye. 

5. d:to mach:L"'lo wo .. s run tor 10 mi..'l'lutea, cm the pH ot the 

of the 701 Black Diapersoo 

·the rc.2di11c, one per 11.ter of Cod.iu.m U:1.tri.te 

:::l"cveu.rt t110 deoompo~iticn or tho dye oonstituonts. 

10. the of this )0 minute per.too, the <]:re naob.ine t:ra.s 

:dth t1:.o fina.1 p.l! of the 701 PJ.~ck Dispersed 

of the 80J Bro·wn Dispersed nye at 6.2. 



... 

This fin.9.l dye liquor ims the waste used in this investi-

gation. 



l. t4~se, anhy-Jrous, (C&Il2"6), (d-gluoose), certi.f'ioo 

rcag0-11t, (.Ficho1~ ). Used in ob~1.i.11int,; t: stl'Jl(lard ourve f'or 

Uc.a~l in c. 1 Uorri:..al solution as c. coagulant for ro.t10val 0£ 

oolor £1.-11Q:m. black and hrcmn cl.ye we.st.es in the couc"U.l.a.tion 

J. 1''R¼"A10iJl J.nfljt®tgf ,:e+J?.Y?n, (l;lO-Phenantlu'Ollne Ferrous 

Sulfate Co!!!Plex ); ('5.aher ). Used as an indioa.tor tor oon-

vantional. c.O.0. analysis. 

1+. f:em:!!.ff &ni& l~, ( Fe(im4 )2(oo4 )2 • 6u2o ). grai1Ular, 

eerti.tietl reagent, (Fiaher). Usoo. as a titrant for oonven-

5• flimJ.M} SSttY:ate, (Fe004 • 7!I2o ), crystal, cei-.iil'iad reagent. 

(F.isher ). Used in a 1 Morircl oolution as a. coagulant for 

renxnrl\l . ot color from tho blad; dye ira.ste in the coagulation 

6. ~~1.t• hir;h ccl..aiu.m n,s.7tlrate, ( Co.(Oli)2 ), chonttonl grade, 

{r1ationo,l ~su:n C.Or:JParv ). Used i.ll a 1 Nornol. solution c.s 

ll ooa.~·i.nt in co:rtlbination id.th ferric c..'1lor:ido a.-rxi ferrous 

su1fc.ta :tor the removal of color £ror.1 blli.ck end b1~1111 dye 

iw,stas in the concuJ.ation test. JJ.so used to adjust the pH 
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of blaak and broim eye wast,es for coagulation test. 

7. 1'1@£.mo ~ate. (Iiga::>4). potder, .~cal grado, (Baker). 

10. 

Used in the oonventional and Technioon Auto-~er c.o.D. 
ant!lysis to ol~.r:tl..nute i11terfel"e.1cc duo to cllloridos in the 

Poto.ssitml Dicl:l!Q11ttte, (K2er,...o7 ), rJ..11e 017st,£1.ls, certified 
r 1' I Ii • . 1·z1 _.. A . Ni i.+;, 

:rorx,,1i.n~ carbon dioxide in the m.ano:metrio B.O.D. deternrlna-

in a 0110 per cent solution as o. 000.t,11.U;.:J,t tor tho 

re,mval ot color from the broim dye 11a.sto il1 the coaaulation 

ll• faxo.t SpJ fe}o, (llg2004 ), pou:lar. roa.gent t1TadOt (Baker e.nd 

.. ~.., .. ,;.~iv .. ,.). U:sed D.t a co.tal.3st in the convention.u. 3ll.Cl 'l~och-

nioon Auto-la.1c.J.;yzc1~ c.o.D. analysis to assist :in o,d.didllg 

neutralizing dye ·waste sanplos 

13. ~~a.rd :eJI 1¥•?&:• (Ibnopota.ssim::i f•hocphate-Sodi'W!l Hydroxide 

Dtti'fo1'), 0.0.5 Lolor, (pH 7.00 ! 0.02 i:; 2:f'c), aortit'-.l.cd 



15. 
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ll'leter. 

1:bln.l"'t (pH 4. 00 ! O. 02 2:f c), certified reagent, (1'1sher). 

Usoo. no a buffer for sta."1dcJ'dizin:3 the 

( Ri,;3hc1,. ). Used i11 the oc.m.ventionnl nnd ·rec.h.:nioon A1.tto-1u.1acy--

cor c.o.::. ~111D.1:rrtl.s to 0Ji.1U11ate intorforonce due to nitrites 

the rJ;;,c ur,.sta. 

U!Jcd i.'1. digorrtion mixture for Tealmioon Auto-.An~S:r c.o.D. 
used in the conventional. c.o.D. ~sis: 1lsed to 

trante 3mn;plen tor storac;e; on:l ticocl in a 1 Hormlll 

roltrt.ion to ctdjunt tho of blo.ak ~YJ.d brotm dye wo.stes £or 

tho oongulation test. 

or ooagu.lation tests. 

4. Condensers, (Friedrichs), Pyrax Br:nnd Glass with 2.h/40 Ground,.. 

Joints. Used ~s p:lr.t\i of the l"'OflUX o.ppri.ra.tus in the 

Jo~ coo.to.1", (Rishor). Uood. to oool tho reaga"'l.ts, tho rosidues. t?:ti!xtuh J iii 



froni suspend.ad solids tests. 

Used fts pD.rt of tho rcflm:: a.ppn.ratus in 

8. 

10. Usod it1 filtre.tio11 for 

ll. 

Used 

Used for dot,0~1.inillf; loss 

14. 

15. 

eo J.L'U.l.:.:. tio 11 tests. 

16. 



17. J?.I.~J~at;3r w"'ith Glass B.lectrodas, (T.i0cxls llnd. ?!01--thrup). Used. 

to :r:10:\mtre pH of Sat"l:Plos. 

:w. Sp~ct;;onic ?O CQ}ar,w.ete.tlt11zegJa:s2w:re1(!£, (&usoh arA. 

!orb). Used to detorrdne color ~x,va.ls from the dye ,mstes 

ti,.ftor trec~t.,r:ient. 

19. 'l'e,c.lflipol} £iUW•/mih!,Y,~•r, (Techrd.oon ). Used to deter!!dne 

!SsE~¼J ~i:!elte.S~ 
Th.e pur,poso of tl'ds investication ,,as to determine if a.erated 

lagoon t:reatnent viOuld effectively reduce the chend.CAJ. ooagulo.nt 

d~nd of dc.rl<: disp8l"sed dye wastes, t-mlle ~v:lng a large percentage 

of the oolor and othar pollutionnl r..atter from the wastes. Tt:10 31m .. 

lated dye ,mstes, ?Ol. Black end 803 Brcnrn Dispersed f;;e•s, were pre-

pared by Dan Hi ver UU.ls, Danville, Virg:Lrd.n. '!he wastes, at 200° F 

after loavlng the eye l!taOh .. 1.:nGt 'tifel'8 cool.ad to 20°c (68°F) before 

being treated. 

J:nitial tests were performed on the raw dye wastes. The ,mstes 

were then aerated in a simulated a.ere.tad lagoon. Samples ware taken 

from tho nera.too. lagoon n.t speci!ioi periods of trom one to five ~.y-s, 

t.md tests ·wore perfomed on these samples. The tests cond:ucted on the 

ra.w and aoro.ted StU:11Ples included the manometrio B.O.D. deterrilino..tion, 

conventional c.o.u. ennly-ois, Teclmiaon ,,uto-Analyzer c.o.n. analysis, 

cher,-..lcal coagu.1.ation tests or "jar tests. st Other tosts tt'lat were 

pertormod were the susp0l.1ded solids tests, color roox,val analysis, and. 



pH tests. Color recx,val ~"sis, pH tests, and. a f EAJ oonventionnl 

c.O.:t). analyses t-mre perfomed on the supem.atent from. the coagulation 

tests. ~10 an:,unt of sludge end c.ppea.ranoe of supematant were noted 

in ea.oh ooagul.ation test. 

ments o.t"'ld tests irero oonduotoo: 

~orimar!.t •. 1.~. Dzei•t o/: 29). D"alSJ?HS&S i:cLe.} i\P_\e 

l~~D.too lie~ Ir9M,tmm.t. 
?J.110 biolosieo.1 p1"'0oecs usod. in this il1"tostigo:t.ion t:ra.s a simnJated 

a.orated la.goon, e...~oept tlli.1.t tho 1..1.goon ·was ::1, batch rather than a. oon-

aeration on o.f'i'1u.ant propertios ( c.o.,. • con.t~iiLlnt dOO'lt:"l:nd, etc.), the 

inie aeration tank or lagoon oonsistoo o:f a 20 eallon pln.stie 

The dr no.:! first passed t1irou0,1 o. cotton plug filter ·to rar.,:,vo oil; 

1:nitrtura, othel." contaminants. i1:i.e on.tire o.eration .:ippara.tus tm.s 

t11e t:t'oc.trrotlt i:~ultl 11ot be D..ffooted by fluctuc.tions :iJ.1 the ambient 

literc) of 1;d.olozi~1.l seod ·we1~ 1)la..ced in the trash OD.n or aera:tion 

ta..,111:. The biolor;tcal seocl use...1 traz triokliI1B ~.....lto1 .. efflusnt from. the 



o..vgan (;J.O.) oonoentration greater then one p.n.rt per m:Ulion (p.p.m. ). 

1'be D.o. 1-m.s checked periodically with a.Yi Oxygen Meter and o.o. probe. 

There 1-ms o. substantial amou.."'l.:, of £o3lning of the 1-m.ste in tl1a 

aora.tion tca1k, but ei1.oti[?J \"1-eoboa.rd above the ua.ste uac prov'ided to 

srunplo 

A Leeds ond. llol'.'tltt1llp 

vcJ.uo nn.s four.it for the supomn.tant of tho cott(;ul,ntion tosts after 

ooncontra:tio:n of suz:,endod solids -;Jas dete1"'11ined f'o1• the ro.w 

dezoribotl 

1-1n,tor (25), uith tho follotr.b16 exceptions. --, 
place 0£ 



Jl .. 

suspordoo solids uas increc.aed !'"rem one hour to m hours. A 2,51 50, 

Haoh. 

·fm1--o not neutral.-

izotl pH vo.lu.e:.:.; bot-ween 6. O 0.::.1,I 7 • o. ~ch smr,.ple 

·uo.s diluted. 

15. 7 rtlJ J :.i J ·i tcro o't biolo gica.l seed 11as 

blolo(;io~y active. A ·wick ;l.nd cup containing four drops 

closed, 
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1Ihe propo-r B.o • .0. vttl.u.o 110.s £our..d by increasing the tWlometer reading 

lrJ o. fc.otor of 10 because tJ.1.0 oa."llple ims diluted to 10 per cent • 

.:\ 11X>ro deto.i:Led disou.ssioii of the oporn.t:lon ot the D.O.:J. 

appnratus is z;tven in tho r.iD.nual acco~g the apparatus. 

CbJ.1.Ventign~ c.o,.iiJ1 . ~aas 
1110 convention.al c.o • .u. ~sis ·was oonducted on the rm,1 and 

at.rated sro.itplos. irlle c.o.:o. ~sis t,m.s r~orm.oo as desorlbed in 

!)'tSJSard, f~fi tior ~G ~n Qf \~irk8£ ,al \fflG_~- (2,5), 

with the follo,dng ex:oeptions. ~t-bottomod tla.EKs were used as 

the re.fl.1.t?.ing flaoks in place ot the erlcnmeyer .flasks. 11:ie sultar.tlo 

acid, used to elir.:dna.to interforenco due to nitrites, ·wns D.dd.ed to the 

c.o.D. J."oo..tients il1 ea.ch to&-t, instead 0£ boing added to the potassium 

diahrox:mto ool.ution. Ono gra111 of silver su.li'a:tc was added to the 

c.o.u. reagents in eaoh test. :l.llstead 0£ adding it to a n:ine-1x,und 

bottlo ot sulx."urlo acid. 

1.ha SD..r."Oplas that were tested tmre diluted to lO and 20 per cent. 

and. one to .tour tests were run on each $0.Ulple. 'l:he results from the 

·tests .for each sample were averaged and rocol'ded.. 

Teclmia?ll tltte-~ &t,Paile /;B§ri:lJas 
A c.o.D, ~"'lelysis wes conducted on tho 1 .. :1.1:1 and, a.orated. sa.~s 

using tho Teohni~~n 1\Uto-Ana3.1zer. This method ot ~sis wns u.sai 

as a oh.eek on the eon:vontional c.o • .n. tests. The raw and aerated 

s;.:unplos ·were D.aidi£1ed uJ:th oc.mcent1•ated su.J.turio n.oid. riha £incl. 
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pH values of the ac1difiad samples ranged bettfean pH o.8 ani l. 2. 

The samples were then stored until after the last sample was taken 

from the aerated lagoon. At this time, the SDl'ff.Ples ti'ere neu..tralized 

id.th 50 per cent w/w sodium l\Ydroxide. All the neutralized samples 

were diluted to 10 and 20 per cent. TM:> 10 per cent dilutions a.nd 

tuo 20 per cant dilutions vtere tested tor ea.oh sample. Mercurio sul• 

f'ate. sulfnmto acid, and silver sa.lta.te ,.zere added to the other rea-

gents in this test, and they were added 1n the same £1Uo.nt1ties a.s 

described .for the conventional c.o.D. nna.lysis in tllo preceding soc-

ticm. In this method for the determination of c.o.u., ea.ch san1ple 

was digested l'aith knolm al'!X)unts of potassium dichromate and sulfuric 

acid. The depletion in color due to the oxidation of organic materials 

in the SDJ!lPle tras then measured colorimotrieally and recorded on the 

chart of a recorder. '!he c.o.D. of the saxnples was found by compar-

ing the responses ot unkncn-m samples ~dth those ot known glucose 

standards, imioh -c-rere plotted to give a standard curve (see F1gure 3, 

page 47 ). Fbr this investigation, a .tlo11 diagram of the system for 

the measurement of c.o.D. is sh.ovm. in agure 1. 

A m,re detailed discm.ss:1on or the operation of the Teohnicon 

Auto-Analyzer for c.o.:J. determine.tion is given in the manual a.ooom-

panJr.lng the machine. 

eoa.gqla.\_;pn Ieft 
The ooagula.tion tests or jar tests were per.form.eel to obtain 

the optimum chemical. coagulant d9liltllld ot the raw and aerated samples. 
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T\-10 coa.gul.ant oombinat1ons, ferric chloride and lime, and ferrous 

su.lta.te and lime. were used tor this test. In both oases, the li.me 

was added first beca.use a prelitninary investigation. showed that th.a 

best results ·were obtained. by this procedure. All the chemical 

coagu.l.ants were made u.p into 1 Normal solutions. The lime tva.s pre-

pared. dni~ • but the ferric chloride and ferrous sulfate 1-1ere pre-

pared. every one to £our days. 

r·he axpa~'nental procedure was conducted in tha follo1-:d.ng 

manner (ll). The experiment was carried out in a constant tempera-

ture (20°c) room. A preliminary investigation of the coagulant 

denWld of each sample ·was aonducted by varying the coagulant dosage 

in 25 milliliter smnples. From the results of this investigation, 

the range of chemical do sa.ge i:tas deoided upon for the regular coagu-

lation tests. This investigation was performed tor the ra:ti and. 

aerated. cw.mples. A ,500 milliliter sa,;"Tlple was now added to eo.oh of 

six ona liter beakers accommodated in the jar test apparatus. l'ha 

jar test apparatus i1as a la.borator., Mlltiple stirrer manufactured by 

Phipps and Bird. The stirrers on the apparatus wre started and rtin 

at 100 revolutions per minut-e (r.p.m.). rfhe coagulants were added to 

the bookers 'tdth increasing dosages from left to right, and ·with the 

third or fourth beaker receiving a. dosage estimated to be correct. 

~ual amounts (normality basis) of lime and ferric chloride or 

ferrous sulfate were used in the tests. The coagulants were rnixed. 

,d.th the se.mples a.t 100 r.p.m.. tor one minute. The stirring rate ·was 

raduoed to 45 r.p.m., and the :miX1ng 11as continued .for an addition~ 



:,0 minutes. The stirrer ltas tu.med oft, and the mixtures were settled 

tor 45 minutes. At this time, the appearance ot the supernatant was 

observed, and the a1110unt of sludge ,ras moa.su.red. The sludge was 

r:.e--:3,su.rocl tr,1 tha gl."tJ.du.at:tons on tlle side of the boakal"S• The gradua• 

tions 1re1•0 aeOlU''o.te to ldtkL-ri '! five !ittlJj l-1 .. ters. The pH 0£ the 

superno:tant tms maa~l, ,9.S l1as t...lie ox:ount ot \lOlor remvsl ettected 

lant do sage wns determined. 

~o fo:r the t:.eratod sanple ·w::lth the d.osage ot cot1.c,.tlant acided.. 

soconcl beakor irn.s M.tratocl 1dth 1 :i:1o:t'mtll lir.io. F.rom the tit1•ntion 

produce u certain pH was. :01tnd. A 3()0 ntlJJjJ'lter sa.ntJ.)le was added 

to tho six boalters. was varied bt; sit.ding sul..tur.io acid 

in the first tt-10 be:lkors m:td l:l.mG in the last three beakers. 

~~re d.osru oo as to proviu.e a pH in each beakor vai~g 1n 1:norenients 

of 0.5 



100 r.p.m. and stirred for 30 rdnutes ~t 45 r.p.m. The mixtures 

1:rere settled for 4S v.imltes t.nd £or hours. At the end 0£ the 

settlinB tines, the appe.a.ranee ~NJ.s observed. ar.d the color rem.:tval, 

pH1 and sludgo volur,,..o 110re 1n.easu.rod. Frotn. these results, the 

opti.mu.rl the coagulation was detenn1nad. 

g,Jpr 
The amount of color r~val 1ms determined indirectly for the 

aerated samples (a.tter ono hour sedilllentation) and for the supema-

tnnt sti.t,:)los from the coagulation tests. The appa.ra.tu.s used to 

determine oolor rem,val was the Spectro1lic 20 Cou:,rimet.er/ 

Speetrophotomoter mtll'lufll.cturod by Bausch t.i.nd tomb. the ma.nusl 

ru,oot,pvr~ri."1.G this inst.'"Wttent nns · helprul. in prov.1.ding in.formation 

as to the operation of the ma~½.L"le. 

The method usod. for obtaining color reinoval values involved 

perfol'!ldnG a.'1 absorption spectral anc~sis and getting the ma.'d.mum 

absol'l,tion of llg..¾t in a sruTi'1lo f'rom an abso1--ption spectrum curve. 

This llg..t-it abso~n value uas then ant~ into a standard curve 

.trom lifl.dch the i!4,-,unt of color ratr'.DVa.1. was obtained. 

Tho details of ti.a ahsorpti.on spectral a.na.l;rsis were perfomed 

~--i t..lte follo1tL"t'lg rot.?...."ll'l.er. It uas found that tor t.t-i.e dye waste used, 

the red p!'.rt of t.1le wavelength noale on the Speotronio 20 wa.s needed 

for tlle colo1' romo.,.,t:w. dotan1D.112.tions. ~l1his sc.alo required the use 

0£ on a.ooesoory red ~.u.ter (Cat. Mo. 33-29-18) end. a red sa,.sitive 

phototube (Ca.t. No. 33-29.72). Pirst, the Speotronic 20 1ras atljustad 
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tdth n distilled ,mter bl~"'lk so that beti:-roen t..lte unvel01gt-l1s of 600 

and. 800 tull.imicmns (r,µ.), tho per cant tr0-&~smitte.noo of light tlU'Ough 

the 11atar increased from 25 psr omt to 100 per cent. ~n1 800 to 915 
mµ. the per cent trn..."'lttai ttnnoe dooreased fro:m: 100 per cent to nine 

per oant. A ou.rve result::!.nc fro.m n plot ot this information was 

obtain.ad tor onah sample tested for oolor reoovel. This au.rv-e 1fas 

called a spectrum aurve, £1.nd all aurves prepared in the some manner 

were called s-peetrum. ou.rvas. The other spectrum ourves imre all made 

-.d:bh th~ Speot.ronic 20 actjtistod ,d.th the distilled wat'!r• bla:t,.k. ~rhe 

distilloo trn:her specrtrum cu.rve noted as c base line ,d:th all tl1~ 

sample gpoetru.m <rill"V'Gs f l'.lllng belotl it. 

The off eet ot pH on the oolor reiroval e~sis was determined 

lrJ usil11J tlu-eG sarnples of iraste ,dt.b vc,~g pH va1ttes. The pH 

veluos of tho th:ree St?llt.Plos ,~re 4.6:;. 6.15, and 8. oo. 1lhe pH 1~s 

varlsd ~J nddit1g 1 Mon-:1'11 sulfuric t.ttttd. or 1 Monr-cl sodillt! l:~cb."O~'ide. 

A spoctru:m curvo 11c.s obtained for each of th~ samples usi.11g tho sar.10 

'tmV'elengtha as 11sod for the d.1.stilled. i~te:r blank. The ou.:rvos \1ere 

ver;, similt\r, oo n pH adjustment of r51lY' tt,ture samples 1-ms not needed. 

A standnrd aurve 1m.s drawn usinc dilu~.ons of the raw d..r?E) 11a.ste 

(see Figtll.'G ?t page ~. Snxnplas of ·waoto were diluted to 75.0. 50. o, 
Jl•:J• 2.5.0, 12.5. 5.01 1.0 per oent. A speotrul'll 0'1.t.rve was 

obt>,-:i.inad for eac!1 dilu.tod s:;i.:uplo rold tor a raw smnple. T'a.ese spectrum. 

cm1'fffes ii-era plotted 011 the so.iue c~a})h as the distilled water spectrum 

C'U.l"'Vo. Tho r~d.mum n.bsol.1"ption of lig..li.t wtts fottnd for oach s3111Ple. 

'lltis wns done r:,y determining tho r~"d.r.'lllln. vortiecl. distance be't,1,1ea11 



en~,h of the sruuplo ourvos the distilled. ,-rnter our'to, and div:.td-

:i.nIT this distcnoe by tha total vertieal distmoa under the dlstill«l 

1-r~ter eu.1:''\te. It vta.o found thet the maximu:n light tihso1"}.,tio11 tor 

oaah f'"~nplo oeou.rrod at different i1nvelengtl1s, um1.ally battroan 675 

Boca.ttsc the r:1a.i~.t'1L\?.1 light .!!boor,ptio11. ocau1~ at 

ditterant 1mvolencths, it 'tms doc:ldad that a ~trur.1 eurve should 

bo obtainocl for ell samples used ill tho color removal ar~uysis. This 

1nethod 1rat3 uaod il1.stet111 of choosing ti meditm wti.vel.ength, such as 750 

b':J tho tota.l rti.sta.110~ undor t.."10 ditrl".illed 1mter aurve at the 750 mµ 

·uzr,roloncth. Tho r1:~ ..... "m.'L'r:l light .?:"thoorption values for the rm.; r..nd 

diluted cc1;iplco lrero plotted n.gr~st tho par cont dil.ution to form 

o:f tho ::~er cor1t dilution vnl.uel obtcd.ned from. the c.mrva. 

oc~1.1rrcxl. ~:ho t:1<,;dr;;wn light ~bsor.ptions tor the rn,i-,1 e1nd diluted 

.scrrploc uoed i..'1 mnld.nc ~"le stand.nm O'ltl'Ve ·wore obttd.ned from t,l\e 
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tion valuoo ·ue:re plotted ago.i.nst. the per cont dilution of the 

~s to give an alternate sts.ndard curve. From \he spectrum 

Ct.trves of several of the aerated and supernatant samples. the maxi• 

mwn. light absorption was determined tor the 1,aveJ.ength of 750 ml-(. 

'll:10 per cent color NtfJ)Vsl 1-m.s determined i'ro:m the el:temate standard 

cu.rv'e b,J the same method as described previous4'". It was found that 

the tvm net.hods of determining the per cent color re110val gave very 

s1.ndlar results. The results differed from betlmon zero and t-wo 

per cent oolor r&lU>Val. It was decided that the altemote method 

w.>uld be satisfactory for determining color renovals 1n any following 

GA'J)eriments. The alte1-na.te method 1.zas wch faster then the original 

method. 

~Dl!iples of the original ond nltemate methods 0£ color rem,val 

~sis are given 1n Appendix A. 

-~t ,2:. tna.!!1~t .. ot !32~ ~m P!&Fe\ P3;.& ~Ga 
&Eate ~rnamt 

T,he procedures .tor the aerat~ lagoon in "Experiment l n trore 

used for this oxpor:lmant, w:\th the f'ollo1d.ng exceptions. lha type of 

eeed used, .ond.. the am::,unt of t-ro.ste aera.ted. tiGre changed. rho bio• 

logical seed. oon'k:ined a ttlxture ot acclitlated dye 1-1aste seed and 

effluent t.ror.1 tho previousl;r mentioned tr.tckling filter. '.the mix• 

tu.re contained .50 per cant of each biological seed. Also, the nmunt 

of 1tmste and seed placed in tho aeration tank 1«n-e incNe.sad to 13 

gallons (4iJ.2? liters) and 1.:3 gallons (4.9:3 liters), respect1ve1_,/'. 
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Samples of 11asta were taken from the aeration tank after 51, 76. 
103-.S, 124.;, 172, and 2#4 hours of aeration. '!he size of samples 

taken trere ap!)l'Oximately a.5 litors. 

Ell ~-
Tho so.me p:roc«lures imre used a.a those under pH Detarmlna.tion 

i:n "~t 1.!' 

St\tmended ~s t•G 
The same procedures ,.,.re used as those under SU.spend.Ed Sal.ids 

Test in "~erlmont 1. 8 

J>.aO, P, !f'l@J;[s:ls 
The same prooed:tlres t~ used as those under B.o.:o. hl.a.J;vsis 

1n "~~t 1, tt ldth the rollolling crxc&ptions. The B.O.D. rend• 

1:ngs 1'mre taken once a day over a period of seven to eight dqs. 

On.4r ti«> drops of potassium l:¢roxide were used 1n the 'Id.ck and cup 

placed in enoh manometria tl)nitored. bottle. 

_c,0,12.~a 
Tho same p:rooedures ,mre used. a.s those under <:onventional c.o.n. 

Analysis in •~riment 1." The c.o.n. CJUllys:ts was oonduotecl on 

?'av, aerated, and three supama.tant samples. The c.o. D, of the 

three su.pematant samples -.ras obttdned to determ:ble approximate4r 

ho,1 much c.o.D. the ooagul.a.tion precess rEltDVed after 45 minutes 
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settling. Tue of tho su.pematant samples were from e. ferric ohloride 

and lime ooagulation test. The other sa.t!fJ.)le was from a Ptlr!floo C'1 

aoagu.lation test. 

I!S!Jaooa 4a!i2:Ani\DE . c, o_. :o, ~as 
The SDr!O prooedures ,rore used as those under Technicon Auto-

~zer c. o. D. An~sis in "Exper.bnent 1. 1 The same flow diagram 

wns used as that sllot·m 111 F.lgure 1, id.th the exception that a }1U.ttber 

7 aperture t1n.s used in place of the Number 5 aperture in the oolori• 

1rieter. 

~~D·~G 
The .same procedures ,1ere used as those under coagulation Test 

in tt~r1ttant 1," l'dth the tollold.ng exceptions. A n• OOSt,~t, 

Purifloo CJl (Pu:tilloo is a regist&rw. trade name), was used in place 

ot ferrous sulfa.to mid lime. Ptlr!floo c:31, a. oationio po~ctro~e, 

1'10.S me.de up into a one per cent a:>1ution. inns solution uas prepared 

f!IVf!Jr'.J tt10 to f:t ve days. The f'ardc chloride and lime 1-rere prepared 

dail.y. lhree-hundred. mUHJJtar samples 1mre used instead of 500 

miJl:1J1ter ~es. For all the s~les, the optimum ooa.gulo.n.t dosage 

and tho optimum pH f'or the ooa.gulntion tests nero determined. All the 

ooagula.ted. san.plos ·wora settl«i tor 45 rd.11utes and for hours. The 

appea.ranoe wn.s obsel"9'0d, am. the .oolor :N.11X>Val, pH, and sludge volume 

11ere men.surai nt the end of each settling tim.a. 



gplgr HRW anilis!-fi 
nto altemate method £or color rfJUOVal that 1ms axplained 1n 

"Exper.t.mmlt 1," under Color ltem:>val An~sS.St was used in this 

experiraent. This l'l!Othod i-ma. used because its aocurnq l·nt.s ooruparablo 

to thi..,,_t of the on{linttl. met."lod. Also, tha al.tam.ate method was l.ess 

tine oonsu..~g. 'lhe sta.11dc.rd ~e ttsed in t._"'d.s Glt.1)er.boont is 

S!'..om F1gure ltt pace 7J./# 
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V • EXPEPJ:MEI-I'r.AL DATA .AND RESULl'S 

A. Qpe~t 1 : Tf.!at.~t of zoi gLa.5.}~sperftE\ t·~Ji,t!) 

the objective of this experiment was to determine 1£ aerated. 

lagoon treatment 1,:culd et.feotivel.3r rErluce the chemical coagulant 

<.lemc.'\r.td of 701 Black Dispersed eye Waste. 

1. ~lJJ:.q>.~onaj. c,o.D, ~sis 

The purpose for conducting the conventional c.o.D. analysis 

uas to obt,d11 immediate performance figures for the a.orated 

lo.goon trea.tment after O, 32 • .5. 49.5, 66.5, 112.5, ll.nd 184 • .5 

houro of aeration. The proced.ure tms to obtain a c.o •. ~). value 

for the rm; dye waste G.i.~d .for t.'ie aerated lagoon samples 3.i'ter 

t,he nbove a.oration periods. 'lbe samples ·were ~ocl as 

described in the Hethods and Hateria.ls chapter. 

The rcm:lts of tho eonventional c.o.D. analysis on the 

r.!l:H D.nd a.era.tad samples are shown graphically 1n F.lgw."8 2. 

These results indicated thnt tho o.oratod lagoon produoed 

reductions in the c.o.D. of the dye waste. F1gure 2 dhows 

thn.t 66.5 hours of aeration et.teated the gre1test c.o • .o. 

re:luotion. 

It i-u1s not.ecl. in F1gu.re 2 tha-t ·the samples taken after 

112.5 snd. 184.5 hours of aeration did not follow the deareo.s-

inc c.o. u. trend as found 1n the previous sar:iples. This may 

be possibl.¥ attributed to changes 1n the oha-r:doal structures 

maldne u.p the dye vraste. Aromatic l\)'drooorlxms a.re not 

oxidiz,ed to o.-.,y appreciable extent by the c.o. 0. test. The 
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dye 't1aste oonte.ined large amounts of aromatic hydrocnrbons, 

which mq ha.Ve been broken do~n by the aeration prooess. This 

breakdo·wn would prodi1.oe more c.o.u., the result being an increase 

in the c.o.D. ourve ~1lovm 1n Jlgure 2. 

purpose of th.is o.nalysis ·m.10 to ver1.:ly tho results 

sl101,r.tng a red.uotion in c.o.D. by the oonventione.l c.ct. D. 

a?lal;rsis. The :.:.o.D. values were fou::xl trJ Dn a"tJ.tonu.tcd oolori-

metr-io method using the Teehnicot'l Auto-.tm~rzer. i1ha ra:w and 

c .. eratau sa.uiples ·wore stored and then ai1~yzod ;2.s descr.l.bed in 

t~he l.btho<ls and I'htor-laJ.s oha.ptor. A stand..'Ud ourve itas pre-

paroo 11sinc; ~"totm 6lucose stcnd.D,rds. ·~!10 glucose standro:tls 

(100, 2,50, 500, 750, and 1000 p.p.m. (:.o.u.) wore digested. 

ttlth k1101-:n a.mourrts o:t potassimn die:u·•1Jz;:.1to .Jl'ld stl.lf'tu~io acid. 

The dopletion of color duo to the OJddat:lon of t,ho gluoose was 

moasured colorimetrioall.y in temz of o.bso.rbMco 0£ JJ.ght. 

A .stenJ.r...rd OUl"VO trs.s plo·tted sho1~1.g the relct:ions.,.½i:;., bett.v3G'l1 

c.c.D. ocmoentration ro1d absorbmioo. Th,j~s au.rvo is shoim in 

val"uo of 1000 p.p.111- • it was nocessar..r to dilute the unkno'Hn 

snr::ples so that resulting c.o.n. values were loss th.-m 1000 

results of t11e 'L'eehnioon Au.to-Analyzer c.o.:a. nnalysis 

on the ro.1.1 l1J:ld aerated samples a.re s..110~:rn in Rlgw."e l.i,. This 

cu.rvo :J.ndi!",.ates t,ht~.t 49.5 hours of aern.tior,;. had the greatest 
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practical effect on the reduction in c.o. o. 'rhis time ,1as 

about one dq leas tlw.n the aeration time obtained by the 

aonventional. c.o •. o. vA'llysis for the best reduction in c.o • .a. 
The results of this c.o.D. Dllal¥sis sho-wn in F..tgure 4 were 

aonsid.erabl.;r different from the results ot the oonvontions.l 

c.o.D. nnaqsis shotm 1n ftgure 2. iihe Auto-~er gave 

c.o. JJ. va.lueo that were less tru.m those obtained by the cX>n• 

ventional. method. It tms believed that the results should 

have been different because the procedures ot the tt10 tests 

·wore different. Tho main ditterenae in the tliTO ana.l1'ses was 

that tho so.m;ples 1':ere only digested in the Auto-Analyzer for 

a .short tim.e, e. Et• tl.J'O to five nd.nutes, vmil.e the conventioru:tl 

tmtW.3sis had digestion period of t,,10 hours. 'lbe shorter 

digestion timo 110uld on.use lo11er c.o • .o. readings tor the Auto-

AnoJ¥zer, even t.J.10ugh the Jo.tto-Analyzer digests nt a higher 

tGntperature. 

The Auto-ma4rzor analysis only determined c.o. D. values 

betireen 500 and 1000 P• p.m. tor this experiment. '!ho snmples 

and. standards 'tdth c.o. D. values 'beloll 500 p.p.m. did not 

produce results, although they were run throuBh the niacbine. 

Points 'tfmre not ob~ed tor the 100 and 250 p.p.m.. c.o.:o. 
~"U'ldams on the stand.ard curve (soe F.lgure 3). Aloo, results 

nero not obtained tor the ro.11 end aerated. snmples that wore 

diluted to lO per cent. :the ND.son for this l1roi tation in 

the procedure was bolieved to have been the si.M of aperture 
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usoo in tha color.l.moter. .A Nwnber .5 apartu.n was used, but 

a larger aperture probably l-X">uld h.ave produced results tor 

c-1". the samries. 

). B1p1 D1 ~sip 

The B.O.D. tests 110:re performed as zi seoond pertonnanae 

part\tlloter for the o.era.ted lagoon. The B.O.D. perfo:manoo 

dat1?. nas obtain,od for the aerated la.goon ai""tar o, :32.5. 49.5, 

66 • .5, 112 • .5, and 184.5 hours of aeration. JJo.ily B.O.D. 

ree.dil1c;s wore obtained for ths raw and a.orated ~es after 

tho above ae1--a.t.ion periods. 'l'he procedures followed those 

denor.bed in the Methods anti Haterials chapter. 

'i'ho results of the B.O.D. a.r.alysis on the row and aerated 

scmples a.re given in Table 1. and the five-<iey B.O.D. values 

c.re sl10,m gra.phi~ in l~~"'U.re 5. :f!1a B.o.n. results indi-

cated th.tit the aerated lagoon produced substantial redu.otions 

in tho B.o.n. of the dye 11aste. li1gure S shol'ts that 32.5 

hours ot aeration had tb.o groo.test prt1.otical e.f'feot <'n the 

B.O.J. reduction. It i:ms noted in Table 1 that the ~les 

taken after l¥).5 and lJ.2.5 hours resulted in B.o.u. values of 

zero. ·nns Til.8:J" be attr'lbu.ted to the possibility thnt pottl.s~um 

h.11tlroxide 11ey lulve si,il1ed out of the cap snd. tdok in the n.o. J. 

bottles. 1l"his "WOuld have killed thG biolo&tc:D. seed in the 

B.o.:a. bottle, therefore causing zero B.o.v. roodingo. 

4. ~ed. ~s Toi5 
The concentration 0£ suspended solids was determined as a. 



Ti:m.eof 
Incubation 

(Da::rs) 0 

l 170 

2 354 
J )94 

4 428 

5 _5(,8 

6 

7 .550 
8 • • 

TABLE l 

( P. P • M. ) OF 701 BLACX I:trSPffiSEU DYE WAS.rE 
AFTER V.MlIOUS J..liil.·I.J.VIJIJ OF Am.A:l'IOM 

Aeration 'l~e (Hours) 

32 • .5 49.5 66.5 

llO 0 96 
140 0 1.5? 
160 0 l,50 

180 0 l22 

180 0 186 

mo 0 165 

l'.32 0 150 

ll.5 0 150 

ll2.5 184 • .5 

0 142 

0 llO 

0 141 

0 160 

0 160 

0 160 

0 160 

0 • • 
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tJ.'lird parfoft'A"'toe parao.oter for the aerated lagoon. The 

o.."OOunt of sucporldod solld.s ua.s a.11 indieo.tion of the qU&""ltity 

of biological (;l"C't·Jth or active sludge 1n the lagoon. Sls-

poni!ee solids dnte uere obtdned f'or the :ter~ted lagoo11 after 

o, 32.5, I:9.5, 66.5, l.1 ?.5, -n21d 184.5 hours of e..ei"ation. The 

proeod.ure usod was tha Sl'l.l1le as tr~t deacribec. in the Methods 

arA N.c.torials chapter. 

1110 suspel':d.ec! oolids results are Gbonn graphiccl.ly in 

Figure 6. (£he increasa:l ooncentr:ition of suspend.en solids 

uith tinw 0£ aeration indicated that biological grcn,rtJ-1 iraa 

ti,,ocumu.lati.."lg in the aerated lagoon. 1lhis observation wns on 

indicction tliat the ~,.goon l·1&S capable of reducing the c.o •. u. 
a.."ld B.O.Dw 

A suspended solids value uas not obtainocl for the ~-unple 

to.kei nt ll2 • .5 hours of a.eration. iJ.so, a clecraase in the 

cuspendetl ac1icls uas observed for the ~-unplo taken at J.e4 • .5 

hours of t1.e1"aticn. mese le.st tuo obso1"Vations. tl:o failure 

tc ebtnin one sucpendad colidn va1ue OJ'l(l the decrease in ar.other, 

t.iere attributed to itcc rt't8ct retl.dillGO tro:m the .cnalyticl 

btw.anco. 

5. }R.::i.~:taen Test iD1 ,l);tgr ltetrDVU ~SP:S 
'l110 DJX>U,."lt 0£ color removal. wns found tor oa.ab. a.oration 

sunplo so as to evaluate tho ability of' th.e a.oro.ted lugoon 

to l"'enove oolor from tl:1e dye naste. The eoagulation tests 

tmre usod to obt.ain tho opt:u"lU.m coagulant detnnnd of tho rc:w 
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end. aerated t-mste. Th.a tests ware also used to evaluate the 

cerated lagoon's ability to reduce the eoagu.J.o.nt demand of 

the waste. The l'.1et.hods employed for ao~~tion tmtl. deter-

mination of: color roI;oval were as descr.lbed ;ui the Methods 

Dl'd Hater.in.ls ch.apter. 

ihe st,andaltl aurvo obt:.tint:'xl £0 r the oolo r reitDVal ana,4ra1a 

is sl101-a, in l·!i.G1U¥) 7. 11:he et:r eot of aeration 021 ®lor removal 

.from tho dye 1:ra.sto is sl101:in grapbicalJ.¥ in F.i.&"W..40 a. lhe 

ro,:,tlts shot-J21 in li3..gare 8, indioa.ted th.at the aor·ated lagoon 

t-ras rell'..tively inGtfeotive :Cor the rem:rval ot oolor. The 

louo1" values for the removo.l o.f oolo1" a.t ll.2 • .5 and l.84 • .5 hours 

of: [).oration 1ney be rd;tribu:ted. to the il1011oosed suspended 

solids ooncantration that developed dm'ine aeration of the 

trlxt,ure. suspended solids oau.se lass light. t:ra113.;1ittanoe 

througi.11. a s&mplo 0£ waste, the1"'el'oro, a lowo1" oolor reni>val 

1:1as obsorved. Anothei,. possible roa.son for tho lo1mr oolor 

renx,val was a ohovdoa.&. and biological cl:u:mgo :ln the dye ltaste, 

1>:hioh ir,.ay havo produced t10re color in the ,1aste. 

'i:he results oi the cllaaical ooa.cuJ_ation tests are ta,bu ... 

latod in 'i'tibles :3, 4, and 5 in Append.j;; B. 1110 et.teat of 

aeration t:u:1e on ·the optimuti1 ooagular1t dosage iu:xl per oent 

sludce V'Olumo £ro111 the ooagolation t,osts is sl101m in F1.gures 

9 c..."'ld 10. 1'.he coaguumt dosage giving 95 pol" 0011.t color 

re."!X>Vlu was dosil;ud;,od as the optitlU."il do saga tmioh "t-J·as listed 

in 'fable 3 and plotted in Z..gure 9 for !errio chloride and 
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limo. In cases tme11 e thore -vwre more th~~ one 95 per cent 

color removal reading, tho l<'twost ooaGU,lant dosage i1as 

oh.osoo as the optimur,1. As sllOllll in Table 3, t11e optimura. 

oo.o.gulant dosages wore u.s-u.cl.J.;j :iJ:rt$li'X)Llted mm the data, 

if tho aoaguJ.ont do&:1ces usei <lid not result in a;(aotljr 9.5 

por cerit ooUJJ} r~:r,vJ.l. Ir. Fit:~o 10 nl'lti 'faole 4, the 

opt;\.nr.n;-4 OOAf.-..'Ulant do sages wero obtai.11~1 in t!le sDX!e ·w~ as 

dosoribed above, ax·c13pt the dosci.gos wel~a !om~ at 89 per cent 

oolor 1~a1ooval. 'll1e per ce:.xr;.t sludge volu.m.e roodiags at the 

optil'UU.ln coaculC1nt closa.Ges l,ere also intorpolatcd !rom tables 

to cori.>tosrAl,d wi•th tho val:aos for color ra..."'X)val. 

'lha l"es-ults slU)1~1 :u1 li~e 9 ai.'1ii f;iven in Table 3 

:tmpliocl tJ:ud; 32 • .5 hours o:r a.oration o.fiectad t.~he greatest 

reduction :u1 tlle optinru..~ oo~r;,"'lllant dos:J{;o. J.u..so, the am::>unt 

of sl~t;e p1~duoed b;J ooo.&ulat.ion o!: -tlta oOlnple at 32•5 hours 

of c.oro,tion. ·was low. In RlC'IJ.l'\G 10 .1t'1.d 'l'olua 4, the results 

inclic.ated tJw.t tJ:1a g-re"1.tast r,*\lotion i.11 the optil11Wll coagu.-

:L1nt do sago was olrt.a.:inad 1,d th 134. 5 h.ou.rs o! z~ero.tion. The 

slud.ca volU111e l)ro<l.ucod tr'J coagu.L;1:tion of the Garrii_:U.a at 184.,5 

hou.rn of o.era:G.J.On was low. nut, sinco t.be resul·~s for the 

o:)ti:crmn ooagu.lcnt, doi-;age ware erratic, it was folt that the 

bos~c conhi'l:1.ation of aarntion t,il.ne mld optili,un coD..gultn1t dosage 

cou1d not. be obtai:n.ect clearl;:i• 

It, ,;as cbse.rvod il1 Ii:Lc-uro 9 that the Sai?Ji1les tested after 

112 • .5 and 184.,5 hotirs o:l aeration possessoo. Dl'l i.YL.orea.secl 



011t1mtttn ooagulro:it dcseee. r.t'hese values ·wore attributed to 

a possible chamcal oh.R..ngG in ths dye d:urlng aeration. Two 

other oausee uere thou~t to have brought about the increase 

in ooagul.m.t dosaco, but these were rejeoted after a. small. 

te st..i.ng tha coa.gu-

1:n.s not respon-

:"! = Coneentratio::t1 or absorbing naterial 
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The equation is such that a. straight line is produoed 'tlhan 

the logarithm ot the fraction ot liBht transmitted, I 0 /I, 1s 

plotted against tho concentration ot nbsorbing mater5Al. 

licht transmitted through distillecl lvater is represented 

by the symbol I 0 • a:xl I is the light transmitted through the 

SDnple being tested. The lDs10(I0 /I) is called the absor-

bcnce. In this investigation. absorbt!nce values tvere 

obttdned from the light absorption values plotted in n.gur& 

7 by using the tollotd.ng relation: lor:,10(I
0
/I) = lo8J.0C 1/(1-

Ught Abaorption) ). From this relation and a plot ot the 

resulting absorbance values, it t>m.s shoim that the o:,lor 

rtn>Val anaJ¥sis used in this investigation conformed to 

The object of this experiment ims to deteffdne it aerated 

L.'\CC>On t~tment would effeoti~ reduce the cbem:1.ctll ooagu.L.int 

derw.nd or 80; Bro1n1 Dispersed. Dye Wnato. 

l. p,g,n. ~.sis 
The purpose tor conducting the ®mrmtional c.o.n. analysis 

·w·as to obtnin ilnm«iia.te performance da.ta. for the a.erat«l 

lagoon treatment v.fter O, 51.0, 76.0, 103.5, l.24.,5, 172.0, 

and 244. O hours of aeration. 'lb.e procedure used iro.o as described 

1n the Methods and Hater5Als ohapter. 

111a results of the conventional c.o. analysis on the 



rror and a.erated samples are shoin1 era.phi~ in lagure ll. 

'i.11e 1~sults given in F:igw.•e ll indicated that the c.0.1;. 0£ 

the dye iro.ste 1aixtura var.led. ir.ith the aeration tmo. F.1.ga.re 

ll also sho11s that 103. 5 llou.rs ot aeration produced the 

greatest reduction in the c.o.D. A set of c.o.:o. tests wero 

tlso pertonnecl il1 supenlAtant samples from the ooagulation 

tests vllth ferric ahlonde Dlld lim&, and I'Urifloo C3l ns the 

coa.~~ts. 'Iha coagulation tasts 1.rare perfomed. on Slim'[.iles 

of waste takel'l llfter 244.o hours ot aeration. 'lbe c.o.D. 
results i,1ere 832 p.p.m. and 882 p.p.:rn. tor the supomata.nts 

fro:m the ferric chlor.ldo tlr:.d lime, and Pur.U'loc CJl ®agu.la-

tion tests, respectively. iherefore, ohemieal treatment ·with 

tome chloride and lime• and I'Urifloc C31 gave 68.4 an.i 66.,5 

per cmt reduction in c.o.D., respectively. These c.o.D. 
rosults indioated that tho ohomical trea.tmeit process ·was 

responsible tor a largo reduction in c.o.D. 
It t-m.s noted in Pigure ll tha.t the StU'JlI)los take11 after 

124. 5, 172 • .5, ond 2A4. O hours of aeration did not follow the 

decreased c.o.D. trsnd. This '1fJlr'J' be ::ittr:tbutecl to ahanges in 

the chemical stru.oturea making up the eye waste. ~'U:'omatio 

!¢rocarbons are not ox:1.dizod to D'JlY' appreo1able extent by 

the c.o.u. test. 111.e d;re t:ras't,e oontained. largo ru!JOunts ot 

nromat1c lzydroCl'tl.'bons, lidoh '!fJJJ3' ha.ve booo broken do1m by 

the aeration prooess. Th.is brocltdo-:m -t~uld produce more 

c.o.J)., the result being an increese 1.., the c.o.D. curve ns 
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shot-m in 1'1guro 2. 

2. Te~ A!t'Q-~r .C1Q.p1, 

:i'he purpose of this experiment was to verify the results 

cl:101.dng a :reduction in c.o.n. by the oonvsntional c.o,D. 
analysis lrJ M auto1Iu1:ted colorimetric ria~lOd using the 

Teahnioon Auto•Analyzer. Ihe proceclu.re usoo 11as as described 

in the Me·thods and Materials ch2..pter and in "Experiment 1 tt ot 
this oh.apter. A lhlmbor 7 aperture naa used in the colorimeter 

ii,'l'),stead 0£ a. Uutbar .5 eperture. As a result, c.O.J). values 

111ere obta:hlai for all the standards ond unkno1-a1 ~:~los. The 

use of tha Nu.n:ber 7 aperture helped in ver.U'-_r,i.ng that n small 

aperture was the ~uso o! not obttdr..ing ill.. the results in 

the Tochnioon Auto-I~ c.o. u. Anal;rsis section in 

nittpor:i:mant 1 ". 

i:tl1e standaxd curve used for the c.o.D. analysis is sl101,11 

in F1r:u,re 12. '!he results of the c.o.D. :mnlysis using the 

Juito-.r\n~er ara shoun grapbioally in liigure lJ. 'llle results 

in .Figui--e 13 indicated that the grootest pr'1ctical effect on 

the c.o.D. reductio11 ims obtained u.tth an aa:ration time 

r~~e i'ron1 76. O and 124. 5 hours. 'iho aeration time ot 
103.5 hours, tor th.a greatest c.o.n. reduction obtained in 

tha oonventional c.o •. o. analysis, !ell id thin the range found 

t\boVe for tti.e v.uto-Analyzer c.o. D. analysis. 

''.ii1e results of the c.o •. D. .onol.ysis shown in F~gu.re 13 

·were oonsiderably ditferant £110:m the 1~esults of the convon-
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tional c.o.D. cnalysis sho'tjm in Figure 11. '!he _i\Uto•An~zer 

go.vo c.o.D. values that were less than those obt.ained by the 

conventional method. It 1;1a.s believad that the results should 

ho.ve bean dif.ferent beoause the prooeditres of the tuo tests 

were differont. ~me me.in difference in the tvX> antl.l.yses 1ro.s 

that the samples frere only digested in the Auto-imalyzer 

for a short ti:mo, o.g. ti;,o to f"lve minutes, "mil~ t:1s eon-

"Tenti.onal a.~sis had a diga,stion period of two hours. The 

shorter dieestion time t1:>uld cause lower c.o.D. readings for 

the Auto-lna.lyzer, ovon though the Auto-Analyzer digests at 

o. high temperature. 

;. I!,. O.: JJ, /!l~t§is 
'Ihe B.o.D. tests were perfom.«l as a second perfomanoe 

parameter tor the aerated ~~n. The B.O.D. data 1-rere 

obtained for the aerated lagoon after o, .51.0, 76.0, 103.5, 
124.5, and 244.o hours ot aeration. The procedures followed 

11ere as described in the Methods and Materials ah.apter. 

The results of t..11.e B.o. o. ~sis on the ra,-r and aerated 

samples are r:;:1.ven in 'i'able 2, and the five-cl~ B.O.D. values 

are sb.ot•m in F.1.gure 14. '.the B.o.u. results shoi.m in Figure 

14 ·were erratic. Therefore, it \vtts felt tho.t the effect of 

aeration time on the B.o.D. ro:l.uction or the ·wr1ste uas not 

obtainnble from the results sh.o1m in Figure 14. flhe reason 

tor the erratic results is unknown, unless potassium. hydroxide 

spilled out of the ou;p and tdd{ in the B.O.D. bottles nnd 

killoo some 0£ the biological soed.. 



Time ot 
Incubation 

(Days) 

l 

2 

3 

4 

5 
6 

7 

8 

TABLE 2 

n. o. t). ( p. p. M. ) OF 803 BHOWl\l ~,T t:'.IU'/'~n en::~-;~\ 

AFl'm VARIOUS ;.:r;iro:o.os 
: .... ,(4"!ilili6fMF .... ilt.;,:fd ·--

Aerntion Time (Hou.rs) 

0 5 76 103.5 

96 170 175 JO 
280 290 3:33 73 
:,;:; 33.5 4ll 176 
465 329 510 108 

508 ;29 510 107 

.5JO 320 SlO 141 

.588 :320 510 200 

600 • • • • 200 

124 • .; 244 

115 ll5 
198 14:, 

JJJ 170 

430 193 
' ·, 

\.~l 

476 210 

508 2ll 

541 23.5 
560 249 
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'Ih:; oo:"laantration of t:>-uspended solids was deteff.lined a.s 

a third pertol"l?lm'loe parameter for the aerated lagw11. sus-
pe;;1elocl solids dttta wore obtai.1100 lor the aerated lo.goon after 

tion. 1:J.10 p:ro100:U1"'0 usoo i~s tho sar1e l'.S that dosoribed in 

the 1'1at,hods .mtd Materials chApter. 

t'ha suspend.ad solids results a.re shotm. 1-l'l Figure 15. The 

resJJ.ts of ·these tests il~liod that the biological 3rctt-rnh was 

o.oo--J1TI.UJ..s.til1g in th.a aerated lagoon, b'trt not verJ rD..p.ldl;,r. 

_\ deo.ren.se in the suspondod solids -wns observed for the sample 

bc,liavcd h,::i.vo boon causod hy a"'t incorroct 1 .. ead..ing obtained 

11.i.e coagul:.ition tests wore used to Qb·cn::.n t,ha optituu.t1 

to evaluate tho ability of the a.er.xted. lagoon roclu.oo the 

r.olo r o.nal.ysis 
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'-be~~ u.a. for the colo:r NmOVal ~als 

u in 11~e 16. fhe per.tonaanoe ot the aerated lagoon 

u to coloi, ~al ie, in l!5.itlN 17.. 'lbe reeul'\s dlo11ft 

in Pl~ l?t indioa.ted that the had a YOJ!1 

low· color l"GJ»TU per.toms.nee. ilie lower· va.l.uee tor the 

~\b>val of color at l.0.).5, 124.S, 172.0 al1Q 244.o hours ot 
aeration t"'JIJ:3 be t:.ttrlbu.ted to the in~. su.spended solids 

concentration that denlop$1 ditr..i.ng aera.tion · of tht l'fJixtuN. 

~eel ·solids cause icAs·l:i{jlt t%'allamlttanoe thi-ott.gh a 

~e ot waste. therefoi--s. a llt1.er col4r ~ve.l ,ras 

observed. Another po aa\blG roa.son tor the lower aolor 

~val was a ob.ar4oal ·and biolog!oal. cti.ange in the W&8'Mt, 

1"d.oh r.;q hti.vo ~uoed noN a,lor in the t._ste. 

The Nsul.ta of th& cb.etttl.oal ooagulat!on tests an Pl'fl-

sented in Tables 6, 7• 8• and 9 in ~.x.B. The ett.ct 
ot a.,mtion ttae on the op1d..mma. ooagul.ant dosage and per 

cent sludge volume fi-oni the ooag'Qlation tests is sbawn. 1n 

Ia.gures l8 19. ·'lh• oocgule.nt dosage i;t.,,r.5.ng 98 per cent 

ool.o1' reoval waa dea.1..anatld ·e,a the or,tilun ooagiumt dosage 

listed in Table 6 e.ncl plottecl 1n ?~ 16. In oaees 14len 

the.~ were 2r0:re tha."l 011G 98 per cent ·ooior removal reading• 

the lowest coagular.t dosngo tm.s aboam as tb.e opt!Jmm. APs 

shown 1n Table 6, the optilnmm · coa.gulant dose#gee were ,u,t.allv 
interJ,JOlated ham the data., 1t the ooa.gulan\ dosages did not 

result in exa~ 98 per cent color remval. In ;n.gu.re 19 
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,mi; Table .s,. the optimum. aoa.gal.ant dosages were obtairl«l 

1n the same wq as descn.bed r-l»ve. •oept tho dosages were 

tot:1'11 e.t 93 per cent- oolor. remval. The per oent sludp 

wlmno readings a.t the ortilm.uu ooagu.L1.."tt dosages· WGN- also 

interpolated :tro111 ts.bl()s to correspond wi tb the v~as tor 

color NlllOval. 

Th$ ~milts sho1;J1 1n JS.gun 18 and. J?lot\«\ in. table 6 

~lioo. . that 76. 0 ho1u:·s 0-t aeration affected: the g:teatest 

t-eductiot1 in the 01,timum ooagul.a..vit do sage, a.ftel' settling 

for 45 tdn.utes. The artX>uut ot ·eJ.udp produced. by aoagtJ.latlon 

of the ~e at 76. O hours ot aeration waa high. lil.en 

settli.~ · was . e...'ttexied to ·24 -l»~~.- it was ebom that 76. 0 

!lours of . aeration oontinu.«l to have the greatest effect on 

the optimum ooa~t dosage,· 1'he sludge wlume was nduoed 

by an additional s0'\1'011 tiO 16 per ostt vl th sediun:tation fol' 

24 hours. ·,net9ad o.t 45 mlnu'to$. As illustra:t&d in Ta.blo · 7, 

tho pH '{-m,s varied fol:' arb1tro.rJ co~~t dosages tor the 

v&l'ious sall\Ples of aerated ~e us.sto 1~ture. 'lll.8 outcome 

was that sitd.la.r resw.ts 1103."tJ obta1n$d at all pH "talue,s. 

In :ft.au.re 19 and Tallle a. tlle nsults iVJdica.ted that the 

greatest practical etteat on the r«1,1oticm of the optitin.tm 

coa.~~t dosage, e..~ 4$ !ll'lnutes ot se~tling. was obtained 

at 10,-5.hours of aeration. ?he ar1X>unt of s.J...ud.p produced 

b:/' QOa,gulation ot the 1tt 10:3.5 hottrs of a.oration was 

high. rllGn the settling was &.."tmded to '2h !Dura, tt we.s 
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shown that 10).5 ot o.ea.t.ion al.so effected. the great.st 

red:Qotlon 1n Vl• optimum ooa.gul.ant do sage. 'lhe al."ddge wluma 

penentagea shown 5.n !15.~ 19 were reduced bf en edditional 

four to l4 per cfflt 1Ji:tb ~iantat.\on. fo:r 24 hours inswed 

of 4,S m:lnutos. 1.rhe pl! ·was ve.1'1.ed !or an ai1bi t1Jtar.t ooaga.lant 

dooo.gfl for the vaxdous 4;ero.t1on s;.u.npleS,, as presmted 1n 

l'c.hlc 9. :u, r..iost ease:;. th·a outoo:m.0 w.s.s tJ.iAt results 

w·ere obtainoo. a.t pH va.ll.ies beloti. 7.0. 
It ira.s no~ in Pi~ 18 tha:t the ~s taken att.. 

J.24.S 172.0 hours of aeration, and in F1g,1re 19 that 

the SQ.mple take11. Al."ter 244.0 liours. or aeration shoWed au 

increase in the optimur,1 eo~~a.nt. do sace. l"hese high Talues 

tiore ~:ctributed to a. po sdble d:1er::rl.aal c:hallge in the q8 

tmste during aeretion. 



VI. DISCUSSIOH OF RESULTS 

'lbo p~ method of treating dye 1mstes has been ab.emioal 

coagu.la:tion, but because or the use of dispersing agents in dye bath 

.formulations, the coagulant dosages to etteot oolor N.m>Val are high 

and a large volume of sludge is produced.. Since the chemical. require-

ments or chem1.ca1 ooa,gulant demands of dye 1-m.stes have bean as high, 

biologiocl treatment 'tias considered as a possible meM~ of reducing 

the coagulant demand of the raw "mstes. The results of this investi-

gation indicated that biologicn.l trea.tmmt 'Hould reduce the ooagulant 

demtma.. 

:rbere a few possible mechanisms b3' tfdch biological treatment, 

or aerated lagoon treatment m.a:y reduoe the ohem:1.oal coc.gulant demand 

of the dye 1,10;stes. 1rhe wastes, 701 FJ.ack end 80.3 Bro1m Dispersed eye 

1:10.stes. used in this investieation were relative~· high in phosphates. 

As describ«l in <lla.pter III, J)yeing P.rooedure and Waste 001!.qXlsition, 

nx,nosodium phosphate and Ca.lgon ,mre added to the dye during the 

dyeing proced.nre. Cal.f:,'On is a po~er.ised meta.phosphate oompound 

that was used to sequester metal ions 831d aid in the dispersion of' 

the dyestuff. The mnosodium phosphate ims added to control tho pH 

of tho dyeing operc.tion. H:wsphates p~uao a ohemioal coagulant 

demand b'<J reacting id.th the coagulants to form phosphate oomplexes 

or preoipi ta.tea, therefore causing a large Dill)unt of co~~t to 

be used before the oolor of the ·waste can be ren>ved. or reducod. 

H:losphates may be removed dur.1.ng biological treatment ·with roi aerated 

ll:t©)on throur;i assimilation by mioroorgD.llisms, by hydrolysis of 



polyphosphates to insoluble orthophosphate, and postd.bly by adoo14Ption 

on biological. floes fort1ed du.:r-t.....ng ae:i._ation. The reduction :1n pbos-

pluttes 1-10uld erf'ect a red.notion in ehet1:'i.cal coa.gu.lmt demand. Further 

reductions in. the coagulant detrW\d be attributed to the assimilation 

o:t organic m,o,terials in the waste by aerobic organisms in the a.orated 

lagoon. 

The mechanisms inw1ved in the renx,val ot color from dye wastes 

by the ooaeuJ.ation process are not f\il.l;y" understood. Three meohanisms 

are believed, to be responsible tor the coagulation of colloidal 

~oles in liquid wastes, e.g. color 1n dye wastes (11): 

l. The coagulants ma;s react td.th constituents 1n the dye waste, 

usual.J.;y l\YdrOxide ions or organic matt.er, to torm m:Lorotloos 

of hytlro:xypolymers, which are complex. gelatinous precipi ta.tea 

or colloidal size. The color particles probably possess a 

negative aharge, and the miorotlocs possess positiV:e charges 

on surface sites. 'lb.ere.tore, a.ggrega.tion ot the microtloos 

and disporsed color particles of the .. ,a.ste OM be induced 

by electro sta.tio attraction. 

2. 1.lhe mu.ltiva1ant oa.tions possessed b"J the coagulants may 

parti~ neutralize the charge on the dispersed oolor 

particles. 'll1e charge ma:, be .reduced to the point ot 

1.nduoing ooagulation. 

:;. An inoreaso in the concen.tra.tion ot ooagu.lant ions 1n so• 

lution reduces the electronegative toroes of repulsion 

that stabilize the color dispersions uith a negative 



charge. I£ ion axohc:nge occurs bstl-taen the ne21ative color 

particles and the ooagultmt ions in solution, the dispersion 

~v be destabilized and ooagul.ation induced. 

The dttrk dispersed dyes used 1n this investigation had large chemi-. 

cal coagulant demands for tlft> reasons. Firstly, since the oonoen:tra• 

ticm of pho spbates ·w-a.s high, there irns o. high coagulant demand. Secondly, 

the color in the d.ye naste i~as dispersed by the organic dispersing agent 

that was added dur:l.ng the dy~"'lg procedure. This agent increased the 

S'J.rfnoe charges of the color particles. Iinough coagulant had to be added 

to precd.pite..to or otherw.1.se overcome the action of the dispormng agent. 

In th.is investigc.tion, aerntion uas found to produces substt:tntinl 

reduction in the chemioo.l ooo.gulant dGJ.r1.and or the dyo vm.stes. It wo,s 

sh,nin in the ~eriroentnl Data. ond Results chapter the..t the aeration 

time need.ad to produce a. prnotioal reduction in the ooa.gulnnt demtllld 

11a.s dependant upon the typo ot coagulants and waste usoo.. The ooagu• 

L,.nt dose.gas for 90 to 100 per cent removttl ot color from ?0l Black 

Dispersed ~ya waste were found to decrease Jl per cent after 32. 5 hours 

of aertttion, im.en treated w.1 th ferric chloride and limet end settled 

tor 4S rdnu.tas. c»agule.nt do sages for 90 to 100 per oent remcttl"al of 

color from 80:, Broun Dispersed Dye waste 1Jere found to decrease 21 

per cant after lOJ. .5 hours of a&ration, and 47 per oont G.J..~er 76. O 

hours of aeration, men treated ·wit..lt Parif'loo C3J., ;n• -~.Jith ferr:tc 

chloride n.nd lima, ll.nd. settled £or 4S minutes. '£he aerated Ul[;t),:;;:) 

also otfeoted a substantial reduction in the c.o.D. and B.O.D. of 

the waste. The reductions 1n c.o.n. nere 68 per cent for ferric 



•HJ .. 

cluol'ide lime treatment and 67 per cent tor Pu.rlil.oo c:n, treat-

ment. 1lbe samples tested. vrere OOJ BroW11. Dispersed I);Je ·waste. 

Very little colo1"' removal t1as obtained by the aerated lagoon 

v.a.L.Jt..l.i,,11 was not consistent ld.th the results reported. in th.e process, 

literature. Souther at al (21) e.nd S:>uthei .. (23) reported color re-

?JX)Vals from mixecl dye wastes by aerated lagoon treatment 0£ bet1-roen 32 

and cent. Hilliams et al (27) reported that the color of a nd..icGd 

dye uaste was reduced 'to a unitorr.1 grey. The mi."'fed dye wastes in tho 

i:nvestigo.tions o.bove 1:uero TI10stly tro:m the dyeing .nnd finishing 0£ 

cotton textiles, .and probabl.y did not include dispersed dyes, since 

they are pr.1.marily used for the dyeing or sy.nthatic textiles. ·l'h.arefore, 

th,e dye wa.stes reported in the literaturo imre di.tterent from. the dis-

persed dye wastes used h1 this study. The color ran.ovals obtained in 

this investigation or dispel'sed dye wastes rant1'8d from J. 5 to 2.5 per 

oent, tdth var<J litt1e change in the appearance 0£ the waste. irhe 

o..era:too. lagoon removed 25 per cent of the color atter 66.5 hours of 

a.oration, l'Jld 3-S per a«nt of the color after 76.0 hours or aeration 

for 701 Dla~ :Dispersed ;)ye ·waste and 80; Bl'o'Wfl Dispersed aye vm.ste, 

rospectively. The sanrples used i'or the oo1or analysis were settled 

£or 45 m:i ... Tlll.tes before analy&ing. 111.e low color removal.a experienced 

from the w·astes used in this study were probably caused by the 

biologioa.1 refractory properties of the dispersed dyostu.rf. 

:.rhe ooe.gulation tests produced large oolor remval percentages 

in ~11.is investigation. Tho percentages obtained by treatment .. nth 

f'e1"Tic chloride o.nd lime, and Furii'loc c:n. were usu.ally !ugh. e.g. 

between 90 ond 100 per cent color remova.J.. Coagulat'ion ,dth ferrous 
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sulfate and lime produooo color removal pei.~tages ranging from 87 

to 92 per cent color rem:>val. The ohemiCAl coaguJ.ntion tdth ferric 

chloride and lime, ·a:nd FUritloo C;J. etteoted. · a substantial reduction 

reductions in 

formed durlng ahemioa1 t.reat171ant, and r:osa.tbly precd.pitation of 

organic d.ispers:l .. ng agents. 

Chrl.coo et al. (2) Dl1d. !:brbes at cl. (13) ho,,vo ror..ortoo. s.ludgo 

rosu1t,ed. iu sludge ,rolune poroootages bottman five ~"'ld 2.5 :i:,-.n- cont, 

coar;tl.J.."..11ts, c.11.d the se·ttlinc t..1J:1e was hoUl'"O• ·}he dye wastes :i.n 

t.ilos, 

dye wast~n did not :!.ncluda tJr't9' dispa1'sed dyes. 'lhorel"o11e, tho dye 

dye wc,,ctoc used in this study. '1110 sluclge \"'Olum.e percontc.gcs, 

obt:.dnol in tLd.~ ~1vestigation ai"'ter 24 hours sett1ing, noro beti,ean 

ab.we. 1rhis 1ncrea.sa in slud.ge vol.u..~ vu.zy- be due to the groatel" 



the sludge volumes percentages nere between 4,5 3nd 64 per cent. 

The trM.tment of dye wastes is cert~ an area 1n which further 

c~t"'.> ....... ,.."' 1s needed. This investigation deo.lt td.th the etteots ot 

aerated la.goon treatment on the chemical demond of daJ.i( dispersed 

eye wastes. This study was considered to be of value beoa.use it 

ind.ica.ted that a.era.too le.goon troo:tment lt)u.J.d. produce substantial 

reductions in the chemical coagulant demo.nd of the dye wastes, which 

1n tum produced large reductions in oolor. Also, signitlcant 

reductions in the B.O.D. and c.o.:o. were producad by the aerated 

lagoon. It is not certain 1m.ether the process combinntion investi-

gated in this thesis tdll be eoonomioal enough to be used as a treat-

ment process in the textile industry. It l«luld be advanto.geou.s, 

therefore, to study the oost aspects of a treatment process using an 

aerAttXi lagoon md chemical coagulation process and. compare this cost 

t-dth tho cost of other treatment processes. 



'l'ha resu1ts ot this investigation l«t to the tolloidng oon-

clusions: 

l. Biological treatment using an aerated lagoon p:roduced. sub-

stantial reductions 1n the chemical ooagulant dosages of 

darlc dispersed dye -viaates. 1lle aeration time needed to 

produce a reduction in the ooo.gulant dosage was dependent 

upon the type of coo.gulants ll.t¥i the character of the waste. 

'!he CCM.gulant dosagos for 90 to 100 per cant rencvnl of 

color from ?01 Bl.a.ck Dispersed Dy8 vra.ste for 90 to 100 

per eant removal of color imre .found to decrease 31 per 

cant a...~er 32 • .5 hours or aeration, t1han treated. with ferric 

chloride and l!me, and settled for 45 minutes. Coagu.lnnt 

dosages .for 90 to 100 per cent renx,val of color from 80; 

Brot-m Dispersed Dye waste were found to decrease 2l par 

cent after 103.5 hours of nerat1on1 and 47 per cant a..rter 

76. 0 hours ot aeration• ffll.Ell treated 1d:th !>ur'....t'lo o CJl, 

or 1dth ferric ohlor.ld.e and. lime• a:nd settled for 45 minutes. 

2. Sludge nooumulntion from the coagulation of dispersed dye 

i1aste was high. 'lhe per cent sludge volume produced by 

treatment of 701 m.a.ak Dispersed Dye waste ~Ji.th the 

optimutn coagulant do sage was found to be 55 per cant after 

32 • .5 hours of aeration, ·when treated nth ferric chlor.1.de 

mid lime, an<l. settled for 45 mi.nutes. '!he sludge volume 
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percentages pmduced by treatment of 803 Broim. Dispersf.Xi 

Dye t1aste id.th the optimum dosa.ges were found to be 45 
per cent after 103.5 hours ot aeration, al1d 64 per omt 

after 76.0 hours of aera.tion, Ulen tre1ll.tEd with Pnrifloc 

C:31. a.."ld ferric chloride. and lime, respeot1ve]3, ll?ld 

settled .ibr 45 mL~utes. 

:,. Settling was oor.Iplete 1n 45 minutes, but the sludge oon-

t1i."'luacl to conpa.ot for 24 hours. 

4. Addition of t'he ooagtllants to biologically treated dye 

waste produced. eobstantial reductions in the ahem1oa1 

o~Jgan demand. '.tho redu,.ctions :1n c.o.n. ,-:ere 68 per cent 

.tor :rerr10 ohlorlde and lime treatment, o.nc.l 67 per oent 

tor Pu.rl.1"1oc CJl treatment. 1hc samples testtd were 803 

Brom f.dspersed r~e ~~sto. 

5. Jl.erated lagoon biological treatment pl'Oduoed substantial 

reductions in the c.o.o. of dye wastes. 'me c.o.o. of 

701 mack D!spers«l Dye ,taste ,.,as found to decrease five 

and 23 per cent after 32.5 end 66. 5 hours. of aeration, 

respectively. The c.o.u. of 803 1~m Dispersed Dye waste 

was £ound to decrease ll mid ·34 per oent after 76.0 and 

103.5 hours of aeration, respectively. 

6. Vo'ey' little oolor rem:,ve.l. ·was obtained by the a.era.too. 

lc.c;oon process. irhe la.gool'l rel:¥)Ved 25 per cent ot tho 

oolor after 66. 5 hours ot aerntion, a.-.,d :,. 5 per cent ot 

the oolor after 76. O hours of a&ra.tion tor 701 Black 



and 803 Dro1v11 .Jisporsad .):_re t-rt.tstes, respectively. The 

~les used tor the color analysis 1'7er(I settled tor 45 

minutes. 
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VIII. SUMll&~Y 

fue object of 't.ttu.s iic,:vesti.gation tms to doter.mine tha et.feat 

of aerat«l lagoon biological treatment on the aheaica1 ooagulmt 

demc.nd required to ottect romvo.l of color from t,10 dal'k dispersed 

dye 1mstes. Cllamioal coa.gulation 1-m.s desirable beoa.u.se it etf'ectively 

reduced the color and c.o.D. of the dispersed dye waste. Aerated 

lagoon biological treattient was thought to be a possible means of 

reducing the chemical ooagulant denwid of dye wastes. 

A simu.L1.tai aerated lagoon was oonstru.ctad utilizing dal'k dis-

persed. dye wastes, 701 Blade or 803 Bro~m .Jisporsed v:,e 1-10.sto, and 

a biolo gioal seed. The J.neoon ·was operated on a batch basis. Samples 

were draim fron the aerated. lo.goon after various periods or o.erntion, 

Dlld treated lllth coagulants and coagulant ootlbinations to produoe 

hir;h reductions 1n color. Ferrio chloride and lime. ferrous sultate 

Dnd lime, and Pur:l.£.loc C31. wro the coagulants used in the coagulation 

tests. The optimum coagulant dosage, oolor NnOVD.l, volume or sludge, 

and pll 11ere measured for oa.oh a~le after speci.tJ.ed settling periods. 

'!he c. o. u. 0£ the supernatant a:tter ooa.gulation of a S3111Ple of 80) 

Bro1-m. Dispersed Dye waste 11.l.th ferric chloride tmd. lime end Purlfloc 

CJl was determined. 'lhe e.f'feot of aeration time on color rermval., 

n.o.D., c.0,1J., optilnum ooagula.nt dosage, and suspon:led solids was 

aloo determined tor the dispersed dye wastes. 

1.l1e ahen\.OtU. coa~t dEmWld 1'TaS substantially Nducoo. by 

aeratoo. lagoon biologioo.l treatment. Coa.gul.Mt dosages for 90 to 
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100 per oent renr,vo.l ot color from 701 D.1.a.ok Dispersed Dye waste 

were found to dearease 31 per cent after 32.; hours of a.era.tion• 

1-hen tront«i id.th ferric chloride and lime and settlei for 45 minutes. 

Coagulation doStiges for 90 to 100 p•r cent removal or oolor from 80J 

Brown Dispersed Dye waste ,mre .found to decrease 21 per oent a.rt.er 

103 • .5 hours of aeration, llnCl 47 per cent after 76. 0 ho\lfts of a.ero.tion, 

,tien treated itl.th Puri.floe C:U, or ,dth ferric chloride and lime, end 

settlai for 4S minutes. A large sludge volume was produced from the 

coaeulatio:n of dispersed dye t'1astes. ".tho per cent shtdge volume 

produo«l by treatment of 701 Blad: Dispersed r);le waste with the 

optimum ooa.gulant do sage i,ms found to be 55 per cant after 32. 5 hours 

of aeration, men treated ·with ferric chlor!do and lime• and settled 

for 45 minutes. :me sludge vol'Wlt& percentages produced by treatment 

ot 803 Dispersed Dye izaste tor the optimum doso.ges ware tound to be 

45 per cent ai:t,er 103.5 hours of aeration• and 64 per cent after 76.0 

hours of aeration; 1-lhen treated 11.i.th Pur.lfloc C:31 or i-r.lth ferric 

chloride and lime, and settled for 45 minutes. Settling tms complete 

in 4S minutes, but the sludge oontinued to compact f'or 24 hours. 

Reduotions 1n c.o.o. imre observed t•tlm. ooagu.lonts 1mre used to 
trea.t the biologice.ll;i/ troc~ted dye i.raste. The c.o. o. reductions were 

68 per oont for forrio chloride and lime treatment, and 6? per cant 

for Purifloo C31 troo.trient. 

803 Broim Dispersoo i)ye waste. 

samples tested uere oompo sed of 

SignitiaDJ'lt roductions in the c.o. D. of the dye wastes were 

producai by th.a aerated. la.eoon. ?ho c.o.D. of 701 Black Dispersed 



Dye waste no.s found to decrease five tUld 23 per oent after 32.5 and 

66.5 hours of aeration, respoctively. 'll1e c.o.o. of 803 Bro·wn 

ilispe.rsed ,eye 11aste ,tas found to decrease ll and 34 per cent at'ter 

76.0 and 103.5 houro 0£ aerat'ion• respectively. Verr,J little oolor 

reioovo.l ,ms obtni:ned by tho aerated lagnon process. '!he lagoon 

rem.,ved 25 per cent of the color after 66.5 hours of aeration for 

the 701 Black Dispersed iqa waste. l11e la.goon only r~ved :,. 5 

per cant of the color after 76. 0 hours or aern-tion for- the 803 Brom 

Dispersod Dye ,:aste. 



This thesis and a major po~1on ot the author's laster of 

Science grarluate progra1n has been supported l'rJ ru1 mvil."01'll!l.ffltal 

Health 1Taineeship1 EH-67-6J41 aim.rd.ad the u. s. Da:Jnrtmen.t of 

Haa.lth, mueati.on, a:n.d 11elfare. Ti1e remaining portion of the 

nut.hor• o graduate program. ·wns su.pported by a Graduate .(1raining 

Grant, 5Tl-~,JP-:IL-04. auaroed by the t·ater Fbllu.tion a.mtrol Federa-

tion. 

The a..t~thor \d.shes to expNss his appreciation. to Jr. ll.l.liam A. 
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investigation and the oow Chand.cal Compc.ny !or making avo.ilable the 

samples of Pur.Ltloo 031 flocculnnt. 

frhe author also wishes to aokno-vtledgo Mrs. Kenneth H. Hurre.y 

for her ebl.e assistanoe nnd excellent typing ot this tb.esis. 
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APPENDIX A 

Illustrated Examples of the Origin.al and 
Altemate Methods for Color Remove.l 1,nalys.1.s 
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A. alibt~· ~~r.:...~=MW:di~~~~~~~~~~~il=& 

l. 111his example iras performed using a. &.-uuple ot su.pema.tant 

from the treatment 0£ 701 BJ..ack Dispersed fr;/a tiaste with 

the ooe.gulation test and ferric chloride and lime as the 

ooagulc...Ttts. 

2. The Speotronio 20 was adjusted i-ri th a distilled t-1e.ter 

blank that a e.istilled water speci:trmn cmrve was obtained 

as sho11n in ~gt.ire 20. 

:). Wlth tho $'pect%on1c 20 adjusted ,dtb the distilled water 

bler-.k, the sample waa put into the instrwnent. A spectrum 

curve was 'than obtained tor the sample by va.rying the we.vo 

lor\{;th {)f light. The curve is shoun in F..le;ure 20. 

4. The nlaX".l.nn.?ln absorption 0£ li~t tins f'ound for the sa:mple 

°i:PJ m.ac"stu:1:.1.g the naxi.111Um vertical d1sta1100 between the 

se.nple spectrum cm.rve and the distilled. imtsr spectrum 

001ve, l'UX~ dividing this distance by the total vertical 

dint.tmea und.er the distilled im.ter spectrum ourve. :!he 

ve1-tioal dist.a.nee b&twem the curves is sholm in F1gu.re 20. 

Vertical !Jist.mce Between cu.nee =: 57.0 units 

·rotal Distance Under Distilled Water cu.rve = 89.5 um.ts 

Ha.ld!m.un li.gh.t Absorption = S7.o/B9.5 = 0.637 

5. Tho maximum light aboorption wns entered into th& stnnda.:rd 

CUl"Ve sho1jn in F.1gu.re ? • Prom P1gura 7, a per cont 

di.1ution v·alue 1-ras obtnined .for the mo.xi.mum light absorption 

value, above. 1-llis dilution value .~s subtracted from 100 
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per cent to obtain the per cent color removal. 

Per Cent :0iluti.on = 4o. 0 per cent 

Per Cent Color R$nrlval = 100.0 - 40.0 = 60.o per oont 

B. E)tD~. 2: .Q,tS'IJ&j;p Me~ fpr po~r l~~!f .. An~s 

l. c.:~>le was performed. using a sample of aupematant 

from the treatm:ent ot 701 Bl..ack Uisporsod Dye waste 'With 

tho ooe.gu.lation test and ferric ohloride lll'lCi lime as the 

congule.nt:;. lb.a spectrum curves tor the di~.llad i,mter 

cai<l the &1..~e nre sl10tm in .F1gure 20. 

2. 1ht1 t'lDZimu.m light absorption 1ms found for the StlmPle by 

toonsurlng the vertical distance between the sample spect:ru:m 

01..Uve end the dist:! J lad uater speatrtll11 curve rJ10m in 

~"'i{fJ.re 20. and dividing this distance l:rJ the total vertical 

di~ee under the distilled ~nter speat1"tlm O'lUVe. 'lbese 

ve:::-tioa.l dis•tanocs -.rero measured at a wavelength or ?So :m • 

11ho var"tJ.t:al d.ista11.ce bet11reen the carves is shom in at,'tlr$ 

20. 

Vertieal lli.stance Bett-1eou Cllrves = 5.5.8 units 

rintal .Distance t.bior .;:;ist:iJJod 11a.ter Cttrve = 93-8 units 

li1Xir.tum U.gh:t Abso~vion = ;5.s/93.8 = 0 • .915 

:;. 
1lho meJ(iI:11..un light ~hoorptio1, was tl:len C11tored into the stonda.J:d 

sho1;n in 11gu.ra 21. 'Ms stand.am ~,re was obtained 

by thv saua procedure described £oz- tb.e lll.temate method 

s~i!id.ard curve in tho Hat.hods and Materials chapter. A 

pe::..· cont clilutio:n was obtained tor the maximu:m light 
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absorption value above. '.Ibis dilution value -.ms subtracted 

f'rortt 100 per cent to obtain tho per omt color ranx:>val. 

Per Cent Dilution= )3.2 per cont 

Per Cent c»lor Removal= 100.0 • :,s.2 = 61.8 per cen.t 
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APPEMDIX B 

Tables for the Effect of Aere.tion ,ame on 
Qiemical Treatment of Tffo Dispersed Dyo Wastes 



EFFECT OF J,EP~rION 111MB 

&unple 
Aeration Settling 

1'1me T1mG 
(Hours) Fv (Mtn.) 

0 2.160 45 
0 3,600 1,480 45 
0 5,400 2,220 45 
0 7,200 2,960 4.5 
0 11.700 4,810 45 
0 12,600 5,180 45 

32.5 ~o 222 45 
:32.5 1,440 ~2 45 
32 • .5 2,160 888 45 
32.5 2,880 l,184 45 
32.5 6,,00 2,~o 45 
32.5 10,aoo 4,440 45 

49.5 1,800 ?40 4.5 
49.5 3,600 1,480 45 
49.5 7.200 2,960 45 
49.5 l0,800 4_i,11~0 45 

66.5 900 1'/0 45 
66.S 2,700 l,llO 45 
66 • .5 J,600 l,480 45 
66.5 is-,soo 1,850 4;5 
66,5 6,300 2,.590 45 66.; 9,000 3,700 ,.,.5 

T!JlIE ) 

aill-r.tCJJ.1 TREATMl~ OF 701 BLACK DISPERSED DYE WJ\STE 

Optimum Coagulant 
Initial Flnal Per Cent Per Cant Doso.ge (P.P.l:i.) o.t 

pH of Color Sltldge 
Waste lli.ste ItcmDval Volume 

6.20 6.oo 72.1 46 
6.20 6.oo 92.s 81 4,630 l,920 6.20 6.1.5 95.7 55 
6.20 6.20 97.0 48 
6.20 6.20 99.6 !;8 
6.20 6.20 99.8 48 

6.45 6.10 1.2 JJJ. 
6.45 4.90 ~.o 
6.4s 5.90 58.5 
6.45 5.6.5 9).8 56 3,240 l,JJO 6.45 3.80 98.4 46 
6.45 2.40 77.3 40 

6.5.5 5.70 72.9 3l 3,.510 l,li40 
6.55 4.90 96.4 {j:) 
6.55 2.90 13.5 41 
6 • .5.5 J.10 64.3 1) 

6.65 s.ao 47.5 22 
6.65 ).80 90.2 40 3,240 l,330 6.6.5 2.70 96.6 52 
6.65 2.ao 87 • .5 44 
6.6.5 2.ao 0 35 
6.65 2.60 4.o 28 

• ...., 
0 

\.;'1 

' 



TABL~ 3 ( Cont-L"1.ued) 

Sample 
Aeration :):)sage Settling In:ttial ::ent 

Time (P.P.H.) Time pH of pH o:r l!olor 
(Hours) FeCl.3 Ca.(OU)2 (Mln.) Waste Wasto Remvtil 

Ott J,6oo 1,480 4S 6.4; 4.90 n1.7 
n2 • .5 1,800 740 45 6.ao .5.10 76.6 
112..S 2,700 l,llO 45 6.90 4.90 67.3 112.s 3,600 1,480 45 6.,80 4.40 96.4 
112.5 14,,500 l,8SO 45 6.80 4.4-0 96.4 
ll2.; 6,300 2,.590 45 6.80 2.90 ,52.0 
112..5 9,000 3,700 45 6.80 2.ao 71.6 
184.S 900 'J/0 45 6.90 6.oo 56.0 
184.5 1,800 740 45 6.90 5.90 72.a 1B4.s 2,700 1,110 45 6.90 5.70 78.4 
184.5 3,600 1,480 45 6.90 5.40 91.0 
184.5 4,.500 1,850 45 6.90 5.60 96.2 
184.5 6,300 2.590 45 6.90 5.00 98.3 
184.5 n,100 3,3,0 45 6.90 6.60 99.1 

~te: Raw sample stored for 66.5 hours. 

Per Cent 
Sludge 
Volume 

69 
27 
JO 
.56 
53 
Tl 
:33 

15 
2l 
j6 
54 
55 
51 
;I;) 

Optimum Coagulant 
Dosage (P.P.tI.) at 
951' Color -. 11 

.Feel.3 Ca{OlI)? 

• • • • 

3,550 l,460 

4,Wo l,920 

I ...., 
g 
• 



TABLE 4 

l~FmCT OF .i-u..ti.w,.r.. .... v.i.11 ON CH!J,tICJ.~ Til.EATMEll't OF 701 ~1.'"""" v'ISPmtSED DYE WASTE 
_. 

Ae Coagulant Dosage pl Initial &al Per Cent Per cant Optitmm 
Time (P. P.H .. ) Adjusting Settling pH of pH of Color Sltd.ge pH 

(Hours) FeCl.J _ Ca(OH)2 Reagent Time Waste Waste PiSmOVal Volume Range 

184 • .5 6,300 2,590 II2S04 4.40 45 min. 6.70 4.:,o 98.7 4:3 
184 • .5 6,300 2,:110 H2004 5.4-0 45 fflin. 6.70 .5.50 98.l 4J 
184 • .s 6,;00 2,590 • • 6.10 45 mln. 6.70 6.10 99.5 ;) 4.40 to 184.s 6,JOO 2,590 Ume 6.40 45 min. 6.70 6.30 99.5 40 s.70 
184.5 6,300 2,.590 I4me 7.30 45 min. 6.70 7.20 99.5 ;a 
184.,S 6,300 2,.590 14:me a.70 45 m1n. 6.70 a.,o 98.6 I 

!3 -
..._ 184.5 6,:;oo 2,590 H2s:>4 4.40 2hr hrs. 6.70 4.40 98.7 36 

184.5 61:300 2,590 112004 s.4o 24 hrs. 6.70 ;.ao 98.3 ;6 
184.5 6,:300 2,590 •• 6.10 24 hrs. 6.70 6.30 9a.s 31 4.40 to 
184 • .5 6,)00 2,590 Um.a 6.40 ?A- hrs, 6.70 6.60 98.4 28 a.70 
184 • .5 6,300 2,590 14.me 1.;0 24 hrs. 6.70 7.20 98.8 26 
184.,; 6,300 2,590 ame a.10 24 hrs. 6.70 s.10 98.7 31 

I 



TABIE S 
TIIE EF.FEC'i' OF AERATIOM TIME ON CHEMCCAL TREATME2fT OF 701 BLACX DISPm.SED DIE .... ..,....,..,. 

Sample Optinum Coagulant 
Aeration Ibsage Settling Initial P1nal Per Cent Per Cent Dosage (P.P.M.) at 

Time (P.P.M,) Time pH ot pU ot Color Sludge 8QcL Color -Ma.l 
(Itours) ~004 Ca.(OI1)2 (Min .• ) Waste \.aste Removal Volume lteB04 G~t---J2 

0 2,780 740 4.5 6.20 5.,50 f:J3.? 15 
0 u,120 2,960 45 6.20 6.J.O 67.7 19 15,830 4,210 0 16,680 4,440 45 6.20 6.20 92.0 32 
0 22,240 5,920 45 6.20 6.30 91.5 j2 
0 33,360 8,880 45 6 .• 20 6.00 81.8 '3 
0 13,920 110,360 45 6.20 5.90 81.3 ,J 

32.5 1,:1)0 1'/0 45 6.45 .5.75 so.2 20 
32.5 2,780 740 45 6 .• 4; 5.70 ao.2 17 
;2.5 5,560 1.460 45 6.45 5.70 89.) 19 
32.5 11,120 2,960 45 6.45 6.10 92.6 21 u,120 2,960 32.5 19,460 S,180 4.5 6.45 6.20 90.3 14' 
49.5 5,.560 1,480 45 6.55 5.65 8,5.2 l8 AJ9.s ll,120 2,960 45 6.5.5 6.10 86.o 19 
49.5 19,460 ,,180 45 6.55 6 • .50 88.8 19,460 5,180 

66.s 8,1W 2,220 45 6.65 .5.80 00.9 25 8,;40 2,220 
66 • .5 11,120 2,960 45 6.65 6.oo 90.5 24 
66.5 1:,,900 3,700 45 6.65 6.40 92.1 30 66.s 16,690 4,440 45 6.65 6.:,o 92.7 32 
66 • .5 22,240 5,920 4.5 6.6.5 6.30 89.s 

I 
..... 
8 
I 



TABLE .S (Continued) 

Sample Optimum Coagulant 
Aeration Dosage Settling Initial &Al Per Cant Per Cent Dosage (P.P.M.,) at 

TiJne (P .. P .. M .. } 'ri:m.e pH of pH ot Color Sludge BQ.i Cnlor Ramovsu. 
(nours) F\3004 Ca(Oit)2 Waste i111ste nenoval Volume FeS04 Ca(OH)2 

uz.5 8,)40 2,220 4.5 6.ao 6.oo 88.7 81900 2,36.5 ll2.5 ll,120 2,960 45 6.80 6.:30 90.5 26 
112.5 1:.,,900 :,,700 45 6.ao 6.50 92.2 32 
112.5 16,680 4,IJ40 45 6.80 6.J() 90.,5 y.; 
112.s 19,460 5,180 45 6.80 6.30 90.5 'j-l, 
ll2.5 22,240 5,920 45 6.80 6.40 87.9 42 

184 • .5 5,560 1,480 45 6.90 6.80 90 • .5 5,560 l,480 
184.S 8,1),0 2,220 45 6.90 6.ao 97.8 70 
184.5 11,120 2,960 4.5 6.90 6.70 97•8 71 
184.5 l'.3,900 ),700 45 6.90 6.80 97.a 77 
l.84.5 16,600 4,1'40 45 6,90 6.60 97.8 74 

I s 
• -



TABLE 6 

THE EFFECT OF AERATION TIME ON Cl!EMICl\L TREATl.fmT OF ao:; BR01fi DISPS'tSED DYE WASTE 

Sample Optinua O:,agu.lant 
Aeration Dosage Im.tial m.nal Per Cent Per Cent Ik>sa.ge (P.P.M.) at 

Time CP.P.M. l Settling pH of plI of Color Sl:mge QB" 011.ftr :-.-·-~ _.ril 
(Hours) F8Cl3 Ca(OH)2 Time Waste 'waste Renx>val Volume FeC½ Ca(OH)2 

0 7,,500 :-,.100 4; min. 6.:35 • • • • • • 
0 9,000 3,720 45 m1n. 6.:3.5 5.70 97.8 ;II 3,927 0 10,500 4,340 45 min. 6.35 5.90 98.4 5? ' 
0 12,000 4,960 4,S mlr1. 6.:3.5 6.50 99.0 5.5 
0 13,500 5,$30 45 min. 6.,s 6.50 99.4 55 
0 15,000 6,200 45 m1n. 6.3.5 6.ao 98.9 53 f 

I:! -
6.3.5 - 0 7,500 :,,100 24 hrs. • • • • • • 0 9,000 3,720 2t. hrs. 6.3.5 6.20 98.7 42 

0 10,500 4,340 24 bra. 6.).5 6.50 98.6 43 • • • • 0 12,000 4,960 24 hrs. 6.:;.5 6.70 97.5 ,.,., 
0 13,500 5,.580 24 bro. 6.35 6.90 97.8 45 
0 1;,000 6,200 24 hrs. 6.35 6.70 99.0 41 

0 
I 

.51.0 3,000 1,240 4.S min. 6.35 ;.ao 95.2 so 
51.0 6,000 2.,480 45 m1n. 6.35 .5.60 97.6 ?8 7,.500 3,100 51.0 9,000 3,720 45 min. 6.:3.5 4.6o 98.4 57 .51.0 12,000 4,960 4S min. 6.,s 4.40 ?8.6 5:3 51.0 lS,000 6,200 45 min. 6.3.5 3.20 0 50 
.51.0 18,ooo 7,440 45 min. 6.35 3.20 0 48 

-
r-- Sl.o 3,000 1.240 24 hrs. 6.3.5 5.90 96.5 45 

51.0 6,000 2,480 24 hrs. 6.35 s.so 97.5 91 



TABLE 6 (Continued) 

Sample Optimum tba.gQlant 
Aeration Dosage Initial F1ru:tl Por Cent Per Cent Dosage (P.P.M.) at 

Ti.me (p .. p,.f! ... ) Settlino: plf of pH ot Color Sludge g~J<i Colar .1mmva1 
(Hours) !«'9ta l:.ft~DH}2 'rime Waste Waste Rtm:>val Volumo FeClJ Ca(OH)2 ' 51.0 9,000 3,720 6.;,5 4.ao 100.0 4J 6,600 2,728 

.51.0 12,000 4,960 24 hrs. 6.35 4.10 99.0 41 
51.0 1;,000 6,200 21.~ hr~. 6.:;5 3.10 ?6.1 40 
51.0 18,000 7,440 24 hrs. 6.35 2.90 Q 

76.0 1,.500 620 l1,5 min. 6.50 6,55 62.3 
76.0 3,000 1,240 45 trdn. 6.50 ?,10 95.5 :I} 
76.0 4,,500 l,060 45 min. 6 • .50 6.80 97.a (:4 s,ooo 2,067 76.0 6,000 2,lJao 4.5 m1n. 6.so 6.ao 98.4 63 
76.0 7,500 3,100 45 mtn. 6.50 6.60 99.0 61 
76.0 10,soo 4,;340 45 min. 6.50 6.10 99.1 57 76.0 12,000 4,960 4S min. 6.50 6.30 97.R 5:3 76.0 13,.500 s,sao 4.S min. 6.50 5.ao 99.0 51 

I 

I 

~76.o 1,500 620 24 hrs. 6.50 • • • • • • 76.0 3,000 1,240 21.J, hrs. 6.50 7.30 95.6 47 
76.0 4,,500 1,860 24 hrs. 6.50 7.ao 9a.o 48 4,500 1,860 
76.0 6,000 2,480 24 hrs. 6.50 6.55 99.0 47 
76.0 7,500 3,100 24 hrs. 6.50 6.70 99.0 46 
76.0 10,500 4,:,40 24 hrs. 6.50 6.45 99.1 41 
76.0 12,000 l},960 ?}+ hrn. 6 • .50 6.45 100,l 38 76.0 13.500 5,580 24, hrs. 6.50 6.20 99.3 41 

103.5 4,500 l,060 45 m1.n. 6.60 • • • • • • 



T.ABIB 6 ( Q:,nt1nued) 

~e Opt,:lmum Coagulant 
1Aeration Dosage Im.ti.al &al Per Cent Per Cant '"°' -- -- ( 'P P '1. ) at - - ·= ... •-Time {P.P.M.) Settling pM 0£ pH of Color Sludge qat Cblor Removal 
(Hours) t~G.13 Ca.(OH)2 Time Waste Waste Remval Volume ~ClJ ~1.(0U)2 
103.5 6,000 2,480 45 1d.n. 6.60 6.10 98.4 57 103.5 7,.500 3.100 45 min, 6.60 6.20 99.1 ;6 
103.5 9,000 :3;720 45 min. 6.60 5.75 99.1 56 • • • • 
103.5 10,500 4,340 45 min. 6.60 5.00 100.0 54 
103.5 12.000 4.960 45 min. 6.60 5.65 100.0 53 
-

103.5 4,500 1,860 24 hrs. 6.60 • • • • • • 
10:;.5 6,000 2,480 2h hrs. 6.60 6.90 98.4 44 
103.5 7,500 3,100 24 hrs. 6.60 7.00 99.1 41 • • • • I 

103.5 9,000 3.720 24 ~s. 6.60 6.20 99.0 40 
10:3.5 10,,500 4,~ 24 hrs. 6.60 '5.60 99.1 41 
103.5 12,000 4,960 24 hrs. 6.60 6.20 98.8 'Y) 

t:: 
f\) 

I 

124 • .5 4,500 1,860 45 min. 6.65 6.80 97.5 SJ 
124.S 6,000 2,LJao 45 min. 6.65 6.50 97.6 54 6,667 2.757 124.; 7,500 3,100 45 min. 6.65 6.70 9a.s 54 
124.5 9,000 3,720 45 min. 6.65 6.oo 99.0 54 
124 • .5 10,500 4,Yl-0 45 min. 6.65 6.30 99.1 S4 
124.5 12,000 l,;,960 45 min. 6.65 .5.90 99.3 54 
-

JJ'':4.5 4,500 1,860 24 hrs. 6.65 • • .. . • • 
124.S 6,000 2,480 24 hrs. 6.65 7.10 98.7 41 • • • • 
124.5 7,500 3,100 24 hrs. 6.65 7.00 98.3 41 



T ABL.8 6 ( O,ntinued) 

Sampl.e Optimwn Coagulant 
Aeration IX>sege In1tuu F1nal Per Cent Cent Dosage (P.P.N.) at 

Time (P.P.M.} Settling pR of pH of Cclor Sludge 98:l Cblo If R.amoval 
(Hours) Fet:13 Cn(OH)~ Tilne Uaste t•laste nOOX>val Volur.1e Fc~3 Ca(OU)2 
124.5 9,000 3.720 24 hrs. s.6.5 6.70 99.0 40 
124.5 10,500 "~,'340 2L1. hrs. s.65 6.80 98.9 Y) • • • • 
124 • .5 12,000 4,960 21-!- hrs. 6.6.5 6.60 99.0 J'.) 

172.0 3,000 l,240 4:5 min. 6.70 6.:30 93 • .5 56 
172.0 4,500 1,860 l.J.5 min. 6.70 6.20 96.8 !:I) 
172.0 s,ooo 2,'tS0 45 min. s.70 5.60 96.1 57 ?,140 172.0 7,500 J,100 45 min. 6.70 .5.80 99.6 
172.0 9,000 :,720 !~5 rd.n. 6.70 5.50 99.0 
172.0 10,.500 4,')40 45 mhl. 6.70 5.;o 99.:3 53 • 
- \.,,) 

1.12.0 :3,000 1,240 24 hrs. 6.70 6.60 95.5 44 4,250 l,756 
172.0 4,.500 1,860 24 hrs. 6.70 6.90 98 • .5 45 

I 

172-0 6,000 2,480 24 hrs. 6.70 6.10 99.6 44 
112.0 7,500 ~.100 24 hrs. 6.70 6.70 98.7 40 
172.0 9,000 ;,720 24 hrs. 6.70 6.10 99.7 40 
172.0 l.0,500 1,t,1 J40 24 hrs. 6.70 6.50 100.0 'J;) 

2'-14.,0 3,000 1,240 45 min. 6.05 6.75 85.1 31 244.o 4,.,00 1,860 45 min. 6.85 7.6o 97.6 46 
244.o 6,000 2,480 4S m.1.n. 6.85 7.60 98.0 47 6,000 2,480 244.o 7,500 3.100 l~S min. 6.85 7.90 99.:; 47 
244.o 9,000 3,720 45 min. 6.85 7.90 99.1 



TJ\131,E 6 { Contin<IJ.ed) 

Sample Optir.um Cbag,.,.lant 
~ration lhsaee Ir;itiaJ. ~"'lal Per Cant Per Cent ·n.,,:;;~~-v'=' (P.l'.M.) at 

Thue (~ .. :e .. ::,~:.. J Settling pH of pH of Color Sludge 9th~ C1.o1o:"" Rem:rvru. 
(Hoitrs) F&C.1.3 C8.(0H),, Timo t~-,.sto Ho.ste R~val Volt'W'!o ~CJ.~ (!a{OH)2 - .,,/ - - -244.o 10,500 4.340 45 min. ~.as 00 100.0 5J 

c-244.o 3,000 1,240 21} hrs. 6.a.5 7.00 92.0 22 lJ,452, 1,840 244.o lt,.500 1,860 2J.s. hrs. 6.05 7.50 ('P ? 30 .,, .. ,._ 
24/.:,.0 6,000 2,400 24 hrs. 6.as ,., 50 98.6 ?}_• ,. ;1' 244.o ,,,;oo 3,100 24 hrs. 6.85 7.50 se.a ;1-s-244.o 9,·~0 J,720 zl,, hrs, 6.85 ;~.60 ~$1.'.) 40 244.o 10,500 4,)4,0 24 hrs. 6.85 n.oo 99.0 )) 

• 
+:" 

' 



sample 

TABLE 7 
EFFEC'l' OF AERA''l:ION TilE ON CHEM[ CAL TREATI£ttr 

Aeration Coagulant pH 
'i11me {p .. p.MA} 1¥ijusting pH Settling 

(Hours) Feel Ca(OH)2 Reagent Time ) 

0 12,000 4,960 UzS04 2.70 45 min. 
0 12,000 4,960 H2S04 3.00 45 min. 
0 12,000 4,960 • • 4.4o 45 min. 
0 12,000 4,960 ame 4.50 45 Min. 
0 12.000 4,960 I.4.me 4.50 4S min. 
0 12,000 4,960 ame 5.40 45 min. 
0 12,000 4,960 ame 6.20 45 min. 
0 12,000 4,960 ame 6.80 4.5 min. 
0 12,000 4,960 ame 6.90 45 min. 

-
- 0 12,000 4,960 II2S04 2.70 24 hrs. 

0 12,000 4,960 H2S04 3.00 24 hrs. 
0 12,000 4,960 • • 4.40 24 hrs. 
0 12.000 4,96o ame 4.50 24 hrs. 
0 12,000 4,960 I;1me 4.50 2# hrs. 
0 12,000 4,960 t4me ,;.40 24 h.--s. 
0 12,000 4,960 I4me 6.20 24 hrs. 
0 12,000 4,960 Lime 6.ao 24 hrs. 
0 12.000 4,960 I.ime 6.90 24 hrs. 

.51.0 12,000 4,960 H2S04 2.ao 45 mn. 

.51.0 12,000 4,960 li2004 4.10 45 min. 

.51.0 12,000 4,960 • • 4.30 45 min. 
51.0 12,000 4,960 ame 5.50 45 min. 

80; BHOlvU DISPERSED UASTE 

Initial F1nal Per Cent Per Cent Opt,i?lru:n1 
pH ot pH of Color Sludge pH 
tJaste Waste R8l11>Val Volu.tne 

6.35 2.70 0 60 
6.:35 :,.oo 89 • .5 64 
6.35 4.40 96.8 61 
6.:,.5 4.50 97.5 63 3.00 to 
6.35 4.50 99.0 62 6.90 
6.3.5 5.30 98~6 5l 
6.:;.5 6.20 99.0 !13 
6.35 ,s.ao 99.1 57 6.Js 97.6 :Jl 

l 

I 

6.35 3.10 ,1.2 51 
6.35 3.20 95.4 Sl 
6.35 4.80 98.0 ~5 
6.35 4.80 98.0 so 3.00 to 
6.35 4.ao 98.2 46 6.90 
6.3.5 .5.40 98.0 41 
6 • .35 6.:;o 98,4 45 
6.35 6.90 9a.s 43 
6.35 6.90 97.4 45 

6.3.5 2.ao 86.o 64 
6.3.5 4.10 97.9 58 2.ao to 
6.35 4.30 98.5 55 6.60 
6.::,5 .5.60 99.3 56 



TABLE 7 (Continued) 

a.go pH Initial ftnal Per Cent Per Opt1mm 
Jdjusting Settling pH of pH ot Color Sludg& 
Reagent Waste Waste Ret"'val Volume 

Ume 5.90 '"5 min. 6.:;5 5.90 99.:; 514, 4.10 to 
51.0 Ume 6.60 45 rdn. 6.35 6.60 99.0 52 6.60 

.5l.o 12,000 4,96o li2S04 2.ao 24 hrs. 6~35 2.50 96.2 .52 51.0 12.000 4,960 Hz004 4.10 24 hrs. 6.:;.5 3.90 99.0 42 
51.0 12,000 4,960 • • 4.,30 24 hrs. 6.35 3.90 100.0 42 2.80 to 
.51.0 12,000 4,960 Limr.t 5.50 24 hrs. 6.35 .5.60 99.1 42 6.60 
S]..O 12.000 4,960 litme s.~o 24 hrs. 6.35 6.10 99.3 
51.0 12,000 4,960 Ume 6.60 24 hrs. 6.3.5 6.70 99.7 

I 

?6.o 12,000 4.960 H2004 4.60 45 min. 6 • .50 4.60 94.8 55 
76.0 12,000 4,960 H2!.ll4 .5.70 45 min. 6 • .50 5.70 9a.o ~' 
76.0 12,000 4,960 • • 6.20 4S m1n. 6.50 6.;zo 98.2 9t- 4.60 to 
76.0 12,000 4,960 I4me 7.:30 45 min. 6.50 6.80 98.4 52 9.00 
76.0 12,000 4,960 I..t.me a.~ 45 ndn. 6.50 1.ao 97.5 $2 
76.0 12,000 4,960 I..t.me 9.00 45 m1n. 6.50 a.10 98.4 51 

• 

76.0 12.000 4,960 H2004 4.60 24 hrs. 6 • .50 4.6o 98.4 42 
76.0 12,000 4,960 H2S04 5.70 2JJ hrs. 6.50 5.90 98.4 :1) 
76.0 12,000 4,960 • • 6.20 24 hrs. 6.50 6.40 99.4 7:J 4.60 to 
76.0 12,000 4,960 li.me 7.30 24 hrs. 6.50 6.70 99.:3 39 9.00 
76.0 · 12,000 4,960 Ihle a.,o ?JI, hrs. 6 • .50 7.30 99.3 l.;-O 
76.0 12,000 4,960 ame 9.00 6.50 s.20 99.1 40 



TABLE '/ (Continued) 

Semple 
Aeration Cbagule.nt pH Initial ftnal Per Cent Per cent Op+.4-~-

Time ·cp, P,M.) Mjusting pll Settling pR of pH .of' Cblor ;::!' .. 

(Hours) Feel:, Oa.(OH)2 Rea.gent 1'.'ime Waste Waste R.f.wroval "lolum8 Range 
103.5 10,.500 4,340 J,t2004 11.00 45 min. 6.60 1,1,.10 96.l S7 103.5 10,500 4,)40 l½SC4 .5.50 z,.5 min. 6.6o s.60 97.0 56 
103 • .5 10,.500 4,)40 • • 6.20 45 6.60 6.20 98.4 55 4.oo to 
10:,.5 10,500 4,)40 UJr,.a 6.90 4S 6.60 6.70 99.7 .55 9.60 
103.5 10,500 4,)40 L1r~e 8.l.e·O 45 6.60 8.40 98.4 54 103.5 10 • .500 4,340 Lilr...o 9.60 45 1;~. 6.60 9.40 98.2 S6 
-

103.5 10,500 4.)40 H2SC4 4.oo 2Lf, h.tts. 6.60 4.oo 99.0 44 10,.s 10,500 4,)40 lI2S04 5 • .50 2Lf.· :h.rs. 6.t,0 s.ao 99.0 40 
10:;.5 10,500 4,340 • • 6.20 24 hrs. 6.60 6 • .55 99.:; 41 4.oo to 
103.5 10,500 4,)40 Lima 6.90 2'4 hrs. 6.60 7.:;c 98.7 40 9.60 103.5 10,500 4.)40 14lte a.4o 24 hrs. 6.60 a.as 98,.5 40 
103.5 10,500 4,)40 Lime 9.tSu 24 hrs. 6.60 10.20 99.9 42 

• 
• 

124 • .5 9,000 3,720 H2004 4.~o 4~ min. 4.zo 96.8 62 
12J.1..5 9,000 3,720 H2so4 5 •. u 4_. f.'d.n. s. 0 98.2 S4 124.s 9,000 3.720 • • 6.20 4S miri. 6.65 6.10 99.3 S6 4.so to 124.s 9,000 J,720 G t"'•" 45 min. 6.6.5 6.oo 100.0 52 a.no e;fV 
124 • .5 9,000 3,720 Ia.me 7.50 4; ndn. 6.65 7.20 98.8 52 
124.,S 9, 3,720 Lune a.so 45 min. 6.6.5 8.50 98.6 52 
-124.s 9,000 J,720 II2S04 4 • .50 24 hrs. 6.65 '+.90 I.Jl; 124.s 9.000 :3.720 U2S04 .5.90 24 hrs. 6.65 6.60 99.1 l, 4.50 to 
124.5 9,000 3.720 • • 6.20 24 hrs. 6.6,; 6.60 99.4 42 a.so 



TAB.IE 7 (Omtinued) 

Sam,ple 
Aeration (l)o.gulant :oosage pH Init1.al P1na.l Per Cent Per Cent Opti.mun1 

Time (P.P.M.) Adjusting pH Settling p!I of pH of Color Sludge pH 
(Hours) FeC13 ca"{OH)2 Reagent Time Waste Waste Ren>val Volume Range 

124.; 9,000 3,720 I.I.me 6.90 2# hrs. 6.65 7.60 99.1 40 4.50 to 124.5 9,000 J,720 Lime 7.50 24 hrs. 6.6.5 a.10 99.3 40 124.; 9,000 J,720 14.me a.so 24 hrs. 6.65 8.90 99.4 41 a.so 
244.o 7,500 :3,100 Ii2004 .s.10 45 min. 6.85 6.00 98.2 ¥; 244.o 7,500 3,100 Fl2004 6.:,o 4.S min. 6.8.5 7.10 98.7 46 244.o 7,500 3,100 • • 6.90 45 min. 6.8.5 7.so 99.7 60 5.10 to 244.o 7,.500 3,100 I.I.me a.:,o 45 min. 6.a.s a.so 99.1 £1) 10.60 244.o 7,500 3,100 Lime 9.60 45 min. 6.a.5 9.90 99.1 62 
244.o 7,500 3.100 Lime 10.60 l},Smln. 6.85 10.60 98.9 6l. 

I 

I:! co 
--244.o 7,500 3,100 H2S04 .5.10 24 hrs. 6.8.5 6.70 91.a JO 2ZJ4.o 7,SOO :;,100 Ii2S04 6.:,o 24 hrs. 6.as 7.40 98.6 -J.J. ?Jl4.o 7,500 :3,100 • • 6.90 24 hrs. 6.85 7.50 99.4 .5.10 to 244.o 7,.500 J,100 Lime s.30 24 hrs. 6.85 8.40 99.4 46 10.60 244.o 7,500 3,100 Lime 9.60 24 hrs. 6.as a.90 100.0 44 
244.o 7,500 3,100 IA.me 10.60 24 hrs. 6.85 10.00 98.0 4:3 

I 



TABIE 8 

THE EFFECT OF AERATIOii tril!E OM CHEMICAL TREATllEHT OF 80; BROl1H DISPERSED DIE WASTE 

Sample Optimum O:>agulant 
Aeration Dosage Initial &al Per Cent Per Cent Dosage (P.P.M.) at 

Time (P.P.M.) Settling pli ot pH of Color Sludge 93<t Cblor Ramoyal 
(Hours) Pur'Jf'lAQ C31 Time Waste Waste Ren:>VP.l Volume Puri f'lt'\Q CJ]. 

0 667 45 mb1. 6.:1; 6.60 0 19 
0 1,000 45 mili. 6.3.5 6.75 65.5 45 1,2'?7 0 1.333 45 miri. 6.35 6.80 98 • .5 41 
0 1,667 4-S min. 6.35 6.90 96.3 3l 
0 2,000 45 m1n. 6.35 6.90 98.4 25 
0 2,333 45 min. 6.35 7.00 98.2 l6 
0 3,3:33 4.5 min. 6.35 7.20 97.6 25 

- \.;:) 

- 0 667 24 hrs. 6.35 • • • • • • • 0 1.000 24 hrs. 6.:-,s • • • • • • 0 1,333 24 hrs. 6.:,5 6.90 99.0 jl 
0 l,667 24 hrs. 6.3.5 7.00 98.6 24 • • 
0 2,000 24 hrs. 6.)5 7.00 99.4 18 
0 2.:,:n 24 hra .• 6.35 7.10 98.2 l8 
0 3,.333 ?A- hrs. 6.35 7.25 9?.4 18 

.51.0 667 45 td.n. 6 • .35 6.70 0 14 

.51.0 1.000 45 lllln. 6.3.5 6.80 78.0 48 1,235 .51.0 l,~; 45 min. 6.35 7.00 99.3 43 51.0 l, 7 4; min. 6.35 1.00 99.0 29 

.51.0 2,000 45 min. 6.:3.5 7.10 99.1 28 
si.o 2,JJ:3 4; min. 6. 3.5 7.20 98.7 16 

51.0 667 24 hrs. 6.35 6.60 0 lJ 



'I' AD?E 8 ( Contil1uoo) 

Sample Optimum (bagulant 
Aara.tion Dosage Initial &al Per cent Per Cent Do~ (P.P.M.) at 

Time CPaP .. M...) Sett.lil1i; pli of pU of Col.or Sludge {) ~. Oolnr lfAmt')V!tl-
(Houx-s) Pu:i'i.flo o C1! f1r,Je Waste Waste Rem:>val volume PtipJM.-.o C)l 

si.o 1,000 24 hrs. 6.35 6.6o a.5.9 45 l~l.fl9 51.0 l,~3 24 hrs,. 6.3.5 6.ao 98.4 32 .;.t.O l, 7 24 hrs • 6.,s 6.90 96.6 31 .51.0 2,000 24 hrs. 6,3.5 1.00 97.6 19 
,51.0 2,3:,3 24 hrs. 6.35 7.10 97.9 2b 

76.0 833 45 mS,.n. 6.50 • • • • • • 
76.0 1,000 45 min. 6.50 6.95 913.7 l}2 
76.0 1,167 4S min. 6.,50 6.95 98.4 43 • • 76.0 l,:333 45 min. 6.,50 1.00 98.9 40 
76.0 1,500 45 min. 6.50 7.05 98.6 30 76.0 1,667 45 min. 6 • .,o 7.05 99.1 26 

---76.0 8:)3 24 hrs. 6.50 • • • • • • ?6.0 1,000 24 bra. 6.50 6.90 99.:) 38 76.0 1,167 24 hrs. 6.50 6.ao 9a.9 :fl • • 76.0 l,;3J 24 hrs. 6 • .50 6.90 9n""' 71 v.o 
76.0 1,500 24 hrs. 6.50 6.Bo 99.7 22 
76.0 1,667 24 hrs. 6.50 6.90 99.0 17 

103.5 8"'>"'.:I 45 ndn. 6.60 6.90 40.J 31 J.,; 
103.5 l,000 45 min. 6.60 7.00 93.a 45 1,000 
103.5 1.167 4; mtn. 6.60 7.00 98.4 45 
10:3.5 1,333 45 m.1.n. 6.60 7.00 97.6 ;B 



TABm 8 { Continu«i) 

Semple Optimum O:>a.gulai1t 
,\el'ation Doooge IniticJ. nrwi Per Ccint I'el" Certt ""· . . (P ,, M ' t oosa.ge •" • .1,-~ ' a: Time (P.P.M.) Settling pH of pH of Color Sl:adge 9 )i Cctlor P..annval 
(Hou.rs) 1\1.r.1 fi AC CJL Tlmo Haste Waste Removal Volume p.,w1 .~c CJJ,. 

103 • .5 l,.500 4S min. 6.'5o 7.10 90.,} :;9 
103 • .5 1,667 45 min-. 6.f.o 7.10 9a.1,- 24 

[103.5 833 24 hrs. 6.6o 6.ao 41.? 23 992 103.5 1,000 24 hrs. 6.60 6.90 95.5 42 
10).5 l.,167 24 hrs. 6.6o 6.90 98.6 33 
10:,.5 1,333 24 hrs. 6.60 1.00 99.9 29 103.5 1,500 24 hrth 6.60 7.0.5 99 0 23 •..-10:;.5 1,667 24 hrs. 6.60 7.10. 100.0 20 

l 

124 • .5 83:, 45 min. 6.65 6.90_ 36-6 1:.3 996 124.s ltOOO 45 mn. 6~65 6.90 94.2 45 
124.s l,167 4S m1n. 6.65 6.9.5 99,0 124.s 1.333 45 min. 6.65 7.00 98.6 :35 
124.S 1,.500 45 nd.n. 6.65 7.10 98.6 33 124.;, 1.66? 45 min. 6.65 7.10 97.7 26 

• 

r-124 • .5 833 24 hrs. 6.6s 7.00 '31•5 32 124.5 1,000 24 h:rs. 6.65 7.00 92.2 35 1,029 124.5 1,16? 24 hrs. 6.6.5 7.0.s 96.8 3l 
124 • .s l,333 24 las. I'-. t:.5 7.00 97.4 213 ........ J 

124.5 1,500 ~4 h:r$, 6~65 7.10 ?8.o 23 
124.5 1,667 2J¥ Iu.-,s. 6.6.5 7.10 97.8 14 



TABLE 8 (Continued) 

Bampl.e Optimt.mt <.bagul.ant 
!Aeration Dosage Initial &al Per Cent Per Cent Dosage (P.P.?,t.) at 

Time CP .. P.M.} Settling pH of pH of Color Sludge Q 1ti Color Ramova1 
(Uours) Pu.r.lfloc CJL Time Waste Waste Ram.,val Vo,J.ume ~c c,i 
244.o 667 45 min. 6.85 6.60 0 14 244.o 833 45 min. 6.8,; 6.70 28.6 244.o 1,000 45 m1n. 6.85 6.80 73-0 ;O 
21..J4.o 1,000 45 min. 6.as 6.8.5 75.9 29 l,148 244.o 1,167 45 mn. 6.8,; 7.00 97.4 Jl 2144.o 1,333 4.5 m1n. 6.8; 7.10 97.2 32 244.o l,SOO 45 min. 6.ss 7.20 96.8 26 

J -244.o 667 hrs. 6.8,5 6.ao 0 13 
244.0 8:,3 24 hrs. 6.as 6.ao 47.3 1.5 244.o 1,000 24 hrs. 6.as 6.90 84.8 lS 1,000 244.o 1,000 24 hrs. 6.85 6.90 100.0 19 

N 

• 
244.o 1,167 24 hrs. 6.85 7.05 9a.9 22 244.o 1.333 24 hrs. 6.8.5 7.05 100.0 15 244.o 1,500 24 hrs. 6.8.5 6.90 84.4 l5 



TAB.IE 9 

or At:11ATI0'.N orl crrnlttcAL TP..EATMmrr IJ'.L'IA#l,u. ... DI$P)3fl.Y~ DYE 

Sample r»agulen't 
i'Aration Dosage pr TJ'litial F.lnal Per Cent Per CGnt Optd.mum '! 

T:.tme (P.P.N.) .Mjusting Settling 0£ pH of O>lor Sludge pH 
(Rours) Parl. ,n "C CJl Rea.gent Thle ~,iaste Waste Ren>vnl Volume P..GUlge 

0 l,333 U2004 J.~ 45 min. 6.3.5 3.30 98.6 32 
0 ~:333 H2Slz1, 4.:,o 4; m1n. 6.3.5 4.40 98.5 41 :;. '° to 0 1,3:;3 • 4t 6.90 45 min. 6.35 6.90 98.6 44 6.90 
0 l, a.so 4S min. 6.35 8.50 ;6.9 29 
0 l, I4me 10.30 45 min. 6.3.5 10.20 0 10 

• -
- 0 1,333 It2004 3.:30 24 hrs. 6.:35 3.60 98.7 Jl 

0 1.33:; H2004 4.;0 24 hrs. 6.35 4.70 99.3 41 :~;0 to 
0 1,33:3 • • 6.90 24 hrs. 6.3.5 6.90 99.0 41 6.90 I 
0 1,333 I.ime a.so 24 hrs. 6.35 a.30 40.o 26 o· l,3:33 Lime 10.:30 24 hrs. 6.:1.5 9.90 0 l2 

,51.0 1,33:> HzOOlf ).60 4; r.nn. 6.35 3.70 99.2 3l 
51.0 1.333 I:IiS04 4.ao 4S min. 6.:,, 4.80 98.9 35 3.60 to si.o 1.333 • • 6.90 45 min. 6.35 6.80 90.3 3.5 8.6; 
.51.0 l,333 Lirae 7.55 45 min. 6.35 ?.40 99.2 3.5 .51.0 1.333 I4.me 8.6.5 45 min • 6.35 a.30 91.8 26 
51.0 1,333 I.Ame 9.90 45 mtn. 6.3.5 9.60 0 l2 

-
-51.0 l,JJ.3 H Sl 3-60 24 hrs. 6.:35 ).80 98.4 32 
51..0 1,333 u2s;;,4 4.80 21• hrs. 6 • .35 s.ao 98.4 41 J.60 to 
51.0 1,333 2 4 6.90 24 hrs. 6.35 6.90 98.5 'J'l a.6; • • 51.0 1,:333 Lime 7.55 24 hrs. 6.35 7.55 97.6 :n 
,51.0 1,333 I.4me a.6s 24 hrs. 6.35 8.20 96.0 29 
51.0 1,:,33 I.4me 9.90 24 hrs. 6.:,5 9.40 0 12 



Sattlpl.e O)agalant 
lAera.tion Dosage pH 

Time {p ... P.l.t.) Adjusting pll 
(Hours.) ~#1 .... o Cll Reagent 

76.0 1,000 fl2004 2.10 
76.0 1,000 H2S:,4 4.4o 
76.0 1,000 • • 6.8.5 
76.0 l,000 I4me 7.70 
76.0 1,000 I4me 10.40 
76.0 1,000 :rJ.Ir.e u.:,o 

-
--76.0 1.000 H 00 z.10 

76.0 1,000 H2004 4.40 
76.0 1,000 2 4 6.as • • ?6.o l,000 Ls.me 1-zg ?6.o 1,000 li.me 10. 
76.0 1,000 JJ..,,1ne U.30 

103.5 1,000 t~:J~ 2.90 
103.5 l,000 4.60 
10:;.5 l,000 2 ls, 6.90 • • 10,.5 1,000 Um.a 7.ao 
103 • .5 1.000 Ui.Jne 10.30 
103.5 l,000 14.me 11.~5 

103.5 l,000 l~S>4 2.90 
103.5 1,000 1 l 104 4.60 
103 • .5 l,000 • • 6.90 

9 ( O:>ntinued) 

In1tial F1nu 
Settling pH of pH 0£ 

Time Waste Waste 
45 min. 6 • .50 2.90 
45 m.t.n. 6 • .50 '4.60 
45 min. 6.50 6.8.5 
45 nd.n. 6.50 7.60 
45 min. 6.50 10.40 
4S min. 6 • .50 ll,JO 

24 hrs. 6.so 2.ao 
24- brs. 6.,SO 4.80, 
24 hrs. 6.SO 6.90 
24 hrs. 6.,50 7.60 
2.4 hrs. 6.50 9.90 
2h hrs. 6.50 10.30 

45 mtn. 6.60 :,.oo 
45 rJin. 6.60 4.60 
45 min. 6.60 6.95 
14-;, 11UA1'\• 6.60 7.ao 
45 l'd.n. 6.60 10.:;o 
45 min. 6.60 11.45 

24 hrs. 6.60 2.as 
24 hrs. 6.60 4.So 
24 hrs. 6.60 6.80 

Per Cent 
Color 

Ranovnl 
98.7 
99.0 
81.8 
57.4 a.a 
19.5 

99.1 
99.1 
96.2 
57.5 
0 

?..6.2 

96.7 
97.8 
92.6 
e:S,.4 
3.0 

19.6 

99.3 
99.3 
94.6 

Per Cent 
Sludge 
Volume 

31 
4tt-
47 
30 
10 
12 

J2 
45 
21 
7 

12 

lL 
1) 
4? 
)S 
7 

12 

2l 
21 
42 

Optimm 
pH 

Itange 

2.70 to 
6.85 

2.70 to 6.as 

2.90 to 
6.90 

2.90 to 
6.90 

l 

I 



9 (Continued) 

Sample Coagulant 
Aeration Dosage pH Initial 

Time (P.P.M.) Adjusting pH Settling ot 
(Hours) Pttrii'Ioo CJL Reagent Time Wasta 

103.5 1,000 Li.me 7.ao 24 hrs. 6.60 
103.5 1,000 Limo 10.30 24 hrs. 6.60 
103.5 1,000 Lime 11.!}5 24 hrs. 6.60 

124 • .5 1,000 H2004 3.10 45 tdn. 6.6.5 
124.5 l,000 H2ro4 4.80 45 rd.n. 6.65 
124.5 1,000 • • 6.9.5 45 min. 6.6.5 
124.5 1,000 Lime 7.80 45 mill. 6.65 
124.5 1,000 Lime 10.4.5 45 min. 6.6.5 
124.5 1,000 Li.me u.10 45 min. 6.6.5 

124 • .5 1,000 HzS04 3.10 24 hrs. 6.6.5 
124 • .5 1.000 H2004 i.oo 24 hrs. 6.65 
124 • .5 1,000 • • .9.5 24 hrs. 6.6.5 
124 • .5 1,000 Limo 7.80 24 hrs. 6.6.5 
124.; 1,000 Lime 10.45 2J.l. hrs. 6.6.5 
124.,5 1,000 Lime u.10 24 hrs. 6.65 
244.o l,16? !12004 :;.30 45 nnn. 6.8.5 
244,0 l,167 rl2S04 s.ao 4; min. 6.85 
244.o 1,16? • • 6.80 45 min. 6.85 
244.o 1,167 Lirae s.70 45 min. 6.8.5 
244.o 1,167 Na.OH 10.70 45 min. 6.85 

-
244.o 1,167 H SO 2 4 3.30 24 hrs. 6.8.5 

Final Per Cent 
pH of Color 
Wasta rtenx,val 

7.50 110.5 
9.60 0 

10.40 23.a 

3.10 97.0 
4.90 98.4 
6.95 92.2 
7.75 ao.9 

10.4.5 6 • .5 u.oo 12.2 

J.40 97.4 
~-JO 9a.2 
0.9.5 92.a 
1.50 a1.o 
9.90 0 

10.10 17.4 

3.80 97.2 6.oo 98.0 ,,.oo 97.8 
8.90 74.8 

10.50 9.6 

4.oo 100.0 

Per Cent 
Sludge 
Volume 

30 
7 

JO 
41 
44 
:33 

24 
32 
J.5 

7 
13 

29 
43 
J} 
18 

0 

18 

Optimum 
pH 

~.!!t'f'\r1"A 
"' -... 

2.90 to 
6.90 

3.10 t;o 
6.95 

3.10 to 
6.95 

3.30 to 
6.80 

3.30 to 
6.80 

I 
..... 
t\) 

\,.. 

• 



'11ABLE 9 (Continued) 

&i.mple Coagulant 
Aeration Dosage pH Initial Final :Per Cent Per Cent Optimum 

Time (P.P.M.) Adjusting pH Settling pH of pH of Color Sludge pH 
(Hours) Purif'loc C;l Reagent Time Uaste Waste Itevoval Volume Range 

244.o 1,167 H2SOt~ .5.ao 24 hrs • 6.35 6.14-0 100.0 2l 
244.o 1,167 • • 6.80 24 hrs. 6.8.5 7.50 99.0 18 3,30 to 244.o l,167 Id.me 8.70 24 hrs. 6.85 9.00 80.9 lJ 6.80 244.o 1,167 Na.OH 10.70 24 hrs. 6.85 10.50 14-.o 0 

1 

t:,. 

I 



ABSTRAC'£ 

THE EF~CT OF BIOOXIDATIOl'J OM THE 

COAGULATIOli OF DISPF.RSED COIDR 

by 

Ge.ry' lhomas Laing 

'lhe objective of this invostigation was to determine the eftect 

of a.erated le.goon biological treatment on color ren,ve.J. by chemical 

coa.gu.lation 0£ two dtU.ic dispers«l dye 1-ro.stes. Chemical coagulation 

t-m.s desirable beoause it etteotively reduced the color of the dis-

persod dye im.ste. 1he aerated lagoon tias thouaht to be a possible 

moans or redu.cinr; the ch.amioal co~~t demand of dye 'Wn.stes. 

A simulated, aerated lagoon operated on a batch basis ·was used 

to treat smrrples of dye wnstes, for various periods of time. Samples 

tdthdra.·wn from the lagoon were periodi.cally- malyzed for D.O.D., 

c.o.D., optilr.Jm coagu.L.,nt dosage. su.spended solids. And color re.roovo1. 

Reductions in c.o.n. up to 'j.l, per cant were etfeot«t by the aerated 

la.goon. 'lbe aerated lagoon also removed :,. 5 to 2.5 per oent of the 

color of the original waste. Chemical coagulation ef'tected 90 to 

100 per cent color removal and. about 68 per cent c.o.D. remc,va.J.. 

Reductions in the ab.emcttl ooagulant dosage caused by the aerated. 

lagoon ran.goo iron 2l to 41 per cent. '!he per cent sludge volume 

o.ftor settling .tor 45 minutes and 24 hours r:mged. from 45 to 64 per 

cont ond from 41 to 48 per cent, respectively. Although settling 



was complete in 45 minutes, the sludge continu.Ed to compact tor 

24 hours. 
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