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Generic Scenario: Vater Treatment Coagulants - Application

Indusary Descripdan

Approximately 325 billion gallons of water are used daily in the United States. Depending o its use, most
water must be meated, including water used by indus@y, municipalities. and power-genenaning utiliies. Pollutants
in the water that may impede its use of discharge into swrface waters are treated by physical, chemical, and
biological mahnds. The market for water oeament chemicals in the United States waled $2.3 billion in 1988
and was esnimated to grow w $3.2 billioa by 1993 (Tayloe, 1990). This overall market equates roughly to 12.9
billica pounds of water meamnent chemicals sold in 1988 (Taylor, 1990). Of the total volume of chemicals used
in 1988,

. 54% was used to bral municipal, utlify, and instrutional water.

. 34% was used to Teat industial water, including that used in manufacnaing, procesting, and
refining.

. 12% was used by residendal and commercial markess (Taylot. 1990).

About 59,000 public waser oeament plants exist in the United States (AWWA, in press). Among them. 612
systems serve 50,000 people or more, 2400 systems serve 10,000 to 50,000 people, and 56,000 serve fewer than
10.000 people. Assuming 180 gal per capiwa (Acbtermann, 1992), average throughputs can be calculated. In
addidon to public water geamment plants, a total of 15.438 wastewater aearment plants were in operagon in
1986. It is esamared that 17,000 wastewater plants will be in existeoce by tbe year 2005 {Natonal Council,
1987). About 70% of the population is served by these facilities aloag with 160,000 industries and an unknown
number of commetial establishments. Of these planss, 32% have flowraces in the range of 0.01 w 10 million
gallons per day (MGD), 45% in 0.11 to 1.00 MGD. 19% in 1.0l to 10.00 MGD, and 4% greater than 10.00
MGD (Nationsal Council, 1987).

Market

Coagulants are used in large quantities at both water and weastewater oeammest facilites. In 1988, 1894 million
pounds of coagulants were used for water ceamnent (Tayloe, 1990). Two classes of coagulants are used
extensively: organic polyroers and inorganic salts. The polymers are far more expeasive than the inotganic salts.
For example, in 1988, organic polymers accountad' for 8% by weight of water weaanent coaguiants; however.
they accounted foe S5% of dollar sales. Polymers offer several advantages:

. They can be used in much smaller quandties than the organic salt.

. They produce less siudge.
. The solids-to-watet ratio in the sludge is much greater.

These advaniages ceduce both disposal apd operaning costs (Taylor. 1990).
Classes of Coagulants

Most inorganie cosgulants are based on either aluminum o¢ iron. The aluminum compounds include sodium
ajuminare and starminum sulfate (commerciai alum). The iron coagulants include ferric sulfate, ferrous sulfate,
and femc chloade. Silica is occasionaily used in various tresoment applicabons. The organic coagulants are
either narural or synthetc water-soluble polymers that are ciassified according to therr charge as either cationic
(posidve). anionic (negative), of nonionic (neutral). More than one-half of all synthetic polymer coagulants are
copolymets in which the principal monomer is acrylamide. Approximately 44% of the acrylamide polymers are
anionic, and approximately 49% are catonic (John Wiley & Sons. 1987). Other polymers include Nalcolyte

110A®. a modified food starch: Nalcolyte 8102®. a quaternary polyamine: and Polydiallyl-dimethylammonium
chloride (Poly-DADMAC®) (Keifer et al., 1983).
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Delivery and Storage

Coagulants are delivered to geatment facilities in either 2 dry or a liquid state. Dry coagulants commonly used
include fine powders, granules, flakes, pellets. rocks. and crystals. Dry coagulants can be received in bags or
drums. or in bulk, by rail or ank muck. Liquids are shipped in drums, either by rail or by tank muek. The state
of the chemical and quantity used depend on the application as well as the size of the T=agnent facility. Large
weaament facilities tend to purchate the less expensive dry form and blend it to the appropriame (orm 23 ocaded
Smaller geaanent facilides generally use liquid chemicals that tead o be more expeasive. but need little
preprocess preparation. Liquid chemicals also are used in sifuafions where & chemical is needed only sparingly
or where 8 quick addition oy be necexsary to corruct unforeseen problems such as fluctations in pH (White,
1992). Large ceamment facilides generally store the dry chemicals in siloa, whereas smaller treamment facilities
generally store tbem in the bags or dnoms in which they were ansprexd  Liquids generally are received in
concentrated form in bulk quandties, either by tank car or truck. or in drums, depending on the size of the
facility (Keifer et al.. 1983).

Chemical Feed

The dry chemicals are fed either gravimemrically or volumetmrically to a mixing tank. The tank genenally is

automated so that a constant level of slurry'is maintained Tde slury is thea decasted or pumped 10 the point
of application. Liquids are added in much the same way. The concerraied solution is added to a tank afong

with a certain quantity of diluting water. The resulting solution is then decanted ot pumped (o the point of
applicadon (Keifer et al.. 1983). Figures |1 and 2 depict feed systems for dry chemicals and concentrazed
soludons (adapted from Keifer et al., 1983).

Coagulant Dosage

The quantity of coagulant needed for an effective reamnent varies depending oo the type of applicadons and type
of chemicals. Large doses of inorganic coagulanty generally are required to produce the same results as small
doses of the organic polymexs. In some cases, the polymen are bleoded with the inorgenic salts. These blends
can decrease the amount of metal hydroxides that would be forroed with tnorganic coagulants (Taylor. 1990).
Typical concentrations of coagulants are depicted in Table 1 (Keifer et al.. 1983). Nose that for both solids and
liquids, 1 ppm is equivalent to 8.34 Ib per 1.000.000 gal of water.
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Figure 1. Dcy Chemical Feed System
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Figure 2. Concentrated Solution Feed System
Worker Exposure

Esdmares of qeagnent facility staff requirements can be made for each type. of facilicy. Water xeagment
facilities. operating 24 hours a day and grafing fewer than 10 MGD, will have an average of 9 saff members, 4
of whom would be opzraton. A plant operating in the raage of 20 to $0 MGD will have an average suff of 40
peapie. 14 of whom would be operators (Montgomery, 1985). The number of staff in a wastzwaier gearment
plant can be assumed to be 2 people for every 1| MGD of wastewater qeated. This number assumes that the
treamment facilities udlize secondary as well as primary eamnent (White, 1991). Worker exposwre is most likely
to occwr during handling of the chemicals. At small facilides, exposuro will be from opening the drums and
bags containing the chemicals and feeding the chemicals into the process. At Lerge facilities, workery will be
exposed prumarily during manipulagoa of the mansfer lines between storage tanis and the Tzaanent process
(Keifer ct aL, 1983),

Table 1. Typical Coagulant Concentrations for Water Treatment

Typical
C.oqu!uu Cooceotratios
Inorganic
Aluminum sulfate 10 to 150 ppm
Ferric chloride St 150 ppm
Fermic sulfae 10 to 100 ppm
| Sodium aluminare S-to 50 ppm
| orpeaic
Nalcolywe 110A® 10 5 ppm
Nalc;l_yt_: 8102® 1 to 50 ppm
Poly-_DADMACO 1 w0 20 ppm
Polyacrylamide 0.5t0 5 ppmn
Sodium poly_acrylate < | ppm
— =
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Waste Generation, Environmental Releases, and Exposure-Level Calculations

Preliminary manufacturing nogce (PMN) matetials may be used as additional components or substitstes for
current water gEaaMent coagulants. [t is assumed that the PMIN materials in consideration are non-volaule and
are provided in solid (dry) or liquid forms. Do to lack of data in the literacure, it will also be assumed that
100% of the coagulant will be removed as sludge. [n most cases this is a valid asaanpGon. Research has been
conducted by vanious institutions which indicates that within detecton limis ail of the polymer becomes past of
the sludge (Keifer. et al., 1983).

Variables
- %PMN: weight percent of PMIN matenal in the coagulant

Table 2 lists %PMN for coagulants commonly used (Kzifer, et al., 1983).
- C amount of coagulant used st the waler qeamment plant (kg/site/day).

Refer 1o Table 1 for fypical dosages.

Table 2. Perceat PMN for Commoaty Used Coaguizsn

= = == - T =)
Chemica) Name Form % PMN
Powder 17% as ALO,
Aluminum sulface Liquid 8.3% a3 A
Liquid 49% as ALOy 14 HO
Liquid 12-17% Fe
Femc chloade Crystal 20% Fe
Anhydrous 34% Fe
Fermic sulfate Ory 18.5-28% Fe
Ferrous sulfate Oy 20-21% Fe
Sodium aluminate | Dry 4146% ALO,
Liquid 4.9-26.7% AlL,0y
-Organic polymers | Varies Vanes/Progrietary

Environmental Relezses (total kg/site/day)
Solid Wastes: PMN matenials in water geatment coagulants will persist duough the process to be removed as
sludge. If it is sssumed that 100% of the coagulant material will be removed as sludge. then the yearly release
of the PMN marerial as sludge is:

% PMINVI0O ® C = kg/site/day _ 11

Air Emissions: Air emissions of the coagulant PMIN material will depend on whether the product is imoaily 1a a
solid (dry) or liquid form.

Release ta the air of solid coaguiant PMN material can be expected to occur duriag handling and addiuon of ths

coagulant, parGeularly in the case of powder formuiations. Typically. the handling and mixing of powders ia
manufacturing applicatons leads to air emissions on the order of 0.1 to | wt% of bulk powder usage (U S EPA.
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1985} Assumuag the 20sence of paniculate emession <ontrols at the typical geaunent olant, alr emussions of
powder.based PMIN matenal can be estmated as:

C * (0.1-1)%/100 * % PMN/100 = ’kg/site/day (2)
Improved estimaied of the air emissions of powder-based PMN materials can be obtained through measurements

of the bulk powder concentrations in the air or by comparsoas with analogous powder pradct concentanions in
similar operations.

Air emissions from bead or granular (in congast to powder) formuladons of coagulant pradixm are, gxpectad ©
be negligible. Air emissions of liquid PMN coagujant edditive or substitutes also are expectsd to be negligible.

Water Releases; Releasas 10 water of coagulans PMN matenial will dzpend on the solubility of the PMIN
@arial, assummung that all insolubie material is removed as sludge following water rearmeat and that the water-
soluble fractioa is discharged with the Ceared water. [n most cases, the coagulax will be insoluble in water.
Coqgulants tend o polymerize upon addition to the water, forming large. insoluble molecules. Therefore, it can
be assumed that the quantity of coagulant released in the water is negligible.

Worker Exposure

Worker exposure to the PMIN coagulant additive or subsGrute is most likely o ocar from bandling and Tansfer
oponoons at the water qeament facilicy. The potental routes of exposure sre through inhalagon of powders of
solid PMNs, as well as from dermal exposure to PMNs during Transfer and handling of solid or liquid PMN
materisls. Refer (o previous discussion for typical numbers.

Inhslaion (mg/day): Assuming that water Teamnent ogn:nnou e medium-dury work in texms of the level of
physicsl acGvity required, an inhaladon raze of 1.25 m’/hr will be assumed (CEB, 1991).

Solid PMNs: Air concenmanons of powder-based PMNS can be expecrad in the workplace due 10 cansfer
and_handling operatons. If the coagulant dust can be classified a8 an ioert of nuisance dust [overall
Occupational Safety and Health Adminisation (OSHA) Pummxble Exposure Level (PEL) = {5 mg/m?;
OSHA PEL for the respinable powder fraction = § mg/m’], and H is the number of boury that a worker 13
exposed to the dust aonosphere (cypically 8 hours), the inhalation exposure of a worker during an
operanng day 10 powder-based PMN matenial is:

1S mg/m® * 1.25 m’r ® H * $PMN/100 = ™ mg/day (3)

This calculation assumes a worst<case scenario and. therefore, uses the PEL of 1S mg/m®. Also. this
caiculatdon assumes that the coagulant and the PMN material are inext and can be classified as nuisance
dusts. In some cases, however, this 2assumpdon may not be applicable. Also. if the components of the
coagulant zre mixed in an enclosed volume such as a jet mixer and the workers are protecied by dust
masko or respiranxs, the actal inhatagdon exposure to PMN in the dusty will be lower than that esumated

above.
Dermal Exposgry (mg/day) -Desrmal exposure can result from the dusts arising during the handling of solid

(powder) PMN marenal in preparing the coagulant, as well as from the oansfer and handling of liquid or ~owder
PMN materials. [n each of these cases, dermal exposure can be expected to arise from either intermittent o’
routine contact with the chemical product containing the PMIN material. Deamal exposure from airborme dusa
likely will be small compared w the dermal exposure from handling and qunsfer operations.

Assuming that the unloading of drums conwining the liquid PMN or of bags/containers conuining PMN
powders, flakes, or granules can be expressed as a single contact, which is represeqtative of an entire day. and
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using estimates of the rypical dermal exposure from these types of routine contact operacons (Table $-13, CEB.
1991), the dermal exposure to PMN matenal is:

(6.500-18,200) mg/day ®* %PMN/100 = 7 mg/day for powder PMN (4)
and  (1.300-3,900) mg/day * %PMN/100 = ?? mg/day for liquid PMIN (5)
where BPMN is the weight percent of solid or liquid PMN material in the coagulant being prepared. Note that
these estimates for dermal exposure are worst<ase esumates and the actual dermal exposures would be lower if
protective equipment such as gloves, eyewear, etc. were wor by he workers.
Disposal Concerns
The coatainers used to Tanspar the PMN milerials to the facility are assumed to be recycled, cleaned to remove
conaminaton, appropriasly landfilled or incineramd.  Solid wases containing the PMIN material, such as sludge,
are assumed © be disposed using sppropna® aechanizma
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