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INTRODUCTION

Research into Granular Activated Carbon (GAC) for use in drinking water treatment
has a long history in the Drinking Water Research Division and ils predecessor
organizations. Studies were conducted by the U.S. Public Health Service in the late
fifties and early sixties to examine the use of GAC for taste and odor removal.!
Additional work was conducted during the sixties to evaluate the use of GAC for
removal of pesticides, the effectiveness of reactivation and to determine the optimal
design of carbon systems.234

With the passage of the Safe Drinking Water Act of 1974, the United States
Environmental Protection Agency (USEPA) proposed a two-part regulation for organic
contaminant control in drinking water in February 9, 1978.5 This document specified
a Maximum Contaminant Level (MCL) for the conirol of trihalomethanes and further
specified that GAC be installed at water utilities for the contral of other synthetic
organic chemicals (SOCs) where source watess were significantly contaminated. Both
parts of this proposed rule had an impact on the direction of EPA’s research into

the use of GAC. The generally negative reaction to a GAC treatmeat requirement
caused the USEPA to initiate a field scale research effort which will be described
briefly in the following sections. The trihalomethane coatrol portion of the regulation
led to an interest in the role that GAC might play in disinfection by-products

control.

In 1986, the Safe Drinking Water Act was amended and GAC was declared to be the
base-line technology against which all other technologics must be measured for SOC
control. According to the Amendments, any other technology, treatment techaique,
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o: other n\( ound to be best available for the control of SOC’s must be as
effective as GAC for this purpose. In many ways the Amendments accomplished by
legislative action what EPA failed to accomplish with its original trihalomethane and
treatment rule.%

In the following sections, the various aspects of the USEPA’s Drinking Water
Research Divisions (DWRDs) GAC research program will be discussed. First the
bench- and pilot-scale studies devoted to the application of GAC will be presented.
Then, results from field-scale studies and the possible use of GAC for disinfection
by-products control will be discussed. The paper will conclude with a few comments
on the development of cost and performance criteria for GAC application.

GAC RESEARCH

For each contaminant regulated under the Safe Drinking Water Act, a MCL must be
set, or treatment technique may be required where it is infeasible to ascertain the
level for regulated contaminants in water. The 1986 Amendments to the Safe
Drinking Water Act have accelerated the requirements for development of MCLs and
increased the number of contaminants that will be regulated.?

These Amendments will broaden and deepen the impact of the Safe Drinking Water
Act on public water utilities. The USEPA Administrator is required to establish a
feasible treatment technology for each regulated contaminant using the best
technology available or other means, taking cost into consideration.

The Amendments specify that GAC for SOC (includes volatile organic chemicals)
control is considered to be feasible. Therefore, any sltemnative treatment technique
for control of SOCs must be as effective as GAC. For each national primary
drinking water regulation that establishes an MCL, the Administrator must list the
technologies that he determines are feasible for meeting an MCL.

The DWRD has a major role in evaluating the performance of technologies considered
as part of drinking water regulations. Traditionally, DWRD's technology program has
utilized the approach of carefully evaluating process kinetics on the bench, scaling

up for engineering feasibility at the pilot scale, and making a field-scale evaluation

to incorporate process economics.? This approach may take several years for
completion and may involve millions of dollars for each technology examined. A

recent development is to predict GAC use rates based on the application of

adsorption models and the scale-up of microcolumn adsorption data.? This approach
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was approved by a peer pancl of consultants, GAC researchers demia, water

company representatives and GAC manufactusers./?

DWRD has taken an approach that has produced the following type of data in
extramural and in-house projects: 1) adsorption capacity by isotherms, 2)
microcolumn breakthrough curves, 3) laboratory-generated adsorption rate data by
differential column batch reactor and short bed adsorber studies, 4) pilot-column
breakthrough curves, 5) full-scale breakthrough curves, 6) model-predicted full-scale
GAC use rates based on isotherm capacity data and on rate data taken either from
laboratory studies or from literature correlations, 7) predicted full-scale GAC use
rates based on scale up of microcolum breakthrough curves, 8) predicted fullscale
GAC use rates based on scale up of pilot-column breakthrough curves, and 9) GAC
use rates based on full-scale operation.

ISOTHERMS

The DWRD has developed isotherms for a aumber of contaminants under regulatory
consideration. Isotherms serve as a useful tool for purposes of preliminary design of
GAC systems and as inputs for model predictions of GAC system performance. Table
1 presents isotherm values for volatile comtaminants.!’{2 Three waters were used

in these isotherm studies: distilled (DD), a groundwater taken from the Great Miami
Aquifer (GMA), and Ohio River water (OR). For comparitive purposes, isotherm
values for trihalomethanes (THMs) are included in Table 1. Generally, the THMs are
more weakly adsocbed, as suggested by their Freundlich K values, than other SOCs.
Because lower K values indicate relatively sharter GAC bed lives, GAC was not
selected as best available treatment (BAT) for THM control. Comparing the
capacities at 14°C and 24°C, the data in Table 1 supports the theory of generally
higher adsorption capacity at lower temperatures. Because different baiches of
natural water may have contained different background matrices, multiple natural-
water isotherms are given separately. An examination of these multipic isotherm
values indicated the variability that might be expected when testing different batches
of the same source water. The OR-water isotherms generally showed a reduction in
capacity from the DD-water isotherms. The GMA-water isotherms, however, were
generally close to those of the DD-water. Other studies of OR-water suggest that its
low levels of multiple SOCs offer a more competitive matrix than does the GMA-
water, which was not found to contain SOCs.!283 Comparitive DD- and OR-water
isotherms are given in Figure | for dibromochioropropane (DBCP) and illustrate the
effects of competition on adsorption capacity.
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Microcolumy’

Microcolumns have frequently been suggested as an alternative method to predictive
modeling or pilat studies for obtaining carbon use rates. Small columns are designed
to have perfect similarity to the larger columns they replicate.!! The practice of
scaling small columns to full-scale conditions has many advantages over conducting
pilot-scale studics: the time requirement is generally a fraction of that required for

a pilot study, no other adsorption tests are required, and only a relatively small
amount of water is required. The DWRD has conducted microcolumn studies whose
scaled-up results were compared to pilot column operation for verification.”* These
studies utilized cis-1,2-Dichloroethene (c-DCE) in GMA-water.

Figure 2 compares the scaled-up results of two microcolumns and a pilot columa.
For each column run, the average influent concentration is plotted. Although the
empty bed contact times (EBCTs) and the influent concentrations were slightly
different between the scaled-up microcolumns and the pilot column, there was a
significant difference in capacity between the two types of columns. One of the
assumptions of the scale-up procedure is that there is perfect similarity between the
capacities of the smaller and lacger columns. This important condition was violated
because of the lower capacity that was observed in the pilot column. Isotherm

studies of cis-DCE in GMA-water for virgin carbon, and for carbon that had been
preloaded for several weeks with GMA-waler, indicated reduced capacity for the
preloaded carbon. Because the microcolumns were operated in a matter of days,
preloading was restricted. Hence, Figure 2 indicates false, longer bed lives based on
microcolumn scaleup. Therefore, microcolumns may not be able to accurately predict
natural-water ficld-scale columns, especially those that have large EBCT's in which
carbon is preexposed to the field water for an extended period of time. Work is
currently ongoing in the areas of preloaded carbon and different scale-up techniques.

PILOT DATA

A number of field studies have been conducted by the DWRD at pilot- and full-scale
conditions to examine control of SOCs by GAC systems. Pilot columns were placed
in the field in the late 1970s shortly after trichloroethylene (TCE) and other SOCs
were first detected in groundwaters. Their designs were based on bed depth and
{oading rates typical of GAC systems studied for taste-and-odor or THM control. In
some cases, no companion isotherm studies were conducted. At the other extreme,
some pilot columns were placed following extensive development of isotherms,
laboratory studies to determine kinetic parameters, and predictions of GAC column
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performance by the use of fixed-bed adsorption models. Selecte. s demonstrate

the effectiveness of fixed-bed GAC columns for SOC control. A number of pilot
column studies were conducted in conjuction with the field-scale studies and are
discussed in the following sections.

At a well in South Brunswick, New Jersey, seven SOCs were present. Principal
contaminants were 1,1,1-trichloroethane (TCA) averaging 237 ug/L and
tetrachloroethene (PCE) averaging 94 ug/L. A 0.76-m (30-inch) deep pilot column of
Whitcarb 950 GAC was employed. At a 2.5 m/hr (1.0 gpm/fi?) loading rate, TCA
breakthrough was not evident until the 30th week of operation and the columa was
not exhaused until the 52nd week (Figure 3). If a 200 ug/L TCA MCL dictated GAC
replacement in a full-scale column based on this design, a bed life of nearly 11
months would result.!5 Ag 52 weeks of operation, breakthrough of PCE had not
occurred. This behavior is consistent with the relative isotherm capacities of TCA
and the more strongly adsorbed PCE. Similar relative capacities of TCA and PCE
are nated in Table 1 where Filtrasocb 400 GAC was employed.

FIELD SCALE STUDIES

As mentioned, earlier the DWRD initiated a series of field-scale projects designed to
study the cost and performance of GAC. The following nine utilities participated in
cooperative GAC research efforts: Cincinnati, Ohio; Manchester, New Hampshire;
Jefferson Parish, Louisiana; Evansville, Indiana; Miami, Florida; Huatington, West
Visginia; Beaver Falls, Pennsylvania; Passaic Valley, Little Falls, New Jersey; and
Philadelphia, Peansylvania.

Each full-scale facility involved in the GAC research effort utilized essentially the
same treatment scheme: predisinfection, coagulation/ flocculation, settling, filtration,
and post-disinfection. :

GAC adsorption was investigated under actual operating conditions to provide
adsorption efficiency data that considered the mix of compounds in drinking water
sources and the competition for available adsorption sites.

At Jefferson Parish, Louisiana several chlorinated hydrocarbon insecticides (CHIs)
were detected at concentrations averaging less than 10 ng/L (Table 2). The total
CHI concentration prior to GAC adsorption ranged from 18-88 ng/L with an annual
average of 36 ng/L. The CHIs were effectively removed by GAC during one year of
evaluation using a 20 minute EBCT (Figuce 4). Anather CHI detected at higher
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concentrati’” s alachlor. Conceantrations of alachlor ranged from 13-593 ng/L
during the onc-ycar evaluation with an average of 127 ng/L. Alachlor was
observed to be very effectively removed with a 20 minute EBCT GAC column as
shown in Figure §.

The Cincinnati Water Works, which uses river water as its source, has also detected
many organics in the influent. GAC has been shown to remove most of the
contaminaats. Figure 6 shows a gas chramatographic (GC) profile of these organics
in the conventional plant effluent and removal through GAC after 15 minutes EBCT.
Many of the peaks controlled by GAC represent various organic compounds including
SOCs. The GC profile demonstrates GAC's ability to perform as a broad spectrum
adsorbent.

Although GAC is cffective in removing many organic compounds from water, it will
eventually become exhausted. A major cost of using GAC is associated with the
replacement or reactivation of spent carbon.!’ On-site reactivation offers the

possibility of minimizing these costs. However, associated with on-site reactivation

is the potential of producing by-products from the precursor materials or organics
adsorbed on the carbon. These by-products could consiss of polychlorinated
dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) depending on the
precursors available for reaction in the reactivation furnaces.

An evaluation of this possibility was investigated for two different types of granular
activated carbon furnaces; fluidized-bed and infrared. The fluidized-bed furnace was
located at Cincinnati, Ohio, and processed 265 kg/hr (583 ib/hr) of carbon that had
been exposed to Ohio River water. The infra-red furnace was located at Jefferson
Parish, Louisiana, and processed 98 kg/hr (216 lb/hr) of carbon that had been
exposed to lower Mississippi River water.

Low concentrations of PCDDs and PCDFs were emitted into the atmosphere during
GAC reactivation accompanied by an afterburner. However, the resulting cancer
risks to the exposed population were between S x 10/! and 1.3 x 10”7 as shown in
Table 3.18

Cantrol of Disinfection By-Products. The major disinfection by-products of concern
in the United States have been the trihalomethanes (chloroform,

bromodichloromethane, dibromochloromethane, and bromoform). These organic
compounds are produced by free chlorine reaction with naturally occurring humic
precursors. Concentrations of several hundred parts per billion (ppb) at a consumer's
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tap have not been uncommon. A regulation promulgated by the Environmental
Protection Agency requires community water systems to maintain a total
trihalomethane concentration of less than 0.10 mg/L.

Three approaches have been investigated for trihalomethane control: 1) removal of
trihalomethanes, 2) removal of trihalomethane precursors, and 3) the use of
disinfectants other than free chlorine.!® Figure 7 illustrates the reduction in
trihalomethane formation potential that can be accomplished by GAC. 22

Current Field Studies. Most of the research conducted in the past by DWRD has
been devoted to demonstrating the effectiveness of GAC for surface water

treatment.?’ More recently, DWRD has been conducting studies that incorporated the
use of carbon treatment for removal of SOCs from groundwater.22 GAC has been
studied for removing contaminants from groundwater at Suffolk County, New York;
California’s San Joaquin Valley, and Wausau, Wisconsin. Each of these projects were
designed to examine a different aspect of GAC application and, except for Wausau,
they are intended to deal with pesticide contamination problems9 In Tiffin, Ohio,
powdered activated carbon has beea studied for its use in removing pesticides from
surface water.Z A project in Jefferson Parish, Louisiana examined the effects of
alternate disinfectants and the production and control of disinfection byproducts.

In Suffolk County, the removal of organics and pesticides, including aldicarb,
carbofuran, 1,2-dichloropropane, 1,2,3-trichloropropane, and nitrates have been
studied. Two parallel treatment systems (one consisting of GAC and ion exchange
and the other consisting of reverse osmosis) have been operated at low flaws similar
to home usage (Figure 8). The carbon system treated 56.8 Lpm (15 gpm) of water.
Three contactors in series were used. Each GAC contactor contained 0.08 m? (3 ft%)
of carbon which amounted to 5 minutes of EBCT. Examples of GAC performance
over a one-year period are shown in Figures 9 through 11. The costs for these two
systems were established along with unit operating efficiency so that a larger public
water supply system can be designed and tested. The results from this study will be
applicable to other areas, especially in farming communities where multiple
contamination of groundwater is ideatified.

The principal objectives of the San Joaquin Valley study were to: 1) develop cost-
effective design criteria for the removal of dibromochloropropane and other
pesticides from water supplies by GAC, and 2) to improve and strengthen existing
administrative guidelines and jurisdictional responsibilities pertaining 10 both
community water systems and private wells containing the compounds of interest.
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Pilot s(udiq/ ; conducted with GAC, and results were compared with those from
existing operating systems. Microcolumn studies were used to predict breakthroughs.
The focus in this study was on point-of-entry GAC units that are now being used by
small systems, individual homeowners, and farmers in the area.

Powdered activated carbon, added to the water normally treated only by conventional
treatment at Tiffin, Ohio, appears to be effective for removing periodically high
concentrations of pesticides.?

During a study at Jefferson Parish, Louisiana designed to study the effects of
alternative disinfectants (ozone, chlorine dioxide, chloramine, and chlorine) and GAC
adsorption removal of over one hundred volatile and semi-valatile organic compounds
were evaluated.?’ Also, a number of disinfection by-products were detected with the
majority observed for chlorine. Some of these halogenated and non-halogenated
compounds were identificd but a majority were unidentified.

In May, 1989, a second study will begin at Jefferson Parish to focus on the

alternative disinfectants previously evaluated and the production and control of
disinfection byproducts. The by-products include trihalomethanes, haloacetonitriles,
haloacids, haloaldehydes, haloketones, chiorophenols, chloropicrin and cyanogen
chioride. The effectiveness of GAC following sand filtration in removing these by-
products, their precursors, and other organic compounds will be evaluated. Another
site, in Wausau, Wisconsin, has multiple contaminants in its groundwater source from
a nearby Superfund site. GAC was the primary technology studied, but air-stripping
was examined as a companion technology. The Wausau project was unique in that
modeling techniques were used to predict full-scale design criteria for a GAC plant.
These predictions were evaluated against the actual cost and performance associated
with the building of GAC contactors onsite. The results from this study provided a
useful methodology for extension to other GAC applications. The modeling
techniques will be particularly useful in studying SOCs. In addition to modeling,
microcolumn technology was also studied.

In Wausau, cis-1,2-dichloroethene (c-DCE) was present in the groundwater along with
several other SOCs.2 A full-scale GAC bed employing Filtrasorb 400 and operated
at 6.25 m/hr (2.6 gpm/it2) was employed. Breakihrough profiles for the column
midpoint and the column effluent are given in Figure 12 and, similar to the pilot
operation in Suffolk County, New York, indicate increased bed life with operation of
a deeper contactor. During the fifth month of operation, effluent cis-DCE concen-
trations exceeded the influent concentrations. Higher effluent concentrations were
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likely the result of more strongly adsorbed TCE and PCE, disg g cis-DCE from
the top of the bed. Because influent cis-DCE concentrations were decreasing
following the third month of operation, the desorption of cis-DCE may have also
resulted from this shift in equilibrium. Assuming a 70 ug/L MCL for cis-DCE and
examining the performance of the contactor before the influent cis-DCE
concentration began to decline, it appears that GAC replacement would not have
been necessary until near the fourth month of operation.

At a site in Lansdale, Pennsylvania where aeration technologies were studied by EPA,
the affected authority operated full-scale GAC contactors in series. The influent
water contained a 30 10 100 ug/L. concentration of TCE that varied seasonally and
only trace levels of other SOCs. Contactors employing 1.5-m (5-ft) depths of
filtrasorb 300 provided 7.5-min EBCT cach. GAC replacement would have been
required during the third or sevenih month of operation, depending on contact time,
as dictated by a 5 ug/L MCL.28 Of interest was the fact that TCE never reached
exhaustion in the first contactor. It was assumed that a microbial population was
established that degraded 5 to 10 ug/L of influent TCE. Similar pattesns of assumed
biodegradation were noted in earlier DWRD-sponsored studies of chloroform and THAM
adsorption.?’

Prediction of Adsorber Performance

One of the critical parameters in determining the cost of GAC treatment is the bed-
life as determined by the carbon use rate, i.e., quantity of carbon required to treat a
specified volume of water. As mentioned earlier, because of the short regulatory
deadlines imposed by the Amendments to the SDWA and decreasing research funds,
the DWRD is not able to field test for control of every SOC. Therefore, the DWRD
has opted to use mathematical models to supplement pilot- and full-scale data.

The constant-pattern-homogeneous-surface-diffusion model (CPHSDM) has been uscd
to estimate GAC use rates for selected single-solute SOCs.? Input parameters
required by the CPHSDM are: the Freundlich K and l/n values as determined from an
isotherm, adsorptive rate data concerning the surface diffusion and film transfer
coefficients, the mean carbon particle radius, the carbon’s butk and apparent

densities, the hydraulic loading rate, the EBCT, and the mean influent concentration

of the SOC.

The correlation developed by Williamson, et al.?® was used to determine the film

transfer coefficient. The surface diffusion coefficient was determined from a
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correlation ;/ sed by Dobrzelewski.? The CPHSDM-predicted use rates presented
in Table 4 were determined using a poresurface-diffusion-flux ratio (PSDFR) of 3.72
for all SOCs by Crittenden, et al 3! In addition, use rates for some of the relatively
less strongly adsorbed SOCs were determined using a PSDFR of 0.4 to examine the
subsequent reduction in bed life. A PSDFR of 0.4 has been suggested when influent
waters are higher in background organic material that both preloads the bed and
offers competition to SOCs for adsorption sites.?!

Table 4 presents selected influent and effluent criteria and CPHSDM-predicted use
rates. For each SOC, the CPHSDM-predicted use rate and bedlife are shown
corresponding to the single-solute isotherm data and the type of water in which the
isotherm studies were conducted. The predicted use rates assumed a single, post-
filter, full-scale contactor with an EBCT of 15 minutes, hydraulic loading of 9.6 m/hr
(4 gpm/ft?), using Filtrasorb 400 GAC.

The predicted performance indicates GAC bed lives generally in the range of three
months to two years. Although conditions are not the same, this range of bed lives

is consistent with those observed in DWRD field studies noted earlier. Where GAC is
used for taste-and-odor control, bed lives of two-to-three years are typical and
considered to be affordable. Therefore, the use of mathematical models predicting
bed lives for VOC control in the range of two or more years may be a sufficient
substitute for field studies where time and resources are limited.

The limitations of the CPHSDM are of greater concern when short bed lives (and
higher costs) are predicted. The data presented in Table 4 involve single-solute
SOCs. In natural waters, multi-solute SOCs would be expected. A weakly adsorbed
SOC in the presence of more strongly adsorbed compounds would likely exhibit
higher GAC use rates (shorter bed-lives) resulting from competitive adsorption and
displacement. Even strongly adsorbed SOCs in the presence of other strongly-
adsorbed compounds may exhibit higher use rates resulting from competitive adsorp-
tion. The modeling used in this analysis aiso did not account for possible reductions
of the GAC's capacity from naturally occurring dissolved organic matter being
preloaded onto the carbon. While PSDFRs of 3.72 and 0.4 are largely unproven, the
use of the 0.4 ratio yields the shorter bed lives anticipated in competitive situations.
The potential effects of backwashing the carbon were also not considered by the
model. Nevertheless, the CPHSDM-predicted use rates for the selected SOCs give a
general picture of adsorbability, useful for preliminary design and cost analysis.

The ability of the CPHSDM to predict column performance was verified at the
24

Wausau, Wisconsin project. Wausau water spiked with cis-D. -\ls treated on the
pilot scale where Filtrasorb 400 GAC was loaded at 9.5 m/hr (3.9 gpm/£t?). The
column performance compared reasonably with the predicted performance, as
described in Figure 13. The ability of this model to predict breakihrough profiles of
single-S5OC contaminants lends support to the data presented in Table 4. The ability
of models to predict multi-SOC performance in matrices of higher concentrations of
naturally-occurring dissolved organic material remains largely unverified, however.

Cost and Performance Analysis
DWRD has conducted extensive studies applying cost analysis together with

performance data 1o predict full scale system behavior.32 Figure 14 which illustrates
the results of this analysis, shows where various SOCs with their specified criteria

-fall on the cost curves, based on the results of the adsorption modeling presenied

earlier. Most of the SOCs presented in Table 1 exhibited bed lives of two years or
more which is typicatly abserved for taste-and-odos control by GAC. Ia this
analysis, GAC treatment cost estimates for compounds having multi-year bed lives
appear to range from about 41 cents/ 1000 gat for a | MGD system, to about 27
cents/ 1000 gal for a 10 MGD system to about 14 cents/1000 gal for a 100 MGD
system.

SUMMARY AND CONCLUSIONS

DWRD and its predecessor organizations have been conducting research into the use
of GAC as applied to water treatment for many years. The 1986 Amendments to the
Safe Drinking Water Act make GAC a baseline technology against which all other
organic control technologies must be measured. Although DWRD has a tradition of
evaluating a technology at the bench, pilot and field scale, the accelerated regulatory
schedule under the Amendments will not allow the time for this type of evaluation.
Therefore, DWRD has incorporated modeling with bench, pilot-column and field-scale
data to predict full-scale cost and performance.
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TABIE 1. ISOTHERM VALUES USING FILTRASORS 400 CARBON

Nmber

Teapar~
ature of Data Cs Ranges* ___mm%mﬁ___

Benzens DD r1) 10
Braxcbenzena 2] 24 14
Brasadichloro- DD 24 9
methane
Bromofors oo 24 16
[+ 1] " 17
R 24 ?
Carbon 1] 24 18
tetrachlorids
Chlorcbenzens [+1] 24 16
R u 7
R F} 4
. hloroform [+ 1] 24 14
i ") 1) 27
i [ 3 i ]
o~-thlarotoluens [+ ] 24 16
Dibremachloro- [+ 24 7
i methane o 1 20
i
H 1,2-Dihromo-3- oo 7} 17
t chloropropans o 24 9
: {DBCP) = 24 3
H R 24 ]
1,2-Dibramoethane DD 1 17
(EDB) oo " 21
R 24 10
1,2-Dibraxcmethane DD 24 14
o~Dichlorchenzena DO 24 16
: R 24 ]
p-Dichlorcbenzens DD 24 29

279

462-3.3
2531-23.2
333-12.0
130-1.9
13240-48.4
100-5.9
429-9.1
732-15.4
401-14.1
369-21.9
226-13.2
7074-16.4
100~10.2
2150~6.0

116-5.0
6470-9.3

69.2-0.2
$5.8-0.3
$3.7-0.8
30.8-0.2

111-0.2
10000-15.2
139-1.1
175-22.6

1056-13.7
293-58.9

234-5.7

an——,
1260 :’9.)
17200 TIZ

0.833

0.363

241 22.% 0.65%

929 ??;. 35_ 0.665
2890 . 5" 0.492
1350 G 0.428
87 3.4 0.5
a0 /0! o
11100 0.202
7630 0.333
5.5 DT 0.6
155 0.671
12 /6.0 0.564
23200 316 o0.378
sa5 7.3 o0.636
1m0 39.§ 0.517
6910 220 0.501
3180 0.452
4250 0.417
4190 0.511
888 230 0.1
1400 3.7 o0.528
765 0.531
«“.4 jz.O 0.811
19300 2L 3 0.378
8420 0.530
970 g8 0.651

*ngsign Comsidarations for GAC Treatmant of Ovganic Chemicals™,
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TABLE 2. CHLORINATED HYDROCARBON INSECTICIDES (CHI) DETECTED
AT JEFFERSON, PARISH. LA

Occyrrence ~Detected Conc, (na/t)

b ol

CHJ frequency (%) Min Avg
aldrin 100 0.20 0.92 0.53
a-BHC 100 1.14 6.75 2.18
8-BHC 100 0.87 3.33 1.64
7-BHC (1indane) 100 0.40 9.06 1.39
a-chlordane 100 0.12 0.47 0.27
7-chlordane 100 0.15 0.55 0.3
oxy-chlordane 92 0.02 0.35 0.09
a-chlordene 89 0.02 0.46 0.14
8-chlordene 93 0.08 32.5 7.55
7-chlordene 96 0.06 0.77 0.4
DCPA* 100 0.17 5.42 1.42
0,p’-000 100 0.13 1.13 0.44
m,p’-DDO 56 0.03 1.34 0.36
p.p’-DDD 93 0.17 1.28 0.57
o,p’ -0DE 96 0.08 0.83 0.30
p,p’-DDE 100 0.06 0.32 0.16
o,p’-0DT 59 0.03 7.80 0.68
p,p’-DDT 85 0.07 1.25 0.36
dieldrin 100 1.63 5.80 2.84
endosulfan-2 96 0.02 0.72 0.29
endrin 100 0.25 1.58 0.67 .
heptachlor 92 0.03 33.3 6.95
heptachlor epoxide 100 0.28 1.68 0.73
hexachlorobenzene 100 0.35 1.59 0.66
pentachloronitrobenzene 96 0.04 0.27 6.15
perthane 12) 0.86 23.4 8.99

*dimethyl-2,3,5,6-tetrachloroterephthalate
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P

™~
RISK EXFOSURE FROM GAC ho’TIVATION
Maximm
Reactivator Individual
Type Campournds  Afterburmer  Cancer RiskC
Fluidized Bed TCDD d 1.3 x 10~/
Fluidized Bed 2,3,7,8-1Co0R on 5 x 1078
Equivalence
Fluidized Bed 2,3,7,8-1C0D on 5 x 10711
Equivalence
Fluidized Bed 2,3,7,8-1COD off 4x108
Equivalence
Fluidized Bed 2,3,7,8-TCID o 6 x 10712
Equivalence
Infrared 2,3,7,8-ICDD on 3 x 107
Equivalence

a - Pilot plant

b - Estimated full-scale from pilot plant
c - Defined as the probability of cancer to an imdividual cantinuously
exposed for 70 years to the maximm ambient concentratian of 2,3,3,

7,8~ICDD equivalence.

d - No afterburner in reactivation system.
e - Tetrachloro-dibenzo-p-dioxins

283
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TABLE 4. PREDILCIED FUot=%Caur GAC USE RATES FOR SINGLE-SOLUTE SOCS
o S Selected
Freundlich Criteria CPHSDM Pr
water Hmuﬂsn..s {ug/L) Usé Rate
S0C Type PSDFR K 1/n o Ce (1bs/1000
Cis-1,2-dichloroethylene 1 3.72 30.5 0.59 200 70 0.379
Cis-1,2-dichloroethylene 2 3.72 23.0 0.63 200 70 0.491
Cis-1,2-dichloroethylene 3 3.72 16.7 0.36 200 70 0.809
Cis-1,2-dichloroethylene 4 3.72 29.4 0.64 200 70 0.383
Cis-1,2-dichloroethylene 3 0.4 16.7 0.36 200 70 0.930
Cis-1,2-dichloroethylene 4 3.7 29.4 0.64 100 70 c.mwmn
Cis-1,2-dichloroethylene 3 -~ - - 200 70 o.uwon.
Cis-1,2-dichloroethylene 6 - - - 200 70 0.464"°
Alachlior 4 3.72 328.0 0.38 100 2 0.015
Aldicarb 4 3.72 194.0 0.41 500 10 0.0833
Aldicard 4 0.4 194.0 0.41 500 10 0.1404
Aldicarb 4 0.4 194.0 0.41 100 10 0.0524
Aldicarb Sulfone 5 - -- - 50 9 0.355¢°
Aldicarb Sulfoxide 5 -- - - 50 9  0.311%
Atrazine 2 3.72 787 0.36 250 5 0.0126
Carbofuran 4 3.72 376 0.36 100 40 0.0136
Chlorobenzene 4 3.72 381.0 0.31 600 6 0.0742
Chlorobenzene 4 .12 381.0 0.31 100 5 0.0211
Chlordane 1 3.72 346 0.33 50 2 0.0065
TABLE 4. Cont'd)
Selected
Freundlich Criteria CPHSDM Pr
Water Igstherm {ug/L) Use Kate
SoC Type PSDFR K 1/n Co Te  (1bs/1000 g
2,4-D 1 3.72 194 0.27 500 70 0.0813
2,4-D 1 3.72 194 0.27 100 70 0.0239
DBCP 4 .72 206.0 0.46 20 0.2 0.0116
1,2-Dichloropropane 4 3.72 35.8 0.48 100 5 0.2332
1,2-Dichloropropane 4 0.4 35.8 0.48 100 5 0.3430
1,2-Dichloropropane 4 0.4 35.8 0.48 10 5 o.ouum
1,2-Dichloropropane 5 - - - 100 6 0.494"°
o-Dichlorobenzene 1 3.72 865 0.38 1000 600 0.0316
EDB 4 3.72 69.3 0.54 50 0.5 0.733
EDB 4 0.4 69.3 0.54 50 0.5 0.1541
EDB 4 0.4 69.3 0.54 5 0.05 0.0534
Ethyl Benzene 1 3.72 507 0.53 1000 700 0.0464
Heptachlor Epoxide 1 3.72 2020 0.75 10 0.2 0.0021
Lindane 4 3.72 455 0.39 10 0.2 0.0026
Methoxychlor 1 3.72 223 0.36 500 300 0.0473
pPentachlicrophenol 4 3.72 403.0 0.365 1000 200\50 0.0499
Silvex 1 3.72 479 0.38 500 5 0.0294
Styrene 1 3.72 1083 0.48 500 5 0.0191
Tetrachloroethylene 1 3.72 341.2 0.516 500 5 0.0469
Trichloroethane 1 3.72 160 0.48 100 5 0.048
4 3.72 98.2 0.44 100 5 0.078
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TABLE 4. Cont’d¢}

Frowndlich Criterts CPHSDM Pr
Nater ipsthern tep/L) T USE WIYE
SO Type  PSOFR /s {1bs/1000
Carbon Tetrachlerige ] .n 5.9 0.9 8 5 0.08)
1,2-01chloreethene 1 nn 18.1  0.82 % § 0.306
1.1,1-1richisreethone ) b 9y, 4 3.0 0.8 500 200 0.471
4 N 2.9 o.82 . 800 200 0.493
1.1-Bichiaroethans 1 .n 6.2 0.82 4 7 0.087
Benzene 1 .n 165 0.83 3 $ 0.01
™ n 9%.3 0.§) % $ 0.054

Teluene 2 .n b e 0.365 6000 2000 0.308
Toluene H n kL 0.35 $00 0 0.070¢
Trons-] ,2-8ichisrostiyiene 4 .n %5 0.9 200 70 0.3422
Trans-]1,2-81chloreetiyisne 4 a.n ns op 300 100 .28
Trens-1,2-8ichloroetiylene L] 0.4 »5 0.9 200 70 0.40)6
a=Aylewe 1 .72 410 0.7 1000 0 0.0432
o-Xylene 31 n 03 0.4 1000 $0 0.0487
p-Kyleme 2 3.n. 61} 0.6 1000 80 0.04%0

2 = Great Niamf !?1 Onie

3 = Meusau, ¥l grounswater, 10°-13%

” 2":3.. ey no'..o River water

- Suffe Ry, Wow Yort gresnsweter

6 = Blarl, Florids grounduater
» - Stagle contracter, 17, 15 stmte £CT, Fidtrasers 400, 20°C, waless motsd
b - K ta {wmol/g) _r\'_ e} /a
cC-se o plist-column scalowp
e - w ‘l\“ in“l “-
.- L7, prompet 3
f - 3.5 ppa/ft .u!n—lg

Solid Phase Concentration, mg/g
-]

00001 ™ o o0 - o
Liquid Phase Concenlralion, mg/L

FIGURE 1. ISOTHERMS FOR DIBROMOCHLOROPROPANE
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