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NEW YORK STATE
- HUMAN HEALTH FACT SHEET -

Ambient Water Quality Value for
Protection of Sources of Potable Water

SUBSTANCE: Polychlorinated biphenyls (PCBs)

CAS REGISTRY NUMBER: 1336-36-3

AMBIENT WATER QUALITY VALUE: 0.09 ug/L

BASIS: Oncogenic

INTRODUCTION

The ambient water quality value applies to the water columnand is designed to protect
humans from the effects of contaminants in sources of drinking water; it is referred to
as a Health (Water Source) or H(WS) value.

Regulations (6 NYCRR 702.2) require that the water quality value be based on the
proceduresinsections 702.3 through 702.7. Potential water quality values are derived
below, and the value of 0.09 ug/L is selected for polychlorinated biphenyls (PCBs) as
described under "Selection of Value."

I PRINCIPAL ORGANIC CONTAMINANT CLASSES AND SPECIFIC MCL (702.3)

A. Discussion

PCBs have a Specific MCL of 0.5 ug/L as defined in 700.1. Thisis a maximum
contaminant level for drinking water established by the New York State
Department of Health under the State Sanitary Code (10 NYCRR Part 5,
Public Water Supplies).
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The U.S. Environmental Protection Agency has established a maximum
contaminant levelgoal (MCLG) of zero ug/L and a MCL of 0.5 ug/L for drinking
water for PCBs.

B. Derivation of Water Quality Value

Regulations require that the water quality value for PCBs not exceed the
Specific MCL of 0.5 ug/L.

ONCOGENIC EFFECTS (702.4)

U.S. EPA (1995) conducted a comprehensive evaluation of the oncogenic effects of
PCBs as part of its criteria development for the Great Lakes Water Quality Initiative
(GLI). The GLI was a joint undertaking by U.S. EPA and the Great Lakes States and
included representatives of interest groups. Its final regulations and the criteria
document for this substance received extensive public review in a formal rule making
process.

Subsequentto the publicationofthe GLlIcriteria, however, U.S. EPA (1996) completed
amajor re-evaluation of the oncogenicity of PCBs; thisrepresents the Agency's current
assessment and is attached as Exhibit . The Department has reviewed this
assessment and concludes both thatPCBs are oncogens under New York's definition
(6 NYCRR 700.1) and that U.S. EPA's 1996 assessment is appropriate for the
derivation of a statewide value.

As shown in Exhibit I, U.S. EPA (1996) determined the cancer potency of PCB
mixtures using a tiered approach. For exposure via ingestion of surface water,
the Department believes the middle tier, upper bound potency (slope) of 0.4
[mg/(kg - day)]?, for "low risk and persistence" to be the appropriate basis for a value
to protect sources of drinking water. Use of the highest tier slope was rejected
because the higher-chlorinated PCB congeners are less soluble in water; the lowest
tier slope wasrejected because the Department's experience indicates thatmore than
0.5% of PCB congeners in surface waters contain 4 or more chlorine atoms. Few data
are available for groundwater; by analogy to surface water, the Department selected
the slope of 0.4 [mg/(kg - day)]* for groundwater.

The slope factor is converted to a human dose, at a lifetime risk level of one-in-one
million as shown below.

Human dose = risk = ___10°
slope 0.4 [mg/(kg - day)]*

=  2.5x10°® mg/(kg - day) = 2.5 x 102 ug/(kg - day)
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VI

The human dose above is converted to a potential water quality value based ona 70
kg adult consuming 2 liters of water per day as follows:

Water Quality Value = [2.5 x 10 ug/(kg - day)] [70 kq]
[2 L/day]

=0.0875 ug/L, rounded to 0.09 ug/L
NON-ONCOGENIC EFFECTS (702.5)

U.S.EPA (1995) also conducted acomprehensive reviewoftoxicologicaldata on non-
oncogenic effects for PCBs as part of its criteria development under GLI and judged
the database insufficient for Tier | Non-Human Cancer Criterion development. The
Department made no further pursuit of a non-oncogenic value as it is not likely to be
more stringent than the oncogenic value for PCBs.

CHEMICAL CORRELATION (702.7)

A value based on chemical correlation for oncogenic or non-oncogenic effects is not
derived. Data are sufficient to derive an oncogenic value and a non-oncogenic-based
value is not likely to be more stringent.

SELECTION OF VALUE

The H(WS) value is designed to protect humans from oncogenic and non-oncogenic
effects from contaminants in sources of drinking water. To protect for these effects,
regulations (6 NYCRR 702.2(b)) require that the value be the most stringent of the
values derived using the procedures found in sections 702.3 through 702.7. The
oncogenic value of 0.09 ug/L (6 NYCRR 702.4) is the most stringent value derived by
these procedures and is the ambient water quality value for PCBs.
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EXHBIT I

ORAL CARCI NOGENI G TY ASSESSMENT FOR PCBs
[From U S. EPA, 1996 (printed March, 1997)]

1 - IRS

NAME - Pol ychl ori nat ed bi phenyl s (PCBs)
RN - 1336-36-3

CARO -

0 CLASSI FI CATI O\

0 BASI S FCR CLASSI FI CATI O\

0 ORAL SLCPE FACTOR
0 DRI NKING WATER UNIT RI SK
0 DOSE EXTRAPOLATI ON METHOD:

B2; probabl e human carci nogen

A 1996 study found liver tunors in
fenmale rats exposed to Aroclors 1260,
1254, 1242, and 1016, and in nmale rats

exposed to 1260. These m xt ures
contain overl appi ng groups of
congeners that, t oget her, span the

range of congeners nost often found in
envi ronment al m xtures. Earlier
st udi es f ound hi gh, statistically
significant incidences of Iliver tunors
in rats ingesting Aroclor 1260 or
G ophen A 60 (Kinmbrough et al., 1975;
Nor back and Wl t man, 1985; Schaef f er
et al., 1984). Mechanistic studies are
begi nni ng to identify sever al
congeners t hat have di oxin-1like
activity and nmay pronbte tunors Dby
different nodes of action. PCBs are
absorbed t hrough ingestion,
inhalation, and dermal exposure, after
which they are transported simlarly
through the circulation. This provides

a reasonabl e basi s for expecting
simlar i nt ernal effects from
di fferent routes of envi ronnment a

exposure. Information on relative
absorption rates suggest s t hat
differences in toxicity across
exposure routes are snall. The hunman

studies are being wupdated; currently
avail able evidence is inadequate, but
suggesti ve.

See txt
See txt

Li near extrapol ati on bel ow LED10s
(U S. EPA 1996b)






0 RI SK/'WATER CONCENTRATI ONS:

Drinking Water Concentrations at Specified R sk Levels:

R sk Level Concentration
E-4 (1 in 10, 000) See txt
E-5 (1 in 100, 000) See txt
E-6 (1 in 1,000, 000) See txt

0 CRAL DOSE- RESPONSE DATA:

Tunor Type -- Liver hepatocellular adenomas, carcinonmas, chol angi onas,
or chol angi ocar ci nonmas

Test Animals -- Fenal e Sprague-Dawl ey rats

Route -- Diet

Ref erence -- Brunner et al., 1996; Norback and V¢l tman, 1985

Adm ni stered Human Equi val ent Tunor
Dose (ppm Dose (ng/ kg)/day | nci dence
Arocl or 1260
0 0 1/ 85
25 0. 35 10/ 49
50 0.72 11/ 45
100 1.52 24/ 50
Arocl or 1254
0 0 1/ 85
25 0. 36 19/ 45
50 0.76 28/ 49
100 1.59 28/ 49
Arocl or 1242
0 0 1/ 85
50 0.75 11/ 49
100 1.53 15/ 45
Arocl or 1016
0 0 1/ 85
50 0.72 1/ 48
100 1.43 71 45
200 2.99 6/ 50
Arocl or 1260 (Norback and Wl trman, 1985)
0 0.75 1/ 45
100/ 50/ 0 1.3 41/ 46



0 ADDI Tl ONAL COMMVENTS:

The cancer potency of PCB mxtures is determned using a tiered
approach that depends on the information avail able. The following tier
descriptions discuss all environmental exposure routes:

TIERS OF HUMAN SLCPE FACTCORS FOR ENVI RONVENTAL PCBs
H GH R SK AND PERSI STENCE

Upper - bound sl ope factor: 2.0 per (ng/kg)/day
Central -esti mate sl ope factor: 1.0 per (ng/kg)/day

Criteria for use:

- Food chai n exposure

- Sedinent or soil ingestion

- Dust or aerosol inhalation

- Dernal exposure, if an absorption factor has been applied

- Presence of dioxin-like, tunor-pronoting, or persistent congeners
- Early-life exposure (all pathways and m xtures)

LOWV RI SK AND PERSI STENCE

4 per (my/ kg)/day
3 per (ny/ kg)/ day

Upper - bound sl ope factor: 0.
Central -estinmate sl ope factor: 0.
Criteria for use:

- I ngestion of water-sol ubl e congeners
- Inhal ati on of evaporated congeners

- Dernmal exposure, if no absorption factor has been applied

LONEST RI SK AND PERSI STENCE

Upper - bound sl ope factor: 0. 07 per (ng/kg)/day

Central -esti mate sl ope factor: 0. 04 per (ng/kg)/day

Criteria for use: Congener or isonmer analyses verify that congeners
wth

nore than 4 chlorines conprise less than 1/2% of total PCBs.

Slope factors are multiplied by lifetime average daily doses to
estinmate the cancer risk. SAMPLE CALCULATIONS ARE G VEN IN US EPA
(1996a). Al though PCB exposures are often characterized in terns of
Aroclors, this can be both inprecise and inappropriate. Total PCBs or

congener or isomer anal yses are recomended.



When  congener concentrations are avail able, the slope-factor
approach can be supplenmented by analysis of dioxin TEQG to evaluate
dioxin-like toxicity. Risks from dioxin-like congeners (eval uated
using dioxin TEQ) would be added to risks from the rest of the mxture
(evaluated wusing slope factors applied to total PCBs reduced by the
amount of dioxin-like congeners). SAMPLE CALCULATIONS ARE G VEN IN
U S. EPA (1996a).

Depending on the specific application, either central estinates

or upper bounds can be appropriate. Central estimates describe a
typical individual's risk, while wupper bounds provide assurance that
this risk is not likely to be underestimated if the underlying nodel is
correct. The wupper bounds calculated in this assessnent reflect study
design and provide no information about sensitive individuals or
gr oups. Central estimates are wuseful for estimating aggregate risk
across a popul ation. Central estinmates are wused for comparing or

ranking environnmental hazards, while upper bounds provide information
about the precision of the conparison or ranking.

Sone PCBs persist in the body and retain biological activity after
exposure stops (Anderson et al., 1991a). Conpared with the current
def aul t practice  of assumng that less-than-lifetine effects are
proportional to exposure duration, rats exposed to a persistent mxture
(Aroclor 1260) had nore tunors, while rats exposed to a less persistent

mxture (Aroclor 1016) had fewer tumors (Brunner et al., 1996). Thus
there may be greater-than-proportional effects from less-than-lifetine
exposure, especially for per si st ent m xt ur es and for early-life
exposur es.

Hghly exposed populations include sonme nursing infants and
consuners  of gamre  fish, gamre aninal s, or products  of ani mal s
contaminated through the food chain. Hghly sensitive populations

include people with decreased liver function and infants (Calabrese and
Sorenson, 1977).

Because of the potential nmagnitude of early-life exposures (ATSDR

1993; Dewailly et al ., 1991, 1994), the possibility of great er
perinatal sensitivity (Calabrese and Sorenson, 1977; Rao and Banerji,
1988), and the |likelihood of interactions anong thyroid and hornonal
devel oprment, it is reasonable to conclude that early-life exposures nmay
be associated with increased risks. Due to this potential for higher
sensitivity early in Ilife, the "high risk" tier is wused for al

early-life exposure.

It is crucial to recognize that commercial PCBs tested ie
esti mat es, adm nistered doses were expressed as a lifetine daily
average calculated from weekly body weight measurenents and food
consunption estimates (Keenan and Stickney, 1996). Doses were scaled

from rats to humans using a factor based on the 3/4 power of relative
body wei ght.






UNIT R SK ESTI MATE AND DRI NKI NG WATER CONCENTRATI ONS

For ingestion of water-soluble congeners, the nmiddle-tier slope
factor can be converted to a wunit risk estimate and drinking water
concentrations associated with specified risk |evels.

Upper - bound sl ope factor: 0.4 per (ng/kg)/day
Upper - bound unit ri sk: 1 x 10-5 per ug/L

Drinki ng water concentration associated with a risk of:

1 in 10,000 10 ug/L
1 in 100, 000 1 ug/L
1 in 1,000, 000 0.1 ug/L
These esti mat es shoul d not be used i f dri nki ng wat er

concentrations exceed 1000 wug/L, since above this concentration the
dose-response curve in the experinmental range nmay provide  better
esti mat es.

For food <chain exposure or ingestion that includes contani nated
sedinent or soil, the slope factor for "high risk and persistence"
shoul d be used i nstead.

0o DI SCUSSI ON O CONFI DENCE

Joint consideration of cancer studies and environmental processes
leads to a conclusion that environnental PCB mixtures are highly likely
to pose a risk of cancer to humans. Al though environnental m xtures
have not been tested in cancer assays, this conclusion is supported by
sever al conpl enent ary sour ces of i nformati on. Statistically
significant, dose-related, increased incidences of liver tunors were
induced in fenmale rats by Aroclors 1260, 1254, 1242, and 1016 (Brunner
et al., 1996). These mxtures contain overlapping groups of congeners
that, together, span the range of congeners nost frequently found in
envi ronnent al m xt ur es. Several congeners have dioxin-like activity
(Safe, 1994) and nmay pronmote tunors by different nodes of action
(Silberhorn et al., 1990); these congeners are found in environnenta
sanples and in a variety of organisns, including humans (MFarland and
d arke, 1989).

The range of potency observed for comrercial mnixtures is used to

represent the potency of environnental m xtures. The range reflects
experinmental uncertainty and wvariability of commercial mxtures, but
not hunman het er ogenei ty or di fferences bet ween conmer ci al and
envi ronmental m xtures. Envi ronmental processes alter mxtures through
partitioning, transf ornmati on, and  bi oaccumul ati on, thereby decreasing
or increasing toxicity. The overall effect can be considerable, and

the range observed for comrercial mxtures may underestimate the true



range for environmental mxtures (Hutzinger et al., 1974; Callahan et
al., 1979). Limting the potencyextensively studied (Hutzinger et al.
1974; Callahan et al., 1979) and can be associated wth exposure
pathway, thus the use of exposure pathway to represent environnental
processes increases confidence in the risks inferred for environnental
m xt ur es. For exanple, -evaporated or dissolved congeners tend to be
| ower in chlorine

content than the original mxture; they tend also to be nobre inclined
to

nmetabolism and elimnation and lower in persistence and toxicity. O
t he

other hand, congeners adsorbed to sedinment or soil tend to be higher in
chlorine content and persistence, and bioaccurulated congeners ingested

through the food chain tend to be highest of all. Rates of these
processes vary over several orders of nmagnitude (Hutzinger et al.,
1974; Callahan et al., 1979). When available, congener information is

an inportant tool for refining a potency estinmate that was based on
exposure pat hnay.

Extrapolation to environmental levels is based on nodels that are
linear at |ow doses. Low dose-linear nodels are appropriate when a
carcinogen acts 1in concert wth other exposures and processes that
cause a background incidence of cancer (Gunp et al, 1976; Lutz, 1990).
Even when the node of action indicates a nonlinear dose-response curve

in honogeneous  ani nal popul ati ons, the presence of genetic and
lifestyle factors in a heterogeneous human population tends to make the
dose-response curve nore linear (Lutz, 1990). This is because genetic
and lifestyle factors contribute to a wder spread  of human

sensitivity, which extends and straightens the dose-response curve over
a w der range.

Uncertainty around these estinates extends in both directions
The slope factor ranges primarily reflect mxture variability, and so
are not
necessarily appropriate for probabilistic analyses that attenpt to
describe nodel wuncertainty and paraneter uncertainty. Esti mates based
on aninmal studies benefit from controlled exposures and absence of
confounding factors; however, there 1is uncertainty in extrapolating

dose and response rates across species. Information is lacking to
eval uat e hi gh-to-1 ow dose di fferences. PCBs are absor bed t hr ough
i ngesti on, i nhal ati on, and dernal exposure, after which they are

transported simlarly through the circulation (ATSDR 1993) . Thi s
provides a reasonable basis for expecting simlar internal effects from

different routes of environnental exposure. Information on relative
absorption rates suggests that differences in toxicity across exposure
routes are snall. The  princi pal uncertainty, t hough, is using

comercial mxtures to nmake inferences about environnental m xtures.

When  exposure involves the food chain, uncertainty extends
principally in one direction;: through the food chain, 1living organisms
sel ectively bioaccumulate persistent congeners, buioxin-like nature of
some PCBs raises a concern for cunulative exposure, as dioxin-like



congeners add to background exposure of other dioxin- 1ike conmpounds

and augnent processes associated wth dioxin toxicity. This weighs
agai nst considering PCB exposure in isolation or as an increment to a
background exposure of zero. Confidence in this assessnent's use of
lowdose- linear nodels is enhanced when there is additivity to

background exposures and processes (Crunp et al, 1976; Lutz, 1990).
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