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Generic Scenario: Yater Treatment Disinfectants - Application

Industry Decriptioa

Approximately 321 billion gallons of water are used daily in the United States. Depending on its use, most
water must be oeated, including water used by indusTY. municipalities. and powar-generaring utilities. Polluants
in the water that may impede its use or discharge-into surface waters are ceated by physicl, chemical, and
biological methods, The market for water treamment chemicals in the United States toraled $2.3 billioa in 1988
and was esimated 10 grow to $3.2 billica by 1993 (Taylor. 1990). This overall market equatrs roughly w0 12.9

billion pounds of water cearment chemicals sold in 1988 (Tayjor, 1990). Of the towal volume of chemicals used
in 1988,

. $4% was used 10 meat municipal, utility, and institudonal water.
. 34% was used to meat indusmrial wazer, including that used in masufacuming, proc=sing, and
refining.

12% way used by residential and commexcia) markes (Taylor, 1990).

About 59.000 public water teamment plants exist in the United States (AWWA, in press), Among them, 612
systems serve 50,000 people of more. 2400 systems serve 10.000 to 50,000 people, and 56,000 serve fewer than
10.000 people. Assuming 180 gal per capita (Achtermann. 1992), average throughputs can be calculated. In
addidon to public water Teatmeat plants, a total of 15.438 wastewater ceaonent plants were in operaton in
1986. It is estimated that 17,000 wastewater plants will be in existznce by the year 2005 (Nadonal Council.
1987). About 70% of the populaton is served by these facilides along with 160,000 industes and an unknown
number of commercial establishments. Of these plants, 32% bave flowraes ia the range of 0.01 10 10 millioa
galloas per day (MGD), 45% in 0.11 to 1.00 MGD, 19% in 1.01 to 10.00 MGD. and 4% greazs thea 10.00
MGD (National Council. 1987).

Market

All potable water and wastewaler (reament plans employ some type of disinfecton process. [n 1988,
disinfectants accounted for 31.5% (3733 million dollars) of the markex valve for water oeamment chemicals. In
1988, 2186 million pounds of disinfectants were used. It is projected that the annual rate of consumpdon will
grow to 2675 Ib by the year 2000 (Taylor. 1990). Table 1 displays the rypes of disinfectants that are in use and
the percent of utilides that use them (WQDDC, 1992).

Chiorine Compounds

Chilorine is the most common type of disinfectant because it is inexpeasive and is vexy effective. However.
because it reacts with organic maner in the water (0 produce suspected cacioogenic Tihalomethanes (THM), it 1s
slowly being replaced by other types of disinfectants. Chiorine usually is shipped as a compressed liquid. The
manufacturer generally ships the chiorine, in bulk fortn (tank car or tank mxck), to a packager. The packager
mansfers the chiarme m ank cars or cylinders for shipment 1o the ceamnent facility. The type of contauner used
depends on the qoanBty of material needed as wetl as the design of the oramment facility. Chlonine gas can be
fed 10 the process by withdrawing the gas from the top of the container. Evaporamrs are necrsary if the
chlorine needs to be withdrawa at a high flowrate. [n this instance, liquid chlorine is withdrawn from the bottem
of the conuainer and passed into the evaporator where it is converted into a gas. After evaporadon. the gas
passes into a chloninator where it is converied (0 a constant pressure sgeam. The saeam is tben piped o the
point of applicadon (ASCE, 1990).

Sodium hypochlorite occasionally is used at smaller treagnent facilities as a replacement for chlorine. It is
available onty in liquid form containing 12 to 16% available chlorine (ASCE. 1990). The concentaed soluuon
is added 1o a mix tank along with a certain quanury of diludon water. The ank gruerally is automated so that a

constant level of slurry is maintained. The resulung soludon is then decanted or pumped to the point of
applicadon.
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Table 1. Comparisoa of Disinfectant Chemicals Utilized by Treacment Facilities

—_—

———==
L_r Chemicals Used Percent of Utilithes
= =
Chlorine Gas (Cly) 67
Cl, + Ammonia _ 20
Cl, + Chlorine Dioxide 3.0
Cl, + Hypochiorite 4.5
Cl; + Chlorine Dioxide + Ammonia 195
Hypochlonte 175
Cl, + Hypochlorite + Ammonia 0.75
Cl; + Chlenne Dioxide + Hypochlorite 0.37
Orzone 0.37
Other 0.75
e

Ammooia Compounds

Anhydrous ammonia, aquecus ammoni&, or ammonium suifate someGmes is added befuce, during, or after
chlorinaton to produce chloramines. Chioramines offer the advantages of longer residusl life, reduced amount
of THM formed. and. in most cases, 3 milder waste and odor compared to free chlonine residuals. Anhydrous and
aqueous ammonia are most commooly used Anhydrous ammonia usually is reczived as a compressed liquid by
cylinder, tank car, or tank quck It is applied in a similar fashion to chlorine. Aquarus ammonia is commonly
received in concentrations of 33% by weight It is generally fed through a diaphragm metering pump to the
point of applicadon. Ammonium suifate is either volumetrically or gravimetnically fed w a mixing tank where 1t
is diluted to the desired concenmation. It is then pumped to the point of appliation. [t has been recommended
that a | to 3 ratio of ammonia to chlorine be used (ASCE. 1990).

Oun-Site Production of Disinfectants

Both chiorine dioxide and ozone are manufactured on site. The production of chiorine dioxide involves reacdng
the raw materials, generally chlorine solutdon and sedium chiorite. in a coamic glasspacked columan. The
chlorine dioxide mixes with water and is ansferred © a diffuser. Due w its insmbility in water, chlorine
dioxide is produced prior to the point of application (ASCE. 1990).

Ozone is produced in an ozone generatcr. An oxygen-containing feed gas (under pressure) is passed through two
discharging clecandes.  The.resulting ozone is piped into a gas diffuser. The ozope then enters the contactor
where it diffuses trough the water. Figure | illusorates a typical contacting system (adapted from Rice et al..
1986). Contactors can be used in series 1o accommodate large quanties of water. Various methods exist for
climinadng the off-gas emited from the contactors. These include reinjection. heansng (o cause autodecomposi-
gon, chemical reduction. and diludon (ASCE. 1990).

Disinfectant Interactions

For most oeaoment applications, it is necessary (0 masntain a residual concesaasoa of the PMN disiniectant in
the water. The purpose of the residual is 1o maintan 2 presence of the disinfecant to prevent the growth of
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Figure 1. Two-Compartinent Ozone Contacting System

algae. bacteria. and viruses up (0 the point of consumer use. Chlorine. chlorine di¢xide, and sodium hypochlorite
produce free residuals in the water. However. ammonia compounds and ozone do oot. These chemicals must be
used in conjuncton with other disinfectants to provide the desired residual The ammoaia compounds are used
in conjuncuon with chiorine gas to produce combined residuals. Combined residuals are useful for deszoying
various algac and bacteria aftergrowth as well as for maintaining a suabip r=iduat o the point of consumer use
(ASCE. 1990). Ozone generaily is used in conjunction with chlorinaticn. Ozope may be used for the inical
disinfecton, followed by a chlorine ceamment to provide the desired rexidual [f a PMN cbemical produces a
stable residual, it may be possible o use it alone for disinfection. However, it is more likely that the PMN
chemical will not provide the residuals necessary, anki arefore, will need to be ased in coajuncton with other

disinfectants.
Chemical Dosage

Table 2 illuscates typical dosage rates for various disinfectants (Keifer et al., 1983). The dosage rate is the
amount of disinfecant that is placed into the geamment proces. The dosage rate varies depending on the
biological demand of the water. Note that, for both solids and liquids, | ppm is equivalent o 8.34 Ib per
1,000.000 gallons of water.

Table 2. Typical Disinfectant Concentrations for Water Treatmuent

I Disinfectant Typlcal Dosage

Chloramine 1-10 ppm
Chlorine 1-10 ppm
Chlerine Dioxide 0.2-2.0 mg/L
Ozone 1-1.5 ppm
Sodium Hypochlorite 1-10 ppm
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Worker Exposure

Esumates of @eadment facility staff requurements can be made for each rype of facility. Water treagnent
facilites. operating 24 hours a day and meating fewer than 10 MGD. will have an average of 9 staff memben. 4
of whom would be operators. A plant operating in the range of 20 o 50 MGD will have an average staff of 40
people. 14 of whom would be operators (Montgomery, 1985). The number of staff i a wastewater Tearment
plant can be assumed t0 be 2 people for every ! MGD of wastewater reared.  This qumber assumes that the
treatmeat facilities utlize secondary as well as primary geamment (White, 1991). Worker exposure is most likely
to occur dunng handling of the chemicals. At small facilities, expasure will be from opening the drums and
bags conuining the chemicals and feeding the chemicals into the process. At large facilities, workers will be
exposed pnmarily during manipulaton of the qansfer lines between storage tanks and the Tearmment grocess
(Keifer et al., 1983).

Waste Generaton, Environmental Releases, and Exposure-Level Calculations

PMN materials may be used to disinfect water as either additives or subsdtutes to current disinfecting agents.
The PMN materials may be in the form of gases. liquids, or solids (powders. granules, etc.),

Vanabies

- %PMN:  weight percent of PMIN matenial in the disinfectant
Table 3 lists the percent PMN for disinfectanss commonly used (Keifer et al., 1983).

- D amount of disinfectant used at the water ceament plant (kg/site/day).
Soe Table 2 for rypical dosages.

- F average throughput (MGD) for Teamment facility.
Refer to previous discussion for typical values.

N ¢ solubility of PMN (mg/L)

Table 3. %PMN for Commonly Used Disinfertaats

Chemical Name Form % PVMN l]
Ammonia Gas 99-100% NH,
Calcium Hypochlonite Dry 65% available C12
Chloripe Gas 99.83% avalable Cl,
Ozooe Gas 12% Oy
Sodium Hypochlocite Liquid 12-15% available C1,

Environmental Relexzes (total kg/site/day)

Solid Wastes: The PMN marerial will react with organic matter present o praduce chlodinated and oxygenated
compounds. Any uareacted matenial will remain dissolved in the water as a redual or it may voladlize. As a
resuit, there will be no PMN matenal released as a solid waste.

Air Emissions: Air emissions of the PMN matenial used in water disinfection will depend on whether the

product is inidally in a solid. liquid, or gaseous form.
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Reicase :0 the air of powders can be expected 10 occur. paruculariy at smaller facilives that use manual loading
of product addition hoppers. At larger facilines. airught storage facilities and automated feed sysiems may
reduce the releases o the air of PMN powders and disinfectants. Typically, the handling and mixing of powders
in manufacturing pplications [eads to air emissions On the order of 0.1 10 | wr% of bulk powder usage (U S.
EPA. (98%5). Assuming the absence of particulate emission controls at the typical disinfecant plant, air
emissions of powderbased PMN matenal can be estimated as:

D * (0.1-1)%/100 * RPMIN/100 = kg/sice/day )

Improved estimates of the air emissions of powder-based PMN materials can be obained twough messurements
of the bulk powder concentrations in the air or by companisons with analogous powdex product coocenganons in
similar operagons.

Air emissions from bead (in congust o powder) forrulations of chemical produrd used in water disinfection are
expected 10 be negligible, unless compoaenn of the formulason are volasile. In general air emissions of 2 PMIN
auerial contained in a bead formulation can be assumed 0 be minimal

If the PMN disinfectant additive or substituee is a gas oc liquid, air released may occur either from leaks in the
gas mansport system (valves, flanges, etc.) or from the disinfected water itself during aqeammeat or transport. In
these situatons, air emissions will depend on the solubility, volatility, and reactivity of the chemical. If 2 worst
case scenario is assumed, then the air emissions of the PMN matenal will be:

(% PMIN/100 * D {kg/day) / F (MGD)) - (S (mg/L] * 3.785 (k/MG/mgfL}) = kg/10% gal )

As a worstcase scenario, Equation 2 assumes that the PMN in excess of the solubility is released into the air.

However, in actual practice. much of the PMN may be consumed through reactios with maner presest in the
water,

Waterr The PMN maberial added o water will either react out, volatilize, or sofubilizn remaining as a residual.
Residual concengadons of currendy used disinfectants are stricty regulated by local authoriies Geperally, 2
0.2- 1 0.3-ppm froe chlorine residual in the effluene is sufficient for sansfacwry dixinfasioa

Worker Exposure

Worker exposure to the PMN disinfectant addicive or substitute is most likely to occur from handling and
transfer operanons at the wamer eamment facilicy. In addidon, exposure of workers to gas-phase PMNs released
10 the air during Ceamnent operrioas also is possible. The potendal toutes of exposure are through inhalation of
gaseous PMNs, powders of solid PMNa. and vapors of voladle PMNs, 23 well a3 from damal exposae o PMINs
during oansfer and handling of solid or liquid PMN materials. Refer o previos dscaseion for typical numbers,

Inhalation {mg/dxy); Assuming that waler Ceannent/disinfection oyv:nom are mediwn-duty work in terms of
the level of pbymcal activity required, an inhalarion e of 1.25 m /hr will be assuzned (CEB, 1991).

Casooug PMN edditive/subsGtute: Inhalation exposure to gaseous PMN concentrations in the workplace
arising dos to leakege of PMN from the transfer system or due to relexse from the treated water can be
esumated s

C,(mg/m®) * 1.25 m’/br * H/100 = ?? mg/day (3)

where C, is the typical or average concenTation of the gaseous PMN in the air in the facility, and H is
the number of bours per day that a worker is exposed 10 the warkplace air cogtaining the gaseous PMIN.
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L.guid PMNs- Inhalation of liquid PMNs couid result from the mansfer operauons required 10 prepare 1nd
handle the fluids. Inhalation exposure 10 2 iiquid PMN wil} depend on whether the PMN matenal is
sufficiently volatile to be present in the air as a result of ransfer and handling operations,

Nonvolatile PMN materials are assumed to result in minimal inhalation exposure to PMN materials
dunng Cansfer operations.

For a volatile PMN material with a vapoc pressure at ambient temperature of P (torr or mmHg),
molecular weight (MW), the following relation can be used w0 esamate the concentradoa of PMN
marerial resulting from gransfer opersnons (CEB, 1991):

Crun(mg/m’) = 95 P * MW/MYV, where MV = 24.5 L/mole (25°C, | am) (4)
for the worsz<ase scenario involving transfer opcragions from 55-gal drums

Lf there are FT number of transfer operadons per day (number/day), and H, is the number of boury per
day that each worker is involved in each of these zansfer operations, then the inhzalatdon éxposure to the
voladle liquid PMN matenal is:

Coapy (M@/m?) * 1.25 m*hr © FT (transfers/day) ® H, (hours/transfer) = 77 mg/day (s)

Solid PMNs: Air concentragons of powder-based PMNs can be expected in the workplace due to transfer
and handling operations. [f the disinfectant dust can be classified as an inext or nuisance dust [overall
Occupational Safety and Health Adminisaraton (OSHA) Permissible Exponge Level (PEL) = 15 mg/m’;
OSHA PEL for the respirable powder fracton = S mg/m’), and H is the sumber of bours that a worker is
exposed to the dust atnosphere (typically 8 hours), the inhajation exposure of a eorka during an
operanng day o powder-based PMN material is:

15mg/m® * 1.25 m*Mr * H * %PMN / 100 = 2? mg/day (6)

This calculation assumes a worst-case scenario and. therefore, uses the PEL of 15 mg/m>. Also, this
calculation assumes that the disinfectant and the PMN maserial are inart and can be classified as nuisance
dusts. In some cases, however, this assumption may not be applicable. Also. if the components of the
disinfectant are mixed in an enclosed volume, such as a jet mixer. and the workers are protected by dust
masks or respirasoss, the actual inhalaton exposure 0 PMN in the dusta will be lower than that estimated
above.

Dermal Exposure (mg/day): Dermal exposure can result from the dusts arising during the handling of solid
{(powder) PMN material in prepaning the disinfectant, as well 23 from the fynsfer and bandling of liquid or
powder PMN materials. [n each of these cases, dermal exposure can be expected to arise from either
intermittent or routine contact with the chemical preduct containing the PMN matenal. Damal exposute from
airborme dusw likely will be small compared to the derrnal exposure from handling and zansfer operagons.

Assuming thaz the unlosding of drums containing the liquid PMN or of bage/conQiners contining PMIN
powders. flakes, or granules occws with a frequency, FT (number/day), and using estimates of the typical dernal
exposure from these types of 1outine contact operations (CEB. 1991, Table 4-13), the dermal exposure :0 PMIN
marenial is:

(6.500—18.200) mg/day ®* %PMN/100 = *? mg/day for powder PMN M

and  (1.300-3.900) mg/day * BPMN/100 = ?? mg/day for liquid PMN (8)



where BPMN is the weignt percent of solid or liquid PMN matenal in the disinfeciant being prepared. Nete that
these estimates for demnal exposure are worst-case estmates and ihe actual dermal exposuces would Se lower if
protecgve equipment such as gloves, eyewear, ctc. were worn by the workers.

Disposal Concerna

The con@iners ased to qanspan the PMN materials o the facility are assumed 0 be recycled, cleaned 10 remove
contaminanion, and appropniacely landfilled or incinerated. Solid wastes contaiing the PMN marenial. such as
sludge, are assumed to be disposed of using appropniate mechanisms.
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