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ABSTRACT

The California Department of Health Services
shall soon place limits on the concentrations

of toxic organics in the Districts' ground-
water recharge. Past data indicate that the
Districts will violate the limits for benzene,
p-dichlorobenzene, and tetrachloroethylene (PCE).
Personal communications and a literature review
has uncovered clues to the major sources of
these compounds and enough data has been gathered
to develop a rudimentary mass balance for PCE.
Calculations indicate that unknown sources
discharge 86% of the PCE released to the waste-
water system. Not enough data is available to
determine the relative contribution of the
residential/commercial sector. This study
recommends that the Districts focus on controlling
PCE discharges from these sources, in this order:
companies under enforcement, companies reporting
PCE on their Critical Parameter Reports,
companies reporting PCE on their Baseline
Monitoring reports, dry cleaners.
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The Problem

In 1986, the California Department of Health Services placed limits
on toxic organic discharges to drinking water sources. The Regional
Water Quality Board will soon incorporate these limits, called action
levels, into the water reuse permits at the Whittier Narrows, San Jose
Creek, and Pomona Water Reclamation Plants. When the Board takes this
action, the plants cannot legally recharge the groundwater basins with
any effluent containing toxic organics in excess of the action levels.
The Board will require analyses every 14 days to verify compliance
with the action levels. (Appendix I shows the list of action levels.)

In recent years, the U.S. Environmental Protection Agency has
assigned increasing importance to the control of organic priority
pollutants. In fact, the EPA is considering emissions limits for
treatment plants (Noriega 1986) as well as effluent limits on the
Districts' ocean discharge.

Unfortunately, the Districts do not know what the major sources
of toxic organics are. Moreover, the Districts do not regulate two
potentially major dischargers: dry cleaners and the residential/com-
mercial sector. This study is one of the first attempts to rigorously
identify the major sources of toxic organics and to determine the
relative contributions of the industrial and residential/commercial
sectors.

Toxic Organic Data

This is a list of practically all the data which the Districts have
collected on toxic organics:

1. Four semi-annual priority pollutant monitoring samples from the
Districts' plants.

2. Whittier Narrows and San Jose toxic organic monitoring 1979-1980.

3. Two Chino Basin samples from 1987.

4. Air and influent concentrations at JWPCP in a 1986-7 study.

5. Sporadic, self-reported analyses of industrial discharges (review of
216 Critical Parameter Report files).

6. More extensive sampling at companies under enforcement in the period
January 1985 - July 1987.

The first set of data, influent and effluent concentrations at the
Districts' treatment plants, reveals that the Districts have 'violated'
the proposed action levels for three compounds:

1. benzene
2. p-dichlorobenzene
3. tetrachloroethylene (PCE).

Tables 1, 2, and 3 summarize the influent and effluent data for benzene
and PCE. Table 4 summarizes the number of one-time violations of the
action levels for benzene, p-dichlorobenzene, and PCE. At times, the



detection limit at the San Jose Creek lab is too high to detect benzene
violations with certainty.

The physical and chemical characteristics of the three compounds
vary widely, as Table 5 shows, although all the compounds are relatively
volatile. Table 6 lists the major industrial, residential, and
commercial uses of the three compounds.

Literature Review

This study started with personal communications and a review of
literature. These efforts attempted to find any positive identification
of toxic organic sources and estimates of the relative contributions
of the industrial and residential/commercial sectors.

Patterson (1985) provides a list of average effluent concentrations
of various compounds, information gleaned from the EPA's development
documents. His results, shown in Table 7, indicate that steel plants,
leather tanners, and laundries discharge the highest concentrations of
benzene, p-dichlorobenzene, and PCE, respectively. Comba and Kaiser
(1984) pinpointed the major sources of volatile organics in the Detroit
River. However, PCE's ubiquitous presence in the storm and sanitary
sewers prevented determination of its major sources.

A project sponsored by the Metropolitan Water District and the
Environmental Defense Fund (Wolf 1987) presents perhaps the most
thorough attempt at source identification thus far. Dr. Wolf has
gleaned information on the uses of chlorinated solvents from the
Halogenated Solvents Industry Alliance and from industrial contacts and
has determined the amounts of different compounds used by different
Standard Industrial Codes (SICs). The next section of this paper
incorporates her data and methods into a mass balance for PCE.

Brown (1987) reports two estimates of the toxic organic
contribution of residences. In Seattle, Wash., 65% of the toxics in the
wastewater comes from the residential sector. In Albuquerque, N.M., each
residence discards 0.5 kg of hazardous substances each year into the
sewer system. DeWalle et al. (1982) found no benzene or p-dichloroben-
zene in the effluent from a residential subdivision and found PCE in
concentrations greater than 0.7 ug/L in only 25% of the influent
samples.

Both Hunter et al. (1986) and Dunovant et al. (1986) analyzed
wastewater treatment plants which treated wastestreams containing
various percentages of industrial flow. In general, they discovered that
wastewater containing relatively high percentages of industrial
flow also contained higher concentrations of PCE. Dunovant et al. (1986)
also report an increase in toxic organic discharges in the evening and
later in the week (Fridays and Saturdays).

According to Mary Belefsky at EPA headquarters in Washington, D.C.,
the EPA has conducted toxic organic sampling at various industrial
dischargers throughout the country. Results and regulatory guidance
should come forth in late 1987 (Belefsky 1987). Another environmental



agency, the Orange County Sanitation Districts, will soon implement its
own rigorous toxic organic monitoring program for six EPA pretreatment
categories (Wybenga 1987). Both EPA's and Orange County's efforts may
£fill voids in the Districts' data base.

Estimated Mass Balance for PCE

Using the data listed earlier, this study has developed a
rudimentary mass balance for tetrachloroethylene. Table 8 lists mass
inputs to the Districts' plants, using average influent PCE
concentrations and average flows. Due to sludge transfers in the Joint
Outfall system and in the Santa Clarita Valley, some 'double-counting'’
of PCE occurs in this portion of the mass balance.

Table 9 shows the amounts of PCE used by different SICs in 1984.
This portion of the mass balance is based entirely upon the data of
Wolf (1987). Although the amount of PCE disposed is not necessarily
directly proportional to use, the table does narrow the search for
major dischargers to certain segments of industry. Moreover, the amount
of PCE used places an upper value on the amount which dischargers could
possibly release to the sewer system.

Review of 2.5 years of enforcement summaries and 216 Critical
Parameter Report (CPR) files generated the list of documented PCE
dischargers in Table 10. Appendix II shows the self-reported and
Districts-monitored PCE concentrations and 1984-5 flows of these
documented dischargers.

Table 11 and Figure 1 present the completed mass balance. The trunk
sewer volitalization estimate comes from Griffith (1987). To account
for city sewer volatilzation, this study arbitrarily adds to the mass
balance an amount of PCE equal to 50% of trunk sewer volatilization.
Table 11 reveals that documented dischargers account for only 14% of the
inputs to the sewer system.

The hatched areas in Figure 1 indicate those portions of the mass
flow for which this study has either found data or has produced
reasonable estimates. The poor quality of the data at hand has forced
this study to estimate or ignore important features of the mass balance.

Continuing Efforts

1. Sampling at La Canada, a water reclamation plant serving a
predominantly residential area.

2. Sampling in six different residential/commercial areas of the
Districts' service area.

Conclusions for Tetrachlorcethylene

1. Various sources discharged approximately 41 000 kg of PCE into the
wastewater system in 1984. Approximately 33 000 kg of PCE entered the
Districts' plants, the balance volatilizing in the sewers.



2. Companies under enforcement and companies reporting PCE on their
Critical Parameter Reports discharged approximatley 5 500 kg of PCE
in 1984. Undocumented sources contributed the remaining 86%.

3. The following information supports the hypothesis that the
residential/commercial sector contributes a relatively low proportion
of the toxic organics in the Districts' wastewater:

a. Industry in the Districts' service area used over 150 kg of PCE
for each kg discharged to the wstewater system in 1984. This huge
amount increases the probabilty that the industrial sector
discharges a large amount of PCE to the wastewater.

b. Research in Cincinnati, Ohio (Dunovant et al. 1986) and in New
Jersey (Hunter et al. 1986) found increasing PCE concentrations
with increasing industrial wastewater contributions.

c. Research in Tacoma, Wash. (DeWalle et al. 1982) found very little
PCE in a residential subdivision's septic tank.

4. The following information supports the hypothesis that the
residential/commercial sector contributes a relatively high amount
of PCE to the Districts' wastewater:

a. Influent to the Pomona Water Reclamation Plant, whose service area
is residential in character, contained higher concentrations of
PCE than JWPCP, whose service area is highly industrial.

b. This study found no documented PCE dischargers in the Whittier
Narrows and San Jose Creek service areas. Yet, the influent to
these treatment plants contains significant concentrations of PCE.

c. Research in Detroit (Comba & Kaiser 1984) could not pinpoint PCE
dischargers because sampling found PCE distributed ubiquitously
throughout the wastewater system.

d. Research in Seattle (Brown 1987) found that households contribute
65% of the toxics in the sewer system.

5. Chino Basin contains 8 dischargers with SIC 34xx but its effluent
contained no PCE. Yet, 4 of the documented dischargers in Table 12
have SIC 34xx. This implies that the Districts cannot implicate an
entire segment of industry, e.g. SIC 34xx, as a PCE discharger.



Recommendations for Tetrachloroethylene

1. Reduce discharges from companies already under enforcement.

2. Then, reduce discharges from companies reporting PCE on their CPRs.

3. Review Baseline Monitoring Reports for EPA categorical industries and
verify that each company has accurately reported its halogented
solvent use. Then, require wastewater analyses for the solvents which
they use.

4. Conduct more analyses for PCE in the discharges of the types of
listed in Table 9.

5. Determine the flow and concentration of PCE from dry cleaners.
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Table 1.

Average treatment plant influent concentrations (ug/L) of two toxic
organic compounds. 1985 - 1987.
Violations of California Dept. of Health Services action levels =

tetrachloro-
plant samples | benzene ethylene(PCE)
JWPCP 4 @ +26.5 @ +26.0
Lancaster 4 <0.5 (:::)
Long Beach 3 @f_ 0.8 @111.8
Los Coyotes 4 @111.3 @ 7163.Q
Palmdale 1 <0.5 @
Pomona 3 0.7 + 0.3 @ 201.0
Saugus 4 _+_ 7.4
San Jose Ck. 4 116.6
Valencia 4 3.4 + 2.5
Whittier Nar. 4 <0.5 126.4
California
Dept.'o Health Serv. 0.7 4

action levels



Table 2.

Average treatment plant effluent concentrations (ug/L) of two toxic
organic compounds. 1985 - 1987.
Violations of California Dept. of Health Services action levels =

tetrachloro-
plant samples benzene ethylene(PCE): .
JWPCP 4 142.6 126.0
Lancaster 1 <0.5 <0.2
Long Beach 3 1.5 + 0.4
Los Coyotes 4 <0.5 3.1 + 3.3
Palmdale 1 <0.5 0.3
Pomona 4 2.3 + 3.9
Saugus 4 0.9 + 0.9
San Jose Ck. 4 <0.5 3.4 + 3.3

Valencia 4

Whittier Nar. 4
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o

California
Dept.'o Health Serv. 0.7 4
action levels



Table 3.

Maximum treatment plant effluent concentrations (ug/L) of two toxic
organic compounds. 1985 - 1987.
Violations of California Dept. of Health Services action levels =

tetrachloro-

plant samples benzene ethylene{PCE)
JWPCP 4 @
Lancaster 1 <0.5 <0.2

Long Beach 3 <:::9 2.0

Los Coyotes 4 <0.5
Palmdale 1 <0.5 0.3
Pomona 4 @
Saugus 4 2.0

San Jose Ck. 4

A
o
(%}

Valencia 4

Whittier Nar. 4

California
Dept.'o Health Serv. 0.7
action levels

A
IS -
(=]



Table 4.

Violations of California Department of Health Services action levels in
effluent from the Districts' water reclamation plants from October 1985
to June 1987. No violations occurred at Lancaster or Palmdale. The
Districts' labs did not analyze effluent from the San Jose plant for
p-dichlorobenzene.

plant benzene p-dichlorobenzene tetrachloroethylene
viol. total samp. viol. total samp. viol. total samp.

JWPCP 4 4 2 2 4 4
Long Beach 1 3 1 1 0 3
Los Coyotes 0 4 0 1 1 4
Pomona 1 4 0 1 1 4
Saugus 1 4 0 1 0 4
San Jose Creek 1 4 1 4
Valencia 2 4 1 1 0 4
Whittier Nar. 1 4 1 1 1 4

TOTALS 11 31 5 8 8 31
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Table 6.

Major uses of benzene, p-dichlorobenzene, and

tetrachloroethylene (Hathaway 1980).

Compound

benzene

p-dichlorobenzene

tetrachloroethylene

Industrial Uses

petroleum products
paints
pharmeceuticals

manufacture of
polyphenylene
sulfide resins

metal cleaner

metal degreaser

dry cleaning solvent
textile processing
solder flux remover
intermediate in
chlorofluorocarbon
synthesis

Residential uses

solvents & thinners

tar remover

oven cleaner

detergents

hair shampoos & remedies
antiperspirants

toilet bowl deodorants
bathroom cleaners
household cleaners
diaper cleaners

fabric dyes

mothballs

contact cement

wax remover

shoe dye
upholstery/rug cleaner
vegetable pesticide



Table 7. Average concentrations of benzene, p-dichlorobenzene,

in the effluent of variuos industries.

Data taken from

US EPA development documents by Patterson (1985).

Concentration (ugll)

Compound Industrial Source Avg Range
Benzene Coal mining 2.6 0-15
Textile mills <5 0-200
Timber products processing 350 0-2,800
Petroleum refining >100 —
Paint and ink formulation 1,200 0-9,900
Gum and wood chemicals 180 0-710
Rubber processing 610 0-3,400
Auto and other laundries 840 0-23,000
Pharmaceuticals 220 0-2,100
Ore mining and dressing 2.1 0-4.2
Steam electric power 45 —_
Foundries 200 -—
Leather tanning and finishing 19 0-150
Nonferrous metals 1 0-160
Iron and steel 2,000 0-43.000
Dichlorobenzenes Coal mining <l1.2 0-10
Textile mills 2 0-280
Auto and other laundries 30 0-1,100
Steam electric power 20 10-26
Leather tanning and finishing 69 0-200
Tetrachloroethylene Textile mills <$ 0-2,100
Petroleum refining <50 -
Paint and ink formulation 920 0-4.900
Auto and other laundries 9,600 0-93,000
Pharmaceuticals 35 0-36
Steam clectric power 78 —
Inorganic chemicals manufacture - 0-196
Foundries 70 0-370
Leather tanning and finishing 12 -
Nonferrous metals 14 0-310
Iron and steel 42 0-1,100
Table 8. PCE inputs to the treatment plants.
1985-87 1984
Plant ave. infl. conc. ave. flow PCE input
(ug/L) (m3/s) (kg)
JWPCP 52.3 i5.0 24740.0
Lancaster 5.2 0.2 3.3
Long Beach 12.3 0.8 310.3
Los Coyotes 56.2 1.6 2835.7
Palmdale 49.0 0.15 231.8
Pomona 118.0 0.4 1488.5
Saugus 8.2 0.2 51.7
San Jose Creek 26.7 2.6 2189.2
Valencia 3.4 0.15 16.1
Whittier Narrows 23.0 0.6 435.2
TOTAL 32594 .5



Table 9. Amounts of PCE used by various SICs in 1984. Data from Wolf (1987) and U.S. Department of Commerce (1984).

LA County solvent use PCE use PCE use fraction of
SIC establishments (tonnes) (fraction) (tonnes) total PCE used
22xx 231 115.5 1.00 115.5 0.010
23xx 2953 295.3 1.00 295.3 0.025
2869 22 2156 1.00 2156 0.182
34xx 2033 8538.6 0.16 1392.8 0.118
36xx 1267 5954.9 0.09 565 0.048
37xx 667 7136.9 0.17 1225.5 0.104
39xx 899 3056.6 0.14 419.5 0.036
7215 188 714 .4 1.00 714.4 0.061
7216 698 3210 0.98 3134.5 0.266
7218 66 369.6 1.00 369.6 0.031
other 1378.8 0.117
TOTAL 11766.9 metric tonnes
Fraction of L.A. County industry in the Districts 0.56
Districts TOTAL 6618.9 metric tonnes

SIC code industry

22xXx Textile mill products

23xx Apparel and other products from fabrics

2869 Industrial inorganic chemicals, not elsewhere classified
34xx Fabricated metal products

36xx Electrical & electronic machinery

37xx Transportation equipment

39xx Misc. maufacturing equipment

7215 Coin-op laundries and dry cleaners

7216 Dry cleaning plants

7218 Industrial laundries

17



Table 10. Documented dischargers of PCE (Data from Appendix II).

information
Discharger IW kg discharged in 1984 source
Ardrox 10887 0.14 enforcement
Brite-Sol 6486 1.10 enforcement
CSD~-Palos Verdes 8297 0.003 CPR
CSD-Palos Verdes 8914 0.013 CPR
CSD-Puente Hills 10524 0.002 CPR
Chenm-Trans 1832 12.00 enforcement
DeMenno/Kerdoon 2703 27.00 enforcement
Forbes 11264 0.10 CPR
NuWay Linen 981 5400.00 enforcement
Olympic Fastening 1474 5.50 CPR
Omega Recovery 8513 0.14 enforcement
Sierracin/Thermal 10948 9.10 CPR
Sigma Plating 11021 4.60 CPR
Syst. Trans. 8595 0.29 enforcement
Talley Bros. 1177 3.70 enforcement
Van Waters 4067 0.26 CPR
Van Waters 4068 1.50 enforcement

TOTAL 5465.45

Table 11. PCE Mass Balance Summary for 1984.

amount used by industry 6 618 881.3 kg
inputs to treatment plants 32 594.5
trunk sewer volatilization 5 200.0
city sewer volatilization 2 600.0
TOTAL discharged into wastewater 40 394.5
documented dischargers 5 465.5
unknown dischargers 34 929.0



PPENDIX |

stats ef Califernmia
Department of Nealth Services

Drinking Water Action Levels Recommended
by the Department of Nealth Services

Jamuary 1987
Chenical Action lavel
parts per billioa (ppb)
Pesticides
Chlorinated Rydrocarbon
Mdrin Linit of Quantification (0.08)
a-Bensene Naxachloride 0.7
(a-B0C) -
b-Benzene Nexachloride .30
afttx
ordans 0.033
Dieldrin Limit of Quantification (0.0s)
Reptachlor 0.02
Septachlor xide 0.10
Pantachlor nol 30.00
a) te
T netboate 140.00
Diasimon . 14.00
Fthiom 38.00
Nalathion 160.00
Nethyl Parathion 30.00
Parathion 30.00
rrithicn 7.00
Carbamsts
Adicarb ::.oc
yygon .00
Carbaryl $0.00
Phthalamide
350.00
Anides
piphenanide 40.00
Funigants
Sibromochl oropropane 1.00
4,2-Dichloropropans 10.00
Rthylene Dibroaide Limit of Quantification (0.02)
chloropicrin $0.00 (37.0)¢
Niscellansous
Terrachlor 0.9%0
(Pentachloronitrobenzens}
Rerbicides
[ ¢ 3%0.0
(isopropyl ¥ (3-chlorophenyl) carbamate)
lere 10.0 (Tentative) (1.0)¢
{thiobancard}
Oordran 20.0
(Molinate)
[} te 300.0
Atrazine 18.0
Sinasine 130.0
Bantason .0
(Basagran)
Purgesb)s Ralocarbons
Carbon Tstrachloride 5.00
4,2-Dichloroethans 1.00
1, \~Dichlorcethylens $.00
. fethylens Chloride 49.00¢
_fetrachloroethylens 4.00
1,1,1-Trichlorcethane 200.00
'—ﬁichleroct.hylm $300
inyl Chloride 2.
1,1-Dichloroethane 20.
Prichlorofluoromethane 3,400.00
{r3orrical
1,1,2-Trichloro-1,2,2- 18,000.00
trifluoroethane
{FPreon 113) -
1,1,2-Trichloroathane 100.00
cla’i, 2-pichl lene 16.00
Trans-1,2-Diehl lene 16.00

{Action lavel for Cis and Trans 1,2-Dichlorocathylene is either for a
single isower or for the sum of the 2 iscmers)

Purgeable Aromatics

Sensens 0.70

Nonochlorobenzene 30.00 (3)e
1,2-Dichlorobenzens 130.00¢ (10)*
1,3~-Dichlorobenzens 130.00 (20)*
4,4-Dichlorobenzene Linit ?: guntu.lcntion (0.5)

. -
Rthylbenzene 680.00 (29)¢

(Action Level for 1,2-Dichlorobenzene and 1,3~-Dichlorobenzene is either
for a -lggio isomer or for the sux >f the 2 isomers)

uene 100.00
ortho-Xylane $20.00
Para-Xylene $20.00
Neta-Yylane $20.00

(Action Lavel for Xylene is either for a single isomer or the
sum of the ) {somers)

Phenols
2,4-dimethylphencl {400,00)*
Phencl (1.00)¢ (For Chlorinated
Systems)
Aldehydes
Pormaldehyda 30.00
Radioactivit
Oranlium 20 pico Curies/liter

*Taste & Odor Threshold
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D-.».Mgmo/mw/ 2703 535’2 27.2
Edqrgln O 3 5074 2911 964
Fergis, IND. /&5 11266 311 057
Foreer Coo 8§ 6498 363 7.6/

Nu-Way Linen 3 981

C 50

CPR= crr lC(‘-.\
ND = noJr de }'&C"’ECL
NT=

7211
1213 55.95

Ccun'}y Smu‘a.ﬁon Dis*-vic‘s 4 L.A. Co
R ParameerY rePor‘\"

not tested (o ana|y5es run)

BenzenE P~ DIHLOROBENZENE  TETRACHLORCEHWLENE
low higbmean Jow high wiean lows high mean
(~31) Zi gl?)

ND ND <0.5 760 <54
<02 530 <97 ND <0.2 %70 </58
/0 53 21 4 /8 /6 0.6 07 06
32 30 26
ND Q7 0.8

ND <05 6/00 <2066 <0.1 700 <290
50 6300<771 ND <50 3500<266
280 ND ND
NT NT /70
/0 /00 5K NT NT
NT NT <200 63000 2598

-

i formeion

acvnce

cnfor(‘emc n
enforcemer
CPRs
CPRs
CPRs
QV!{'[‘ rcewmin
Mfmm
CPRs
CPRs
CPRs

thvvcemw
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) /34 Benzene P-DICHLOROBENZENE  TETRACHLORCEHWLENE
Coneany  Dist. W SIC p%l low Bg\_ﬂ_mean low lﬂrc&\ mean  low B\r\ mean
Nymp Rst. 2 414 B 09 NT NT 43 720 /32
Dniga Rec. /8 8513 2860 0,006 ND ND 420 S0 Z4/0
e ne, /Th 2 N8 3419 9.8 NT NT S8 3200 920
ete 21 71021 R41 /2.22 NT NT /00
Dyt Tons. 29 895 4214 0.52 ND ND <50 s <pb
Telle y Bees. / 1177 %99 0.52 <S0 700 </69 ND <50 740 </379
VeaWodas 2 4067 Se 0.9 95 S <2% NT 37 /606 <7V
VeaWikws 2 406% ;’é,‘ 0.026 ND NT <0.| 53000 </5000
W.tee Chem ¥ /679 S0 2245 <D0 420000 <SEOC0 NT NT
Cir- Ccrc'ﬁ;\ 54 e of LA Couety
u\ny holr E‘aeC

ot %&{ (no Onc«j\/ses run}

n ?bl’nﬁ‘b'

Scvnce

CPRs
ehfbm me
CPRs

CPRs

e+ ceyms

CPKs

e %rvca m
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