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Generic Scenario: W•ter Treatment Oisinl..:unu - Application 

Industry Descriplloll 

Approximately 32j billion g allons of w11.tr are used daily in lhe United Sw:ea. Dependins on its use. most 
wiuer must be trealCd. im:ludioJ waa:r used by indu.wy. mWlicipalities. and power-�n1 utilities. Pollulants 
in the waler that may impede iu use or ciisdw"ae·illlO surface waten are treued by physica!. chemkal, and 
bioloa:ical methods. The market for waler aeaancnt cl>ernicals'iA the United Swa iotaled $2.3 billioo in 1988 
and wu estimaud IO srow to S3.2 billioa by 1993 (Taylor, 1990). This oven.11 marut equaza roughly to 12.9 
billioo pounds of w&lel' ireaaoent chemicals sold in 1988 (Taylor, I 990). Of Iba 10cai volume of chemicals used 
in 1988, 

• 54,. wu used to au1 municipal, ulilily, and i.nsti111tional war«. 
• 34,. was used to au1 industrial -· includlna 11w used in manllfacturin .. processing, and

�fininlJ.
12 .. was used by residential and COII\IJICfCW macuts (Taylor, 1990).

About 59,000 public W&let treaanent planlS exist in the United Swes (AWWA, i.n pn:$S), Among them, 612 
systems serve 50,000 people or m=. 2400 systems serve 10.000 to 50,000 people. and 56,000 serve fewer than 
10.000 people. Assumin& 180 gal per capita (Achterm.ann. 1992), avenac 1M>uihPJts can be calcu.lated. In 
addition to public watct treaaneat plants. a total of 15,438 wastewater ll'UIJDellt plants w= in opcntion io 
1986. It is estimated thal 11,000 wutewltct planlS wi11 be in existeoee by the year 2005 (National Council, 
1987). About 7� of the popuJalioo is served by dlesae facilities alona witb I 60,000 indu.suies and an unknown 
number of commen:ial csta.blishmeotS. Of these plane,, 32,. bave llowmes i.rl the ranp of 0.01 IO 10 millioo 
galloas per day (MGD}. 45* i.n O.tl to 1.00 MGD, 19'A> in 1.01 IO 10.00 MOD. and 4* aret= than 10.00 
MGD (National Council. 1987). 

All po!&ble water and wuiewuer trealmelll planlS employ soo,e type of disinfeclioll procesa. !JI 1988. 
disinfectants accounted for 31.5* (ST33 million dollan) of the marlid value flY waa:r creaiment chemicals. In 
1988, 2186 million pouJlds of disin�ts w= used. It is projected lb.al the annual rare of consumption will 
grow to 2615 lb by the yur 2000 (Taylor. 1990). Table I displays the types of di.sinfecunts that are in use and 
the percent of utilities that use them (WQDOC. 1992). 

Chlorine Compoo.u,da 

Chlorine is the mOSI aimmoG type of disinfecw,t because it is inexpeasive and is very effective. However. 
because it reacu witb orpnic maaer in the watet 10 produce suspec:ll!d carc:ioopuc tribalomemaoes (11{M}. i1 ,s 
slowly being n:placcd by ocher types of disinfecuntS. Chlorine usually is shipped u a compressed liquid. The 
manufactum" rc--UY _ships the chlorine. in bulk fonn (wilt car or wilt trud:). IO a pacuger. The packager 
tranSfen the chlorine m tank can or cylinden for shipment to the ll'UIIDelll facility. The type of container used 
depends on Iba qaanmy of material nc,ded a.s well as the design of the treatment factllty. Chlorine gas can be 
fed to the prooesa by withdrawing lhe gas from the top of the container. Evaponu,r, are necessary if the 
chlorine needs to be withdrawn at a high Oowrate. In !his in.sw,ce, liquid chlorine is withdrawn from the bonom 
of the cootainer and passed inio the evaporator where it is  convened into a au, A&r cvapor11ion. the gas 
passes into a chlorinator where it is convened to a co nstal)t pressure stream. The meam is lben piped 10 the 
point of application (ASCE. 1990). 

Sodium l\ypochlorite oca.sionally is � at smaller creacment facilities u a replrament for chlorine. It is 
available only in liquid form containing 12 10 16'l& available chlorine (ASCE. 1990). The concentntcd soluuon 
is added to a mix tank along with a certain quanmy of dilution watet. The wilt aenen,lly is. automated so � a 
constant level of sluny is maintained. The rcsulung solution is then decanted or pumped IO lhe point of 
application. 
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T•bl• I. Comparison of Oisin!e-c1.an1 ChemiC2.ls Utilized by Treatment Facilitie3 

Cbem.k:als Used Peru11t ol Utilities 

Chlorine� (Clv 67 

C11 + Ammonia 20 

a,_ • Chlorine Dioxide 3.0 

0,. + HyJ)OChloritc 4.5 

a,_ + Chlorine Dioltide + Ammonia 1.5 

Hypoc:hloritc 1.5 

0,. + HyJ)OChlorite + Ammonia 0.75 

C11 + Chlorine Dio,ide + Hypoc:hlorite 0.37 

Ozone 0.37 

Other 0.15 

Ammonia Compounds 

Anhydrous ammonia. aqueous ammonia. or ammonium sulfale somco.mcs is added before. during, or after 
chlorination to produce ch.Ion.mines. Chloramines offer the advantaaes of Ion� residual life. reduced amount 
of TIIM formed. and. io moo cues. • mild.er wte 'and odoc compared to tree c!ilonne residuals. Anhydrous and 
aqueous ammonia are most commonly used. Anhydrous ammonia usually is rea:ived u a compressed liquid by 
cylinder, Wilt car, or Wilt trUCL It i.s applied in a similar fuhion to chlorine. Aqueous .mmonia i.s commonly 
received in concentratioM of 33� by weighL It is generally fed through a diapbngm me=ina pwnp to the 
point of application. Ammonium sulfate i.s either volumelrically or gnvimetrically fed to a mixing tanlt when: 11 

is diluted to the desired concentration. It i.s then pumped to the point of applicatioll. II has been recommended 
that a I 10 3 ratio of ammonia 10 chlorine be used (ASCE.. I 990). 

On-Site Productloa ol Oialnfecta.nta 

Both chlorine dioxide and OWQC are manufactured on site. n,. production of cblorille dioiude involves reacting 
the raw materials, ienenlly chlorine solution and sodium cbloritc. in a =amil: glaD-paclced column. The 
chlorine dioxide mues with water and is tnnsfcned 10 a diffuser. Due 10 iis �ty in wue:r, chlorine 
dioxide is produca:i prior to tbe point of appl.icalion (ASCE. 1990). 

Ozone is produced in an ozone generator. An oxygen-containing feed gu (under pressure) is p&Ssed through two 
di scharging ,;lectl'Odes. TIie.resulting ozone is piped into t gu diffuser. The ozooe then enten the contactor 
where it diffuses tllrousb the war.er. Figure 1 illustrates a typical contactin& syslem (adapted from Rice et .J .. 
I 986). Contaetors caa be used in series to accomm� large quantities of war.er. Various mclhods exist for 
eliminating the off-gu emined from the con1.1<:tors. These i�lude reinjection. healiAi co cause autodecompos,, 
tior,, chemical reductio11. and dilution (ASCE. 1990). 

For most treatment applications, it is necessary ,o ma,ntain a residual concenU'llioa of the PMN disinicctant ,n 
the waia-. The purpose of the re.sidual is 10 maJI\Wn • presence of the disinfeclaAI to prevent the grow th of 
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figure 1, Two-Comp...-enl Oi4oe Contac:li.oc S:,stan 

algae. bacteriL and viruses up 10 the point of con.1umer u.se. O!lorine.. chlorine dioxide. and sodium hypochlorite 
procjuu � residuals in the watef'. However. ammonia compounds and <n0ne do oot. These chemical.s must be 
used in conjun<:tion with ot.ber dlsinfecwu.s to provide the desired residual. The ammonia aimpound.s a.re used 
in conjunction witb chlorine gas to produce combined residuaa. Combined residuala are u.seful foe de1troyio1 
variou.s ali'l" and bacteria aftairowui as well as for mainwniAJ a iuble residual Ill the point of con.sumer use 
(ASCE. 1990). Ozone generally is used in conjunction with chlorinuioo. Ozo� may be used for the initi.al 
disinfection, followed by a chlorine treatment to provide I.be desired rcsid>laL If a PMJII �bcmical pr:oduccs a 
stable residual, it may be p0$Sible to u.se it alone for disinfection. However, it ia more likely th.al the PMN 
chemical will not provide the rcsidual.s nc:ccssary. and tberefo� will need to be used .in coojunction with other 
disi.n.fectants. 

Table 2 illuscmes typical dosaae raies for various disinfecwits (Keifer et al .. 1983). The dosaae rm is the 
amount of disillfectallt tlw is placed i1110 the 11Ca1Jnen1 proeeu. The dosap rue varies depending on the 
biological dem.&J)(j of the w&la'. Noce that. for both solids and liquids. l ppm is equivalent to 8.34 lb per 
1,000.000 gallon.s of wllla'. 

Dlslnl«tant Typlc:alO.-. 

Chloramine 1-10 ppm

Chlorine 1-10 ppm

Chlorine Dio>:ide 0.2-2.0 mt,'L 

Ozone 1-1.$ ppm

Sodium Hypochloritc 1-10 ppm
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Worker Expcsure 

Es� of creaDllCnt facility suff requ�ments can be made for each cype of facility. Water trc:itment 
facilities. operalina 24 hours a day and outing fewer than 10 MGD. wtll have an average of 9 staff memben, 4 
of whom would be opcruor,. A plant o�ting in the range of 20 to SO MGD will have an aven11e !laff of 40 
people. 14 of whom would be opemor, (Montgomery, l 985). The number of suff in a wastew&ICI" a-eannent 
plant can be a.ssumed to be 2 people for ever, I MGO of wastewater treated. This number wumes dw the 
auaneot facilities utilize SCC()n<Ury as well as prim&!)' crcaanent (White. I 991 ). Worlcer exposure is most likely 
to occur dunng handling of the chemicals. At small facilities, exposure will be from openins the dnam and 
bags containina the chemicals and feedina the chemicals into the process. At tarae facilities. worker, will be 
exposed prlnwily durina manipularion of the tn.nSfcr lines between suira,e ww and the a-eatment process 
(Keifer et al .. I 983). 

PMN materials may be used to disinfect water u eid!ler additives or substin.ttes to c:urrent disinfecting agents. 
The PMN materials may be in the fonn of gases. liquids. or solids (powders. aranulcs. ete.). 

Variables 

%PMN: weight percent of PMN material in the disinfectanL 
Table 3 lists the percent PMN for disinfect.ants commonly used (Keifer et al .• 1983). 

- 0: amount of disinfecwt U5Cld u the w&ICI" treatment plant (q/site/day). 
Sos Table 2 for typic.tl dosaaes. 

- F: avenge tllroughput (MGO) for· treaimellt facility. 
Refer to previous discussion for typical values. 

- S: solubility of PMN (mi,'L) 

Table 3. �PMN for Commonly Used Dl:rtn.fec:wm 

Chemlc:al Name Form �PMN 

Ammonia Gas 99-1 � NR_,

Calcium Hypochlocir.e Ory 6S,. available Oz 

Chlorine Gas 99.8� availablo Oz 

Omne Gas 1-2" 0i

Sodium Hypochlorite Liquid 12-15" available 01

Environmentai Rdeaes (toal. .q/siWday} 

Solid Wastes: "The PMN material will react with 0<ganic matter present to produce chlorin&ll!d. and oxygenated 
compounds. Any unreacted aw.erial will remain dissolved io the water as a residual or it may volarilize. As a 
result. there will be no PMN material released as a solid waste. 

Air Emissions: Air elltis$ions of the PMN material used in water disinfection will depend on whether the 
product is initially in a solid. liquid, or gaseous fonn. 
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Re!e3.Se '° the air of powders can be cipec<ed 10 occur. paruculilfly a< smaller fac,liu .. that use manual loading 
of product addition hopper,. A< l3fiCT facili<ie3. airtight ><orate facilities and automa<ed feed sys<crns may 
reduce the releases al the air of PMN powder, and d isinfe.:tanu. Typically. the handlina and mixing of powden 
in manufacturina applications lead.I 10 air emissions on the order of 0.1 <o I wt'll> of bulk powdet u�ge (U.S. 
EPA. 1985). Assumitt1 tbe absence of particulate emission controls al the typical disinfectant plant. air 
emissions of powder-based PMN nwaial can be estimated as: 

0 • (0.l-1)�100 • -.,PMN/100 • kaJsite/day (I) 

Im proved estim.alcs of the air emiSlions of powder-baled PMN materials can be obcained lhroosb tne&SUremenis 
of the b<Jlk powder eonc:enlr&lions in the air or by comparisolll with ana.loaou,J powder product coocenQ'WOns in 
similar open.lions. 

Air emissions from bead (ill conD"IISI to powder) fomiulali0111 of chcmk:aJ producu usai in ww:r di.sinfcetion are 
CJlpeet.ed Ill be neJl.ipble, wuess compoaema of the ·formulatioc a.re volatile. In aencral. lit emusions of a PMN 
m.alai.al conwned iA a bead formulation can be asswned to be mini.mal. 

lf the PMN disinfceunt additive or subuirute is a gas or liquid. air rel- may oa:ur either from lea.lo in the 
ps o:aruport system (valves. flanaes. cu:.) or from tile disinfect= ww:r itself duriJ>1 treaanent or iransport. In 
tt,es., situations. air emissions will depend on the solubility, volatility, and reactivity of Ille chemical. If a worst 
case ,cenario i.s assumed. then the air emissions of the PMN maierial will be: 

(% PMN/100 • D (kg/day) IF [MGD]) - (S [mg/LJ • 3.785 [kaJMGlmg/Ll) • kaJ!o' gal 

>J a wont-<ase ,cenario, Equation 2 assumes th&I the PMN in excess of Ille solubility is released inlll the air.

However, in actual pnctiee. much of the PMN may be co!ISll!Ded lhrouah reactioc witb maner pr-es=t in the 
W&lef, 

(2) 

� The PMN m&ll:rial added Ill ww:r will eidlet reac1 out. volatilize. 01' solubili.m ,..,,,ioi111 u a l'C$iduaJ. 
Re3idual cooc:cncraoons of =ntly used disinfectants aze sttictly regulated by local aulbomies. Generally, a 
0.2- Ill 0.3-ppm free chlorine residual in the effluerut is sufficient for � dmn!eetion. 

Woner exposure t0 the PMN disi11fectant additive or substituce is most likdy tO occur from bandling and 
traD.Sfer operations II the wlll!lr aeaanent facility. In addition. exposure of worun t0 � PMNs released 
Ill die air durina D'UIDICllt open.lions also is possibl.e. The potential too� of exposure are tbroogh inhalation of 
g.-s PMNs. powden of so6cl PMNa. and vapon of volllile PMNs. 11 well II from dermal exposw-e to PMNs 
durina a'111Sfer and bandlin1 of solid 01' liquid PMN nwerws. Refer t0 previous dilcuaion for typical nwnben, 

Inhalation (ml(dax}; Aaualina dlll Water trealment/disinfeetion �ODS are medium-duty won: ill termS of 
tM level -of pbyml acdvity required, an inhalation ..u: of 1.25 m 1hr will be UPrmed (CEB, 1991).

0-•z-fMN lddilj,tsubstitulle: Inhalation exposure tO a....,... PMN eoncentralioca in the workplace 
arisinJ dm to lcabie of PMN from the tnnSfer system or due to release from Ille IJ'ealed wuu can be 
�maa,d., 

(3) 

where c, is <he typical or aven,e co�nttatio11 of the gaseoos PMN in Ille air in the facility, and H is
the number of boun per day tbal a wor1cer is exposed to the wcrlq,lxe air cootainin1 the gaseous PMN. 



L,gu1d PY!:-<s· Inhalation oi liquid P�!Ns could <C$ult from the iransfer opcnuons required 10 pre,:uc 1r.d 
handle the tluici,. Inhalation exposure 10 a liquid PMN w,11 depend on whether the PMN matenal is 
sufficienlly volatile 10 be present in the air as • re.suit of tnnsfer and h.&ndling operation$. 

Nonvolatile PMN muerfals are a.ssumed to result in minimal inlwation exposure to PMN motcriw 
dunna cnnsfer operations. 

For a volatile PMN material with a vapor pressure II ambient tcmpenrute of P (torr or mmHg). 
molecular weight (MW). the followina relation can be used 10 estinwa the conc:entntion of PMN 
rn&lCri&I resultina from transfer operation& (CEB, 1991): 

CPMH<mglm3) • 9S P • MW/MV. where MV • 24.S Umolc {2.S-C, I aan) 

for the wont-<;&>e scenario involvina cnnsfer opcntions from 55-pl drums. 

(4) 

1f then: are FT number of transfer operations per day (number/day), and H, is the number of boon per 
day that each worker is involved in each of t!hese lnl\Sfer operations. then the inhawion exposure 10 the 
volatile liquid PMN ma.ierial is: 

(5) 

Solid PMNs: Air concentrations of powder-based PMNs c.in be expected in tbe woncplace due 10 trat1sfer 
and handlina operations. If the disinfectant dUSI can be classified u an iDen or nuisance dUSI [ovenll 
Occupa.lional Safety and Health Administration (OSHA) Permissible Exposure Level (PEL)" 15 mglm3 ; 
OSHA PEL for tbe respinble powder fraction • S mglm3), and H is tbe number af boon that • worlcer is 
exposed 10 the dust aanosphere (iypically 8 hours), the inhalation eJtpc)S\n of a worlter durin3 .., 
oper-atina day to powder-based PMN mait:rial is: 

15 maJm3 • 1.25 ml/hr• H • %PMN I 100 a?? mglday (6) 

This calculation assumes a worst-<:ase scenario a.nd. therefore, uses tbc P'EL of 15 mg/ml. Also. this 
calculation assumes that the disinfectant and the PMN matcri&I a.re i.oert and can be classified as nuisance 
dusts. In some cases. however. this assumption may 11()( be applicable. Also. if the components of the 
disinfectant a.re mixed in an enclosed volume. such u a jet mixer. and tbe wodcn a.re protec� by dust 
masks °' rapin.iors. the actual inhalation exposure 10 PMN in the dum will be lower than that estimated 
above. 

Dermal Exposure (mg/day): Derma.I exposure c.in r-esull from the dusa wins during the handling of solid 
(powder) PMN ma1mal in preparina the di.sinfectanl. as weU as from the innsfer md b&ndlina of liquid or 
powder PMN malfflals. In each of these ca.ses, dermal exposure can be expected co arise from either 
intenniaent °' routine contact with the chemical product containing the PMN mlll!rial. Dermal exposure from 
airborne dusa li.ltdy will be small compared· to the dermal exposure from handlina aod trmsfer opcntions. 

Assuming thu tbe unloading of drums containing the liquid PMN or of hap/containers containing PMN 
powders. llua. Of granules occurs with a fr�ucncy. FT (number/day), and using estimates of the typical dcnnal 
exposure from lhesc typeS of routine contact ope.rations (CEB. 1991, Table 4-13), the dermal exposure to PMN 
m=rial is: 

(6.S00-18.200) maJday • 'll>PMN/100" 0? mg/day for powder PMN 

and (1..100-3.900) mg/day • 'l&PMN/100 "?? mg/day for liquid PMN 
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where %P�i:,I is <he we,ght percent of solid or liquid ?�IN ma,maJ 1n lhe disinr'ectant b<;ng prcp'1!cd. :So,e that 
these es1jmates for dcnnal ex.posurc are worst-<:� esuma1cs and the a.Ctu3.I dc:rm�l c�posuccs . ...,ould be lower if 
pro<cctive cquipmenl such as &loves. eyewe:i.r, etc. were wom by lhe worker,, 

Toe containcn IIScd 10 ttanspatt the PMN materiw ltl the f;icility are wumed 10 be recycled. cleaned 10 remove 
contaminarloa. and approi,l'iately laodfilled or if\Cinented. Solid wastes containlnl the PMN m.uerial. such u 
sludse, are assumed to be disposed of using appropriaie mechanisms. 
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