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Generic Scenario: Water Treaimeat CoaguJanu - Application 

Approximau:IY 32!1 billioa aallons of wa1U a.re used daily in tbc United Scares. Dcpendina oa ia ..se. most 
water mu.st be tlUlrld. iacllldina water used by indl.lSay, murucipalities. and power-acnerwa utilities. Pollu1.111ts 
in the waier thal may impede ill � or discbatfe into surface wlla'S are trUled by physical. chemical. and 
biolo� methods. The� for wuer trealmellt chomicala in tbc Un.ired Swea IDQJed $2.3 billioa in 1988 
and wu mim•rcd to II"'"' to $3.2 billioa by 199'3 (Taylor, 1990). Th.is ove:all marUi eqiwea rousJily to 12.9 
billioa pounds of wa= aeaancnt chemicala ,old in 1988 (Taylor, 1990). Of me toeal volume of chemical.I used 
in 1988. 

54% wu used to !real municipal, utility, and institutional w11.er. 
34-. wu used to m:a.1 indllllrial waier. includina t1w used in manufacturina, proceuu,a. and 
refininl, 

• 12% wu used by residential and commercial markets (Taylor. 1990).

About 59,000 public water tn:aanent plants exist in  !he Un.ired States (A WW A, in press). Among !hem. 6 I 2 
sys1ttn1 :ierve .50.000 people or m� 2400 systemS set'VO 10,000 to .50,000 peop1e,·&nd 56,000 �e fewer than 
10.000 people. Asswnina 18-0 gal per capita (Acbtenn&llll. 1992), averqe lhroughpua can be calcuw.ed. In 
addition to public water a'Clllllent planu. a tow of 15,438 wa.stewater U'e&llne1lt pl&nts were in operation in 
I 986. It ls esti.txwed thal 17,000 wa.stcwater plana will be in exisu:ace tiy tbc year 200$ (Natiooal Council. 
1987). About 70% of the population ls served by these faeilities &10111 with I 60,000 indusiries and an unknown 
number of commercial esiablisbmentS. Of tbese pl&nts, 32' lave flown.r.es in tbc ruae of 0.01 to 10 million 
gallons per day (MGD), 45'll> in 0.11 to 1.00 MOD, 19% in 1.01 co 10.00 MGD. and 4% iJULef lhan 10.00 
MGD (Natiooal Cow,ci!, 1987), 

Coagul&nts arc used in lara,c (jllAlltities at bom walef and wUtcwllt:r O'CID'IICIII facilities. ui 1988. 1894 million 
pounds of coagul&na were used fot water IJ'C&IJDCflt (Taylor, 1990). Two classes of coagu.wns a.re used 
extensively: organic polymers and inorganic iala. The polymers a.re far more expensive mao the inO{Janic salts. 
For example. in 1988, ortanic polymen accounrcd'for S'll, by weight of water uuanent'C08$Ul&11ts; however. 
they accounted for SS'll, of dollar sales. Polycoers offer several adva.ntap: 

They can be u5'ld in much smaller quantities than the orpnic sala. 
• They produca lea slud,e.
• The solids-U>-wala' ratio in tbc sludge ls much peau:r.

These adv1.0111p n=duc:e bolt- di,p01•l and operatina costs (Taylor. 1990). 

Most ioorpnjt: coqul1111ts'll'e based on ei�r aluminum or iron. '!be aluminum compounds include sodium 
aluminaie and aluminum sulfaie (commercial alum), The iron coagulants include ferric sulfate, ferrous sulfate. 
and femc chloride. Silica is oc:cas,onally used in variol.lS trcalfflent applica.tionJ. The organic coagulants are 
either narural or synlhetic w:uer-soluble polymers that arc classified accordin1 to their ctw-Je 'IS either cationic 
(po,itive), anionic (negative), or nonionic (neuinl). More than one4).alf of all synlhetic polymer coagula.nu a.re 
copolymen in which the principal monomer is acrylamide. Approximau:ly 44'!1, of the acrylamide polymers arc 
anionic:. and approxim.w:ly 49'll> a.re cationic (John Wiley &: Sons . 1987). Omer polymers ioelude Nalcolyte 
1 l0A�. a modified food starch: Nalcolyte 8l021!l. • quatenW)' polyamine; and Polydiallyl-<ilmethylammonium 
chloride (Poly-OA.OMAC�) (Keifer ei al., 1983). 
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Delivery and Storage

Coag\llanu are delivered to treatment facilities in either a dry or a liquid state. Dry coagulanu commonly used
include fine powders, snnules. Oakes. pelleu. rocl:.J. a.nd crystals. Dry coaa,iianu can be reeeived in bags or 
drums. or in bulk; by rail or tank cruel:.. Liquids are shipped in drums. either by rail or by tank cruck. The state
of the chemical 111d quantity used depend on the application as well as the size o_f the aaanent facility. Large
creaancnt facilities telld t0 purc:hue the less expensive dry form and blend it a, the appropriallO form u n«ded.
Smaller treatment facilities gcnen!ly use liquid c:llemicalt t!w tmd IO be tll()R expensi� bu1 need liala 
prcprocess prepanrion. .Liquid chemicals also are used in situalionl whefe a chemical is needed only sparinaly
or wt>er-e a quick addition may be � t0 c:onect unforeseen problems sudl as fluctU&ti0111 in pH {White. 
1992). urge tre&l!Denl facilities generally SIOr8 the dry chemicalt in sila.. wheras smaller treaanent facilities
aenerally store lbem in the bqs or drums in which they were r:ransponed. Liquids aenenlly are �ived in
concena-aiecl fonn in bulk quantities. either by Wlk car oc- truck. ot in drums. dependina on the size of the
facility (Keifer et al., I 983).

Chemlcal Feed

The dry chemicals are fed either gnvimettically or volumetrically t0 • nwtina taAk. The tank generally is 
autonwcd so thal a constant level of sluny- is maintained. Tbe sluny is lb= decanted or pumped to the point
of application. Liquids are added in much the same way. The COt>Centnied solution is added IO a tanlc along
with a certain quantity of diluting water. The resulting solution is then decamed Of pumped to the point of
aJ)plic�tion (Keifer et al .• 1983). Figures I and 2 depict feed systems for dry cbernicala •'Id concentn.led
solutions ("ad.ap<ed from Keifer et al., I 983).

ThA! quantity of coaeuJant needed for ;in effective aeannent varies dependii,1 011 the type of applications and type
of chemicals. Large doses of in"'lanlc coagulan11 genenlly are required IO pr,:,dua: the same resula as small 
doses of the organic polymers. In some cases. the polymers are blended with the inorglllic salts. These blend.1 

;) ·can decrease the amount of mew hydroxides aw would be fonned with inorp.nic coaeuJana (Taylor, 1990). 
Typical coocenrmions of coqulana are depicted in Table I (Keihr cc al .• 1983). N01e tbat foe bod! solid.1 and 
l.iqu.ids. I ppm i.s equivalent 10 8.34 lb per 1,000.000 gal of wmr. 
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F1gure 1. Ory CbemJal Feed System
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Estimates of treaanenl facility staff requirements can be IMde for cacb type.of facility. Ww:r treaaneo1 
facilities. operuin1 24 hours a day and treatina fewef llwl 10 MGD, will haw an avcnae of 9 staff memben, 4 
of whom would be operaron. A plant openrlna in the range of 20 co SO MOD will have an average siaff of 40 
people. 14 of whom woold be opes-awn (Montgomery, 1985). Tbe number of mlf in a wutcw1.1et treatment 
plt,nt can be as.sumed IO be 2 people for every I MGD of wast.eww:r � This numbef assumes tlw the 
a-ea.anent facilities utilize secondary u well u primary a-wment {Whjte, 1990. Wena expos= is most liktly 
to occur duri.o& haridlina of the chemicals.: At small facilities. exposun, will be from opeom1 the drums and 
bap cootainiaa the chemicals and feedina the cbcmical.s inco !be proc:esa. AI. lap facilidea. worlcen will be 
exposed primarily durina maniJ)IIJatioa of !he tnn.!fef lines betweeo storap tanil and Ille treatment proces., 
(Keifer el &I., 1983), 

Table 1. Typlocal CoacuJant c-t:radom for Watar Trummu 

Trpkal 
Coquiant C-tradoe 

TnorrtuW 

Aluminum sulfate 10 co ISO ppm 

Fenic chloride S to ISO ppm 

Fmic sulf1111 10 10 100 ppm 

Sodium alumilwe .S to SO ppm 

OPiuit: 

Nalcol)'II! I lOA� l10Sppm 

Nalcol)'II! 8 I 0'2� I to SO ppm 

Poly-DAD MAC� I 10 20 ppm 

Polyacrylanude 0.5 to S pp,n 

Sodium polyacrylat.e < I ppm 
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Waste Genention, E.nvironmenul Rtltases, and Expasun-Levtl Calculations 

�liminary manufacturina notice (PMN) materials may be used as addition.al componentJ or 1ubstitutes for ."cum:nt water treatment coagulants. It is as.sumed that t.he PMN materials in consideration are non-volatile and v
are provided in solid (dry) or liquid form,. Do to lack of data in the litenrute. it will also be assumed thu 
100'!(, of the coa,ul&nt will be removed as sludge. In m0$1 cues this is I valid assumptiOft. Researth h&s been 
conducied by varioua institutions which indicates IN! wichin detection limii, all oi dw: polymer becomes pan of 
the sludae (Keifer, et.al .. 1983). 

'l&PMN: weia!U pe,,:ent of PMN maraw in the coa,ul&nL 
'Table 2 liJts 'l&PMN for eoqul.11111 eoounonly uaed (K.em,r, e1 al .. 1983). 

C: amount of coqulant used at tbo water IJ'e&lml:DI plut (q/sitrlday). 
Refer to Table I for typical dosqa. 

Table 2. Ptteellt PMN ror ComlllOOly UMd Coaplua 

Chemical Name Form "-PMN

Powder 17'lloaaAliO, 
Aluminum sulfate Liquid 8.3'lloas.(JA 

Liquid 49'llo as Aii0, ·14 ffiO 

Liquid 12-179& Fe
Ferric chloride Crystal 2�Fe

AnhydrooJ 34%Fe 

Ferric sulfate Ory 18.5-28' Fe 

F=uJ sulfate Ory 20-2l'llo Fe 

Sodium alwninate Ory 41-469& A½O, 
Liquid 4.9-26.7'llo ,½O, 

·Organic polymers Varies V ariCS/Proprietary 

Solid Wastea: PMN m&ll:rials in wa.u:r treatment coagulants will peni.lt throu&h tho process to be removed u 
sludge. If it i1 amnwd 11w 100'!(, oft.he coagulant matmal will be removed as sludge. then the yearly release 
of the PMN tn.111:l'iai as sludge is: 

% PMN/100 • C • kg/site/cay I I) 

Air Emissions: Air emissions of the coagulant PMN material will depend on wholber the product is ,nioaJly •• • 
soli_d (dry) or liquid fonn.

Release to the air of solid coagulant PMN material can be expected to occur durill1 bandlina and addioon of tho 
coagulant, particularly in the case of powder formulations. Typically, the handlinc and mixing of powdcn 1D 

manufacruring applications lew 10 air emissions on the order of 0.1 to I � of bull: powder usage (U S EP .... 
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J9&:5-l Assuming the Joscnce of particulate emission controls a.t the typical o-clunent plar,l. 11r �m,ss1ons o[ 
powder-based P� m;itcnal can be csamaled as: 

C • (0. I -1 )�/ I 00 • 'l&PMN/100 2 ?kg/site/day (,) 

unproved �tirnalel of the air emis.sionl of powder-based PMN materi.&ls can be obtained throuib measurements 
of the bulk powd« concentrations in the air or by comparisons wilb analoa,;,ua powder produc:t conc:enuuion, in 
similar opentiona. 

Air emissions from bead or Jt'IIIIU&r (i.a comrast ID powder) formuLuioas of GOIFIIN � -� ID 
be oqila;ible. Air emissiona of liquid �t edditivo ot substitllla alao ere e,:pec:19d to be aealiaible. 

Weter Releua; Releuee to waier of eoaguLw PMN aweri&I will depead 011 the tolubiliry of lbe PMN 
m.emi&l, asswni•I that ell insoluble awaW ii removed II sludp fo11Dwin1 WIIII' tlUIIDCllt &lid that the Watet• 
soluble frectiocl ii discbarJed with ma autcd wue.-. 1n - -. 111e coquLut will 1,o insotub1e in w11Ct. 
Coquw,11 tend ID polymerize upon addition to the waier. t\:JnniJl1 1-,.. illloluble molecules. Therefore. it can 
be assumed dw the quantity of coa,ulent releued io the wuer ii ncaliaibi.. 

WOTUr exposure ID the PM?,! coagulant additive or sub$1lruie ii moo likdy ID ocair from bandling and transfer 
ope:uions at the water trcaanent facility. The po<ential routa of exposure ere lbtooib i.llh&le.tioo of powden of 
solid PMNs, u well u from de:rmal exposure to PMNs during tranrler &lid handlinl of solid or liquid PMN 
m.eterials. Refer to previous discussion for typical ownben. 

lnhaletion /ml(day): A.s.sumina that water aeaanent �0111 a.re mediu:m-duiy wor!t ill tams of the level of 
physical activity required, en inh&letion rue of 1.25 m /hr will be, usum«I {CEB. 1991). 

Solid PMNs: Air coDCC11trations of powder-based PMNs c:&11 bo � in tile workplace due to inn.sf er 
and)w,dlina ope:uions. If tbe coagulant dust cao be clwiiied es en ioen or nuisance du,t (overall 
Occu'palional Safety 111d Health Adminimuion (OSHA) Permissible E� Level (PEI.) a IS mg/ml: 
OSHA PEL for the respinble powder fnlction a S mgtm3J, and H is the number of hours tlw a woricer is 
exposed to the dust aanosphere (t:ypi,;ally 8 houn). the inhaletion ei1posure of a woner during an 
operatina day 10 powder-based PMN mateei&I is: 

15 mg/ml • 1.25. m3/hr • H • %PMN/IOO a?? mg/day 0) 

'This calculatioa assumes t wont<ase scenario and. therefore. use the PEL of 15 mgtm3. Also. this 
calculetion as.sumes thal the coagullUlt and the PMN awaW are inen and c:an be, clessified u n� 
dusts. In some cases, however. this assumption may not be applicable. Al.so, if the components of !he 
coagulant an: mixed in en enclosed volume such as a jet mixer and the worun are proo:cted by dust 
=Ia or n:spir_aton. the IClll&l i nhalarion exposure to PMN in the duslJ wiU be, lower tb&n tha1 esoawiod 
above. 

Dennal El<P9!!1! (mg/day):' ,Dcrm.a.1 exposure can result from the dusts arising durina tbe handling of solid 
(powder) PMN ml!l!rial in preparing the coagulan� as well as from the a-ansfer end bandlinJ of liquid or :,o-..du 
PMN malerials. In each of these cases. dermal •�posure can be expected to arise from either intermittent oi

routine conr.act with the chemical product containing the PMN material. Dermal exposure from airborne di:so 
likely will be small compan,d to the dermal exposure from handlina and transfu operations. 

A.s.suming tlw the unloading of drurnl coniaining the liquid PMN or of bags/conta.inen coot.e.ining PMN 
powders. flak.es. or granules can be expressed a.s a single con tac� which is representative of an entire day. and 
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using csumarcs of 1hc iyp,cal dermal c.posurc from <r.cse <ypes of routine contact operauons (Table 4-13. CEB. 
1991). the dermal cxposun: 10 PMN m:w:rial is: 

(6,S00-18,200) mg/day • 'l&PMN/100 • ?'? mg/day for powder PMN 

ill\d ( 1.300-3,900) ma,'day • �PMN/100 • ?? mg/day for liquid PMN 

(4) 

(5) 

where 'l&PMN is the weia:ht pen:etu of solid or liquid PMN nwtrial in the coqulant beina prep&red. Noa, tha1 
these cstimata for dernw exposure are worst-case estirrwa alld the act11&1 dermal exposures would be lower if 
pl'OUICliw cquipmelll sucb IS sJovc:a, eycwcar, eu:. wen, worn by Iba worun.

'The coataloen used to tnnspcn the -PMN niiiaiall 1D the fw;ilicy 11"' esso:mod 1D be rocyeled, cleaned to remove 
conwnilwioo. a;,propri&tely la.adfilJed « LaciJleraled. Solid ..._ cna�inias tba PMN material. such IS sludge. 
are asaumed m be disposed usins appropri.11111 mec:haniJma. 
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