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Treatment for the Control of Trichloroethylene and Related

Industrial Solvents in Drinking Water

o~ e -

Several chlorinated hydroéarbon solvents ~— trichloroethylene, tetra-
chloroethylene, 1.1,1-trichlor9ethane. cis-1,2-dichloroethylene, carbon
tetrachloride, vinyl chloride, and 1,2-dichloroethane ~— are undergoing review
for possible inclusion in the National Interim Primary Drinking Water Regula~
tions. This paper reviews axpgrience with the occurrence and control of these
synthetic organics in drinking water.

OCCURRENCE

In general, these materials are volatile, non~flammable in air, and have
poor solubility in wvater. These characteristics make them useful solvents;
they are therefore widely used in industries and households, on military bases, -
and even within water treatment plants for cleaning and degreasing. These
solvents are not produced as by—-products of chlorimation in the disinfection
process (as in the reaction of chlorine with naturally occurring organics to
produce chloroform and related trihalomethsnes). Carbon tetrachloride,
however, is a known contaminant of chlorine produced by the graphite=anode
process (1). This can be a significant source of carbon tetrachloride in
treated drinking water (2). Similarly, other products used in the production
and distribution of water can also be sources of contaminants. For example,
tetrachloroethylene can be leached from polyvinyl-toluene lined asbestos
cement pipe (3), and trichloroethylene is present in certain joint compounds
used in reservoir liners and covers. Discovering the source of contamination
is sometimes complicated by analytical error. In one documented instance,
trichloroethylene was thought to have been produced by chloripe used for dis-
infection but improved quality c;ntrol in the laboratory showed the material

thought to be trichloroethylene was actually a trihalomethane‘(é).
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-- -~Thess solvents do not occur naturally, and because of their volatilirty,
they are seldom detaczed in concentrations gresater than a few micrograms per
liter (ug/L) {n surfacs watar sourcas. There ia. however, oue exception.
Bodies of frash watar vulnarable to wasts watar discharges may contaizn ele-
vated concantrations of organic solvents during periods of ice cavir when
volatilization is restricted. Seeger, at. al. (5) demonstrated that water
sanpled from the Ohio River at Cincinnati during the winter of 1977 (almost
800 ailes of upstresan ice cover) contained high conccn:ra:ions of volatile
compounds such as carbon tetrachloride and tatrachloroethylens, had high
threshold odor numbers, and generated subsequent consumer complaints about
taste and odor problems.

Bigh concentrations of trichloroethylene and related solvents most
frequently occur in iround water. The contaminants can encer an aquifer and
bo'transportod great distances because they hsve little affinity for soils
(6,7,8). Rscent sampling (9,10,11,12) has revealed solvent contaminated
groundwatars in Massachusetts, Connecticut, New Hampshire, New York, New
Jarsey, Delawars, Rhode Island,iPennsylvunia, Florida, Michigan, and Cali-
fornia. This list will likely grow when other states examing the organic ‘
quality of their groundwatsr.

The U. S. Envirommental Protection Agency Drinking Watar Rasearch
Division, (USEPA-DWRD) has found that contaminated groundwater usually
contains two or more predominant organic compounds and several idencifiable
ones of lessar concentrations. Frequently, within a well field, one well
may be uncontaminated, yet a nearby well may contain as high a2s 1 to 2 milli~-
grams per liter (mg/L) of trichlorvethylene and several hundred micrograms

per litar (ug/L) of tetrachloroethylene and 1,1,l-trichlorvethane. However,



another well within the same area but perhaps drawing from a different
aquifer may contain a preponderance of 1,1,1-trichloroethane and cis-l,2-
dichloroethylene, and merely have detectable quantities of trichloroethylene.

Several possible sources for these contaminants have been suggésted (13).
Included are industrial discharges (either through spreading on the land or
improper disposal at dumps), landfill leachates, septic tank degreasers and
similar products from individual households, sewer leaks, accidental spills,
cleaning and rinsing of tanks and machinery, leaking storage tanks, and from
the use of treated wastes for groundwater recharge. Although coatributions
of organic solvents from improper pump lubricants or from well drilling aids
are not likely to be major, they should be recognized as potential sources.
Sometimes the source of contamination is not obvious. Crane and Freeman
(14), for example, }eported trichloroethylene and tetrachloroethylene were
two of several solvents detected in the effluent from the anion-cation exchange
resin used in their laboratory . The source of this contamination was traced
to the distribution plant where the resin was sent for regeneration. The
ground water used in the regeneration process was contaminated with organic
" solvents which then contaminated the resin.

Once an aquifer is contaminated, the water purveyor or other user must
either seek an alternative source or provide treatment to remove or reduce
the concentrations of these contaminants. The following information 1is
presented for guidance on the latter option. For each solvent, general
properties and water treatment data are given. Most of the treatment data
were obtained through pilot plant studies. In the Discussion and Summary
Section, both theory and empirical data concepts were used to estimate aera~
tion and adsorption efficiency over a wide range of contaminant concentra-

tions and desired effluegt qualities.



TRICHLORORTEYLENE

CHCl= CCl, Solubility: 1100-1250 mg/L (15,16,17)
@ 250C
Molecular Weighe: 131 Vapor Pressure: 57.8 mm Hg @ 200C (15,16)
Threshold Odor Concentrationm: Henry's Law Constant: 0.49™ (15)
S00 mg/L (18,19) 0.48% (16
11.7 x 10°3 arm w3 (17)
mole

Boiling point: 879C
Other names: (20,21,59)

TCE; 1,1,2-trichloroethylens; 1,2,2~trichlorocethylene; trichlorocethene; acecylene
trichloride; ethinyl trichloride; ethylene trichloride; Triclene; Trielene; Trilens;
Trichloran; Trichloren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol; Chlorilen
Gemalgene; Germalgene; Benzinol; 1,1,-dichloro—-2-chloroaethylene; Blacsolv; Blancosolv;
Cacolene; l=chloroethylene; Chlorylan; Circosolv; Crawhaspol; Dow~tri; Dukeron;
Fleck-£11p; Flock-flip; Lanadin; Lethurin; Nelco 4546; Nialk; Perm—s-clor; Petzinol;
Philex; Triad; Trial; Triasol; Anamenth; Chorylen; Densinfluat; Fluate; Narcogen;
Narkosoid; Threthylen; Thrasthylene; Trilen

Trichloroethylene is commercially producsd by chlorinating ethylene (CH; =
CH3) or ;c.l:ﬂ:-nc (G2 = CH). Its use is declining because of stringent regulations;
howvever, it has been z common ingredient in many household products (spot removars,
rug cleaners, air frashenars), dry cleaning fluids, industrial metal cleaners and
polishers, refrigerants, and even anesthetics (22,23). Its ubiquitous use i3 perhaps
why trichloroethylane is oftan the predominant synthetic organic contaminant in
groundwater.

Other than some incidental evaporation losses, conventional watar treatment
(coagulation, settling, precipitative softening, and filtration) is not likely to
be effective for removing trichloroethylens. In two studies (5,24) in which the
trichloroethylene concentration in the source was less than 1 ug/L, no significant

losses were observed through the treatment plant. Other processes, such as aeration

and adsorption are effective and will be discussed individually.

*This expression is dimensionless (concentration in air divided by concentration
in water at equilbrium).



Aeration

USEPA-DWRD conducted pilot scale laboratory and field aeration studies using
a 4d-cm (1.5 {n) diameter ;i;s;ﬁcolunn, approximately 1.2 m (4 ft) long with a
fritted glass diffuser in the bottom. In the laboratory, trichloroethyiene was
added to Cincinnati{, Ohfo tap water to give concentrations of approximately 100~
to 1000 ug/L and aerated (counter—current flow) at different temperatures. The
efficiency of stripping trichloroethylehe from water ranged from 70 to 92 per-
cent with an air~to~water ratio (volume to volume) of 4:1 and a contact time of
10 minutes (Table 1). At s contaminated well site in New Jersey, the same
aerator consistently gave over 80 percent removal of trichloroethylene where
the mean influent concentration vas 3.3 ug/L.

Nebolsine Kohlman Ruggiero Engineers (NKRE) (25) also evaluated diffused-
air aeration on a pilot scale at a well site on Long Island, New York (Table 1).
They compared a rectangular aeration tank [0.6m x 1.2m x 0.6m deep (16 £3))
having four diffusers with a 27 cm (10.5 i{n) diameter Plexiglass®* column
having a single diffuser. Retention times ranged from 5 to 20 minutes and air-
to-water ratios, from 5:1 to 20:1. The highest removal efficiency was 73 percent.
In a follow-up study (26) using a 76 cm (30 in) diameter columm, 3m (10 ft) in
length with five diffusers, the efficiency of removal ranged from 69 percent to
90 percent with air—-to-water ratios from 5:1 to 30:1. The trichloroethylene
concentration in the unaerated water ranged from 132 to 313 ug/L. An important
note is the concentrations of trichloroethylene and the other organic contaminants
in the untreated water were lowest when the well pump was first started and the

levels steadily increased for several hours after pumping.

*Mention of trade names or commercial products does not constitute endorsement
or recommendation for use.



TABLE 1. REMOVAL OF TRICHLOROETHYLENE FROM DRINKING WATER
USING DIFFUSED=-AIR AERATION

Losacion Average Average ffluanc Coacentratiom, s& Ramsrks
of Influent Alr=To~dacar Lagios
Scudy Comcantraciom, wg/L 131 _2:1  3:1  4s1 851 1631 2011
“Sptkad” 1064 7% &4 08 N 3 - - & cm (1.5 in)diam.
Cincinmact, ON 97 23 273 102 82 2 a Q councar—currenc
Tap dacer b0 S 136 10 & 53 8 2 3 flow glass columm
1o 40 22 13 3 a Q vith activeced
n 2 14 ] ¢ 1l a Q carbon filcared
alz; 10 sia.contsce
cimg. Hatar tow=
- paracucs #-169¢C
Area to Volums (A/V) =
Contamioated Wall G.8a"1
in Mew Jarsey 3 - a
Alr=To-llacer Ratics
Sl 10:1 1331 2021
Contaminaced 12 728 ige 0.4 @7 (16 f2I) rectan~
Vall o= 2 1784 gular tank wich 4
Loog Island (23) diffusars. AV = 1. 7u"}
. 408 a. 10 uia concact time
1 ” 8. 1% min comgact time
3
122 sab 27 cm (10.§ in) dia-

mecer colinm. A/V = 0.6 o~}
¢. 5-uin cootacs time
do 10 uin coutact time
Qe 13 uin comtact time
f. 20 uin comtact time

Alt=To-uacar Lacioe

Stk 13:1 2011 30:1
Coucaminated 10 % 76 cm (30 in) diameter
Vell om 228 AS 3 u (10 fz) deep glasa
Long Island (26) 20 33 colusn with 5 diffusecrs;
223 2 10- atn concact time.
* AV e 03t



Joyce (27) reported concentrations of trichloroethylene ranging from 4.5
to 22 ug/L at Smyrna, Delaware, after water containing 20 to 70 ug/L trichloro~
ethylene was passed~thré;§h‘;; induced-draft aerator. Although the advanced
waste treatment research conducted at Water Factory 11 was not conducted
directly on drinking water, {t has shown trichloroethylene concentrations of
approximately 1 to 2 ug/L are effectively removed (98 percent) through an
ammonia stripping tower (air to water ratio of approximately 3000 to 1 when
the fan 1s on) and similar efficiencias have been observed on waste water
passed through a polyethylene packed decarbonator (air-to-water ratio approxi-
mately 22 to 1) (28,29).

Adsorption

Dobbs and Cohen (36) developed an adsorption isotherm for trichloro-
ethylene in distilled water using pulverized Calgon Filtrasorb® 300.

These data are illustrated in Figure 1 as a Freundlich isotherm. When tri-
chloroethylene has an equilibrium concentration of 100 ug/L, the capacity
predicted from this isotherm israpproxima:ely 7 mg/g. Other than {sotherm
data, little information is reported on the effects of powdered activated
carbon for removing high concentrations of this contaminant. Singley, et
al. (31) observed a 50 percent reduction in trichloroethylene concentrations
(from 1.5 to 0.7 ug/L) that was attributed to a powdered activated carbon
dosage of 7 mg/L in the Sunny Islea Water Treatment Plant, North Miami Beach,
Florida. |

Other than these two studies, most of the available adsorption data has
been developed on granular adsorbents. In the summer and fall of 1977, the
USEPA~DWRD installed pilot scale adsorption columns [4 cm (1.5 in) diameter,
80 cm (31 in) of media] near contaminated wells at two water utilities in

New England. One was in the State of Connecticut where an industrial waste
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lagoon-wvas thought to have contaminated a well field. The affected water-
wvorks had just complated two mrs of pumping the contaminanted well to
wvaste, yet volatile otganics were still present. The other USEPA-DWRD piloc
scale research installation was in New Hampshire. At both locations, granular
activated carbon (Calgon Filtrasort® 400) and a synthetic resin (Robm and
Hass Ambersorb® XE-340) wers exposed to the contaminated watar. -

In the New Hampshire study, trichloroethylene was the predaninané contam-
inant and. concentrations ranged from 120 to 276 ug/L. Unfortunately, after
18 weeks, the tast column became clogged with what appeared to be precipitated
{ron. Whan clesning was attempted, the contaminant wavefront was disrupted
vand the study was ended after 23 veeks (Figure 2). In the Cozmnecticut study,
tfichloroc:hylcn- vas one of the lesser contaminants and concantrations ranged
from less than 1 ug/L to 10 ug/L. The test columns wera sampled weekly for
one year, then allowed to run continuocusly, and resampled one year later.
Trichloroethylene was removed to below datection (0.1 ng/L)* for the
first year but the granular activatad carbon was exhaustad after two yvears.
The resin was still removing trichloroethylens at the time (Figure 2).

In laboratory studies with trichloroethylene concencrations at the 2 mg/L
level, Neely and Isacoff (32) report the equilibrium capacity on xz-éad° is
84 mg/g. A pilot scale field study om Long Island (26) is further evaluating
the XE-340% resin. In this project, 10 cm (4 in) diametar columms with
differesnt

*For this discussion, breakthrough is the length of service whenm at least 0.1
ug/L of the contaminanc i{s consiscently detected in the effluent from the
adsorbenr. Langth of servicea is exprassed both in time and bed volumes (@3
watar/m3 activated carbon). .

10



different depths of adsorbents (to vary contact times) are being examined.
In~place steam regener;tion is also being investigated. The project is
scheduled for completion ;;-1;81 but preliminary results show trichloro~
ethylene capacity to breakthrough on the XE-340® resin is approximately 35
mg/g. The trichloroethylene concentrations range from 132 to 313 ug/L.

In Montgomery County, Pennsylvania, some homes having private wells
contaminated with trichloroethylene are using Cullar® adsorption units, a
product of the Culligan Corporation. These home treatment devices contain
approximately 40 kg (87 1lbs) of granular activated carbon and can be effec-
tive (depending on the loading and water usage) for several months. Infor-
mation on the effectiveness of other home treatment units (particularly the
small, lov-flow cartridges) to remove trichloroethylene is not yet available.
Boiling

Boiling is sometimes suggested as a means for individuals to rid drink-
ing water of volatile organics. Table 2 shows the results from four studies
conducted by the USEPA where 12 water samples were boiled for varying times.
Because Soiling is not a standarized procedure, conditions are likely to
vary between households. Lataille (34) notes the importance of water depth
to boiling efficiency. Trichlorocethylene is more efficiently removed from
a vessel containing 2 to 5 cm (1 to 2 in) of water than one having greater

water depths (Table 2).



TABLE 2. REMOVAL OF TRICHLOROETHYLENE FROM DRINKING WATER BY BC-ILING

-

TIME OF BOILING, TRICHLOROETHYLENE CONCENTRATION, ug/L

Min. A B c D
' 0 142 1262 137 1107 176 1830 730 1460 2920 2000
(before heating)
1 25 237 45 s89 28 279 - - - -
2 : 17 186 44 389 20 10 - - - -
3 12 136 35 261 20 57 - - - -
L L 65 23 18 1 20 12 17 194 63,29b,500¢
10 a ] - 15 2 a

A. Spiked Cincinnaci, ORio tap wacer
B. Spiked distilled water
C. Contaminated wall water from Pennsylvania

D. Spiked Lexington, Massachusetts tap water

-0}
’-“z_

a. Water depth = 2-cm (1 4n) _ . -
be Watar depth = S e (2 {n) T ————
¢. Water depth = 11 ‘em (S 1n)

Studies A~C by USEPA, Drinking Watsr Research Division, Cincinmati, OH (33). Water depch
approximately 10 ca (4 in).
Study D by USEPA, Region I, Surveillance and Analysis Laboratory, Lexingtom, MA (34)



TETRACHLOROETHYLENE

ccl, =cC, . Solubility: 140 mg/L @ 25°C (15)
SR 150 mg/L @ 250C (16,17)
Molecular Weight: 166 Vapor Pregsure: 18.6 mm Hg (15,16)
Threshold Odor Concentrations: Henry's Law Constant: 1.2 (15,16)
300 ug/L (18) ‘ 28.7x1073 atm-m3 (17)
mole

Boiling Point: 121°C
Other Rames: (20,21,59)

PCE; perchloroethylene; 1,1,2,2~-tetrachloroethylene; tetrachloroethene;
Ankilostin; carbon bichloride; carbon dichloride; Didakene; ENT-1860; ethylene
tetrachloride; NC1-C04580; Nema; Perawin; Perc; Perclene; PerSec; Tetralex;
Tetracap; Tetropil; Antisal; Fedal-Un; Tetlen; Tetraguer; Tetraleno

Tetrachloroethylene is commercially produced by chlorinating acetylene
(CH SCH) or ethylene dichloride (CH,C1CH,Cl, also known ss 1,2-dichloroethane).
This solvent {s widely used in dry cleaning, textile dyeing, metal degreasing,
and in the synthesis of fluorocarbons (22,23). As mentioned earlier, tetra~
chloroethylene has been used to apply polyvinyl-toluene liners to asbestos-
cement pipe. This solvent leaches into finished drinking water from newly
laid pipe as well as from pipe that had been installed for several years (3).
Tetgachloroethylene concentrations from this source range from a few micrograms
per liter to several milligrams per liter, the higher concentrations coming
from dead-ends, where water flow is not continuous. Specifications placed on
new pipe can alleviate this source of contamination, but treatment for existing
polyvinyl-toluene lined pipe in the ground {s a problem that needs attention.
Intermittent flushi{ng and continuous bleeding of the lines can lower the con-
centration of this contamimant (3). The remaining discussion on treatment
involves tetrachloroethylene found in the raw water source.

Although tetrachloroethylene is mainly a groundwater contaminant, it has

been found in low, measurable concentrations in some surface waters. In two



ingtances tatrachlorocethylans was sonitored befora and after coagulation,
sedimentacion, and filtration, and it was shown that these processes are

- -

ineffactive for lowering the concantration of this contaminant (5,35).
Oxidation by ozone has been suggested, and Glaze (36) has shown ozonationm
can ramove tstrachloroethylene but optimum conditions and subsequant by-
products ars unknown.
Asration

Diffusad=air aeration is effactive for stripping tetrachloroethylenes
from vater. Laboratory studies by the USEPA~DWRD have found that 30 to 60
parcent of tatrachloroethylens can be removed with an air-to-water ratio of
1:1. Laboratory and pilot scale field studies have shown at least 95 percant
removal of tetrachloroethylene at bigher ai:-:o—v;ﬁcr ratios. (Table 3).
The consulting firm, NKRE, (25) using both a tank and columm szerator was
less successful, but a follow-up study (26) showed 75 to 95 percant removal
with an improved column design. McCarty, et al. (29) reported 94 percent
removal of tatrachloroethylens (average influent conceantration of 2.3 ug/L)
using ammonia stripping towaers on highly treated waste watar.
Adsorption

Dobbs and Cohen (30) developed an adsorption isotherm using a solution
of tatrachloroethylens in distilled water and pulverized Flltrasorb® 300
granular activated carbon (Figure 3). If an original tetrachlorcethylene
concentration of 100 ug/L is assumed, an estimate of equilibrium capacity
from this isoctherm would be 14 ng/g.

Adsorption Cests using granular matarial on a pilot scale were conductad
in Rhoda Island by the USEPA-DWRD duriag the summer of'1977. A portion of a

drinking water distribution system had become contaminated with between

14



TABLE 3. REMOVAL OF TETRACHLOROETHYLENE FROM DRINKING WATER USING DIFFUSED-AIR AERATION

Location of Average Average 2ffluent Concencratfon, ug/l Remarks
Study Iafluent Alr to Yataer Racios
Concantracion 1:1 2:1 3:1 41 8:1 16:1 20:1
ug/L i
“Spiked® 1023 698 416 304 156 15 - = &cm (1.5 {n)
Cincinnari, OM 636 161 177 &6 3 | a Q disseter glass
Tap Wacter 33 139 103 &7 3 4 1 2 columm, 10 min.
114 2 9 7 4 Qa a Q contact timm.
/ 107 32 17 7 4 Q A Q Area to volume (A/V)
v 3 2 1 1 a4 a4 a ol
Concaminsted . n 9
Wall in
Sew Jarsey
Af p=To=Water Ratios
5:1 10:1 18:1 20:1
Contaminated 35 e ire 0.4 w? (16 £¢7)
Well on Long 27 gd.a rectangular tank
Island (2%) &% 10d with & diffusers.
b €. 10 min coatact time
63 n; b 15 wmin contact time
19

27 ca (10.5 in) dismeter
colusn. A/VeQ.6m~l

€. 5 win congact time

d. 10 min contacrt time
e. 20 min contact time

Atr~To-Water Racios

31 15:1 20:1 30:1
Contam{nated 101 23 76 em (30 {n) dismeter,
Vell on 92 15 3= (10 £t) deep
Long Island (26) 52 Iy glass column with $
50 3 diffusers, 10 win.
contact time.
AY = 0.3 8
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600 ug/L and 2,500 ug/L of tetrachloroethylene from polyvinyl-toluene lined
asbestos cement pipe (3). Two_different adsorbents were examined in 4 cm
(1.5 in) diameter glass columns. One test column contained Filtrasorb®

400 granular activated carbon and a parallel column, Ambersorb® XE-340
synthetic resin. Both columns had an 8.5 min empty bed contact time. The
gramular activated carbon maintained an effluent concentration of tetrachloro-
ethylene below 0.1 ug/L for 11 weeks giving a breakthrough loading of 46.7
mg/g. Because of inclement weather, the study was stopped after 20 weeks.

At that time the resin vas passing an average of 0.4 ug/L tetrachloroethylene
(Table 4). This gave an empirical loading to breakthrough of 45.6 mg/g for
the resin. Although the resin is similar to the activated carbon in loading
to breakthrough, it exhibited a relatively flat breakthrough curve. This
would suggest that the rate of contaminant movement through this resin is

slow relative to the wavefront movement through activated carbon.

TABLE 4. REMOVAL OF TETRACHLOROETHYLENE FROM DRINKING WATER BY ADSORPTION

Time in _ Average Concentration, ug/L
Operation, Weeks Influent Effluent
(bed volumes) Filtrasord® 400 Ambersorb® XE-340
Activated Carbon Resin
4 (4,700) 1367 < C.1 < 0.1
8 (9,400) 1984 < 0.1 0.1
12 (14,100) 1950 0.1 < 0.1
16 (18,800) 906 0.2 0.2
20 (23,500) 825 2.8 0.4

Study by USEPA in Rhode Island. Empty bed contact time = 8,5 min.
Approach velocity = 5m/hr (2 gal/min-ft2)

17



The objective of a USEPA-DWRD study in New Jersey “as to examine the

effactiveness of aeration and adsorption alome, as well as combized. A com=

-~ -

tamizacad vel’l was ‘.::tmi:‘:cn:ly sunved ixcc a stainlsss sceel tank haviag a
flcating lid. The water was chen jumped =0 adsorption cclumms and an aerator
(Figure 4). In the nomaeratad wvater tatrachlorcechylane concencrations ranging
from A0 to 205 ug/L were reduced to less zhan 0.1 ug/lL Zor 31 wesks by the
granular activated carbom (18 ain empty bed comtact tize). Detectadbla quanti-
ties (<1 ug/L) appeared {a the effluenc Zfor &4 weeks, then disappearad. Adlzar
538 weeks of service, the tetT-achlorosethylane centrations were still deing

reduced to less than 0.1 ag/L, ziving a loadiag af >32,500 ad/asd,

Headspace-
Free
Storage

T

Air

A and D: Ambarsorb® XE=340 rasin; 5 min. Empty 8ed Contact Time (E3CT)
8 and C: Witcarb® 950 Granular Activated Carbon; 18 §8CT
E: Diffusad-air aerator: 10 min Contact Time; 4:1 (air: water)

Figure 4. /llustration of USEPA-OWRD Pilat Scale Treatrment usad ar Contarminated ‘Nell Site
in New Jersey.
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Boiling

Tetrachloroethylene has an azeotropic boiling point of 87.7°C (37).

Table 5 shows the results of four separate boiling experiments by the

USEPA~DWRD., Different qualities of water were used; however, about 1 to

2 percent of the initial concentration of tetrachloroethylene remained

after 3 minutes of vigorous boiling.

TABLE 5. REMOVAL OF TETRACHLOROETHYLENE FROM WATER BY BOILING

Time of Boiling,

Tetrachloroethylene Concentration, ug/L

min. A B
o* " 300 298 120 9
1 14 29 1 2
2 6 14 7 a
3 3 5 3 <
5 2 2 a <1
10 a a a a

* Before heating
A. Spiked Cincimmati, Ohio tap water
B. Spiked distilled water

C. Contaminated well water from Pennsylvania

19



1,1,1-TRICILOROETIANE

Ca84C1, . Solubilizy: 4400 ag/n @ 20°C (15); 720 =g/L 1
_—— 259¢ (15)
3497 ag/L 2 25°¢ (17
VMplecular Weighe: 133 - Vapor 2?ressurs: 100 am Sg (15); 124 =m 3g (13)
Tarashold Odor Conceancration: Jenry's lLaw Constanc: 0,17 (18); 1.2 gd)
Sot reported _ 4.92:..0"3 acz—

3oiliag Poiac: 74.1°C

Cther Yames: (20,21,39)

Yecaylealoroform; Chalorcethene; Aerochene TT; Chlortenm; NC1-C24425; alpna~
tricalornethane; &~T; Chlorocthane; Calorothene NU; Calorothene VG; Izhidisol;
Mschylerichloromethane; Trichlorocethane

1,1,1=-Trichloroethane i3 commercially produced by cs=aczing chloring
wich vi:yl chloride (C?.z = C3C1l) or acidifyiag viaylidene chloride (also
kaown a l,l-dichlorcechylene, Cd7 = CCTl;) wish hydrochloric acid. 1,1,1-Tri-
chloroethane has replaced zrichlorcethylene in many indusctrial and household
sroduczs. It is the principal solvent in septic tank degreasers, cuttiag
oils, inks, shoe pol:'.slics, and many other products (22,23,38). 4mong che
volatile organics found in g:oundwate:s, 1,1,l-czichloroethane and trichloro-
achylens are encountered noat ‘requcn:ly and in :he highest concenrractions.
JSEPA, Region III, has investigated an iadustrial well water situation in
Pennsylvania, iz which the wells most distant from the pollucion source
counrained trace quantirties of trichlorscethylene arnd the wells zearssc the
sollution source(s) contained 1,1,l-trichlorcethane. This possibly cerflecss
the previocus change iz iadustrial solvenc uses (39). 1,1,l1-Tsichlorcechane
has also been idencified in drinking watar caken from surface sourcas. on
one ‘zastance, a cleaning agent containing 1l,1,l-trichloroechkane was beiag
used within the watar trsatment plant and the contaminsants detagzad ina

the fizished wazar could 2ave come 3zom that souzze {<d).



Agration

NERE (26) observed a 66 to 85 percent reduction in 1,1,l-trichloroethane
concentrations (influent concentrations of 3 to 7 ug/L) with air—to-water ratios
ranging from 5:1 to 30:1. The diffused-air aerator used in the USEPA-DWRD
study in New Jersey (see Figure 4) has consistently shown approximately 90
percent removal of 1,1,l-trichloroethane (influent concentration range of 170~
to 280 ug/L) at a 4:1 air-to~water ratio. Similarly, McCarty, et al. (29)
obtained high removal efficiencies for 1,1,1-trichloroethane with both a packed
bed degasifier and an smmoniz stripping tower used for advanced waste water
treatment at Water Factory 21. The influent concentrations of 1,1,l1-trichloro-
ethane, however, were less than 5 ug/L.

Kelleher, et al. (41) reported mixed results on an seration study in Norwood,
Massachusetts. They used a 10 cm» (4 in) diamater glass column packed with glass -
raschig rings to a depth of 63 cm (25 in). Compressed air was blown up through
the packing material as contaminated water trickled downward. Oun Well #4 (see
Table 6) the removal ranged from 74 to 97 perceant, for a broad spectrum of aer—
ation conditions, whereas on Well #3,':he removal was poorer. This difference
could not be explained.

TABLE 6. REMOVAL OF 1,1,1-TRICHLOROETHANE FROM DRINKING WATER
USING A PILOT SCALE FORCED DRAFT PACKED TOWER (41)

Effluent Concentration of 1,1,1-Trichloroethane, ug/L

Range of Air~to- Water Ratio&

Influent
Source Conce7tration 1:1 to 10:1 11:1 to 20:1 21:1 to 50:1 >50:1
ug/L
Well 1%0 _ - 13 5
90 10 10
42 8 4 3 -
Well
#3 850 410 220
1200 460 _ 350 49
630 g7 210
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Adsorotion
Dobbs and Cohen (30) developed an adsorstion isocherm for 1,l1,l-csi-
chloroechane (Figure 5). _Usi;g this {sotlerm, the calculated capacity Zor

an original 100 ug/L concentcraciom of 1,l,l-cTichlorsethane on il::a;orb’
300 is 1.1 mg/g. Ia a full scala study at a water tTeatzent planc iz Tlorida,
Zrvia and Singley (42) found 130 diffarance iz the performance of Zsur powdered
activacted carbons (pulverized Calgom Gw; Zuskey %atercarhy? 2lus; ICT Eydzo=~

z20? 3; and Westvaco iqua Nuchar® II) ts remove 1,1,l1-t=Zchlorcetiane.
AS doses of approximacely 7 ag/L and with 2 hours of comtacz tizme, jowderad
activated carbon effeczed at best 15— 29 20 serzenr removal of 1,1,1l-tvi-
chlorcethane (iafluent concencration 18 ug/L) (31,42).

Figure 5 illustrates some of the USEPA-DWRD resul:is Irom piloc scale

adsorption prolects. .The amount of contaminant vasies as well as the Type
of adsorvent; however, the length of servics to breakthrough for the granular
aczivated carbon ranged from 12,000 cto 15,000 = /2. Ixprassed as a
contaminant loading, the activated carhon adsorbed from 0.02 to 7.5 mg/g.
In the New Jarsey scudy, the activated carbon raceiving aerated water (average
1,1,1~cxichloroechane concentration reduced from 237 ug/L to 23 ug/L by
aeration) produced an effluent with no detectable l,l,l—crichloroetha;e

during the 58 week-long study. This resulted {z an empirical loading of ac

least 1.9 ag/g and a langth of sarvice greacer than 32,000 /o,



i il rrrrnm BRI L R =

q

Ct H e

! -
S o

Q -

Ct H =

§ =

~ STRUCTURE: -

Q -

& ~

S -

g

< 1.0 e _

g Freundlich Parameters on E

F-300 Granular Activated Carbon |

K =248 -

1/n=0.34 -

0.1 ¢+ (1910114 IR NIRI Lot Lo ety

0.001 0.01 0.1 1.0 10

EQUILIBRIUM CONCENTRATION., mg/!

-Figun 8. Adsorption Isotherm for 1,1.1-Trichloroethane. Refarence 30.

-23




New Jarsev Grouna Naver
W-350 EZCT » '8 rmin
XE-340 23CT 3 £ i 1
400 = -
Y
3
= -
% 3C0%- ) D -
< o a mE
; ‘ﬂ/"?\ L - N
2 - h 0 :,:-L é
S 0o & L Cl) L
<
==
‘ -
1004= ;‘a Lee -
We350 ey
-l XE-340+
o] y /“‘
w
- - - A .

[s] 10 20 30 ac 30 3Q
(W-380) Q {560 (11.2000  {18.3COy {22.4C0) 28.000) (33.300
[XE-340) O (20,180 (40,3200 (60.480) {8C.840) {1€0.300) (120.280)

TIME IN SERVICE, weexs
(8ec Volurnesi
sQ New Jersey Grouna Water
{after sevation
W-380 £E8CT 2 18 mm
XE-340 E3CT = 5 min
40 - <: Q » -
© - /mﬂuonr l
Dy
! -
b3
3 6t -
:
- 5
¢ 2
S 0 - ! - S -
3 5 Nﬁ Nl
3
< 3
& BHe é) ‘
|-
| |
XE-3
/W-m w\
NF ' ' ' L ol -

Q 10 0 30 <& 30 30

w-380) Q (5800) (11.200 (16,300 (22,400 128.000) 133.8C0
XE-340) O 20.180)  {40,320) (60.<80) 180.840)  11€0.3007  120.360)

T'ME N SEAVICE, weexs
Sao /owmes;

rigura 8. Remova/ of 1.1.1-Trichloroetnane an Granujar Activarec

Carcon anc Palymeris Aesin.
2%



Ve s o

C i s e meee

Connectiowt Greund Warer
Empey 80d Contact Time = 8.5 run

) 106

20
L 2
P
[ 4 - A1 1 ]
) 10. 20 0 ©
(-] (11900 (237200 (35.580% 47.438) (38,3001 (123.3400
" TRME ¥ SERVICE, woets
(Bod Vokumanl

Sumwmery of Granuler Activated Carbon Adsorpuion Studies

135518 )




Ralleher, e al. (41) conductzed z sorption experizents at a contami~
aated wall site i3 Massachusectzs. They used four 10 ea (4 ia) diamecer
glass columns, each contaiaiag 60 ez (2 f£z) of Filtrasord? 400 gramular
aczivated carbor, for a zotal adsorbent depth of 2.5 a {3 £2). These
7are operatad in saries to assass the affscts of contact ctime. Tiae =0
breakthrough was not rtpo::cd.. The loadiags to reach 3 ug/L of 1,1,l-ozi-
chloroethane in the affluent from an appliad 100 ug/L concentracion,
ware 0.25 ag/g, 0.51 =g/g, and 0.74 ag/g for contact tizes of 7.5 =ia,

15 3ina, and 22.5 mia, respectively. These Tesul:ss are lacluded iz :he‘
summary porzion of Fizure 6. The total orzamic cardon (TOC) concentrasion
7as over 2 ag/L ia the Massachusetts wacter vet less than 0.5 ag/L ia the
Connecticut and New Hampshire water. This may account for differsnces i
pe:fo;nance.' \

Neeley and Isacoff (32) and Isacoff and Bitzmer (43) compared Amber—
sorb® XE-340 resin to Filtrasorb® 400 granular activated carbon for
removing 1,1,l-tzichlorocethans from a New Jersey well water. The
experiment was conducted using 5 cm long columms (comtainiag 15 cec of
adsorbent) and water shipped to their laboratory from the contaminated
well. Ar 270 liters per mizuta par cubic zatar (2 gpm/ft3) loading ’
rate (3.7 min empty bed contact tima), 1,1,l-trichlorcethans (average
applied councencracion of 450 ug/L) broke through dSoth adsorbeurs betrween
3,000 and 6,000 33/m3. This produces a loadiag of approxizacaly l.7
2g/3. '

A diffarence in adsorbent behavior wvas seen aftar coutamizant break-
through. The granular activated carbon steadily becameexhausted while
the resin contirued to remove a large percencage 2L the solvent. 3Rachar

than haviag a i{ncisive slope like the gzranular aczivatad carbon, the
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slope of the breakthrough curve for the resin is gradual. Using the same
contaminated source in New Jersey, the USEPA-DWRD found with its pilot

scale operation (Figure bij—tﬂ;t XE-340® removed 1,1,1-trichloroethane
(average applied concentration of 237 ug/L) for almost 111,000 n3/m3. Why
the service life found in the field study was so much longer than the service
1ife predicted from the Rohm and Haas laboratory study cannot be explained.

In the USEPA-DWRD New Jersey study, a columm containing Ambersorb®
XE-340 but receiving aerated water (See Figure 4) with an average 1,1,1-
trichloroethane concentration of 23 ug/L, had no detectable quantities
of the solvent in the effluent after 58 weeks, corresponding to a loading
of greater than 120,000 au3/m3.

In an earlier US%PA—DWRD project in Connecticut, a columm containing
Ambersorb® XE~340 (9-min empty bed contact time) was sampled weekly for ome
year then resampled one year later. Breakthrough was evident at the end of
the first year (56,000 m3/m3), but the adsorbent was not exhausted even at
the end of the second year.

Boiling

.- Lataille (34) found that depending on the depth of water in the
pan, 1 to 20 percent of the initial 1,1,1-~trichloroethane concentration
remained after 5 minutes of boiling. Similarly, personnel in the Rhode
Island State Health Laboratories (44) found an average of 2 percent of
the starting 1,1,l1~trichloroethane concentration remained after 5 minutes

of boiling contaminated drinking water samples (Table 7).



1

TA3LE 7. 3EMOVAL CP 1,1,l1-TRICSLOROETHANE JRINKING TROM 4ATEZR 37 30ILING

Tine of bolling,

wacer Sample -~ k. Concentracion, ug/L

Laxington, ¥A* 0 680 1350 2700 1900

Tap water "spiked” (before heating) )

ik 1,1,1=-trichloroechane 5 8 23 35 32,279,360¢
Contamizatad 0 37%*

Drinking Water (before heatiag)

i3 lhode Island 5 *

* After lacaille (34)
a. Water depth = 2 c=
5. Wacter depth = 5 =
c. water depth = 1l em

**iverage of 12 tasts with water haviag 1,1,l-trichloroethane conceazrations
Tanging from 2 to 156 ug/lL. After Refaramoce is.



CARBON TETRACHLORIDE

CCl,
Molacular Weight: 153.8 ~~ Solubility: 800 mg/L @ 259C (15,16,17)
Threshold Odor Concentration:® Vapor Pressure: 91.3 mm Hg (16)
113 mm Hg (15)
Boiling Point: 76°C Henry's Law Constant: 1.2 (15,16)
30.2 103 a
mole an

Other Names: (20,21,59)

Tetrachloromethane, perchloromethane; Necatorina; Benzinoform; methane
tetrachloridé; methane, tetrachloro—; Necatorine; ENT 4,705; Halon 104; Carbon
chloride; Carbona; Flukoids; R10; Tetrafinol; Tetraform; Tetrasol; Univerm;
Vermoestricid

Carbon tetrachloride was once a popular household solvent, a familar
dry cleaning agent and a charging agent for fire extinguishers. Since 1970,
however, carbon te:taéhloride has been banned from all use in consumer
goods in the United States, and in 1978, {t was banned as an aerosol propell-
ant (46). Currently, its principal use is in the manufacture of fluorocarbons
used as refrigerants and to a lesser degree in grain fumigants. This solvent
{8 a known contaminant in chlorine produced by the graphite~anode method
(1) and chlorinated drinking water can become contaminated with carbon tetra-
chloride from this source (2,47,48). The American Water Works Association
(AWWA) 18 rewriting chlorine specifications, and this will perhaps minimize

carbon tetrachloride contamination resulting from chlorination.

Aeration and Adsorption

Incidental to a study on trihalomethanes, USEPA-DWRD detected carbon
tetrachloride in the Ohio River and in the City of Cincinnati drinking water

in 1976 and 1977 (Figure 7). Between July, 1976 and February 1977 the

*Keller (45) conducted a series of six tests and got two positive responses from

seven panel members at the 400 ug/L concentration of carbon tetrachloride in water.
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concentration of this contaminant in the untreated water was 16.3 ug/L and
in the treated water, 16.0 ug/L, indicating no net removal resulted from
powdered activated carbon ;Eai;;on (2 to 4 mg/L), coagulation, settling,
and filtration. Laboratory studies by the USEPA-DWRD that showed seration
with the diffused air aerator described on page 5 and also in Table 1, (4:1
air-to~water ratio) could remove 91 percent of the carbon tetrachloride (13)
and powdered activated carbon was largely ineffective, as doses up to 30
mg/L removed only about 10 percent of this contaminant. Lykins and DeMarco
(49) reviewed the treatment data generated by another water utility using
the Ohio River during this period and concluded that consistent removals of
carbon tetrachloride ware not obtained with powdered activated carbon, as
differences could have been attributed to analytical variation.

Dobbs and Cohen (30) and Weber (50) have developed adsorption 1sothérms
for carbon tetrachloride 6ling different protocols and different types of
granular activated carbon (Figure 8). From these i{sotherm studies, it has
been determined that the calculated capacity for carbon tetrachloride on
activated carbon, for an equilibrium concentration of 100 ug/L, is between
1.6 mg/g and 7.0 mg/g. It is not known whether this range reflects true
differences in adsorbents or simply differences in isotherm technique.

Symons (51) reportad on the behavior of carbon tetrachloride in water
applied to pilot scale adsorbers containing Filtrasord® 400 granular acti-
vated carbon. Two adsorbers, one with 5 min and the other with 10-min empty
bed contact times, had been exposed to Cincinnati, Ohio tap water for 18

weeks when carbon tetrachloride was detected in the influent water. The
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mean concentTation of the comtamizant ia the water was 12 ug/L, <hich was
removed to less tham 0.1 ug/L for 3 weeks by the activatad cardom witi 5 aia
céntac: cime and beacween 14 and 16 weeks Sy the acrtivatad :zarbom wizk 10 a3in
contact rime., This corrasponds =0 an ampirical loadiag -ange of approximacel
6,000 and 14,000 a3/a3, raspeczively. |

Iz che Fall, 1975, three zgranular activatad carbons aarufactursed iz
Trance wers also Yeing axposed to tap water ia the USZPA-DWAD laboratory ia
Ciacinnacy. Two of the nmaterials, PICiA=A and PICA-3, behaved similarly <o
the Filtrasorh400, Suc zhe third, 2ICA-C, had a0 capacity for cardon
tetrachloride. Furtier, ?ICA-C had 20 capacisy for ctotal organic carbon
or for trihalcomethanes (51), leadiag the inavestigzatsrs =0 suspect che mszarial
was aizher poorly activated or a0t activated at all.

Symous, et al. (13) reported imbersorb® IE-340 removed carbom tetTa-
"ehloride from Clncianaci, Ohioc driakiag water for about the same lengrth of
tine as the gramular activated carbon did. Altcbough the length of service
to breakthrough was similar to that for granular activaced carbom, the
shape of the adsorption and desorption curves wers quitas differenc. For
activated carbon, dasorption is evident when influent concencrations of the
contaminant decline. The resin, on the other hand, shows some desorption
Sut zuch less than the granular activated casbon (Figure 9).

Table 8 lists some results of boili=g water contaminated by carbon tatra=—

chloride. About 1 percsnt or less remains after 5 miautas of vigorous boiliag.

L)
53



TABLE 8. REMOVAL OF CARBON TETRACHLORIDE FROM DRINKING WATER BY BOILING

SAMPLE Time of Boiling, min Concentration, -ug/L
USEPA-DWRD 0 (before heating) 30
Cincimnati, Ohio
(tap water) 5 <0.1
Rhode Island 0 (befare heating) 188
State Health Department (44)
(tap water) L3 2
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Cis-1,2-DICILOROETEYLINE
CECl = C1d

Molecular Weight: 36.9 Solubilizy: 33500 ag/Z 2 259¢ (13)

Taresnold Odor Coucsarcration: Yot Raporsad 7apor ?ressure: 206 mm Zg (15)
3oiling 2oint: 60.39C Zenry's lLaw Coaszanz: 0.31 (13)
Other Names: (20,21)

cis~acacylane dichloride; cis-1,2-dichlorosechene; NC1-CS51331

This isomer of dichloroechylane is used as a solvent and a farmencation
rertardant (20).
Aeracion

The engineering fima, VRRE, (25) aeracsd well water contaiziag 13 ug/L
to 118 ug/L (average.SB ug/L) of cis—1,2-dichlorcechylane and found the.
averaée removal was 58 percent at an air—-to-water ratio of S5:l. Tie removal
could be increased to §5 percent at a 30:1 air-to=-water ratio. In a USEPA-
DWRD aeraciom study iz Vew Jersey, 80 percent removal of this comtaminant

T
was observed at am air-to-water ractio of 4:1 and 10 min contact time. The

s
diffused-air aeration devices used iz both the above studies are desczibed in
Table 1, page 6. ’
Adsorption
An adsorpcion lsocherm could noc bde found for cis—1,2-dichlorcechylsne;

however, Dobbs and Cohen (30) developed :that informatiom for tie other isomer,

rans=l,2-dichloroethyleane. That darta is presented in Figure 10. Jssuming
the w0 isomers behave similarily on aczivated carbon, the astinated adsorp-
tion capacity for the solvent at an equilibrium concentration of 100 ug/L is
0.9 mg/g. The empirical results from Two USEPA~DWRD studies iz Yew Zagland
(Figure 11) compare favorabiy with those predicted by this isothera daca.

or sxampla, af one 2gilicy ia Vew Zampshire, the cis=l,l-digalorseriaviana
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averaged 6 ug/L in the water applied to the pilot scale adsorber and the
capacity for the activated carbon at exhaustion was identical to the pre-
dicted value, 0.2 mg/g. ‘ZZ ;;; other site in Connecticut, the average
concentration of cis—~1,2-dichloroethylene was 2 ug/L, and the ptedictéd
and actual capacities wers both.o.l ag/g for the activated carbon. Companion
adsorbers containing Ambersorb® XE-340 resin maintained an effluent concentra-
tion of cis=l,2~dichloroetheylene below detection for more than one year
but less than 2 years (> 5.4 mg/g loading) at the Connecticut site.

Wood and DeMarco (35) evaluated Filtrasorb® 400 gramular activated
carbon, Ambersorb® XE-340 resin, and Amberlite® IRA-904 anion exchange
resin on the organic laden groundwater in Miami, Florida. Cis~1l,2-dichloro-
ethylene was one of Fhe ;njot contaminants in the untreated water and its
concentration remained unchanged after lime softening and filtration.
Pilot scale adsorbers [2.5 ca (1 in) diameter glass columns] were placed on
flow streams of raw, lime softened, and chlorinated filtered water. In the
untreated (raw) water, the average concentration of cis-l,2-dichloroethylene
was 25 ug/L, nna this was detected in the effluent from the activated carbon
between 2 and 3 weeks (0.3 mg/g loading). The XE-340 lasted approximately
9 weeks (0.7 mg/g loading), and the anion exchange resin did not remove any
of the contaminant. The effects of placing the adsorbents at other locations
within the treatment plant sre shown in Table 9. The XE~340 performed better
on the raw water thaﬁ on the treated water, which may indicate how the high
pH of lime softening affects capacity. NKRE (26) reported a uniform loading
to breakthrough on XE-340 for a 2 and 4 min contact time. For some
unexplained reason, however, the loading declined when a longer contact time

(7.5 min) was used (Table 9).
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TABLE 9. REMOVAL OF Cis=1,2-DICZLCROETZILINE 3Y ADSORPTION

iverige Zafluant Iapey 3ed ___Serrica =3 3reaxziraugn’
Adsorbant Ssucentratiaa 3ed Jevtld, Dastacs: Tizae, ize, 5ea SQiumas wacisg
a8/L a2 22) 223 izvs 3~ /= =g/2

(Mami, T (33)]

4 zmasory? 400
S0 Tav ‘agar

bd. | 0.3 (2.5) H p4. +,300 J.2
74lz=asory? 400
on filzared
acer ;’ 0.3 (205) § 3 "‘.:oo Jea
1.5(% 2 s 7,50 2.3
2.3 (7.5 i3 10L 3,800 Qea
Jol (10) hd-] 12 >7,800 0.3
Asbarsars?® X=-340
oa Iav amtar
b4 2.3 (2.3) 5 L] 24,400 0.7
imbarsors® T¥=340
on Lias sofcsned
-mear 2 - 0.8 (2.5) § 30 7,200 0.3
smbersort® =30 1§ 0.8 (2.5) s 8 ,200 0.4
f4lcared ‘mcar
imberiica® D304 27 0.8 (2.3) 6 ¥oc¢ effsccive
L3 (3 12 e effactive
(Ren Cove, YT (28)]
iabersors® =340 40 0.3 (1) 2 &3 37,200 .7
0.6 (2) £y 102 39,500 2.
1.2 (&) 7.5 102 19,700 0.9

* 0.l ug/L o more {2 «Tlumne



Boiling
Two samples of well water from Pennsylvania, having cis~l,2-dichloro-

ethylene as one of the contaminants, were boiled for varying times by the
USEPA-DWRD in Cincinnati and then analyzed. The results, given in Table
10, show 5 min of vigorous boiling reduced the contaminant level to 5 ug/L or

less.

TABLE 10. REMOVAL OF Cis-1,2-DICHLOROETHYLENE FROM WATER* BY BOILING

Time of Boilng, min. Concentration, ug/L
Sample 1 Sample 2

0 (before heating) 739 153

1 168 43

2 51 3%

3 31 34

5 14 20

10 <1 5

*Contaminanted well water from Pennsylvania. Study by USEPA, Drinking
Water Research Division, Cincimmati, OH, 1979. Water depth approximately
8 cm.
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VINYL CHLORIDE

Ci, = cac .- Solubility: 60 =g/ 2 109C (13,15)
Molecular Weight: 62.3 Japor Pressure: 2860 mm 2g (15)
Threshold Odor Concentracion: Henry's Law Conscant: 350 (15); 301 (135)

Not lsporsad

30iling Poinzc: =149C 5.4 ata—m- ’n

Other Vames: (20, 21, S9)

Chlorcechylene; Chaloroechene; Chlorathene; Zthylase, CTiloro—=; Zzhvlane
monochloride; Monocalorcetkene; aonochloroethylene; VQM; 7iayl C acnomer

Vinyl chloride is ccmmonly »roduced by reactizg chlorine gas wich
ethylene (C3p = C3jy) (52). Billioms of kilograms of this solvent are used
anmally {2 the Uni:gd States to produce polyvinyl chloride (PVC), the most
widely used iagredient for aamufaczuriag plastics ghrsughout the world (50).
In 1978, Dressman and McFarren QSl) conducted pilot plant tests on PVC pipe.
They sampled five water distribution systems that uysed PVC pipe and Zound
vioyl chloride comcentrations in the water ranged from 0.7 to 55 ug/L. They
concluded the vizyl chloride contaminarion levels wers rslated to the viayl
chloride nonomer vesidual in the pipe, and whether or not the water {lowed
enntinuously or sact idle for long periods. The authors pointed ocut, however,
that producers of ?VC pipe claimed that changes recently amade {2 the =manufac-
turing orocess lowered residual aonomer ia the pipe and thus lessened viayl
chloride expectad to leach iato drinking water from anew PVC pipe. If vinyl
chloride therefors, is detectad only in the discridution system (absent ia
the raw wvater), piping =zmterials aay be che scurcs.

Special precaucrions are necsssary o sample and ;nalyze Zor viayl
chloride because of icts low bHoiling poinr (high volatilicy). Tanlike =ri-

shioroeti7iene, Ior axampia, 7iayl chloride would ascape dezagzian iz 2



routine analysis for trihalomethanes. For this reason, little definitive
occur;ence or treaim;nt tnformation exists on this contaminant in drinking
water. Furthermore, few laboratories are equipped for experimentation

with carcinogens, so treatment information will probably have to be d;veloped
at sites whgre vinyl chloride is detected.

One such site is a groundwater location in Southern Florida. Vinyl
chlor;de was detected intermittently in this source and the average concen-
tration reduction for this contaminant through the lime softening basins
and filters was 25 to 52 percent (35). These losses were, likely, to the
atmosphere around the open basins. Finished water from the treatment
plant was routed to four pilot-scale granular activated carbon columns
connected in series. Each column contained 76-cm (30-in) of Filtrasorb®
400 activated carbon and the empty bed contact time was approximately 6
minutes per column. Vinyl chloride concentrations in the influent ranged
from below—detection to 19 ug/L, and adsorption on the activated carbon
was erratic. For example, to maintain an effluent concentration of vinyl
chloride below 0.5 ug/L, the estimated activated carbon loading was 810-,
1230-, 2760-, and 2050 w3/w3 for empty bed contact times of 6-, 12-,

19-, and 25 minutes, respectively (35, 51). Similarly, vinyl chloide was
reported to be poorly removed on Ambersorb XE-340 gynthetic resin (51).
Because of its high volatility, vinyl chloride should effectively be removed

by aeration.
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1,2-DICILORCETIHANE

c3,C1c3,c2 ' i ) Solubilizy: 8700 ag/L 2 259C (15,15)
Molecular Weighc: 99 7apor ?resgurs: 32 -m Iz [13,13)
Thresiold Oder Concentration: danry's Law Comstanc: 0.05 (13,1%)

2000 ag/L (18,19) 1.10x1073 agm—3 (17)
30iling 2o0inr: 323°C mola

Other names: (20,21,53)

,2=dichlorechane; 3orer Sol; 3rocide; Destraxol Borar—3o0l; Dichiore=-
maulsion; Ji-Chloro=-Mulsion; dichloroechane; Alpha, beta~Dichloroechane;
Dichloroethylene; Dutsh liguid; 3DC; INT 1,5356; ethane dichloride; ethylene
chloride; echvlape dichloride; gyleol dichloride; NC1~CO00351l; Acsz7lane dichloride;
dioform

1,2-Dichloroechane is used as a solvent for fats, olls, waxes, gums, and
Tesins (20).
ieration

This contaminant is not as easily removed from watar by aeration as the
previocusly discussed solvents. For exampla, Symons, et al. (13) reportad an
alr-to~water ratio of 4:1 removed only 40 parcent of the 1,2~dichloroethane from
contaminatad well water in New Jarsey.
Adsorption

Dobbs and Cohen (30) developed an adsorption Lsocherm (Figure 12) for 1,2-di-
chloroethane on Filtrasorh® 300 granular gczivated carbon. 7Trom cthat daca, the
estimatad capacicsy at an equilibrium concsncTacion of 120 ug/L is approxizgataly
0.5 mg/g. In a USEPA-DWRD scudy ia New Jersey, Witcars® 950 gramular aczivaced
carbon maintained an efZfluent concantration of 1,2~dichlorcechane below 0.1
ug/L (influent concentration averaged l.4 ug/L) for 31 weeks which yields a load~
izg of approxizataly 0.l ag/g (17,500 a3/m3d) to breakthrough. Ambersor>® (E-340
resin showaed Sreakthrough after 54 veeks of service, a loadiag sf approxizacalvw

3.3 agig (108,380 30 ‘=),
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Figure 12. Adsorption /sotherm for 1,2 -Dichloroethane. Reference 30.
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22 a study by DeMarco, et al. (24), and DeMarcs and 3rodtmaa (53) ia

Louisiana, l1,2-dichlorocethane (average concentratian of 3 ug/L) was 1ot

removed 5y cooventicmal coagulatiom and filiTaciom Hut was ITmmoved Id lass
than 0.1 ug/> for 39 days (1725 a3/m23) through a full scale adsorber contaiz~
Liz2g 76=ca (30=ia) of Westvaco WV-G zgramular activated carbomn (20-miz Z3(T).

Al

DISCISSION AND STMMARY

Trichloroetiylene, tetrachlorgetiylerne, 1,1,l-trizxlcorsecharne, carion
cecracaloride, cis=l,2=-dichlorcechylene, and 1,2~dichiorsethane ase solvezts
Zound ia dricking watsr. Some of their properties are shown ia Table 11.
3ecause of their volacilisy, they are seldom desaczad ia high conceacrations
i3 surface vatar axcept durizg pericds when rivers, susceptidbls o contam—
ization, have an ice cover. Ground watars 11 the easterz Unitad States
(along the Aclantic Coast and particulariy in New Zaglard) and 1a Califormia
are increasingly showing contamination by these solvents. The scope of this
prodlem is likely to grow as monitoriag improves.

These contaminants do not occur aaturally aner are they produced as sizni-
ficant chlorination by=products during disinfection. Carbon te::ach;oride
can be a contamirant in chlorine; however, pending improvements in chlorine
specificaﬁiaus zay help aliminate that source. Tatrachloroethylene can be
leached Izom polyvinyl-toluene lined asbestos cement pipe; trichlorcethylane
has been traced to csrtaiz adhesives used to icin reservoir lizers; and,
viayl chloride has bean shown to leach from 2VC pipe mamufacrursd prior =o
1977. All of these possible sources should be examined 12 solvent contami-
gation 1s discovered only in the discribution system. The ocourTence of
these conrtamirants in the source water can gzenerally be ralated to0 a near-by

oractice such as degreasiag and zround discharge oL wasctas.
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CSZPA-DWRD has found several of these solvents preseat when a gToundwactar

is found to Se coutaminaced. For example, tzichlorocethy7lene ar :zatrachlora-

e -

athylene 3ay e Dreseant ia *he 1izhest concentracions, dul lasser quantizias
of rmlated solveucs are also present. One reason for this aight beltelated To
solvent purity. Ia the aamfaccuring of these solvents, the end—-product depeads
on :hi temperature, degree of acidification, and chlorization, so a commercial
grade solvenat =:izhz have varyizg amounts of several related compounds, Tigurs
13. Another reason for the presence of a variety of solveats ia one location
aight be diclogical degradatiom of a pareant compound {3 the zround. When
solvent contamiaation is suspectad, a thorough amalysis oz 7olatile orzanics
should be made so the most eflecrtive treartment 2ethod can be salacted.
Laboratory and fiald experimentation have shown air stzipping can be a
successiul zeans of lowering the concenrration of mest of these contaminancs
in drinking water. In an EPA~DWRD experizent, tap watrer samples spiked with
trichloroethlene and tatrachlorcechylene alonme, and a combinacion of che two
solvents were aerated. No significant difference was observed ia the effici-
ancy of removal of the fadividual solvents, whether they were zlone or combined.
This is important because ixtures of solvents exist in contaminace& watar and
aven though the effectivenass of the process varies for each solvent, aeracing
to Temove one speciiic contamizant will also reducs the concantrations of the
others. A typical example of this 1is given i Table 12. Assumiag aeraction is
employed to remove tetrachloroethylene, the priacipal target aiong with concen-
traticns of the other solvents ars rceduced. In this I1llustratiom, i the concaz-
tracions are siaply added, the water contains approxizacaly 360 ug/L of wolarila
organics befors aeration and 40 ug/lL aftarwards, for abouc 32 percemnc overall

removal sfficlency.
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TASLT 12. ZIFTECTS OF AZRATTON ON A SOLVENT CONTAMINATED GRCINDWATZR'

Conztamizant Avg. conmceatraticnm, ug/L Derzant Seaxr's aw
3efore ieration fzar Aeration*™  Removal Zomszaat
l,l—Dichlaro;:hylcneA 122 4 57 5.3 (23
1,l,1=-Trichlorzethane 237 23 20 1.2 123
Tatzachloroet:ylane %4 9 80 1.1 (23,22
Trichloroechylene 3 2.4 87 0.5 (13,15
eis~l,2-Dichlorocethylane 0.3 <0.1 >80 0.31 (13)
1,1l=-Dichlorcechane 8 1 83 0.25 (15)
1,2-Dichloroethane _ 1. 0.8 42 0.05 (15,1

*USEPA-DWRD study iz New Jersey
*wD{fiused~air aeracion, 10 mia contact; N ;
4:1 (vol to vel) air %o water; Area to Volume = 0.8m™-



Henry's Law constant is useful in estimating whether or not aeratiom
should’ be considered (29), and Figures 14, 15 and 16, and Table 13 compare
empirical data with a :hé;éec—x;u optimum removal.® Singley, et al. (56)
have recently concluded that the mass transfer coefficient for volatile
compounds is important in judging a priori the effectiveness of aerationm,
and th;t these coefficients are needed for designing full-scale stripping
columms and have to be developed on—site. Future USEPA-DWRD aeration studies
will include development of design information.

There 18 a question of whether or not the off-gasses create a problem
with aeration. In one USEPA-DWRD sponsored aeration project (26), the prin-
cipal investigator sampled for volatile solvents in the off-gasses near the
top of the aerator 1n§ identified trichloroethylene, tetrachloroethylene,
1,1,1-trichloreothene, and 1,2~dichloroethane. The mean concentrations were
201 , 85 , 30-, and 22 ug/L, respectively. This air sampling program is
continuing but the likelyhood of creating an air pollution problem by aerating
solvent contimanted drinking water 1s remote given existing air quality
standards.

Adsorption also has varying degrees of effectiveness. Figure 17 summar-
izes the isotherm data developed by Dobbs and Cohen (30) and, for purposes
of illustration, adsorption capacities for two different concentrations of
each solvent are shown in Table l4. For perspective, the capacities for
chloroform and bromoform are also shown. WNote, cis-l,2-dichloroethylene
isotherm data were not available, but assuming it might behave like the
other isomer, the trans-1,2-dichloroethylene information was included. An

isotherm for vinyl chloride has not been reported.

*This optimum removal curve was developed using the reciprocal of the Henry's
Law constants given in Reference 16. An explanation of this concept is given
in Reference 57. "~~~ T 7 - T
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TABLE 14, ACTIVATED CARBON EQUILIBRIUM ADSORPTION CAPACITITES* POR

) 'TRICHQOQQFTB!LENE AND RELATED SOLVENTS

Adsorption Capacity, mg/g

Contaminant iiﬁilibrium Concentration Equilibrium Concentration
1000 ug/L 100 ug/L
TRICHLOROETHYLENE ’ 28 7
TETRACHLOROETHYLENE 51 14
1,1, 1~TRICHLOROETHANE 2 | 1
CARBON TETRACHLORIDE 10 2
TRANS-1, 2-DICELOROETHYLENE™* 3 1
1,2-DICHLOROETRANE 4 a
CHLOROFORM! : 3 <1
BrOMOFORM! 20 6

*Taken from Dobbs and Cohen, 1980
**CIs-l.2-Dichloroethylcne data not available.

Tadded for perspective

Vinyl chloride adsorption capacity data not available.
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The followiag sachniquas was usea to astizace carboun usage for cke

concaminanc concentratlons shown iz Table 18. ITirst, Cwo ratios wera

- - - -

estabiished Zar aach contamizant; a) :that decseen caracizy it a2x-austiom
obsarved Zrom £leld studies divided by theorerical capaciczy decermined 3Irom
f{3otherm dara, and b) that between capacizy at acsual break:é::ugh ard
capacify az axhaustionr (Table 13). Isotherm capacicies ac the given zontam~
izant comceancrations (21000, 100, 10, and 1 ug/L) were then =mlcipiiad by
vacio "a” to give an estimartad aczivaced cardon usage 5 axhauscion, and
that value was then divided by vTatio ™" to give an estimatad activatad
carbon usage to drsakthrough. 3y »lottiag these two values on semilog paper,
carbon usage Ior intarmediats effluent comncentrations was estlimatad f:m;

the grapin.

Tor exampls, assume a pilot-scale study on a wacter contaiaiag an
average concentration of 1,1,l-trichloroethane of 210 ug/L showed the acti~
vated carboun usage to breaﬁ:h:ough (0.1 ug/L) was 7,400 = /me (2,250 zal/ly)
and to exhaustiom, 13,200 m3/m3 (4,000 gal/lb). This ylelds an exhaustion-
to-breakzhrough ratio of 13,200/7,400 or 1.8. From the isotherm data in
Reference 30, the equilibrium capacizy (X/M) is 1.46 ag/g, which corrasponds
to a theoretical activated carbon usage of 2,750 o=/ (830 gal/lb). This
yields an acrual-to=theorstical activated carbon usage racio of 13,200/2,7:0
or 4.8. Thus, for a given iafluentc concencracion of 1,000 ug/L, che asci-
mated activated carbon usage to exhaustion would be 4,800 ad/ad (1,450
gal/lb = 300 gal/ldh x 4.8) and ©3 braai:hrough, 2,570 a3/a3 (800 gal/lb =
1,330/1.8). The activated carbomn usage Zor incarmediate efZluent conceng>—
ations can then be detarmined from Figure 18. The rangé of estimacted carbdon
usage shown {a Tabla 15 i3 excremely wide for certaia contaminant coucentra-

zions, so an=siza 7120t scale axoerizenctaticn would Se srudenc I tTaactzen:
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TAELE 15. ADSORPTION OF TRICHLOROETHYLENE AND RELATED SOLm
BY GRANULAR ACTIVATED CARBON, SUMMARY

Loadiag, wi/ed Capacity,
dvg. 3ad Depch, DOCT, ‘Exhanstion s3/ad  Referwnce
Congs, o(ft) mtne. 0.1.ug/L (1af = of2) (a)
/L (exeast ss noted)
Trichlotcaciylens 7 0.5 (.9 9 920,160 20,160 21,300 EPA~DNRD
Iy 0.3 (2.9 &S 760,900 suc 123,340  5123,340 99,900 -
. o 0.8 (2.3) 18 237,500 532,500 106,560 -
0.4" 0.8(2.35) 232,500 232,500 199,800 -
* Tacrachlorosthylena 1400 0.8 (2.3) 1 4 12,300 1,100 17,500 EPa~DNRD
%* 0.8 (2.5) 18 >32,3500 »32,500 §7,400 -
.9 08(2.9 18 532,500 >32,300 162,800 -
4. 0.8 (2.9 8.5 260,900 wue <123,380  5123,340 237,600 -
8 0.8 (2.9) ) 520,160 >20,160 478,200 -
. 1,1.1-Trichloroatiens weo 0.6 (D) 7.8, 1,%%0! soc reporead 3,800 (aL)
1.2 (A) 13 2,700" anc Teperced 3,800 -
- s (8) 2.5 1,%00¢ mot reporced 3,800 ..
nr 0.8 (2.5 8 13,700 . 30,800 2,600 P A~-DWED
2 o8 (%) 1 32,500 532,500 12,000 -
3% 0.8 {2.9) 8.9 11,800 26,000 9,400 -
1 0.2 (2.9) L 4 16,400 2,500 94,400 -
Carton Tatrachloride 2z 0.8 (.9) 110 14,000 25,000 9,400 ()
0.8 (2.9 s §,030 set reported 9,400 -
Cls=1,2~Dlchloroachylana!? 18 0.8 (2.5 ¢ 4,100 15,800 9,400 {39)
‘ 1.5 (9 12 7,100 : 14,300 9,400 -
- 23(72.% 1 8,200 13,700 9,400 -
¢ 0.8 (Z.9) ) 14,200 19,000 13,300 PA-NN0
z c.8 (2.9 X ] 29,600 48,500 28,000 -
vinyl Chloride 7 0.8(2.9) & £10 2,400 Tsetharz (3%
L3 (9 @r 1.,2% - aet raported -
.3 (7.5). 18 2,800 - -
3.1 (10) 1 2,050 3,012 .
1,2~0tchlotoethans s . 02 0 1,700 8,640 3,500 (33)
L4 0.8 (2.3) 18 17,400 45,900 5,700 EPA-DNED
0.8 0.8 (2.5 18 »32,500 337,500 5,000 -
z. .9 (3) u 3,300 9,160 4,000 (28)
1.8 (6) 2 3,400 7.850 4,000 ..
.7 (9 3 4,150 >7,000 4,000 .
L6 (12) vy >7,000 57,000 4,000 -
0.3 (2.5) 7.8 2,500 7,430 4,000 -
0.7 (2.4) 17 2,500 7,450 §,000 -

(a) EZsctimaced by Freundlich {socherms (30)
*  Mdsorpcion of unasratad wacary ** Adsorptiom after 10 min ssration € 4:l (vol co wal) air to vatar

t 3 ug/l in offluvanme

tt Isochers capacities based ou trans~l,~l-dichlorcechylems

e Wi ee gt cwSuee e e b ¢ mane PR,

39




Estimatad Acsvated Carton
Usage 0 =x/2austion
10C0 (see taxt)

1.2.1-Trichforcetrana
iniial sancentration = 10C0 ugsL

b c P AR GEED ED P P DA AP <D <P G <P S <

EFFLUENT CQNCENTIM [ION, ug/t
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Figure 18. -Zsumating Aczivated Carbon Usage 1o Achieve Targer Sfflusmt Zuaiities
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'by activaced carbon idsoratisn {s contamplated. ~Furchermors, competision
for adsb:ption sizes {2 w7acar sontaiaing a higzgh orzanic contant z:ay be :tXe
rsasoa Wood and DeMarss (35, aad Kcll;her, az al. (41) observed Iacreasiag
capacities with iaczmasing contacs sizas.

The syunthetic resia, imbersord =-343% looks very »rcmisizg as it has a

P

2izh capacity for most of these contamizanes (Tadble 17). Whetier or 30t it
can be aconomically rsegeneratad by stsam is the topic of ocm—going Teseacsch
{25), is aay aot Se known Zor scme tine. Studias have shown :the affacgi-
veness of this cesin, like activatad carhon, is iafluenced by tae qualisy of
she appiiad water. Its capacity :ay >e reduced at the high 78 of lize sofzan-
ing (35) and when competition exists for the adsorption sites (13). The
efZscts of applying chlorizated watar to the matarial is aot known but should

be resélved 12 che product is approved for use on potable water.

[*)3
r



TABLE 17. ADSORPTION OF TRICHLOROETHYLENE AND RELATED SOLVENTS BY AMBERSORE® XE-340, SUMMARY

Bepty Bed loading to 0.1 ug/L
dwg. Conc, Bed depth, Countact tims, breakthrough,

wg/L a(fe) atin a/ad Refsrencs
! Trichloroathylens us 0.3(1) 2 83,700 26
20 0.6(2) & 78,600 26
20 1.2(4) 7.5 >33,300 26
n 0.8(2.9) 9 220,160 13
4 0.8(2.9) 8.3 123,340 EPA~DWRD
3 0.2(0.8) s >117,000 EPA~-DURD
Tetrachloroethylens a 0.3(1) 2 599,900 26
n 0.6(2) 4 78,600 26
(1] 1.2(4) 7.8 >33,300 26
70 8.3() 2 106,000 26
% 0.8(2.5) S 112,900 EPA=-DWRD
1400 0.8(2.5) 9 17,920 EPA=-DWRD
3 0.8(2.5) 8.5 123,340 EP&~DWRD
2 0.8(2.5) 9 20,160 13
1,1,1-Trichloroethans S 1.2(4) 7.8 39,300 26
33 0.8(2.5) 9 36,000 13
237 0.2(0.8) S 82,600 EPA-DWRD
23 0.2(0.8) -] >100,800 EPA~DWRD
1 0.8(2.5) 9 220,160 13
Carbon Tatrachloride 19 0.8(2.9) S 7,560 13
. 19 0.8(2.5) 10 15,120 13
Cis,l,2-Dichloroethylene &0 0.3(1) 2 37,200 26
3 0.6(2) ) 39,300 26
40 1.2(8) 7.5 19,700 26
40 0.3(1) 2 36,400 26
23 0.3(2.5) 6 14,400 k3
22 0.8(2.5) 6 7.200 s
16 0.8(2.5) [ 11,300 as
6 0.8(2.3) 9 >20,160 13
2 0.8(2.5) 8.5 >$9,000 but <123,340 EIPA-DWRD

-

1,2-Dichlorosthane 0.2(0.8) 5 108,860 EPA~DWRD

63



SSTOAATED TREATMENT COSTS : . —_

Computar cost progTsms Sasad on xhe Culp data (52) were used 5 astimata
the zreatxment cost3s for csmoving cTichlorcechylane, zetrachlorsecthyleze,
l,l,l;:ichlo:oc:hsno, cis=l, 6 2=dichioroechylene, carbon tatrachloride, azd
1,2=dizhlorcethane from groundwatar., Yo csst calculations wera made Zor
vinyl caloride semoval Yecause of the lack of traatment data for this conzami-
naat. -

The cost analysis is based on 1.3 =°/mia (500,000 gal/day) Zlow with
the treatlent system shown ia FTigure 19. The groundwatar is treatad by
tower agration, diffused air aeration, or zramular activatad czarbon (GAC)
followed by chlorization, clearwell storage, and high-1if:t pumping. The
aeration towers are rectangular with an overall height of 3 a (10 £t) and an
air supply of 137 slm/m2 (52 scfm/ft2) of suzface area is assumed. They have
electrically driven induced-draft fans, fan stacks, and drift eliminacors.
The tower costs do not include supply pumps or underflow pumps. The aeration
basins are rectangular with a depth of 3.5 m (12 £t). The diffused ai:x
supply system was sizad for 14 sla/m® (S scfm/2t2) of basin flow area.
Adsorption consists of 3 steel contacrors 12 series with an inizizl carbon
supply. Carbon usage i3 based on 5~monch throwaway at a cost of 51.30/%kz
(5.70/1b). Chlorina:ion consists of a feed system (20 basin) and a buildiag
for cylinder storage. A chlorine dose of 2 ag/L is assumed and the cost of
chlorine is 5.35/kg ($320/ton). Clearwell storage is above ground, with a
capacicy equal to 10 percent of the daily plant flow. The aigh 1i5tT pumpiag
has a head of 12 m (40 £c). The estimated :reatment cost does 20t izclude
axcendizures Ior land, slize sr corrosionm asueral, Zancas, 3fZezas nandliag,

ar car=on Zisposal.
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Tigurss 20 through 25 zive the tatal sTeatmen:t cost ia dollars ser 10CO

galloms of cTeatad watar as a funccion 3f operasiag Ilow. Zach fizure saows

zhe 90 co %irper:an: Temoval cos8T Tange i3 Jezober 1380 doilazs for zarszziom
towars, aaration basins, and GAC Zor an Iafluent contamizant conceni:acion
varyiag from 1 t5 1000 ug/L. 7The requized aeaytion basia and :zower voluzmes
Zor cés:ing purposes wers computed as a funccion of the zean ai-wss-watar
ratios given iz Table 13. The cost daads for aeracion towers ars relatively
sarTow Secause little economy—of-scale exists for operatiag these unics a:s
such small aydraulic loadiags.

The carbon requirsments wera the nean values given iz Tablie 5. The
adsorotion cost Tanges are wider than those estimated for adazion secause of
the i;fluence af can;zni:anc concentraticn. For example, the cost of 90
percsnt removal by aeration is tae same whether the coutamizant concentTation
is reduced from 1000 %o 100 ug/L or from 1 to 0.1 ug/L. Adsorption capacicsy
and aczivated carbon usage, hbwnver. vary with countaminant concentration;
thearefore, the cost of 90 percent removal by activated carbon is higher 1f
the influent concentration is 1000 ug/L compared to 1C0 ug/L. The cost range
for adsorpcion is very Wiée for some contaminants because of poor adscrt~
abilicy. To achieve high percentages of removal for the poorly adsorbed
sontaminants a large amount of activatad carbom is required and =his Iacraases
t2e cost of tomataent.

Tigure 26 illustratess another way of presencizg the cost faformacion
given {a Figurss 20 zo 25. The cétal treatment cost of srichlorcechylane
removal is shown as a Zunction of influent concencracion at 4 lavels of
efiluenc concencration for each of the 3 traacment aod;s. Sizilar graons

could bYe generaced Zor the ocher conzamizancs. Tigure 27 zives zae :ozal

an
a»



Granular Activated Carbon Adsorption
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Figure 20. Costoftrichloroethylene removal(30-99%}(October 1 380 dollars. influent concentration of
1-1000 ug/|, design flow of 0.5 mgd).
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H Granuiar Aczvated Carbon Adsorption
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. . . Granular Activated Carbon Adsorption
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treatment cost of trichloroethylene removal verus treatment plant size for
each treatment type. 0p:£}t§gg flow is 50 percent of design flow for this
data with an influent concentration of 1 to 1000 ug/L. Similar cost infor-
mation can be generated for the other contaminants. Note in these eltinates

that operating a small trcttneﬁ: systenm at less than design flow has a
pronounced effect on unit costs.

As in any economic analysis, the cost data presented here are depén-
dent-;n the particular design assumptions that were made for the treatment
system. For example, the costs associated with both types of aeration are
quite sensitive to the removal efficiencies. The cost of treatment thereforc;
can vary significantly depending of the design parameters selected by the
cost analyst and site-~specific consideraiéons. For this reason, these
cost estimates should be viewed as a preliminary attempt to quantify the
economics of removing trichloroethylene and related solvents from drinking
water.

Conclusion

Trichloroethylene and related solvents occur in both untreated and
treated drinking water. In general, groundwaters rather than surface waters
are more likely to have significant concentrations of these compounds. Some
exceptions might be during periods when a river is frozen over and volatile
organics cannot escape into the atmosphere, when upstream “spills” occur, or
when products used to treat or transport the water have contaminants (2,3,5,
" 58 61).

These solvents can be removed by aeration, adsorption on gramular acti-
va:ed.carbon or synthetic resins, or combinations of these processes. Aera-

tion, for example, preceeding adsorption seems very encouraging and may be
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2le :zmbination zseded for treatiag certaia problam vatars. ?Preliniaary
ssTinxtes 9f ccaatlent cos:s.ihow significant varfacions bHetween proccess and
conctamizanzs and amplily tie zeed Sor a thorough organric anas7sis and sisa
speciiic parformancs data. Tinyl chloride was not izcluded ia che aconomics
discussion “ecause of the lack of =reacment data. Its Zearry's _aw zouscans
is qui.:e aigh, 301 ug/T aiz/ug/L water (15), so viayl saloride should de
easily removed by aeration.” At ome location where vizyl chloride iztermictsancly
occur‘.fe.d ia the dricking water, neither gramular activated carbdon, 1or syutleti:
sasia (XZ-340) effeczively removed this contaminantc (13, 31).

30ilizg can be effactive for r=movizg these solvents Sut it requires ac
leasz S=mizures of vigorous boiling Za a shallow pam. Table 13 liszs the

treardent processes and their relative effectiveness Sor removiag aor reducizg

the concentrations of these volarile organics.

*7iayl chloride was one of several 7olatila osrganics izcluded iz a recear stady
where contaminants were “spiked” {2 drinkiag watar, then passed czhrough a
?ilot scala zeration tower. Viayl chloride was the gontaminant aost afiizdi
removed. (DeMarco, J., ?. Wood, T. Curcis, aad . Lang, "lerazizz of Zal:e
Jrganizs”. Pacer iz creraratiazn).
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