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The chemical structure and nomenclature of CDDs and CDFs are
discussed in the Introduction (Chapter 1). The following
discussion is referenced to material presented in Table A.1 of
this Appendix.

COMPOUND AND MOLECULAR FORMULA

Of the 75 CDD congeners and 135 CDF congeners, only 28 CDD and
3 CDF congeners have been found to have experimentally derived
data on physical and chemical properties. The lack of adequate
identification and characterization of CDD and CDF compounds
stems largely from analytical problems (Monitoring Chapter).

CAS NUMBER

The Chemical Abstract Service (CAS) numbers are from the
publication "Registry of Toxic Effects of Chemical Substances"
(NIOSH, 1983). Each CAS number in Table A.1 identifies a
specific compound. This unique number, with the aid of a
computer, gives the reader rapid access to toxicity and chemical
information necessary for the preparation of safety measures or
hazard evaluations for these substances.

MOLECUILAR WEIGHT

As the number of chlorine atoms in a compound increases, the
molecular weight of that compound increases correspondingly.
MonoCDD, with only one chlorine atom, weighs 218.64 grams/-
mole, whereas octaCDD, with eight chlorine atoms, weighs
459.72 grams/mole.

- PHYSTICAL STATE

At standard temperature and pressure CDDs are in solid, colorless
form, usually appearing in the shape of crystals or needles. The
physical states of CDFs have not been adequately described in the
literature.

MELTING POINT

The CDDs and CDFs are considered to be very stable and resistant
towargs heat, The less chlorinated CDD compounds begin to melt
at 80" to 90°C, whereas ghe more highly chlorinated compounds
generally melt above 200°C.

VAPOR PRESSURE

The literature gives a wide range of vapor pressyre values.o
Values given for 2,3,7,8-tetraCDbh are: 1.5 X 10 mm Hg (257°C)






TABLE A.1 (continued)

PHYSICAL AND CHEMICAL CHARACTERISTICS OF CDDs AND CDFs

Compound/ CAS Molecular Physical Melting Vapor Log K Solubility Reference
Molecular Number Weight State Point Pressure (Octan%‘f/ in
Formula {grams/ (at Standard (mmHg) Water Water
mole) Temperature(OC) Partition (ug/1)
and Coefficient(a))
Page 2 Pressure)
CDDs
1,2,3 4- 30746- 321.96 Colorless 188- N/A 8.8 N/A Sarna et al,,
tetraCDD 58-8 Needles 190 1084; Pohland and Yang
C _HClO 1972; NIOSH, 1983
12 4 42
1,2,3,8- 53555- 321.96 N/A N/A N/A N/A N/A NIOSH, 1983
tetraCDD 02-5
C _HClO
12 4 42
1,3,6,8- 33423- 321.96 Colorless 219- N/A 9.0- 0.353 Sarna et al.,
tetraCDD (b)92-6 Needles 219.5 9.26 1984; Pohland
C_HClLO and Yang, 1972;
12 4 42
NIOSH, 1983;
Muir et al., 1985a
1,3,7,8- $0585- 321.96 N/A 193.5- N/A N/A N/A Kende et al.,
tetraCDD 46-1 195 1974; NIOSH,
C HCloO 1983
12 4 42
2,3,6,7- 34816~ 321.96 N/A N/A N/A N/A N/A NIOSH, 1983
tetraCDD 53-0
C HClO
12 4 42
2,3,7,8- 1746- 321.96 Colorless 305- 1.7 x 6.15 0.2 Pohland and
tetraCDD  D1-6 Needles, 306 10 to R Yang, 1972
012H4Cl402 Crystalline 16 X 10 U.S. EPA, 1978,
1984a, 1985b;
NIOSH, 1983;
Esposito et al., 1980
pentaCDD N/A 356.4 N/A N/A N/A 6.% at .04 o U.S. EPA, 1985b
(isomer 25 C at 25 C
unspecified)
C_H.Clo
12 3 52
1,2,3,4,7- N/A 356.4 Colorless 195- N/A 8.64- 132 Pohland and
pentaCDD Solid 196 9.7 Yang, 1972;
C,HClo Sarna et al.,
12 3 52 1984;
NIOSH, 1983;
Muir et al., 1985a
1,2,3,7,8- 40321- 356.4 N/A 240- N/A N/A N/A NIOSH, 1983
pentaCDD 76-4 241 Gray et al,,
C_HClLO 1976
12 3 b 2

A4



TABLE Al

PHYSICAL AND CHEMICAL CHARACTERISTICS OF CDDs AND CDFs

Compound/ CAS Molecular  Physical Melting Vapor Log K Solubility Reference
Molecular Number Weight State Point Pressure (Octano?y in
Formula (grams/  (at Standardo (mmHg) Water Water
mole) Temperature{ C) Partition (a) {ug/1)
a
and Coefficienit
Pressure)
CDDs
d
monoCDD 30227- 218.64 Colorless 80-90 N/A( ) NJ/A N/A NIOSH, 1983
Cc _HCIO 53T Crystals
12 7 2
dicDD 30227- 263.08 Colorless 88-89 N/A 5.6 N/A Sarna, et al.,
C HCL0, 548 Solid 1984; NIOSH, 1083;
Pchland and Yang,
1972
1,3-diCDD 50585~ 253.08 Colorless 1185 - N/A N/A N/A Kende et al,,
C _HClo 39.2 Solid 1145 1974; NIOSH,
12 6 22
1083
1,6-diCDD 38178- 253.08 Colorless N/A N/A N/A N/A NIOSH, 1983
C H CLO 38-0 Needles
12 6 22
2,3-diCDD 20446- 253.08 Colorless 163 - N/A N/A N/A Pohland and
C HCIO 15-9 Solid 164 Yang, 1972;
12 6 22
NIOSH, 1983
-6
2,7-3iCDD 33857- 253.08 Colorless 209 - 7.0 X 10 6.5 N/A Sarna et al,
c HCL0, 260 Crystals 210 1984; NIOSH, 1083;
Pohland and
Yang, 1972
-6
2,8-diCDD 38964- 253.08 Colorless 143 - 68 X 10 N/A N/A Pohland and
C HCLO 22-6 Solid 150 72;
1276 22 olt 5 Yang, 197%;
NICSH, 1983
1,2,4-tri- 39227- 287.52 Colorlesa 128- N/A 7.6 N/A Pohland and
CcDD 58-2 Solid 129 Yang, 1972;
C. _HClLO NIOSH, 1983,
12 5 32 ) 1983;
Sarna et al.,
1984
-6
2,3,7-tri- 33857- 287.52 N/A 167- 36 X 10 N/A N/A Gray et al.,
CDD 28-2 168 1976;
C HCILO Kende et al.,
12 5 382
1974;
NIOSH, 1983

U.S. EPA, 1978
Al



TABLE A1 (continued)

PHYSICAL AND CHEMICAL CHARACTERISTIGS OF CDDs AND CDFs

Page 4
CDDs
Compound/ CAS Molecular Physical Melting Vapor Log K Solubility Reference
ow
Molecular Number Weight State Point Pressure (Octanol/ in
Formula (grams/ (at Standard (mmHg)} Water Water
o
mole) Temperature( C) Partition (ug/1)
and Coefficient '~ )
Pressure)
-7
octaCDD 3268- 459.72 N/A 330 18 X 10 10.07 .0004 NIOSH, 1983;
CMCIBO2 87-9 12.6 Pohland and
Yang, 1972;
Muir et al., 1985a;
U.S. EPA, 1978
CDFs"
monoCDF N/A 202.42 N/A N/A N/A N/A N/A Sarna et al., 1984
C.HC
12 710
-6
diCDF 43047- 237.08 N/A N/A 7.0 X 10 N/A N/A NIOSH, 1983;
C _HCLO 99-0 U.S. EPA, 1978
12 6 2
-6
2,3,7,8- 51207- 305.96 N/A N/A 2.0 X 10 N/A N/A NIOSH, 1983;
tetraCDF 31-9 U.S. EPA, 1978
C.HClO
12 4 4

a) All K values are averaged values of experimentally
ow
derived quantities using reversed-phase HPLC within each laboratory.

-5 3
b) 1,3,6,8-tetraCDD Henry's Constant is 6.81 x 10 ~ atm m lok mol
(Pohland and Yang, 1972).

¢) Information concerning CDFs is very limited.

d) N/A = "not available".

A6



TABLE A.1 (continued)

PHYSICAL AND CHEMICAL CHARACTERISTICS OF CDDs AND CDFs

Compound/ CAS Molecular  Physical Melting Vapor Log K(J Solubility Reference

Molecular Number Weight State Point Pressure (Octano‘r/ in
Formula (grams/ (at Standard (mmHg) Water Water

o
mole) Temperature( C) Partition {ug/1)
a
and Coefficient )
Page 3 Pressure)
CDDs

1,2,4,7.8- 58802- 356.4 N/A N/A N/A N/A NJA NIOSH, 1983;

pentaCDD 08-7 Pohland and

C. _HClO Yang, 1972
12 3 5 2

hexaCDD N/A N/A N/A N/A N/A 76 at 008 U.S. EPA, 1985b

[ o

(isomer 25 C at 25 C

unspecified)

C HClO
12 2 62

1,2,3,4,7,8- 30227- 390.84 Colorless 275 N/A 9.19 N/A Pohland and

hexaCDD 28-6 Solid 10.6 Yang, 1972;

chHZClGOZ Sarna et al,,

1984; NIOSH,

1983; Muir

et al.,, 1985a
1,2,36,7,8- 34465- 390.84 N/A 286- N/A N/A N/A Gray et sl,

hexaCDD 46-8 286 1976;

C_HClO NIOSH, 19838
12 2 62

1,2,3,6,7,9- N/A 390.84 N/A N/A N/A N/A N/A Pohland and

hexaCDD Yang, 1972,

C HClO
12 2 62

1,2,3,7,8,9- 19408- 390.84 N/A 243- N/A N/A N/A Gray et al,

hexaCDD 74-3 244 1975;

C HCLO NIOSH, 19
12 2 62 1083
- .7

1,2,4,6,7,9- N/A 390.84 Colorless 238- 6.6 X 10 N/A N/A Pohland and

hexaCDD Solid 240 Yang, 1972;

C HClO USs. E
127960 S. EPA, 1978

1,2,34,6, 35822- 390.84 N/A N/A N/A 11.5 N/A NIOSH, 1983;

7,8- 46-9 Sarpa et al,

heptaCDD 1984

C.__HCI 0
12 72

-7

1,2,3,4,6, N/A 390.84 N/A N/A 30X 10 N/A N/A NIOSH, 1983,
7,9- U.S. EPA, 1978

heptaCDD

C. _HCl O
12 72

A5



TEXT

TABLE
TABLE
TABLE
TABLE
TABLE

TABLE

B.1

.

CDD AND CDF CONCENTRATIONS IN

APPENDIX B

COMMERCIAL CHLOROPHENOLS (ug/g)

CDF CONCENTRATIONS IN COMMERCIAL

PCBs (ug/9)

CDD AND CDF CONCENTRATIONS IN COMMERCIAL
DIPHENYL ETHER HERBICIDES (ug/q)

POTENTIAL CDD AND CDF SOURCES IN

CALTFORNIA

COMBUSTION SOURCES BELIEVED TO HAVE THE
GREATEST POTENTIAL TO EMIT CDDs

FORMATION OF CDDs AND CDFs BY THERMAL

PROCESSES

+



Freeman ggd Schroy, 1986), 8.6 X 10 7 (25°C) (Podoll, 1986) and
1.7 X 10 (estimated at 25°C) (U.S. EPA, 1978). These are low
vapor pressures, generally representing low volatility. However,
Freeman and Schroy (1986) ggted that DDT, which has a similar
vapor pressure of 1.4 X 10 is known to volatilize readily from
soil and water.

LOG Kow {LLOGARITHM OF OCTANOL/WATER PARTITION COEFFICIENT)

This coefficient measures the partitioning of a compound into the
two phases of an octanol-water mixture, indicating the compound's
relative concentration in these two solvents. The partition
coefficients of CDDs and CDFs are relatively high (i.e., the
compounds preferentially dissolve in octanol and lipid) and
generally increase with increasing chlorination. 1In lieu of
actual field data, the partition coefficients are frequently used
as indicators for potential concentration in biota.

SOLUBILITY IN WATER AND OTHER SOLVENTS

EXLEERLFe T 1) ="

In general, CDDs and CDFs have extremely low water solubilities,
are only slightly soluble in most organic solvents such as
acetone, but are more soluble in others. The available data
suggest that the less chlorinated compounds (i.e., diCDD and
tricDD) are more soluble in aliphatic solvents (i.e., acetone,
methanol) whereas the more highly chlorinated compounds are more
soluble in aromatic hydrocarbon solvents. CDDs and CDFs are
insoluble in dilute alkali, although the more highly chlorinated
compounds (i.e., heptaCDD and octaCDD) are "degraded" by a few
minutes' boiling with aqueous-alcoholic potassium hydroxide
(Crosby, 1981). The solubility of 2,3,7,8-tetraCDD and octaCDD
in various solvents is shown in Table A.2.

TABLE A.2

SOLUBILITY OF 2,3,7,8-TETRACDD AQP OCTACDD
IN VARIOUS SOLVENTS AT 25°C

Solubility (mg/1)

Sclvent 2,3,7,8-tetracCD octaCDD
o-dichlorokenzene 1400 1830
chlorobenzene 720 ——
anisole - 1730
xylene - 3580
benzene 570 -
chloroform 370 560
n-octanol 48 ———
nethanol 10 -———
acetone 11 -
dioxane - 380
water 0.0002 ——

Source: Esposito et al., 1980



APPENDIX B

The CDD and CDF toxicity has been brought to public attention
through media coverage of several major incidents: the chemical
plant accident in Seveso, Italy in 1976; the fire in the
Binghamton, N.Y. State Office Building in 1981; the poisonings at
horse arenas in Missouri in 1971 and in Times Beach, MO, in 1982-
83; the Yusho disease in Japan in 1968 and in Taiwan in 1979; and
the herbicide spraying program in Vietnam in the late 1960's
(Rappe, 1984).

CDDs and CDFs are not intentionally produced, except for the
synthesis of analytical standards. Rather, they are found as
impurities in a variety of commercial products like chlorinated
phenols and their derivatives, chlorinated diphenyl ethers and
polychlorinated biphenyls. They are also formed through the
combustion of certain chlorinated hydrocarbons. A description of
these and other sources of CDDs and CDFs follows:

PHENOXY HERBICIDES

Concentrations of .02 to 54 ug/g of 2,3,7,8-tetraCDD have been
found in drums of the phenoxy herbicide 2,4,5~-trichlorophenoxy
acetic acid (more commonly called Agent Orange or 2,4,5-T)
(Firestone, 1978; Esposito et al., 1980).

The parent compound of 2,4,5-T is 2,4,5-trichlorophenol. From
2,4,5-trichlorophenocl, several other herbicides, including
Silvex, are derived (U. S. EPA, 1985c). It should be pointed
out that the occurrence of 2,3,7,8-tetraCDD in the environment
can be mainly related to the synthesis of 2,4,5-trichlorophenol
and the use of products prepared from this compound or :
incineration reactions. The occurrence of other CDDs and CDF
can be related to the synthesis and use of a variety of other
products (WHO, 1985).

HEXACHLOROPHENE

The bactericide, hexachlorophene, also is prepared from 2,4,5-
trichlorophenol. Samples from one study showed concentrations of
0.2 to 0.5 ug/g of 2,3,7,8-tetraCDD (Baughman, 1974).

CHLOROPHENQLS

Chlorophenols are commercially made either by direct chlorination
of phenol or by hydrolysis of chlorobenzenes, with the process
dependent on the compound desired. Chlorination of phenols
yields 2,4-dichlorophenol, 2,4,6-trichlorophencl, 2,3,4,6-
tetrachlorophenol, or pentachlorophenol (PCP). Hydrolysis of
chlorobenzenes is used mainly for the production of 2,4,5-
trichlorophenol and PCP (Nilsson, et al., 1978).






TABLE B.2

CDF CONCENTRATIONS IN COMMERCIAL PCBs (ug/q)
(Bowes et al., 1975)

Sample Tetra Penta Hexa Total

Aroclor 1248 (1969)

0.5 1.2 0.3 2.0
Aroclor 1254 (1969) 0.1 0.2 1.4 1.7
Aroclor 1254 (1970) 0.2 0.4 0.9 1.5
Aroclor 1260 (1969) 0.1 0.4 0.5 1.0
Aroclor 1260 (lot AK3) 0.2 0.3 0.3 0.8
Aroclor 1016 (1972) ND ND ND -
Clophen A 60 1.4 5.0 2.2 8.4
Phenoclor DP-6 0.7 10.0 2.9 13.6

ND = Not detected

DIPHENYI, ETHER HERBICIDES

Yamagishi, et al. (1981) found CDDs and CDFs in the commercial
diphenyl ether herbicides, CNP, NIP, and X-52. The major
tetraCDDs identified were 1,3,6,8 and 1,3,7,9-isomers. No
2;3,7,8~tetraCbD could be found in these samples. Table B.3
summarizes the results of this study:

TABLE B.3

CDD AND CDF CONCENTRATIONS IN COMMERCIAL
DIPHENYL ETHER HERBICIDES (ug/q)

(Yamagishi et al., 1981)

CNP NIP X=-52
TriCcCDs ND 0.15 0.03
TetraCDDs 14.0 0.38 0.03
PentaCDDs 37 0.05 0.01
HexaCDDs 0.8 ND ND
MonoCDFs ND 0.34 0.48
DiCDFs 0.35 0.12 0.21
TriCDFs 0.41 0.47 0.45
TetraCDFs 0.4 0.29 0.32
PentaCDFs 1.0 ND 0.08
HexaCDFs 0.2 ND ND

ND = Not detected



Chlorophenols have been used extensively in the wood industry as
fungicides, bactericides, slimicides, and mold inhibitors. The
nost important use of 2,4,6-tri, 2,3,4,6-tetra, and
pentachlorophenols (or their salts) is for wood protection and
preservation against fungal damage. Chlorophenols contain a
variety of contaminants including CDDs and CDFs, as in Table B.1
following:

TABLE B.1l

CDD AND CDF CONCENTRATIONS IN COMMERCIAL CHLOROPHENOLS (ug/g)
(RAPPE et al., 1979)

2,4,6- 2,3,4,6- pcpd/ PCP
trichloro- tetrachloro-

phenocl phenol
TetraCDDs <0.1 <0.1 <0.1 <0.1
PentaCDDs <0.1 <0.1 <0.1 <0.1
HexaCDDs <1l <1l <1 2.5
HeptaCDDs <1 10 0.5 175
OctacCDD <1 2 4.3 500
TetraCDFs 1.5 0.5 <0.1 <0.1
PentaCDFs 17.5 10 <0.1 <0.1
HexaCDFs 36 70 0.03 <0.3
HeptaCDFs 4.8 70 0.5 19
OctaCDF <1l 10 1.1 25

g/Purified product

POLYCHLORINATED BIPHENYIS (PCBs)

Bowes et al., (1975), examined PCB formulations produced in the
United States (Aroclor), France (Phenoclor), and Germany
(Clophen). They reported that the most abundant CDFs had the

same retention time as 2,3,7,8-tetraCDF and 2,3,4,7,8-pentaCDF.
Quantitative results, reported as isomer group concentrations of
CDFs in commercial PCBs, are given in Table B.2.



TABLE B.4 (continued)

POTENTIAL CDD AND CDF SOURCES IN CALIFORNIA
(CARB AND CDHS, 1986)

Proposed Estimate of

Operational for Relative_/
Source Category in calif. Calif. Emissions
Area Sources:
Mobile Sources NA Unknown
Weood Stove/Fireplaces NA Unknown
Forest Fire/Agricultural NA Unknown

Burning

ND - no data
NA - not applicable

1/ This is an estimate of the expected emissions relative to
the other sources listed.

2/ Statewide number estimated from data supplied by San Diego
Air Pollution Control District and the South Coast Air
Quality Management District.

3/ When burning wood treated with chlorophenol; otherwise
sawmills are rated as "low".

4/

Most sawmills have the capability to incinerate some or
all of the woodwaste produced at the facility. A
wood/bark boiler may be used at a a sawmill to incinerate
wastes. This source category may overlap other source
categories listed in the table.



FLY ASH AND COMBUSTION PRODUCTS

combustion sources of CDDs and CDFs have only been studied for a
relatively short period of time. It is believed that CDDs and
CDFs adsorb onto airborne particles which are eventually
deposited on scil and water. According to a recent california
Air Resources Board (CARB) report (CARB and CDHS, 1986),
emissions of CDDs and CDFs from combustion sources into the
atmosphere appear to be the major environmental source of
dioxins. Few potential sources, except for municipal waste
resource recovery facilities, have been adequately tested. Based
on tests of municipal waste resource recovery facilities of the
type expected to be built in California, CARB estimates that 18
to 308 pounds of CDDs and 41 to 663 pounds of CDFs would be
emitted in California annually if all currently proposed
facilities (39) are constructed (CARB, 1986). Table B.4
identifies potential CDD and CDF sources in california:

TABLE B.4
POTENTIAL CDD AND CDF SOURCES IN CALIFORNIA
(CARB AND CDHS, 1986)

Proposed Estimate of
Operational for Relative

Source Category in calif. Calif. Emissions—/
Point Sources:
Municipal Waste Incinerators 1 35 High
and Refuse Derived Boilers
Commercial Waste 0il Burners 30+ ND Unknown
Hazardous Waste Incinerators 17 3 Low
Industrial Boilers Cofiring 0 0 Unknown
Wastes 2/
Wire Reclamation Incinerators 76 ND Unknown
Sewage Sludge Incinerators 8 ND Unkng n
Wood/Bark Bollers 59 ND High
Black Liquor Boiler 4 0 Unknown
PCP Sludge Incinerators ND ND High
Cement Kilns Cofiring Wastes 1, 1 Low
Hospitali}ncinerators 311—/ ND Unkngyn
Sawmills 86 ND High



TABLE B.6

FORMATION OF CDDs AND CDFs BY THERMAL PROCESSES

(Rappe, 1984)
Thermal
Starting Material Process Product
2,4,5-T salt Pyrolysis 2,3,7,8,-tetrachp
2,4,5-T
(on vegetation) Pyrolysis No tetracDD
Burning No tg raCDD
Chlorophenate Burning CDDs + CDFs
Polychlorinated b/
biphenyls Pyrolysis CDFs
Polychlorobenzenes Pyrolysis CDFs + CDDsg/
Chlorodiphenyl ethers Pyrolysis CDFs + CDDs
Polyvinylchloride Pyrolysis Polychlorobenzenes

a/ CDDs formed by dimerization and a nonspecific dechlorination

b/ Other products: hexa- and pentachlorobenzenes

e/ Other products: PCBs, polychlorinated naphthalenes



Combustion sources believed to have the greatest potential to
emit CDDs have been identified by U.S. EPA (1984b) and are
presented in Tables B.5 and B.6.

TABLE B.5
COMBUSTION SOURCES BELIEVED TO HAVE THE
GREATEST POTENTIAL TO EMIT CDDs
(U.S. EPA, 1984b)

Socurce Rationale

Municipal Waste Inci?erators TetraCDDl/ Detected

Refuse Derived Fuel Boilers TetraCDD Detected
commercial Waste 0il Burners TetraCDD Detected
Hazardous Waste Incinerators TetraCDD Detected
Industrial Boilers Cofiring

Wastes TetraCDD Detected
Wire Reclamation Incinerators TetraCDD Detected
Pentachlorophenol Sludge

Incinerators TetE CDD Detected
Sewage Sludge Incinerators CD Detected

Mobile Sources
Wood Stove/Fireplaces
Wood/Bark Boilers

TetraCDD Detected

TetraCDD Detected

Experimental results
with pentachlorophenol-
treated wood

Flevated polycyclic organic
matter in effluent

Precursors present

Burn plastics, equipped
with low stacks and are
located in urban areas

Areas where chlorinated
pesticides have been
applied

Black Liquor Boilers

Cement/Lime Kilns Cofiring Wastes
Hospital Incinerators

Forest/Grass/Agricultural Burning

v TetraCDD = tetrachlorodibenzodioxin. Available analyses are
mixed, with some researchers reporting "total tetras" and
others reporting 2,3,7,8-tetraCDD or both. The presence of
tetraCDDs generally indicates some likelihood of 2,3,7,8-
tetraCDD being present.

2/ CDD = Total of all chlorinated dibenzodioxin congeners.

While detection of CDDs does not necessarily indicate

presence of tetraCDD or 2,3,7,8-tetracDD, there are

sufficient data to infer such in this case.
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CHLORINATED DIBENZO-P-DIOXINS AND DIBENZOFURANS IN
CHLOROPHENOL WOOD PRESERVATIVES;CALIFORNIA HAZARD ASSESSMENT

COMMENTS OF THE DOW CHEMICAL COMPANY

These comments have been prepared by Dr. R. J. Kociba in response to
the draft document dated September 26, 1986, and entitled,
"Chlorinated Dibenzo-p-dioxins and Dibenzofurans in Chlorophenol
Wood Preservatives; California Hazard Assessment." This draft docu-
ment has been prepared by the Califormia State Water Resources Con-
trol Board, Division of Water Quality, Sacramento, California.

Due to the limited time available for our review of this draft docu-
ment, our comments will be limited to t(he following issues: 1)
mechanism of animal carcinogenicity for 2,3,7,8 TCDD; 2) interspe-
cies sensitivity of man to dioxin relative to the laboratory animal
species used in chronic toxicity studies; and 3) use of toxicity
equivalent factors (TEF) in dealing with mixtures of other dioxins
and furans relative to the 2,3,7,8 TCDD.

As this draft document has drawn heavily from previous documents on
dioxin such as the Californmia Air Resources Board Report, 1986, U.S.
EPA Health Assessment Document, 1985, U.S. EPA Ambient Wataer Quality
Criterion Document for 2,3,7,8 TCDD, 1984, as the underlying scurce
of the data (rather than the original scientific literature data) we
are also attaching the pertinent comments that we submitted previ-
ously in respense to comments on drafts of the U.S. EPA Health
Assessment Document (Attachment A), The U.S. EPA Water Quality Cri-
teria Document (Attachment B) and the Czlifornia Air Resources Board
Report (Attachment C).

These comments made previously on these other documents are intended
to supplement the specific comments given below.

COMMENTS ON MECHANISM OF ANIMAL CARCINOGENICITY FOR 2,3,7,8 TCDD:

Analysis of the data available indicates that the 2,3,7,8 TCDD (as
well as other chlorinated dioxins and furans) does (do) not possess
any significant mutagenic/clastogenic potential. Other studies have
reported a lack of covalent bonding of 2,3,7,8 TCDD to DNA or RNA, '
with maximal binding potential 4-6 orders of magnitude less than
that observed with carcinogens. Likewise, 2,3,7,8 TCDD does not
stimulate unscheduled DNA synthesis when tested in rat hepatocytes
or in a human cell line. The various studies with TCDD in regard to
tumor dinitiation, promotion and cocarcinogenesis indicate that on
the mechanistic basis TCDD is more correctly categorized as a tumor
promoter rather than an initiator. This categorization of 2,3,7,8
TCLD as a promoter has been the basis upon which at least four
agencies/expert panels have recently adopted a threshold basis for
extrapolation from the chroniec animal bioassays for the derivation
of lifetime human exposure control recommendations for 2,3,7,8 Ef??ﬁ;?%ec'd
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Attachment D is a copy of a paper currently in press that addresses
the ‘mechanistic basis for using a threshold basis of extrapolation
from the animal studies to man.

COMMENTS ON INTERSPECIES SENSITIVITY OF MAN TO DIOXIN RELATIVE TO
LABORATORY ANIMALS:

The publication of Roberts, Shear and Okey (Attachment E) reports on
the relative levels of the receptor binding protein for 2,3,7,8 TCDD
in the tissues of human relative to the levels in tissues of labora-
tory animals. These data indicate that human tissues contain lower
levels of the receptor binding protein when compared to laboratory
animals that have been used in chronic studies of TCDD toxicity.
These data also conmcur with the conclusions of both Neal (Attachment
F) and Tschirley (Attachment G) that man is conmsiderably less sensi-
tive to 2,3,7,8 TCDD toxicity than the laboratory animals used in
the chronic toxicity studies. Thus, any extrapolation processes
should more correctly be based on the premise that man is less sen-
sitive than the laboratory rodents species that have been used in
the chronic toxicity studies of 2,3,7,8 TCDD.

COMMENTS ON THE USE OF THE TOXICITY EQUIVALENT FACTOR (TEF) SCHEME:

Attachment D includes a discussion of this issue and lists the re-
sults of two recent in vivo animal toxicity studies conducted to
test the assumptions inherent in the use of the TEF scheme. Al-
though the concept of using the TEF scheme derived from results of
short-term or in vitro assay may seen to be a readily available and
attractive interim procedure, two recent studies have reported a
lack of correlation between the TEF predicted toxicity and the
actual toxicity cobserved when subchronic animal studies on the mix-
ture are actually conducted. These data indicate that the use of
the TEF derived from short term/enzyme assays substantially overpre-
dicts the outcome of subchronic toxicity tests when they are actu-

ally conducted on combinations of dioxin/furan components.

It is ocur hope that these comments and data will be incorporated
into subsequent drafts of this document currently being recommended.
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There is virtually no scientificelly accepiable evidence to

sucgest thet TC3D should be clessified as en initizior,

Syntex, Dow.

’

It is the practice o% the DHS staff to not classify a carcinogen
2s ¢ promoter cr initiator for the purpose of risk assessment
but, to treat zny carcinogen as though it worked through 2 non-
threshcic mechenism unless there is compelling evidence that it

only woris inrcuch @ machenism thet hes & thresheld. A aumber

£

recent erticies suppert this prectice {IARC 1983; Weinstein

1523; Pererz 135:).

Menhérs of the IF stefi did Find that & number of test systems
veet to detect genotoxicity end/or interaction with DNA havé
civen negelive resuits when TCOD was tested. Howéver, there ere
scme other test systems or &t least some stucies with these test
systems that heve shown thet TCDD cen cause & mutegenic or &

c

clestogenic effect. There is also evidence thzt TCDD can be
mzeeboliceliy a:tivetéd, eithough there is no zvidence tc show
tral these reective metebolites bing to celluler DA in vivo.
moers of the tre CKES staff feel it is inappropriéte to dis-
tcunt these pesitive studies just beceuse they are numericelly

outnymoered Dy nsgative studies.

r thz zZci-
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¢, finCinge &re zmSiguous or contreciciory en:
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This docunsat contains Department of Health Services (DHS) staff

responses to public commentis concerning "Health tffects of 2,3,7,8;
Tetrach]oro»p;dioxin and Related Compounds,” which were transmitted to
us by the Air Resources Beard (ARB) on 6 August 19¢5. These comments

.

were abstracted from letters sent to ARE by:

Dow Chemical Compeany

Southern Celiforniz Edison Cecapeny (SCE)

Chemical Menufacturers Asscciztion (CHA)

Mckenne, Conner, &nc Cuneo

Syntex, Inc.

Since April 1985, when the heelih effects cocument was writien, ARS
¢i2ff have revised, slichily upward, thneir estimztes of émbient air
expcsure. Furthermore, besed on the public commznts received end re-
evzluation of toxicolooicei evidence, DHS steff neve procuced znother
exposure scenario, Scenzric &, which is described on pp 10-11 as an
addition io the scenarios given in Chepter 10 of the original document.
Leccordingly, we ere zlse providing reviseg tebies for PCDD end PLDF
potencies, and for excess cancer risk estimates, which reflect thése

chénges and additions.
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Re SPONSE:

CORMERT

Rz SPOKSZ:

There are studigs that indicate TCID induces & cercinogenic

response through a promoter type machenism. The mechanism or

mechanisms are not understood end infect zppear
P

ppeer ic differ quan-

titatively end qualitatively from thzt of & clessicel promoter

12-G%tetradecanoy]phorbo1-13-acetate (TPL) es discussed on pages

9-3 and 9-4 of the document. £s & promoter, TCDD may hsve an
important interaction with other gir polluieats Ahat z2re knoun
initiat&rs. However, there is 1itiis or ﬁo informetion on how
the risk from such interactions cculc be quentitetes., In addi-
tion, stefi members of DHS delieve thezt by cuzntiteating the
cerrninogenic risks of TCDD based on ¢ ron-threshcls mocel, the
risks peses to the public throuch the premating activity of TCOD

wiil Tikely not be significani.
The use of the multistage moce! ig inzpprogrizie and produces
unrezsonebly high risk estimeztes ¢f PCoD &and PCODF

cercincgenicity.

Sothern Celifornia Edison Co. (SCz), Syntex.

‘Theoreticelly, a model which bzsl cescrides the biological

orocesses would be the modsl of choice. howaver, n2ither cencer

i
e

‘inducticn and promotion, ner cetcxificzticn zad OHA repeir
mechanisms are understood well encugh tc zrovice en explicit
form for a methematical curve ~zletins C2se 19 cencer risk.
Emairice)ly, severel different ~oizls cen 2 Tilizd Lo most ¢

ry

SeLs,

i adm R o e rmamm e e mae— s
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must be considere¢ inadequate from which to draw 2 gonclusion
‘ab0ut TCDD's genotoxicity or clastogenic zctivity". Because
staff members of DHS feel there is uncerteinty egbout TCDD's
ability to act as an initiator, the staff cannot conclude that

there is compelling evidence that TCDD jnduces a carcinogenic

effect solely through non-genctoxic actions.

COMMENT @ The use of & non-ihreshold bezsed mocel fer risk essessment is

ineporopriaie.
Dcow, Syntex,

RESPONSE: This comment is besed on the opinion of the Eommanters tHat TCOD
induces & carcinogenic effect only es & premcrer 2nd not as én
initiator &nc¢ therefore, 2 threshold apprezch should be used.
ks previously discussed, steff memders of DES do not clessivy
czrcinagens 2s initjetors or pronotérs fer the purpose of risk
assessment but, treat any carcinogen as though it worked through
2 non-threshold mechanism unless there is compelling informztion
to believe ctherwise. The stafi does nct Selieve there s
sufficent informztion tb discount the possibility thzt TCOD elco

acts as an initieior.

COMMENT :  The impact of boith initiator anc¢ promoter mechenisms of TCDD

Y
carcinogeresis should be reflected in the risit asse

N

Tment.



RESPONSE:

)

Use of ithe more ccnservetive weizu1l =model for the risk assess-
es

ment is more eppropriete thir using the muitistege model.
McKenna.

With the TCDD date set used is ihe
cancer risk the ﬁeﬁbu11 enc gzree myiti-hit e 1
risk estimaies then ¢ig the m2
tions of excess risk wizh tnz Veidbuli end gemme muliti-hit
mogels, power ter.h zre dzrivsd for tne zxpesure levels.  These

terms must be grezie

b}

sren zerc but they cen be less than one.
Hoaever, biclogicelly these tzrrmz refrzseni tre rumber of hits
cf interactions between ihz 2zl ¢r tissve gad the cercinogen
needed to induce cencer. Sincz it it nct reesonzble to heve
less than one iniere ct‘oﬂ, woen Shzip DOnEr Terme 2re less then
one the models no icnter &7 5fciegizelly pleusible.
Unfortunately, z:hen'the teers are 1255 ihén one, these models
will meke the dose-r2spins: IUTrVE supralineér, that is the
pctimeted excess risk is g-ezizr then woulc S& estimeled by ¢
straight line to the cricin. Wnen the power term in the weibul)
mode} is not &llcwec s bs Vzse , the estimated excess

risk is similzr %o the: cete-nines 2y i7e muitistege moce)

ersonz] communiceticn wit “eany Trumz $/18/E3). Therefore
. . 3

tz mIcz| represznt Dest estimile
of the mayimum erzese 1i¥gii-z gi-zer <Y from oexposura il
TCRO.



The choice of mathemeticel nocels to represent dose;response
relationships therefore involves & substantizl element of scien-
tific judgement. The considerations for developing-or selecting
a risk model approqriate for low dose exirapolation include:
biologic plausibility, 1ntsrprefabi1ity of the estimated
parameters, fit of the mocel to the observed dose-response
relationship, the degree of iimezrity in the low dose region,
eand flexisility to teke &ccount of survival variation. The
reletive importance of these considerztions depends on the
specific deie sets gvailedle,

The use ¢f mechenistic mogels, jike the multistage &nc gamme
multi-hit models, rather then tolerance distribution.mode1s,
such &s the probit end logistic medels, reflects an effort to
utilize as fully &s possibie the current knowledge on cer-
¢inogenic processes. From this point of viey, the staff of DHS
considers the probit znd lczistic models the least zpprepriste
choices for Jow dose extreﬁblation, end the mechenistic models

the most hiologically plavsitle.

Because the stzff of DHS attenpts to provide health-conservatdive

estimetes of low Cose risx, wa frequentlj rely on the multistage

‘model. This is because 1) it hes a pleusitle Bic]ogica] besis,

2) it hes tne advantage over other mechenistic models of being
.

essentielly lirear at lcw deses, 3) it czn fil & veriety of

=ziricsl czte sets reesonadly well, enc &) it it more flexinle
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COMKENT :

RESPCUSZ Y

ior further risk _estimetions. 7This is the same unjt risk celcu-
leted using date from the HilZeoreact (1¢82) eveluation which

did find two hepatocelluler cérzincmzs in the treated animals.

Veriebility in spcnteneous tinmor inciGence indicates tumor
incidences in Table 8.1-4 and £.1-5 ere not due entirely to TCDD

expcseure.
pew.

members of DRS hevz reviewed tne tumdr incidence detes of
trecee turers 1isted din Teblss £.1-4 and 2.1-5 of the document.

Trere were six ingividuel conire’ ¢rovps of 25 e2nimals for each

~species anc sex uSes in the n7P biczeszys on TCDD. Three groups

wEre untrezies controls and tarsze croups wére vehicle controls.
Tre vehicle control grouzs were combined ver statisticel
englysis by NTP end the comiined cete were listed in Tebles 8.1-
& 'and 8.1-5. In 2 number of ceses, when individual untreated or

venicle control grovce were coimpered to the high dose treatec

group fer & particuler tumor incicence, tne difference wes not

stetisticelly sign{ficant. Hsewever, the control group tumor
incidence was never creater zhzn inei of the treeted group. In
twc ceses, subcutanecus tissuz Fibremes in male rats and hes-
tiocytic lymphoma in femzle =ize, did stzf{ members of DES feel

[}

£t the tumors =

(31
<
=}
le]
c+
[
mn
n
h}
(11
wr
c

1% of TCOD exposure.



COMRENT

RESPORSE:

Use of neoplastic ndtule incicence with HexaCDD exposire without

actuel cencer induction is ingppropriete.
Dow.

The tumor incidence data used to estimzie excess lifetime cancer
risk from exposure to RexzCdD was-thel reported by Squire
(1982). Squire pervormed onE of‘fOur nathelegical evaluations.
on liver tissue sections from femzle rats thet were part of the
Netionzl Toxicology Progrem (W77} cercinogenicity bicessays on
éexaCDD. A1though Sguire only reportied fincing neoplestic
nocdules, twe te feour enimzls i the hich dose groun were
reported to heve hepatocelluler ctarcinormas by the other

pethelogists, &s shown in Table €.1-7 of Ths document. DHES

i

stzff zgrees with tne Internatioﬁé1 Aéency Tor Research on
Cancer (1380) that bznign &nc nelicnant tunors o7 the samz cell
type mzy be grouped together for statistical enelysis when they
appeer at the same site and it is beiieved thet the benign tumor
can nrogress to a ma2lignant type. Tﬁerefore, the staff members
of DHS considered HexalDD to have induced & carcinogqnic
response since, in 211 four pethalogical eveluations there was a
stetisticelly significent increzsz in the tumcr.incidence. Date
fren three of the {our pathoiogiczl eveluaticns were adequate to

be us2d for low-dose rjsk extrapoletion by the multistage model.

o

The results of thess extresclziions zZifferad Ly less then &
fzctor of 2.4, 2¢ wes sncwn in Tesis 10.3-3 ¢f the dotument.

Thne unit risk obteined from mocivying tn: Scyire cate wes used



COMMENT:

RESPORSE:

- ’ ] )
i represents & consensus recommendziion on science policy,

Conseauently, assessors and risk managers are urced to use
g S

informed discretion when deciding to what situations—the proce-
dure can be eppropriztely appiied." The CDWG 21so states the
$&in2 éoncerns gbout this appr;ach &% tﬁose expressed by bHS
staff members, although they ultimately find that there is
sufficient scientific support for“the approach. DHS staff

members believe @ rmore health-conservative approgch is needed

beczuse of the uncertainiy involved in the EPE aporoich.

Scenzrics 1 &nd 2 of the risk assessment 2re bzsed on inap-

nreooricie essumptions.

~SCz, Cik, Dow.

The commenters gererally state that scenarios 1 and 2 are not
valic beceuse they ¢o not teke into account all the toxicity
information about the different PCDDs and PCOFs, Almost all

tkis informetion, however, is short-toxicity dete or from in

vitre stucdies. -As ‘previously stated, DHS staff menmbers do not

believe this is adequate to estimate the carcinogenic potency of
cempounds. ‘The DHS staff mace one quelitative assuzption for
both scenerics that, base¢ cn structural simi1eritfes, 21l
tetra;, nenta-, hexié-, end hepta-chlorinzted dioxins znd diben-
Zcefurens a;e potentially cercinogenic. KA seconc qualitative

gssumnstion mzdz for scsznaric z limi“eg the rotentially cer-

[

szenic PC0Zs &ng PCOFe te those thit ere chiorireted et the



. COMMENT

RESPOMNSE:

‘DHS

Scenario 3 of the risk essessment is the best epproech to es-
timeting the carcinogenic potency of different polychlorinated

cioxin and furen compounds in the absence of carcinogenicity

data. --
Chemial Manufactures Association {(CMA), SCE, Dow.

Scenaric 2 differs from scenerios 1 &nd 2 of the document in
thet it zssigns more specific potency values to the compounds
besec both on their degree of chleorineticn anc the ring position
of the chlorines. The potency velues used were from & report
preperec by steif memders of the Environmenizl Pretection Agency
(EPA)} (Eeilin 20 Bernes 19845 personel communicetions with
Bernzs 19E3). This report hes subseguentily been drefted as 2
pesiticon documsnt by EPA under the euspices of the Chlorineted
Dioxins Work Broup (CDWG), alihough it .is nct believed that EPA
hes yet edcpted this position documsnt. The potency velues were
determined from structure-activity relationships based on acute
and subzcute toxicity and in viiro studies. The commeniers
generzlly stezte that the;e values represeni the best use ‘of the
aveilable toxicity dete on these compounds. Staff membders Bf
, however, believe there is a mejor problem with this ap-

proach beceuse thzre are not sufficient date to indicete that i

vitro snd short-term toxicity studies cen predict what will

1

occur efter Yong-iterm erposures. In the ZPA positicn document
tne COUS etztes w27 "The COWE ecknsuisl;es thei this procedure

ie not Lees? on oz thoroughly ssteblistsl s:

-ty

entitic founciticn.



PCDDs end PCDFs are considered potentizlly cerci?cgenic. The
cercinogenic potency of TCDD and”the rnexeCols 1is besed on the
available experimental evidence, Beceuse of structure)

" similerity between the PCDDs end PLDFs the carcinogenic

potencies of TetraCDF and HexaCDFs is assumzG to be equivalent

to that of the respective dioxin congeners. Although, the
cheerved siruciture-activity relzticnship incicetes that pentas-
and heptach]orinéted jsomers will be less potént then the tetre-
end hexzchlorincted isomers, respectively, DES sizf{ members do

nct believe there is sufficient informetica

ot
<

gstimgte the
potzncy of these compouncds cther then essuming they ere equally
petent tc the next lowest chlorinziec honclogue grovp. Using
trhese potency velues ihe estima%esACf 1otel zercinogenic potency
fer é adxiure of PL.Ss eng PCOFe Trom municipé1 solid waste
incinerztor emissions are given in revises Telles E-1 and 8-2 ¢f
the documant (sez attachmenis). The meximum estinated number of
excess lifetime cencers, baged on scenaric &, thzt mey occur &t
low and hich exposure e;timates gre 2 snd 3% per million persons
exposed Tor e 1if§time,_repectivsi§. -These estimates are in
between those cbtained using scenarics Z &nd 3 &s ceen in
revised Table 10.4-1 (see attachments). At thic time the staff
¢f DHS consicers sceneric & is the most eppreprigte scenerio io
use for ecssessment of carcinogenic rist frem exposure to mix-
tures of PCODs and PCDFs, although scenarios i &ng 2 may 21so be

) 1
LUSET.
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T - ]
2,3,7,8 positicns end have only 4,5,6, or 7 chlorines. The
quentitet{ve essunption made is that for compounds not tested,
their carcincceanic potency. is equivalent to that of TCDD, which

is believec tc be the most potent. DES staff members believed

- -

thet scenerio Z wes the most appropriate, based the on the
available information. However, after reevzluation of scenario

2 staff memders of DHS have concluded thet the scenzrio fzils to
fully use thz evzilable date. As pert of scenario Z, the
potency value zesigcned to the HexaCDDs is based on actual ex-
perimente] cate while the potency velues for the other homologue

e

ye)l to thzt of TCDD. Staff members of DHS feel

k]

groyps ar et

m
wv

f

thet the Hexel.2 toxicity czte can be more fully viilized using

the following resescning:

1) Most ¢f the 2,3,7,8-PC0Ds and PCDFs 2re considered poten-
tial humen carginogens in scenario 2 beceuse of their

| simile-ity in structurs to TCDD ang 2,3,7,7-Hexz(DDs.

2) There is evidance thst ijncreesed chlorination of the dioxin
molecule over the four chltorines on TCOD reduces the car-
cirogenic potancy cf the 2,3,7,8-PC0Ds. |

3) The structzra! similerity between HexzlDDs and HexalDfs

.. ) i
suggest ther trsy sheuld act in @ guantitetively similer

fashicn.

4) 1% in

"
L7 )
FA N

PN o
R

or

m

-activity reletionshiz is correct thsz

HenteCDJe end -C0Fs will be less cotent than the

herachicrinztied fompouncs.

Using triz Vinz of ressening, & forih stenerid is Lroposed.

z-, o2gnte-, hese-, 277 nenuicrlurinzieg



qualitatively out weigh the uncerizinties invoivec with

There is & discussion on the interactien ci T{D) end other

carcinogens presented in c-epter

(V]

-ty

¢

LS
[

n

m

socument, As

described in this chepter TCD) his been fcund to-act as &

npromoter &nd cocarcinpcen but &lsc hes bzea fcound to inhibit
cercinogenicity in some experimenie) systerns. Synergism or

other interactions between TCDD znd nen-carcinsgens are not well

studied. Because of the complexiiies of such interactions,

staff members of DHS do not Ffeel this dssue czn Se discussed in

depth based on current xnowlecje zau th

ne

«l
n
(&)

5

mw

giscussion
could not impect the risx esszssmeni beczise of the uncer-

teinties involved.

Issue of decreasec¢ bioevziiebility of cioxins acsorbed to soil
or gust pcrtwct s is .00 zoejuztisziy €iscusses ind fectored into

the risk é&ssessmant.

Dow.

Lo

Bicevailability of PCDDs wzs ciscussed in chipier 4 &ng how it

L.

coqu be factcred into the ri

n

< &ssessmant was cdiscussed in.
Appendix A. The conciusicn wes that it ic¢ no: .necessary to
include such factors beceuse thzy £i2 nct rmeke & large ¢if-

ference in the risk assessnsni, undar thz zssumotions used, to

these
L3
fectors.  Further eveluatic- ¢f ihie 2oinT mes inliceted ihet

- N T

bicevailebility feact ers. €ouil Tz & muih Geciirs cifference then

(11



COMMERT :

RESPOKSE:

COMMENT:

The conclusion that a1l PCDD 2nd PCDF compounds chlorigated in
the 2,3,7,8-positions, especizlly ﬁeptaCDD and -CDF, are car-
cinogenic is not generally accepted. ) -

CHA, Dow, Syntex. .

Because only 2,3,7,8;TCDD and a mixture of two 2,3,7,B-HexaCDD
jsomers have beer 2ssayed for car&inogeniéity, these are the
only compourds steff members of DHS consider to have been shoﬁn
to be carcinogenic to animals &nd therefcre, potentielly car-
cinogenic to humzas. As previously steted, there heve beea no
other long-term studies on PCDDs and PCDFs that contain seven

chlorines. Since the tested compounds were found to be so

‘potent. and the congeners are structurslly similar, staff mem-
b

bers of DHS have concluded thet the other congeners are
potentially cercinogenic and that this potentie]l needed to be
adcdressed. UGAS is not slone in this position. In fact, the

CDWE, which many commenters indicated used valid methods to

" estimete the potency of the verious homologue groups, included

the same PCODs and PCOFs that staff members of DHS considered in

their assessment of carcinogenic risk, !

Synergism between TCDD 2nd other cercinogens gnd non-cercinogens

should be discussed,

VMckenne.



- ——

as stetisticelly significent,

h few ceses of seft-tissue sar-
J

comas have occurres among Amerifeén workers with potenticl dioxin

éxposure. But wheiher these represeat a greater tham expected

nurber is still being debated.

The 1imitztions of these data thet meke them inzdequate to

demonstrate carcinocsnicity or non-carcincgenicity include:

1) Unceriein exposvrs tc TCDD--usuelly exposures occurrec in the
paet whzn thers wezre no sessitive mezsures of exposure
levels. “Expcsure” in these stucies is typicelly bzsed on

f-ré;srted use of chemical products which mey

heve contzined 7CJD 2s & contiminant, or exposure to & chemi-

cz) process theugt. to have liberated TCDD.

2) Exposure for & short time--many of the cccupetionally exposed
subiecis were exposed only briefly (e.g., during en 2cciden-
tz] releese), or worked in & possibly contaminated

ernvironment for & short time,

~-Negative esidemicicgic studies with small semple sizes, low

nower, &nC unceriein exposures ere insuvficieant to gemonsirele
non-cércinogenicity. Therefore, in view of the conflicting
results, DRS staff concur with TARC thet the evidence of car-
uzte. ©But based on the

G
sveilenle rumzn end enime) gdete, OHS steff believe thet TI0D



COMPENT:

RESPOISE:

T T TR

that the use of equzl bioavailebility should be used in the risk

assessment.

Results from epidemiologic studies shox "that men is not at

jncreased risk of cencer due to TCDD exposure.
Syntex, Row.

Results from scme epidemiclogic studies sugoest that dioxips mnay
cause cancer in humens. Other studies heve snown no effect.
Based on these results, DRS steff mest conlude thet the avail-
able humen cete are 1nsufficient.L0 declere whether TCOD is or

is not carcinogenic to man.

Three cese/contrel stucies in Sweden showed that petients with
soft-tissve sarcomes and nascpharyngesl cencer head reported a
significantly greater ihan expecied freauency of exposure to
chlerinated phenols and phencxvecetic Scids ihat were considefed
to have contained TCDD 2s a .coniaminant. The {incings of the
Swedish case/contro) studies were not repeated in a similar

study confucted in liew Ie2land. .

Longitudinal studies of occupetional exposure to dioxin show
smz1Y cr no idcregses in cancer. A few stucdies repcrted in-
freeszs in Cancer nmortality eon the order of 2Z0% to 0%,

BEonzver, <hzse ctugios were 167 smz2ll to Cetsct such increeses

. sl



TUUGRRBH JIWUS) yif'LtZ 03 1RND3 5| guIRILAN JO SJDWOS) PIJRURLO D~y E1 2 a0) AOUT0d IALIR(IL
‘UUDLTYCLE'E VT 1PNUY S} UIVINDY JU SADWOS| pUvULJOYd-y' [0 2 40) AJudjod IAPOLIY iy O)-RUIDT 4+
(566 ‘UOPITIJUIMLGD | RUOSIIU) SIULRQ PUR “[puul) SIUJRY PUR U} |3Y WO SREIUDJ0U JAJICLY I O)JPUIIS 44
(lapow I6w}S)y | WO4J) UUICXAY 40) £O"Q PuU®
ccgcuuc 40y gy ‘IspmadyIv y ‘uojdgsod gy n.w UG pOlRULACIYD SJFWOS) J40) U0 §} AJUIIOU DAPIRIIY 1T OJ4RUIIS ¢
fZobl ‘(v 39 "9 "s3) ::ogu snbujowoy v} S43w0S} O :o_uza*gaa*u _oawu SIUNSSY 44
(CUbL) “Lv 39 “uRuad}l wody

—
, . e
10'0 = et 52°0 = (e30) L0l , 01 -
ASSEANEEE BERAANRS L LT 2 LY Y Y ) LY T T ST ansEud
000u°0  0COVL'U oou'L 000 ullo 00U" 1 » 49w0s} §'£'¢°2 1o Uyl
uou'u o0 U000y 10000°0 oLy 0y'0 SE2 v 0050 = g'L'€°Z woy
wu'u guy 200070 0010Q°0 56270 o'l s€2°0 005°0 = Jowosy §°L°¢‘2 o agjeday
U’y 'y 10000 0VULO'0 0000 Qo op10 00{°0 = 6‘L'E‘Z UON
W0y ' ylww'd  OUUEQ Y vtd oo 0Y0°0 00"y = 4awos) y'l'c2 0zZ'0 uevxan
VUV G VIV VP2V T T woe v Zity 62670 = y'L°C"¢ UON
vy vo't LIw'y  wye e (T} (VIN] Lo Y 1L0°U = 40uBs) y'L°C'2 21'0 ugIRIvad
U wy vlul Y QUi 0 oduo Uy LIUVY] §56°0 = Y g'f'e uon ’ -
'y wl 1v0uU'y  ubuwu'l vouty  wotl YUty SpUTU = JAu0s| §'LE'? 60°0 | agieay
AT YT Y XYY Y A A LA SN AN R AR A N R A AN A N AL S A A A A A S A BN AL E A AR L B E LS A NI SR A NN A S AN AR SN SRS SN Al A SRS VESENEESEAERASEAERERNRAZR
BUPILOU0AY  Javdy | UOjIJ0UULY  J4Udy UUTALUGAY  Dd0Dy SUULYS Ul dnoay anboowoy ,SuoIsshua anbo { ouoyy
A - Exd
uul  Auuegog UudL Kaunjoy WUUL  Aduejuy Uy Ave0s] uj Jawos| U} anto{ouoy
Judrajnug Judivajauv] Jua{eAgnby U uJ) pavdoay Ju uuyzsododd 3V vojIdodoad
LV Odvusy JRLIWLIEES RACTYTIPE '

SUOJSS WY 4UCLDULIU] AISUM PLOS (VUPIJUNY wOd) SU(Dd 40 FANIXIW € 40}
' (U021~ L C"Z 01 2A)1e(dd) Auurod djudboudaey (R30) jO Sajew}ls)]
17U 9{e] pusiady




—— o — T o 4 e # T A e de U R PG Y SR P AUV NSV S NI S SO SRS PP I PO

References”

E<11ia J$, Bernes DE. Health hézard essessment for chlorinated dioxins end
" dibenzofurans other thean 2 »3,7,8-TCDD. Presented at the Symposium on
Advances in Health Risk Assessment for Systemic Toxicents znd Chem1c=1
Mixtures, Cincinnati OH. 25 October 1984,

Chlorinated Dioxins Workgroup. Chlorimated Dioxins wor?group Position
Document. Interim Risk Assessment Procedures for Kixtures of Chiorinzted
Dioxins and Dibenzofurans (CDD's and COF's). U.S. Environmental
Protection Agency. April 1985 -- Updated.

Internationegl Agency for Research on Cancer (IARC). -lenc-term and shors-

term assays for carcinogens: a critical appraszl. 1980; Honograph, Suppi
2. Lyon, Freance.

Hildebrenct PK. Letter to EE McConnell, NIEHS/NTP Resezrch Triangle Park,
RC. 31 October 1983.

Perera FP. “The genotoxic/epigenetic distinction: relevance to cancer
policy. Environ Res. 1984; 34:175-191.

Squire RA. Report: hn zssessment of the experimental evidence for potential
carcinogenicity of hexachlorocibenzo-p-dioxin. Submitted to: T&
Robinson, Vulcen-Chenicels, Berminghem, AL, 29 June 1533.

Weinstein IB. Letter to the editor. Science. 1583 21%:7G:-7¢5,




Revised Table 10.4-)

Risk Estimates for Total PCDD/PCDF
Under Different Exposure Assumptions

. . +
High Exposure Estimates Low Exposure Estimates’
-2 -
PCDDs: 1.3 X 10 "ng/md . . PCDDs: 0.08 X 10 2ng/m3
PCOFs: 2.7 X 10‘2ng/m3 PCDFs: 0.17 X 10‘2ng/m3
Upper 95% : Upper 937
Estimated ) Estimated
Fotency Scenarios faquivalent Excess Equivalent Excess
for a Mixture TCDD Dose Lifetime Cancers TCDD Dose Lifetime fancers
of PCDD/PCOF (x 10’2ng/m3 {per million) (X 10'2nq/m3) {per million)
Scenario 1*- 4.0 1500 0.25 05,
Scenario 2** 0.87 330 0.054 20
Scenario 3**~ 0.02 8 0.001 <1
Scenario 4*x*x 0.10 , 38 © 0.006 ?
+ High ard low exposure estimates revised to reflect new ARR estimates

* %

kW

L 2.5 44

Assumes all PCDD is 2,3,7,R-TCDD, or that a1l PCDD/PCDF is eauipotent to 2,3,7,8-TCRD.

Uses potencies derived from bioassays for 2,3,7,8 chlorinated TCOD and HexaCDD; 2ssumes
211 other isomers chlorinated on 2,3,7,8 positions are equipotent to 2,3,7,R-TCODD;
assumes that isomers not chlorinated on the 2,3,7,8 positions are non-carcinaeenic;
assumes that OctaCDD/CDF are noncarcinogenic.

Uses potencies derived from biocassays for 2,3,7,8 chlorinated TCDD and HexaCDD; for
other isomers, uses potency assumptions from Bellin and Rarnes (1984), and Barnes
{personal communication, 1985},

Uses potencies derived from bioassays for 2,3,7,8 chlorinated TCDD and MexaCDD; assumes
assumes that 2,3,7,R chlorinated isomers of TetralDF, PentaCDD, and PentaCDF are equi-
potent to 2,3,7,8-TCDD; assumes that 2,3,7,R chlorinated isomers of HexaCDF, HeptaCDD,
and HeptaCDF are equinotent to 2,3,7,8 isomer HexaCDD; assumes that isomers not
chlorinated on the 2,3,7,8 positions are non-carcinogenic:; assumes that OctaliDN/CNF are

noncarcinogenic. .
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APPENDIX D

WORLDWIDE DETECTION OF CDDs AND CDFs

Over the past 10 years, extensive data have been collected on
both sources and levels of CDDs and CDFs in the environment.
While 2,3,7,8-tetraCDD was the initial congener of concern and
most of the earlier results report only this compound, the
realization that other congeners chlorinated at the 2,3,7, and

8 positions also possess significant toxicity has lead to greater
efforts to search for them in a variety of environmental
compartments.

This appendix presents an overview of significant CDD and CDF
contamination incidents worldwide, as well as a limited number of
examples where these compounds were detected in California.

ENVIRONMENTAL, CONTAMINATION--WORLDWIDE

This section summarizes reportad worldwide incidents, excluding
California, where releases of CDDs and CDFs into the environment
have occurred. (California data are discussed separately in this
appendix). Ranges of representative worldwide values of CDD and
CDF isomer groups or individual congeners are presented in four
separate tables.

Table D.1 shows concentrations of the CDD and CDF isomer groups
found in a variety of commercial products. Table D.2 provides
ranges of concentrations reported in water, soil, sediment and
air. Table D.3 presents reported values found in biota (fish,
animals, plants) and Table D.4 lists reported ranges of specific
congeners detected in humans (adipose, liver, blood, milk). For
each table there is a discussion of the major incidents which led
to the CDD or CDF exposure.

Products Containing CDDs and CDFs-~-Table D.1

The CDDs and CDFs are not intentionally produced, but are found
as impurities in a variety of commercial products such as wood
preservatives (chlorinated phenols), phenoxy herbicides, PCBs and
diphenyl ether herbicides. The amount of these impurities
depends upon the method of preparation. U.S. EPA (1978), Da Roos
et al., (1981), Rappe (1984) and Buser et al. (1976) have
reported the results of some typical analyses of commercial
products containing CDDs and CDFs.

Firestone (1978) and U.S. EPA (Esposito et al., 1980) have found
tetraCDD in the ppt range in drums of 2,4,5-trichlorophenoxy
acetic acid (2,4,5-T, a component of Agent Orange). Earlier, in
the 1960's, the mean level of 2,3,7,8-tetracCDD in Agent Orange
preparations was 1.98 ppm (U.S. EPa, 1985b). At the present
time, producers claim that their products contain less than

0.1 ppt of 2,3,7,8-tetraCDD (U.S. EPA, 1985b).
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TABLE D.1 (continued)

CDD AND CDF CONCENTRATIONS (ppm) [N COMMERCIAL PRODUCTS

Description

Tetra Penta

CDD cop

Hexa

DD

Hepta
CoD

Octa
CDD

Tetra
CDF

Penta
CDF

Hexa
CDF

Hepta
CDF

Octa

COF

Unpurified Commercial
PCP-Na Pellets (Buser
and Bosshardt, 1976)

0.08 0.03

0.25

2.8

5.1

0.02

4.1

13

8.6

Unpurified Commercial
PCP-Na Granules (Buser
and Bosshardt, 1976)

0.05 <0.03

3.4

40

15

<0.02

0.05

50

24

Phenoxy Herbicides

2,4,5-T (acids, esters,
& formulated products)
(2,3,7,8-specific)
(U.S. EPA, 1985b)

0.01- NA
.08

NA

NA

NA

NA

NA

NA

NA

NA

Agent Orange (mixture

of 2,4,5-T & 2,4-D)

mean value (Firestone, 1978;
Esposito et al., 1980)

.002-  NA
.054

NA

NA

NA

NA

NA

NA

NA

NA

Commercial PCB

Aroclor 1248
(Rappe, 1984)

NA NA

NA

NA

NA

0.5

1.2

0.3

NA

NA

Clophen A-60
(Rappe, 1984)

NA NA

NA

NA

NA

1.4

5.0

2.2

NA

NA

Phenoctor DP-6
(Rappe, 1984)

NA NA

NA

NA

NA

0.7

10.0

2.9

NA

NA




APPENDIX D

TABLE D.1

CDD AND CDF CONCENTRATIONS (ppm) IN COMMERCIAL PRODUCTS

Description

Tetra Penta Hexa Hepta Octa Tetra Penta
)] cob ]} [ W] coo CDF CDF

Hexa
CDF

Hepta
CDF

Dcta
CDF

Wood Preservatives

Wood Treatment Qil con-
taining 4.5% PCP
(2,3,7,8-specific)

(Da Roos et al., 1981)

0.001 0.033 0.574 0.256 3.99 0.018 0.137

1.813

0.114

.71

Unpurified Commercial
PCP (Rappe, 1984)

<0.1 <0.1 2.5 175 500 <0.1 <0.1

<0.3

19

25

Unpurified Commercial
PCP (88% Penta)
(U.S. EPA, 1978)

NA NA 4 125 2500 NA NA

30

80

80

Technical Grade PCP
Reduced by Distillation
(89% Penta)

(U.S. EPA, 1978

NA NA 1.0 6.5 15 NA NA

1.0

1.8

1.0

Unpurified Commercial
PCP flakes (Buser and
Bosshardt, 1976)

<0.02 <0.03 5.2 95 280 0.02 0.40

28

200

230

Unpurified Commercial
PCP-Na Powder {(Buser
and Bosshardt, 1976)

0.16 0.03 <0.03 0.3 1.2 <0.02 <0.03

1.2

3.0




Rappe (1984) examined a series of commercial PCBs of both United
States and European manufacture. He reported that the most
abundant CDFs had the same retention time as 2,3,7,8-tetracDF
and 2,3,4,7,8-pentaCDF.

Yamagishi et al. (1981) found levels of both CDDs and CDFs in
preparations of the commercial diphenyl ether herbicides CNP,
NIP, and X-52. The major tetraCDDs identified were 1,3,6,8 and
1,3,7,9 isomers. The 2,3,7,8-tetraCDD isomer was not found in
these samples.

CDDs and CDFs in Water, Soil, Sediment and Air--Table D.2

Thibodeaux (1983) assessed quantities of 2,3,7,8-tetracDD in
surface water, soil, creek and pond sediment resulting from an
herbicide production facility in Jacksonville, Arkansas that
practiced onsite disposal. The waste was stored in metal drums
buried onsite or deposited on soil or into water bodies within
the plant boundary. The plant had been manufacturing 2,4-D and
2,4,5-T since 1958. 2,3,7,8-TetracCDD was not detected until
spring 1979, after which approximately 1000 soil, air, water, and
sediment samples were taken by government and company represen-
tatives. The pond sediment from onsite appeared to be the most
contaminated source of 2,3,7,8-tetracbD (22.1 + 2.1 ppb 2,3,7,8-
tetracpD).

Pereira et al. (1985) performed geochemical investigations of
pond sludge, groundwater and porous media from the unsaturated
and saturated zones at a wood treatment facility in Pensacola,
Florida in July 1983. The facility had been discharging creosote
and PCP into two unlined surface impoundments on site, resulting
in contamination of the underlying sand and gravel aquifer. It
had operated from 1902 to 1981 but has since discontinued all
operations. Researchers found that CDDs had migrated both
vertically and horizontally in the subsurface and were present at
considerable distances from the source of contamination. Ground
water samples taken at various depths were generally in the ppt
range (wet weight) whereas concentrations of CbDs in the porous
media of the saturated and unsaturated zones were in the ppb
range (dry weight). Significant concentrations of hexaCDD,
heptaCDD, and octaCDD associated with the sediment and bottonm
material of two surface impoundments were reported in the ppm
range (wet weight).

In Missouri, horse arenas were sprayed in 1971 with 2,000 gallons
of a dust control solution made from trichlorophenol (tricP)
distillation products mixed with motor oil. Subsequently,
animals living on or near the arenas died and several children
became ill. Sampling of the soil in the arenas between 1971 and
1972 indicated very high (ppm) concentrations of tetracCDD, tricp,
and PCBs. After the soil was excavated twice from one arena in
1974, no detectable concentrations of tetraCDD or PCB and only
trace amounts of triCP were found (Reggiani, 1980). Eight years
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TABLE D.1 (continued)

CDD AND CDF CONCENTRATIONS (ppm) IN COMMERCIAL PRODUCTS

Tetra Penta Hexa Hepta Octa Tetra Penta Hexa Hepta Octa
Description coD coD coD CDD cDbD CDF CDF CDF CDF CDF
Diphenyl Ether Herbicides
CNP 14.0 37 0.8 NA NA 0.4 1.0 0.2 NA NA
(Yamagashi et al., 1981)
NIP 0.38 0.05 ND NA NA 0.29 ND ND NA NA
(Yamagashi et al., 1981)
X-52 0.03 0.01 ND NA NA 0.32 0.08 ND NA NA

{Yamagashi et al., 1981)

ND - Not Detected
NA - Not Available
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TABLE D.2

APPENDIX D

(continued)

CDD AND CDF CONCENTRATIONS (ppb) IN WATER, $OIL, SEDIMENT, AND AIR

Tetra Penta Hexa Hepta Octa Tetra Penta Hexa Hepta Octa
Description CcDD cbo CDD cbp coD CDF CDF CDF CDF CDF
Soit
Surface soil (upper 7 cm)
from Seveso, Italy after
industrial accident. Soil
density 1.4 kg/liter
(Reggiani, 1980)
Highest value closest 55 NA NA NA NA NA NA NA NA NA
to factory
Highest value in 20 NA NA NA NA NA NA NA NA NA
formerly inhabited area
Limit for evacuation 0.1 NA NA NA NA NA NA NA NA NA
Missouri horse arenas
that were sprayed for
dust control using
TCDD contaminated
industrial waste
residues (Reggiani,
1980)
Moscow Mills Arena  31,800- NA NA NA NA NA NA NA NA NA
in Lincoln County, 33,000
August, 1971
New Bloomfield Arena 220- NA NA NA NA NA NA NA NA NA
in Phelps County, 850
St. James Arena in 120 NA NA NA NA NA NA NA NA NA

Calloway County,
August, 1974




APPENDIX D

TABLE D.2

CDD AND CDF CONCENTRATIONS (ppb) IN WATER, SOIL, SEDIMENT, AND AIR

Tetra Penta Hexa Hepta Octa Tetra Penta Hexa Hepta Octa
Description coD coD CoD CDD £bD CDF CDF CDF CDF COF
Wastewater
Ssurface Water at a 2,4-D 0.014 NA NA NA NA NA NA NA NA NA
& 2,4,5-T production
facility in Jacksonville,
Arkansas (2,3,7,8-Specific)}
{Thibodeaux, 1983)
Waste water from a wood 0.0012 0.0083 0.034 0.122 0.258 0.0007 0.0015 0.0115 0.048 0.038
preservation plant in
Ottawa, Canada (Lao
et al., 1983)
Rainwater runoff sump ND ND <4.5 111 262 ND ND ND .3 23.6
sludge at a wood preser-
vation plant (site
unidentified) (U.S. EPA,
1986f)
Ambient Water
Perched ground water ND ND 0.31 5.8 50 ND ND 722 6000 23000
(oil sheen filtered) (site
unidentified) (U.S. EPA,
1986f)

Ft.

Ground water from 20 NA NA 0.061 1.500 3.900 NA NA NA NA NA
an abandoned wood 40 NA NA 0.0019 0.0046 0.0217 NA NA NA NA NA
treatment facility 60 NA NA 0.021 0.034 0.039 NA NA NA NA NA
in Pensacola, 80 NA NA ND NO ND NA NA NA NA NA
Florida - depth to 100 NA NA ND 0.0004 0.0014 NA NA NA NA NA

water in feet.
(Pereira et al., 1985)
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TABLE D.2 (continued)

CDD AND CDF CONCEMTRATIONS (ppb) IN WATER, SOIL, SEDIMENT, AND AIR

Description

Tetra Penta Hexa Hepta Octa Tetra Penta Hexa
cob cop cod CDD Coo CDF CDF CDF

Hepta
COF

Octa
CDF

Sediment

From Swiss Lakes near
municipal incinerators

(dry weight) (average of
3 labs){Czuczwa et al.,

ND .05 .13 .35 1.3 .08 ND .02

1985)

.20

Samples from a refuse
dump near Amsterdam,
Holland (dry weight)
20% organic content
(Heida, 1983)

- within dump area
(range)

- outside dump area
(range)

.B44-
5.062 NA NA NA NA NA NA NA

NA

NA

.055-
611 NA NA NA NA NA NA NA

NA

NA

From a wood treatment
facility in Pensacola,
Florida (average of

2 samples) (Pereira
et al., 1985)

NA NA 373 10,750 94,000 NA NA NA

NA

NA

Sludge

Pond sludge from a wood

treatment facility in
Pensacola, Florida

(average of 2 samples)
(Pereira et al., 1985)

NA NA 365 9,020 39,500 NA NA NA

NA

Dust

Samples from Dow Chemical

Research Building in
Midlands, Michigan

(Esposito et al., 1980)

.5-2.3 NA 9-35 140- 650- NA NA NA

1200 7500

NA

NA
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TABLE D.2 {continued)

CDD AND CDF CONCENTRATIONS (ppb) IN WATER, SOIL, SEDIMENT, AND AIR

Tetra Penta Hexa Hepta

Description CDD CDD CcDD coo

Octa
cop

Tetra
CDF

Penta
CDF

Hexa
CDF

Hepta
CDF

Octa
CDF

Soil

Surface soil from
on-site disposal of
2,4-D and 2,4,5-7
in Jacksonville,
Arkansas (2,3,7,8-
specific) 5 samples
(Thibodeaux, 1983)

Average 1.3 NA NA NA

NA

NA

RA

NA

NA

NA

Range ND to 2.9 NA NA NA

NA

NA

NA

NA

NA

NA

Surface soil from Times 1200 NA NA NA
Beach, Missouri. Samples

taken in early December

1982 highest concentration

detected of 2,3,7,8-tetraCdD)

(Kleopfer, 1985%)

NA

NA

NA

NA

NA

NA

Sediment

On-site disposal of 2,4,D
and 2,4,5-T in Jacksonville,
Arkansas (2,3,7,8-Specific)
(Thibodeaux, 1983)

Creek Sediment (average 77 NA NA NA
of 5 samples)

NA

NA

NA

KA

NA

NA

Range ND to 1.8 NA NA NA

NA

NA

NA

NA

NA

NA

Pond Sediment (average 22.1 NA NA NA
of 3 samples)

NA

NA

NA

NA

NA

NA

Range +2.1 NA NA NA

NA

NA

NA

NA

NA

NA
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TABLE D.2 (continued)

CDD AND CDF CONCENTRATIONS (ppb) IN WATER, SOIL, SEDIMENT, AND AIR

Tetra Penta Hexa Hepta Octa
Description coD €oD (s ]3] CoD coco

Tetra
COF

Penta
CDF

Hexa Hepta
COF CDF

Octa
CDF

Ai

Airborne particulates .38 .53 .85 2.00
from municipal incinerator

sample over a 5-hour

peri
6.8 m of stack gas

was released at the
Hempstead Refuse Recovery
Corporation, Nassau
County, New York

(Tiernan et al., 1983)

during which

1.80 2.20

A7

Airborne particulates 1.70 1.08 .48 .33
from Hamilton

Municipal Incinerator,

Ontario, Canada,

1983-1984 (average of

3 tests) (NRCC, 1984)

12

5.64

3.03

NA
ND

Not available
Not detected (values in parentheses are Limits of detection)

D.12
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APPENDIX D

TABLE D.2 (continued)

COD AND CDF CONCENTRATIONS (ppb) IN WATER, SOIL, SEDIMENT, AND AIR

Tetra Penta Hexa Hepta Octa Tetra Penta Hexa Hepta Octa
Description cbD cDD chD CDD coD CDF CDF CDF CDF CDF
Soot
From Binghamton,
State Office Building.
Each Lab received
samples collected
at different times
and locations
{Schecter et al., 1985b)
Ltab 1 <3,000 <2,000 <3,000 7,000 5,000 1.926 1.2 6 1.16 4.05_ 66,000
x 10 x 10 x 10 x 10
Lab 2 1,200 5,000 5,000 7,000 2,000 28,000 6.7 9.65 4.6 5 40,000
x 10 x 10 x 10
Air
Fly Ash from a municipal NA NA NA NA NA 1.0 4.0 30.0 40.0 10.0
incinerator in Switzerland
(NRCC, 1984)
Atmospheric dust from .06-
Seveso, Italy after .50 NA NA NA NA NA NA NA NA NA
industrial accident
(2,3,7,8-Specific)
(U.S. EPA, 1985b)
Air particulate sample 1.1 NA NA NA NA NA NA NA NA NA

from a waste disposal
site near Jacksonville,
Arkansas (average con-
centration of tetraCDD)
(U.S. EPA, 1985b)




CDDs and CDFs were found in annually laminated sediment from
Lakes Zurich, Baldegg, and Lugano in Switzerland. OctacCDD
pPredominated, averaging approximately 1.3 ppb. The congener
distribution indicated that combustion was the source of CDDs and
CDFs in these sediments (Czuczwa et al., 1985).

Combustion is now generally recognized as an important potential
source of CDDs and CDFs in the environment. Efforts to determine
concentrations in the air have been focused mainly on municipal
solid waste incinerators and power plants from other states and
Canada (NRCC, 1984; U.S. EPA, 1985b; Tiernan, 1983). The
concentration levels in air depend on a host of features
including feedstock burned, the facility design and operational
variables. Only a few nmeasurements of possible CDD and CDF
precursor compounds in incinerator effluents have been made.

Reported CDD and CDF Concentrations in Biota--Table D.3

Kaczmar (1983) examined various species of fish in selected
Michigan water systems for residues of 2,3,7,8-tetracDD.
Detectable residues of 2,3,7,8=-tetracDDd ranged from 17 to

586 ppt. The significance to this particular study was that the
investigator found residues in fish collected upstream of a
chlorophencl manufacturing facility. The study suggests that
low-level contamination (in the ppt range) of bottom feeding fish
is relatively widespread in the industrialized portions of
Michigan.

New York State Health Department performed congener specific
determination of 2,3,7,8-tetraCDD levels in Great Lakes fish
(NRCC, 1981). Of the 76 samples, 2,3,7,8-tetraCDD levels ranged
from non-detectable to 162 ppt (detection limit not given). Fish
sampled included small mouth bass, lake trout, white sucker,
brown bullhead, rainbow trout, coho and chinook salmon, and brown
trout. Lakes sampled included Lake Ontario, Lake Erie, Lake
Huron, Lake Michigan, and Lake Superior. As a result of this
study, New York State issued a health advisory fishing gquideline
that is more stringent than the FDA's or Canada's. See

Chapter 7: Criteria and Standards.)

O'Keefe et al. (1984) examined whole body samples of striped bass
from the lower Hudson River in New York for 2,3,7,8-tetraCDD and
2,3,7,8-tetraCDF. Concentrations of 2,3,7,8-tetraCDD ranged from
16 to 120 ppt. sStriped bass from other locations (Rhode Island
coastal waters and Chesapeake Bay, Maryland) had less than 5 ppt.
Concentrations of 2,3,7,8-tetraCDF found in striped bass from all
three locations ranged from 6 ppt in Chesapeake Bay to 78 pprt in
the Hudson River.



later the horse arenas were reinvestigated (Kleopfer, 1985). As
of August 1982, 10,734 Missouri soil samples had been processed
for analysis of 2,3,7,8-tetraCDD and 92 percent of the results of
these analyses had been validated through a quality assurance
plan. Of the validated results, 23 percent were positive and
above 1.0 ppb, while 2.2 percent were above 100 ppb (identity of
excavated vs. non-excavated sites was not given).

In 1981 a fire involving an electrical transformer containing a
mixture of PCBs and chlorinated benzenes occurred at a
Binghamton, New York office building. This led to contamination
of the building structure with CDF and CDD laden soot. Various
samples revealed very high concentrations of the CDDs (ppm range)
and CDFs (parts per thousand range} (Schecter et al., 1985b).
Two years after several cleanup operations, air samples still
showed measurable values for selected isomer groups.

Heida (1983) examined tetraCDD in sediment from ponds and canals
located near a refuse dump in Amsterdam, Holiand. The 2,3,7,8-
tetraCDD concentrations originated from 2,4,5-T production. The
results showed that the highest concentration of 2,3,7,8-tetraCDD
(5.0 ppb) occurred in the main drainage canal near the dump and
rapidly decreased outside the dump area. Analysis of eel flesh
revealed only two samples (total samples not given) from the
sampling site inside the dump area which contained small
guantities of 2,3,7,8-tetraCDD (3.9 ppb in body fat).

In 1972, and again in 1973, the streets of Times Beach, Missouri
were oiled by a firm specializing in waste o0il reclamation.
Mixed with the waste o0il were impurities ("still-bottoms") from
the production of 2,4,5~-trichlorophenol (Kleopfer, 1985). The
soil was sampled by U.S. EPA in early December 1982 (Kleopfer,
1985), and the highest level of 2,3,7,8-tetraCDD detected was
1,200 ppb in surface soil. The Centers for Disease Control
concluded in a risk analysis that levels of 1 ppb or greater of
2,3,7,8-tetraCDD in residential soil represented an unreasonable
risk. Subsegquently, the town was evacuated and eventually bought
out by the government.

One of the most well known incidents of 2,3,7,8-tetracCDD
contamination occurred in Seveso, Italy in 1976. Here a plant
manufacturing hexachlorophene exploded and contaminated about
700 acres adjoining the plant. Because of the high concentra-
tions of 2,3,7,8-tetraCDD found in the soil, the Italian
authorities evacuated 736 people from the area. Up to 5,000
people were believed to have been exposed from the explosion.
Meonitoring of Seveso soill one year after the accident showed
that the highest concentrations of 2,3,7,8-tetraCDD were not
present in the topmost soil layer (0.5 cm), but very often in the
second (0.5-1.0 cm) or third (1.0-1.5 cm) layers (Reggiani,
1980) .



PAGE 2 APPENDIX D
TABLE D.3 (continued)

2,3,7,8-TETRACDD AND TETRACDF CONCENTRATIONS (ppt) IN BIOTA

Description 2,3,7,8-tetraCbD 2,3,7 8-tetraCDF

White perch (whole body) from
Cape Vincent in Lake Ontario
(range of 4 semples) (NRCC, 1981) 4.9-36 NA

Striped bass (whole body) from

Rhode 1sland coastal waters

(range from 5 samples)

(0'Keefe et at., 1984) 2.0-5.0 17-50

Striped bass (whole body) from

Little Neck Bay, Long Island,

New York {range from 4 samples)

{0'Keefe et al., 1984) ND (0.3-7.1) - 39 12-22

Striped bass (whole body) from

Newark Bay, New Jersey (range

from & samples) (0'Keefe

et al., 1984) 16-67 20-34

Striped bass (whote body) from

Tappen Zee Bridge, Hudson River,

New York (range from 4 samples)

(0*Keefe et al., 1984) ND (0.2-2.0) - 33 16-72

Striped bass (whole body) from

Poughkeepsie, Hudson River,

New York (2 samples)

(0'Keefe et al., 1984) 120 74-78

striped bass (whole body) Chesapeake
Bay, Maryland (1 sample)
(0'Keefe et al., 1984) ND (3.5) ND (13)




APPENDIX D
TABLE D.38

2,3,7,8-TETRACDD AND TETRACDF CONCENTRATIONS (ppt) IN BIOTA

Description 2,3,7,8-tetraCDD 2,3,7,8-tetraCDF

=
=

Carp {whole body) from Tittabawassee,
below dam (I sample) (Kaczmar, 1983) 17 NA

Carp (whole body) from St. Clair

River at Decker's Landing

(Lake Huron) (1 sample)

(Kaczmar, 1983) 586 NA

Coho salmon (whole body) from Salmon
River near Lake Ontario (1 sample) 31 NA
(NRCC, 1981)

Coho salmon (whole body) from Spring
Brook Weir near Lake Ontario (range of
3 composite samples) (NRCC, 1981) 19-22 NA

Coho salmon (whole body) from Belle
Isle on Lake Erie {range from 3
samples) (NRCC, 1981) 0.9-1.4 NA

Coho salmon (whole body) from
8t. Joseph on Lake Michigan
(5 samples) (NRCC, 1981) ND (2.0-4.9) NA

Brown trout (whole body) from

St. Catherines/Niagara in

Lake Ontaric {1 sample)

{NRCC, 1981) 162 NA

Brown trout (whole body) from
Nine Mile Point in Lake Ontario
(1 sample} (NRCC, 1981) 8 NA

D.15



Several investigators (Esposito et al., 1980) have studied the
levels of tetracCDD in wild animals in the contaminated area near
Seveso, Italy. Field mice contained tetracCDD concentrations
ranging from 70 to 49,000 ppt (mean value 4500 ppt). These mice
lived on soil where the upper 7 centimeters varied from 10 to
12,000 ppt of tetraCDD (mean value 3500 ppt). Several rabbits
and one snake showed tetraCDD in the liver. Liver samples from
domestic birds were analyzed for tetraCDD with negative results.

CDD and CDF Concentrations in Human Tissues--Table D.4

e e Emmgv Mo e XX e T

Schecter et al. (1985b) examined human adipose tissue for tetra
through octaCDD substituted congeners. All persons examined
resided in upstate New York during 1983 to 1984. Tissues from
exposed versus unexposed individuals were evaluated. The
difference in CDD congener concentrations between the person
exposed to the soot from the Binghamton State Office building
transformer fire and the control group was surprisingly small for
most congeners. Penta- and hexaCDFs were also found in the
exposed and, to a lesser extent, in the control population. The
high background contamination (in the control group) was believed
by the authors to be caused by exposure to technical grade PCP or
food containing PCP.

Nygren et al. (1985) performed a study to determine if there was
any difference between cancer patients previously exposed to
chlorinated phenoxyacetic acids over a ten year period and to
unexposed controls. Adipose tissue was excised from each group.
There was no difference in levels and pattern between the cancer
patients and controls except for the 2,3,4,7,8-pentaCDF congener,
which could not be associated with the specific exposure. The
congener profile for the mean and individual values were all
identical. According to the authors, the data strongly suggests
that there is a background concentration of CDDs and CDFs in the
general population.

The adipose tissue of Swedish workers exposed to chlorinated
phenoxyacetic acids was analyzed for CDDs and CDFs and compared
to adipose tissues of unexposed workers (Hardell et al., 1985).
Mean levels and ranges are presented in Table D.4. Regarding
CDDs, the only significant finding was hexacDD at levels higher
in exposed than in unexposed individuals. The difference was
attributed to the 1,2,3,6,7,8-hexaCDD congener. Mean levels of
pentaCDF and hexaCDF were significantly higher in exposed versus
the unexposed individuals. No difference was found in exposed
and unexposed individuals for tetraCDD.

In 1968, over 1500 persons in southwest Japan were exposed by
consuming a commercial rice oil accidently contaminated by PCB,
CDF and polychlorinated quaterphenyls. 1In 1979, a similar
episode was reported in Taiwan where over 2,000 persons were
exposed. These are referred to as the "Yusho" episodes.



PAGE 3 APPENDIX D
TABLE D.3 (continued)

2,3,7,8-TETRACDD AND TETRACDF CONCENTRATIONS (ppt) IN BIOTA

pescription 2,3,7,8-tetraCdd 2,3,7,8-tetraCDF

Terrestrial Biota

Fietd mouse (whole body) from
Seveso, 1taly (range of 14 samples)
(Esposito et al., 1980) 70-49,000 NA

Hare (liver) from Seveso, Italy
{1 sample) (Esposito et al., 1980) 7,700 NA

Toad (whole body) from
Seveso, Italy (1 sample)
(Esposito et al., 1980) 200 NA

Snake (liver) from Seveso,
Italy (1 sample)
(Esposito et al., 1980) 2,700 NA

Snake (adipose tissue) from
Seveso, [taly (1 sample)
(Esposito et al., 1980) 16,000 NA

Earthworm (whole body) from
Seveso, Italy (average of
2 samples) (Esposito et al., 1980) 12,000 NA

Cow (milk) from Seveso, Italy
(average of 9 samples)
(Esposito et al., 1980) 2,196 NA

Footnotes

NA - Not Available
ND - Not Detected
Numbers in parentheses are limits of detection
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Analyses of the rice oil indicated that over 40 CDF congeners
were present ranging from tri to hexaCDF. Table D.4 shows the
concentrations of CDFs detected by Rappe et al. (1983b) and
Masuda et al. (1984) in the adipose tissue and liver of a "Yusho"
baby from Taiwan and in the adipose tissue of a deceased "Yusho"
patient. 1In the liver sample the dominant congener was
1,2,3,7,8-pentaCDF, while in adipose tissue the highest value was
found for 2,3,4,7,8-pentaCDF.

A recent U.S. EPA survey of 46 pooled tissue samples taken from
900 individuals believed to be representative of the general U.S.
population showed CDDs and CDFs are generally present (Commoner
et al., 1986). Comparable data for North and South Vietnamese
samples are also reported. The levels in North Vietnam are about
an order of magnitude below those found in either South Vietnam
or the United States. It is believed by Commoner et al. that the
concentrations of CDD and CDF in adipose tissue of South
Vietnamese (higher than in the United States samples by a factor
of 3.5) is indicative of the exposure to Agent Orange. The CDD
and CDF concentrations in Americans are believed by the authors
to probably originate from (1) CDD and CDF contaminated chemicals
that enter the food chain from waste effluents or agricultural
sprays, and (2) combustion of chlorine-containing fuels emitting
particles that eventually enter the food chain or get inhaled
directly.

ENVIRONMENTAL CONTAMINATION--CALIFORNIA

Monitoring for CDDs and CDFs has not been as extensive in
California as it has been in other areas. Much of the data
produced to date and presented in the previous section has been
related to industrial, occupational, and waste disposal practices
that have caused environmental contamination and/or human
exposure. Most of the industrial production of herbicides, such
as 2,4,5~T, and of chlorophenol products containing CDDs and CDFs
as contaminants, has been in other states which has helped to
minimize the occurrence of contamination in California. Waste
products contaminated with CDDs and CDFs from the manufacturing
of these products have also been less of a problem, although
there are other chemical production processes (see Appendix B)
which may produce them as byproducts, some of which are in use by
the chemical industry in california.

CDDs and CDFs chlorinated in the 2,3,7, and 8 positions have
recently been evaluated and recommended for classification as
toxic air contaminants by the Air Resources Board in a joint
effort with the Department of Health Services (CARB and CDHS,
1986). While no monitoring has been conducted to date, estimates
of emission factors indicate that combustion sources such as
solid waste incinerators may provide a significant contribution
to the CDD and CDF input into the environment (CARB and CDHS,
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1986; Wong, 1984). Anywhere from one to ten percent of the
chlorophenols used in wood treatment operations may be burned
with wood wastes (Bridle et al., 1984).

Hazardous waste site investigation and cleanup activities, which
include wood treatment facilities, have provided evidence of CDD
and CDF contamination in the State. The U.S. EPA National Dioxin
study and a U.S. Fish and Wildlife study have demonstrated the
presence of these toxicants in a limited number of fish and river
sediment samples. The U.S. EPA indicates more monitoring in
California for CDDs and CDFs related to the use of chlorophenols
in the wood industry is likely in the future (U.S. EPA, 1986f).

Fish and Freshwater Sediment Studies

The U.S. Fish and Wildlife Service (1983) conducted a study in
1980 to 1981 to assess the effect of various water contaminants
on striped bass populations. The study involved striped bass
adults, young and eggs. While most samples were taken from
rivers in the eastern U.S., the Sacramento River was included on
the west coast, with analysis for all Cl1, to Cl, CDDs and CDFs.
The results, shown in Table D.5, indicaté more éDFs than CDDs
present in both whole fish and in fish eggs, with tetra- and
pentaCDFs detected at higher levels than the higher chlorinated
isomer groups. 2,3,7,8-TetraCDD was found only in the eggs, with
2,3,7,8-tetraCDF present in both whole fish and in the eggs.

As part of the National Dioxin Study by the U.S. EPA (1986e),
samples were taken of fish and sediment from the Santa Ana River
in southern California. This river was selected because it
receives industrial and agricultural inputs from many sources.
This study looked only for 2,3,7,8-tetracCcDD, which was found in
carp at a level of 4.6 ppt, and in a sediment sample from Mill
Creek at a level of 0.6 ppt near its confluence with the

Santa Ana River.

SUMMARY AND DISCUSSION

CDDs and CDFs are formed as contaminants from precurscr compounds
during the production of certain chemical products, and are
released to the environment in the course of product use or
disposal. Chemical products include, but are not limited to
phenoxy herbicides, PCBs, diphenyl ether herbicides, and
chlorophenol wood preservatives. CDD and CDF contaminated wastes
generated in the manufacture and use of these products have also
caused serious contamination through the use of unsound disposal
practices.

Fish in several areas of the U.S. and other parts of the world
have levels of CDDs and CDFs which have resulted in health
advisories regarding consumption. Waste disposal practices and
industrial process effluents are believed to be the sources of
contamination.
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In Vietnam, the use of Agent Orange, a mixture of the phenoxy
herbicides 2,4-D and 2,4,5-T containing CDDs and CDFs at low ppm
levels as contaminants, has resulted in elevated levels of CDDs
and CDFs in both humans and the environment. Similar studies of
phenoxy herbicide use, especially 2,4,5-T in this country and in
others, have determined product-related environmental and human
residues.

Human exposure has resulted from several accidents, industrial
and otherwise, which have caused some of the more significant
contamination episodes. The evacuation of the town of Times
Beach, Missouri due to the use of CDD and CDF contaminated oil
for dust control on roads, the chemical explosion in Seveso,
Italy in 1976 which caused large-scale contamination, and the
ingestion of rice bran o0il contaminated with CDFs (Yusho
poisoning) in Japan and Taiwan are some of the more serious
events affecting large numbers of people.

Several studies have determined the presence of CDDs and CDFs in
tissues from the general population, indicating a probable steady
background exposure. These compounds have also been found in
places far from discrete sources. Combustion of CDD and CDF
containing wastes and wastes which contain precursor materials
capable of forming them, is believed to be a significant source
and may be responsible for their ubiquitous presence in the
environment. The California Air Resources Board has recently
recommended that CDDs and CDFs be classified as toxic air
contaminants, based in part on an evaluation of adverse health
effects conducted by the California Department of Health
Services.

In California, CDDs and CDFs have been determined as contaminants
during investigations of hazardous waste sites, many of which are
locations of present and former wood treatment operations.

Levels have also been found in limited fish and river sediment
samples in the State.

D.29



APPENDIX E

OVERVIEW OF ANALYTICAL METHODOLOGY

Analysis for CDDs and CDFs in environmental or biological samples
is a challenging and difficult task for a number of reasons.
There are 75 CDD and 135 CDF congeners with very similar physical
and chemical characteristics. Many other commonly occurring
compounds can interfere with the analysis. The analytical
methods used must be able to separate, identify, guantify, and
confirm the identity of the various congeners (Rappe et al.,
1983a), especially those chlorinated in the 2,3,7, and 8
positions of toxicological concern. The major components of such
a method are (Tiernan, 1983):

— extraction of CDDs and CDFs from the sample matrix;

- cleanup of the extract to isolate the CDDs and CDFs
from potentially interfering compounds; and

- detection, identification, and quantification.

Extraction solvents used include hexane, hexane-acetone, benzene,
toluene, chloroform, and methylene chloride (Esposito et al.,
1980). The selection of extraction solvent is sample matrix
dependent, and in some cases acid/base digestion may also be
required when working with biological tissues or soil samples
where CDDs and CDFs may be tightly bound to the sample matrix.
Various means of extraction may be needed to ensure efficient
extraction of CDDs and CDFs from different sample matrices, and
where shaking or ultrasonification may serve for one media,
soxhlet extraction or other rigorous methods may be necessary for
others (U.S. EPa, 1985a).

Cleanup of the sample extract is required prior to instrumental
analysis. The primary goal is to remove any co-extracted lipids
or other chlorinated hydrocarbons which may interfere with
analysis by coeluting on the GC column and/or by producing ions
of the same mass as the CDDs and CDFs in the mass spectrometer.
Extraction solvents which include hexane, chloroform, hexane-
acetone, petroleum ether and chloroform-methanol may be used, and
washing the extract with acid or base may also be required
depending on the nature of the lipids present, with acid
preferred to avoid decomposition of the CDDs and CDFs. Other .
impurities such as pesticides are removed by liquid
chromatography using adsorbents including alumina, Florisil,
charcoal and silica (U.S. EPA, 1985a). Additional cleanup may
involve the use of high performance liquid chromatography (HPLC)
and/or liquid column chromatography to remove other interfering
compounds, or fractionation of the extract prior to GC-Ms
analysis for better isomer resolution (Esposito et al., 1980).

Recovery of the internal standards added to the sample just prior
to extraction and analysis may not be a reliable indicator of the
extraction and analysis for the CDDs and CDFs contained as






for 2,3,7,8-tetraCDD to be similar for both high and low
resolution instruments, with high resolution instruments better
able to resolve interfering compounds.

After separation of the GC column, the compound is fragmented in
the mass spectrometer, producing ions with both the electron
impact (EI) and negative chemical ionization (NCI) modes giving
good results with CDDs and CDFs. These ions are separated by
their mass:charge ratios (m/z), and in most cases are detected by
an electron multiplier. The ions pProduce a fragmentation pattern
that is characteristic of the compound of interest, although
positional isomers within an isomer group may have simlar
patterns. The occurrence of the fragmentation pattern at
particular energies and times is the mass spectrum for a compound
(Rose and Johnstone, 1982). The signal generated is a measure of
the number of ions producing it, which may be used quantitatively
when compared with that of the internal standard {Esposito

et al., 1980). While there may be many ions making up the mass
spectrum of a compound, high sensitivity is achieved by
selectively monitoring only a small number of ions that are
characteristic of the compound of interest, usually 1-4 ions.
This is known as selected ion monitoring (SIM) or multiple ion
detection (MID) (Buser et al., 1985; Tiernan, 1983; Esposito

et al., 1980). However, some specificity is lost because the
entire mass spectrum is not obtained.

Identification and quantification of individual congeners is
based on the retention time of the compound on the GC column, and
the mass ratio of the compound in the sample compared to that of
a standard reference compound. Interna} standafgs are required
during CDD and CDF analysis, and both C1 and C isotope
labeled standards and unlabeled standards are added to the sample
in known amounts prior to analysis. Such standards are useful
for determining retention times on the GC column, and also for
quantification of the CDDs and CDFs in the sample based on the
instrument response factor for a particular <ongener.

A study by Rappe et al. (1983a), using tetra- through octaCbF
congeners demonstrated significant differences in the response
factors between isomers when equal amounts were analyzed by
GC-MS. Response factors in the election impact mode varied by
about 1.6 for the tetracCDF isomers, 2.5 for pentaCDF isomers and
by 1.5 for hexaCDF isomers when peak areas were compared. For
reliable quantitative analysis of individual isomers, it is
apparent that response factors obtained from actual isomer
standards should be used, and not estimates obtained from other
isomers (Rappe et al., 1983a; Rappe, 1984; U.s, EPA, 1985a).
Unfortunately, reference standards for all congeners of interest
are not currently available, which lends uncertainty to results
based on other congeners. This situation should improve as more
standards become available.



contaminants in soil and sediment sample matrices (U.S. EPA,
1986¢). For such matrices there seems to exist an inverse
relationship between the length of time the CDDs and CDFs are in
contact with the soil or sediment and their extractability.

The result of extraction and cleanup is concentration of CDDs and
CDFs and removal of as many interferences as possible.
Potentially interfering compound classes include (U.S. EPA,
1985a; Smith et al., 1983):

- PCBs - hydroxy diphenyl ethers
- naphthalenes - benzylphenyl ethers

- diphenyl ethers - biphenylenes

- methoxy-PCB - DDT (4 isomers)

- hydroxy-PCB - DDE (4 isomers)

Although other methods including gas chromatography - electron
capture (GC-ECD) and UV spectroscopy have been used in the past
for CDD and CDF analysis, gas chromatography - mass spectrometry
(GC-MS) is the method of choice in use today (Tiernan, 1983).

The most common system configuration combines high resolution gas
chromatography with low resolution mass spectrometry (HRGC~LRMS) ,
and was the method used by both State Board contract labs for
congener-specific analysis. Details of the analytical
methodologies used by the contract labs are included in
Appendices F and G.

High resolution gas chromatography is used as a means of
identifying individual congeners by resolving (separating) them
from each other through the use of a fused silica or glass
capillary column coated with an appropriate stationary phase
(Rappe, 1983). There are various GC columns suitable for CDD and
CDF analysis, and the choice of which to use may depend on which
congeners are of interest. 1In some cases isomers that coelute on
one column may be resolved on another, and different columns may
be used in combination if necessary (U.S. EPA, 1985A). cCapillary
columns which have proved useful are 0V-17, 0OvV-101, Silar 10C, SE
30, SP-2330, SP~2331 and DB-5 among others (Crummett, 1983).
Other advantages of capillary columns in GC-MS are: the narrow
band width of the eluting compounds allows for increased
sensitivity in the mass spectrometer; the low column bleed rates
minimize background contamination; and mixed isomers and
interfering compounds are resolved more efficiently

(U.S. EPA, 1985a).

While there are high resolution GC-MS methods available
(resolution of at least 1:10,000), low resolution instruments are
more commonly used, and provide both the specificity and
sensitivity required for CDD and CDF analysis, especially when
coupled with high resolution capillary GC (Tiernan, 1983).
Although high resolution instruments are capable of lower
detection limits by factors of 10-100 when compared to low
resolution instruments, Crummett (1983) found detection limits
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California Analytical Laboratories, inc.
£544 Industrial Boulevard » West Sacramento, CA 95691 ¢ (916) 372-1393

April 8, 1986

Frank Palmer

State Water Resources Control Board
P.0. Box 100

Sacramento, CA 95801

Dear Mr. Palmer;

Please find enclosed a brief description of our method for
identifying and quantitating Cl4% to C18 Dioxin and Furan
samples.

Identification is based on two criteria, retention time and
m/e ratio. If the mass chromatograms have the proper ratio
then that peak is identified as a possible native constitu-
ent. If this peak lies within predetermined retention time
windows, the peak is positively identified. The area is then
added to all others that meet the same criteria, and this is
the total value used in calculating the amount found.

Ir 2,3,7,8 substituted isomers of Cl4 to C17 are desired, the
criteria above are followed, but on two columns (DB-5 and
SP-2331) instead of just the DB-5 alone. For the 2,3,7,8-
substituted compounds exact retention times (+0.001 RT units)
are known from the standard runs and calculated. Thus if a
peak has the proper RRT and ratio on the DB-5 column, it is a
tentative 2,3,7,8-substituted isomer. The sample is then
conflirmed on SP~2331 which chromatographs the compounds
differently. Again, using standard RRT and ratios, if the
peak in the samples agrees with the standards it is confirmed
as a positive 2,3,7,8 substituted isomer.

If this dual agreement ié not met, the compound can not be
identified solely as a 2,3,7,8 substituted isomer, but may in
fact be another isomer of the same congener.

This dual column confirmation 1is required with RRT and m/e
ratios agreelng with daily standard runs to identify a peak
as a 2,3,7,8 substituted dioxin or furan isomer.

If there are any questions, please do not hesitate to call.

Sincerely

Michael J., Miille, PhD Michael W. Orbanbsky
Director of GC/MS Services GC/M3 Lab Managér
dlc

This report Is for the sole and exclusive use of the client to whom & Is addressed.
Samples not destroyed in testing are retained o maximum of thirty (30) days unless othenwise requested.






STANDARDS AND REAGENTS.

The [13C])-2378-TCDD (ED-900), [37C1]-2378~TCDD (ED-307), [13C]-
12378-peCDD (ED-955), [13C]-123678-HxCDD (ED-966), [13C]}-1234678-
HpCDD  (ED-972), [13C]-OCDD (ED-981), [13C]-2378-TCDF (EF-904),
2378-TCDD (ED-901), 12378-PeCDD (ED-930), 123678-HxCDD (ED-961),
1234678-HpCDD (ED-971), OCDD (ED-980), 2378-TCDF (EF-803), 12378-
PeCDF (EF-953), 123678-HxCDF (EF-962), 1234678-HpCDF  (EF-973),
OCoF (EF~982) were all obtained from Cambridge Isotope
Laboratories, Inc. The solvents used were methylene chloride
(Baker #9264), hexane (Baker# 9262), methanol (Fisher #A-936),
toluene (Baker #9336), and tetradecane (Aldrich #17,245-6) . Other
reagents used were sodium sulfate (Malinkrodt #8024), silica gel
(Kieselgel 60, EM Reagents #7734), basic alumina ( Bio-Rad AG-10,
stored at 130 C after being kilned at 600 C for 12 hours), and
acid alumina (Bio-Rad AG-4} stored at 130 C. The 44% H2504/silica
gel was prepared by adding 44 grams of sulfuric acid (Baker
#9681) to 56 grams of silaca gel and mixing well. The 33% IN
NaOH/silca gel was prepared by adding 33 grams of IN NaOH (Baker
#3727) to 67 grams of silca gel anc mixing well; these two
packings were stored at ambient in closed containers until used.
The carbopack/silca gel packing was prepared by mixing 3.6 grams
of carbopack (Supelco #1-0257) and 16.4 grams of silica gel and
storing at 130 C.

EXPERIMENTAL

S0il/solid sample extraction.

The sample was weighed to two significant figures into a 250mi
erlenmeyer flask. See Chart I for sample size. Internal standards
were then added to the sample (see Chart II) and if appropriate,
the native spike compounds added (see Chart 11). After adding 20
grams of sodium sulfate, 20ml of methzanol, and 150ml of hexane,
the flask was placed on a shaker for 3 hours. The extract was
filtered and set aside for clean up.

Licuid/aqueous sample extraction.

A measured volume of sample was transfered to a separatory
funnel. See Chart I for sample size. Internal standards were then
added to the sample (see Chart II) and if appropriate, the native
splke compouids added (see Chart 1I). Distilled water was added
to dilute the sample matrix and aié in the extraction. Tre
sample/water mixture was extracted three times using fresh 50m1
portions of methylene chloride. These extracts were combined and
set aside for clean up.

Extract clean up.

If the extract was suspected to have high levels of organics, the
extract was transfered to a separatory fumel and washed with a
50ml portion of 10N NaOH. The extract was subsequently washed
with 50ml of distilled water, +two 25ml portions of sulfuric acid
and 50ml of distilled water. The washed extract was then passead
through sodium sulfate into a 250ml round bottom flask containing
approximately  500ul tetradecane and roto—evaporated to the



California Analytical Laboratories, Inc.
9544 Industrial Boulevard » West Sacramento, CA 95601  (916) 372-1393

July 24, 1986

Frank Palmer

State Water Board
P.0. Box 100
Sacramento, CA 95801

Dear Frank:

Enclosed is a copy of the method description for our dioxin
and furan analyses of the PCP samples submitted earlier this
year. We have tried to provide ths detail in a form similar
to a publication as Jerry Bowss requested.

If you need any sdditional information, please give me a
call.

Sincerely,

%Mhﬁille , PhD

‘Vice Presidant

Jjo



CHART II

Internal Standards Native Spike Compounds
13c-2378-TCDD 25ng 2378~TCDD
13¢-2378-TCDF 25ng 12378-PeCDD
13¢-12378-PeCDD 50ng 123678-HxCDD
13¢c-123678-HxCDD  50ng 1234678-HpCDD
13C-1234678-HpCDD  50ng ‘ 0CDD
13¢c-ocop 250ng 2378-TCDF
(37¢1-2378-TCDD 10ng) 12378-PeCDF

123678-HxCDF
1234678-HpCDF
OCDF

California Analytical Laboratories, Inc.



tetradecane and set aside for clean up.

1f the expected level of organics of the original extract was
low, the acid/base clean up was by-passed. Approximately 500ul of
tetradecane was added to the extract and the extract roto-
evaporated to the tetradecane (after removal of residual water by
passing the extract through sodium sulfate} and set aside for
clean up.

The concentrated extract was cleaned up by the use of a four
column system. Column 1 (1.5cm X 40cm) was packed by adding 1
gram of silica gel followed by 2 grams of 33% IN NaOH/silicz gel,
1 gram silica gel, 4 grams of 44% H2504/silica gel, 2 grams of
silica gel and 1 gram of sodium sulfate to the column. Column 2
was packed with 6 grams of acid alumina. Columns 1 and 2 were
rinsed with hexane and Colum 1 placed above Colum 2. The
concentrated extract was transfered to Colum 1 with small
portions of hexane. Column 1 was eluted with 90ml of hexane
directly onto Column 2 and then discarded. Colum 2 was eluted
with 20ml  hexane followed by 20ml of 20% methylene
chloride/hexane. Approximately 500ul of tetradecane was adced to
the methylene chloride/hexane eluate and concentrated under
nitrogen to the tetradecane. The concentrated extract was
transfered to Column 3 (l.lcm x 30cm column packed with 5 grams
of basic alumin on top of 1 gram of scdium sulfate and rinsed
with hexane) with small portions of hexane. Column 3 was eluted
with 20ml of hexane, which was discarded, followed by 8ml of 3%
methylene chloride/hexane, which was archived. Next Colum 3 was
eluted with 35ml of 50% methylene chloride/hexane . After aading
approximately 500ul of tetradecane, the eluate is concentrated
under nitrogen to the tetradecane. Colum 4 (5ml graduated dispo-
pipet) contains 0.3 grams of carbopack/silica gel packed between
two glasswool plugs. The column was rinsed with 5ml of hexane,
then turned over and rinsed sequentially with 5ml of hexane, 2rl
of toluene, 1ml of 75:20 methylene chloride/methanol, lml of 1:1
methylene chloride/cyclohexane  and 2ml  of Thexane. The
concentrated extract was transfered with small portions of hexane
to the colum and eluted sequentially with two lml portions of
hexane, 1ml of 1:1 methylene chloride/cycloheaxne, and L~ of
75:20 methylene chloride/methancl. These eluates were discarded
and the column turned over and eluted with 4ml of toluene.
Tetradecane (50ul) was added to the toluene eluate anc the
toluene removed by nitrogen. This concentrated, cleanel up
extract was stored in the dark until GC/MS injection.



GC/MS Analysis

The GC columns used were a DB-5 60M X 0.32mm ID fused silica column (J&wW
Scientific, Ranch Cordova) and a SP-2331 60M X 0.32mm ID fused silica column
(Supelco, Belefonte). See Table I for GC temperature programs used for each
column. '

Mass spectral analysis was performed using a Finnigan MAT 5100 gas
chromatograph mass spectrometer with a Nova 4X data system in SIM mode. The
instrument was calibrated daily using FC-43 (perfluorotributylamine). After
this initial calibration the SIM tables were updated against the new
calibration table. Because of the number of masses monitored, two sets of
SIM descriptions were used in sequence. See Table II for description of
each SIM set. Calibration standards equivalent to 1 ppb to 25 ppb (0.2 ng/
ulL to 5 ng/ul) were prepared from stock solutions. The following working
standards were used to establish average response factors for each of the
dioxin and furan homologs.

0.2 ng/ul Cly - Cl; D/F
Cl

0.5 ng/uL 8 D/F
1.0 ng/uL.  Cl, - Cly D/F
2.0 ng/uL  Clg D/F
5.0 ng/ulL.  Cly - Clg D/F
5.0 ng/ul  Clg D/F

The relative response factors (RRF) for both the native D/F and surrogate
were calculated using equations 1 and 2.

Equation 1 (RRF for native D/F) Ag = Area Native Std.

RRF = Ag Cig/A1s Cg Ais = Area Int. Std.
Cg = Conc. Native Std.
CIS = Conc. Int. Std.

Equation 2 (RRF for 37C1,-TCDD surrogate)

RRF = Ags C1s/A1s Css _
the 328 response is corrected by subtracting
0.0009 of the 322 response,

Area Burrogate Std.

>

o

w2
H

Conc. Surrogate Std.

@]
[02]
wn

1

California Analytical Laboratories, Inc.



The masses monitored for the calculations are shown below.

Homolog Native Standard m/e Int. Std. m/e
Cly - D %22 334
37C14 -D 328 334
Clg - F 342 370
Cls - D 358 370
Clg - F 376 404
Clg - D 392 404
C17 - F 410 438
C17 - D 426 438
Clg - F 444 472
Clg - D 460 472

The RRF over the working range should be constant (40% RSD). If this
criteria was met then the average RRF was calculated for each homolog and
used in calculating the results. The RRF for native compounds and surrogate
were verified every 12 hours or less by calculating the RRF on one or more
(usually the 1 ng/ul) standards run during the course of the 12 hour period.
A working standard was run at the end of every 12 hour period. If the
variation of the RRF's was greater than + 10% a new curve was run.

Initially, sample extracts are analyzed using the DB-5 column. This column
can be run at a higher temperature, resulting in shorter sample runs and
better chromatography for the hepta and octa chlorinated dioxins and furans
The total Cly, Cls, Clg, Cl7 and Clg concentrations can be calculated as
follows. Quantitative reguirements must be met before a peak can be
identified as a native congener. The monitored mass ratic must be within +
10% of the standard mass ratio. The masses monitored must maximize together
and have a signal to noise ratio greater than 2.5 to 1. All peaks must
elute within the previously established retention time window. If these
criteria were met then the areas for all the peaks for a homolog were summed

and this value (Ag) used in equation 3 to calculate the total concentration
of that homolog.

Equation 3 Cg = Ag Crg/Ars X RRFg X wt sample.

If quantitation of the 2,3%,7,8-substituted 1somers was regquired the sample
extracts and appropriate standards were injected on the SP-2331 FSCC.

Colifornia Analytical Laboratories, Inc.



TABLE I

Racommended GC Capillary Conditions

60 meter 60 meter
Column (SP 2331) DB-5
2,5,7,8-TCDD R.T. 12 min 10.0 min
Helium Linear Velocity 30 cm/s=c
Initial Temperature 180 ¢C 190 C
Initial Time 1 min 1 min
Splitless Time 0.6 min 0.5 min
Program Rate 10 C/min 8 C/min
Final Temperature 250 C 300 C
Final Hold Time 15 min 7 min
Split Flow 30 ml/min 30 ml/min
Septum Purge Flow 5 ml/min 5 ml/min
Capillary Head Pressurs 28 psi 15 psi

The above GLC conditions are employad for both classification and the isomer
specific analysis of tetra through octa chlorodioxins and dibenzofurans.

The 60 meter DBS5 is appropriate for total Clg - Clg D/F classification.
Isomer specific analysis of all 2,3,7,8~substituted chlorinated
dibenzodioxins and dibenzofurans required a 60 meter DB-5 and a 60 met2r SP
2331.

California Analytical Laboratories

A DIVISION OF
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Column isomer specificity was checked using a mix that includes 2378, 1478,
1234, 1237, 1238, 1278 and 1267 TCDD. The column must separate 2,3,7,8-TCDD
from the remaining TCDD isomers with at least a 25% valley. It should also
separate 12348 and 12378 PnCDF, and 123478 and 123678 HxCDD with at least a
60% valley. Qualitative jdentification requires that the m/e ratios for
each congener are within + 10% of that for the standard. The signal to
noise must be 2.5/1. The relative retention time must be within + 0.005
units for the standard RRT. These criteria must be met to positively
identify the 2378 isomer. If these criteria were met the isomer
concentrations were calculated using eguation 3. When an isomer gave 2
positive value on both the DB-5 and SP-2331 column, it was considered
positive and the guantitative value from the SP-2331 column was reported.

California Analytical Laborateries, Inc.
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TABLE II

Selected Data for the Polychlorinated Dibenzofurans

and

Polychlorinated Dibenzo-P-Dioxins of Interest

Compounds
ﬁf:%ﬁ?““”

Di~-CDD

Tri-CDF
Tri-CDD

Tetrachlorodibenzofuran
Tetrachlorodibenzo-p~dioxin
13¢42-2,3,7,8-TCDD
13¢42-2,3,7,8~TCDF

Pentachlorodibenzofuran
Pentachlorodibenzo-p-dioxin

13¢42-12378-PnCDD
13C15-12%78 or 23478-PnCDF

Hexachlorodibenzofuran
Hexachlorodibenzo-p-dioxin

15¢45-HCDF
13¢42-HCDD

Heptachlorodibenzofuran
Heptachlorodibenzo-p-dioxin
13C1o-Hepta-CDD

13¢4o-Heptachlorodibenzofurans

Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
13C142~0cta~CDD
13C4,-Octachlorodibenzofuran

Accurate Mass

Low

251

303.
319.

331

317.

339.
355.

367.

351

373.
389,

385.
.8559

407.
423.
435.

.8220

.7428
457 .
469.
453.

401

419
441

Mass

235.980
.974

269.
285.

941
936

9016
8965

.93%68

9590

8597
8546

8947

. 9000

8207
8156

8610

7817
7766
8169

7377
7780
7831

High Mass
237.977

25%.972

271.938
287.933

305 .8987
321.8936
333.9339
319.937

341.8567
357.8517

369.8918
353.8970

375.8178
391.8127

387.8581
403.8530

409.77883
425.7737
437.8140

421.8191

443.7398
459.7347
471.7750
455.7801

California Analytical Laboratories, Inc.

Theoretical
Isotope Ratio

1.5
1.5

1.01
1.01

0.77
0.77
0.77
0.77

1.54
1.54

1.54
1.54

1.235
1.23

1.03
1.03
1.03

0.88
0.88
0.88
0.88



IIT Research Institute
Hﬂﬁnﬂ 10 West 35th Streel, Chicago, lilinois 60616-3799

312/567-4000 « Telex 282472 |ITRICHGO

ARNIVERSARY ' June 30, 1986

Mr. Francis Palmer

State Water Resources Control Board
Paul R. Bonderson Bldg.

9071 P Street

Sacramento, CA 95801

Dear Mr. Palmer:

Enclosed you will find the additional information you requested.
I have provided a detailed description of both the extraction and
analytical procedures used to analyze the eight samples (23446 -
1 through 8) for PCDDs and PCDFs. In conjunction with the analytical
description, I have included a table listing the analytical sequence
(masses monitored, elution windows, etc.) used during the GC/MS
analyses, as well as, selected ion current chromatograms (Figure)
displaying the elution sequence of the 2,3,7,8-substituted dioxin
and furan isomers on the SP2330 capillary column. Also enclosed are
the selected ion current profiles for each sample and the updated
data sheets, incorporating the revised OCDF concentrations and cal-
culated detection limits. " The detection limits were determined for a
specific isomer within each chlorination level (tetra, penta, etc.)
and then applied to each PCDD/PCDF congener class.

IT you have any questions regarding the enclosed information or .
are in need of any additional information, please contact the under-
signed at 312/567-4234.

Respectfully submitted,
IIT Research Institute

/Ny A

Michael Miller
Research Chemist

Approved Chemistry Research Section

D. J. Moschandreas, Ph.D.

Research Director

Chemistry and Chemical Engineering
Research Department '

COMMITMENT TO EXCELLENCE






1.2.3

1.2.4

1.2.5

1.2.6

1.2.7

1.2.8

1.,2.9

1.2.10

1.2.11

1.2.12

1.2.13

To determine the sample weights triplicate weight measurements
were made on the appropriate sample volumes. The average of
these three determinations was taken as the sample weight.

Prior to adding the internal standard spiking solution (Section
1.1.4) to the sample, 100 ul of this solution was mixed with 1 ml
of acetone. This was done in order to enhance mixing of the
spiking solution with the predominantly water matrix., (Due to an
oversight, this mixing step was omitted for samples 23446-4 and
5. For these two samples the spiking solution was added directly
to the sample-water mixture.)

The sample was extracted three times with 60 ml volumes of
methylene chloride,

The combined methylene chloride extracts were concentrated by
roto-evaporation to approximately 1 ml, To the concentrator
flask, 50 ml of hexane were added and the volume again reduced to
1-2 ml.

The sample extract was transferred to a 125-ml separatory funnel
using four 10-m1 aliquots of hexane,

The hexane sample-extract was initially washed with 50 ml of 10N
sodium hydroxide. The aqueous layer was discarded.

The organic layer was then washed with 50 ml of reagent water,
which was also discarded.

The hexane layer was washed with two 50-ml aliquots of sulfuric
acid. Both acid fractions were discarded.

The final extraction step consisted of two washings with 50-ml

aliquots of reagent water. The aqueous fractions were again
discarded.

The organic layer was then dried by swirling over 1-2 grams of
anhydrous sodium sulfate.

The sample extract was again concentrated using roto-evaporation
to approximately 1 ml prior to IFB-option A column cleanup.

T RESEARCH INSTITUTE
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1. SAMPLE EXTRACTION

1.1 SOLID SAMPLES

1.2

1.1.1

1.1.2

1,1.3

1.1.4

1.1.5

1.1.6

1.1.7

1.1.8

Each sample was opened, examined and its' physical appearance
noted.

Samples were weighed on an analytical balance, which had been
checked for accuracy by IITRI's QA/QC officer, and transferred
into the extraction jar,

Purified anhydrous sodium sulfate (20 grams) was added to each
sample and mixed thoroughly using a stainless steel spatula.

The internal standard spiking solution {100 ul) was then added
directly to each sample. This solution contained: 250 ng/ml
each of 13C-2,3,7,8-TCDD and 13C-2,3,7,8-TCDF; 500 ng/ml each of
130.1,2,3,7,8-PnCOF and 13C-1,2,3,4,7,8-HxCDF; and 2200 ng/ml of
13¢-0CDD.

The spiked samples were then left to stand at ambient
temperature. After two hours they were mixed and left for at
least six more hours.

Methanol (20 m1) was added and the samples stirred. Then hexane

(150 m1) was added and the samples were vigorously extracted for
a minimum of three hours using a platform shaker.

The containers were removed from the shaker and the solids
allowed to settle before proceeding. The extracts were carefully
decanted through a glass funnel fitted with a solvent-rinsed
filter paper. The extraction jar, its contents and the filter
residue were carefully rinsed with hexane.

The extracts were concentrated using a Kuderna-Danish (K-D)
evaporative concentrator in a water bath at 90°C. When the

extract volume reached approximately 1 ml, the samples were ready
for cleanup.

LIQUID SAMPLES

1.2.1

1.2.2

Each sample was opened, examined and its' physical appearance
noted.

To facilitate the extraction of the three liquid samples each was
mixed with one liter of reagent {Milli-Q) water. Sample volumes
of 100 pl were used for samples 23446-4 and 5, and 10 ml for
sample 23446-6. The samples were added to the reagent water
which had been poured into two-liter separatory funnels.

NT RESEARCH INSTITUTE



2.3

2.2.2

2.2.3

2.2.4

2.2.5

The hexane sample extract was quantitatively transferred to the
top of the sulfuric acid-impregnated silica gel, and the K-D

concentrator tube was rinsed with 2 x 0.5 ml of hexane and placed
onto the column,

The extract was then eluted directly onto the alumina column with
90 ml of hexane. The silica gel column was discarded,

Hexane (20 m1) was placed onto the alumina column and eluted

until the liquid dropped below the sodium sulfate layer. The
hexane eluant was discarded.

The alumina column was then eluted with 20 ml of 20% (v/v)
methylene chloride/hexane solution. This solution was collected
and concentrated to about 1 ml using a gentle stream of filtered
nitrogen gas. A solvent exchange was then performed by adding
10 ml of hexane and reconcentrating to 1 ml. At this point the
sample extract was ready for the final cleanup step.

BASIC ALUMINA COLUMN CHROMATOGRAPHY

2.3.1

2.3.2

2.3.3

2.3.4

-

A1 cm x 30 cm chromatography column was dry-packed with 10,0 g
of Fisher A-540 basic alumina and topped with 1 cm of purified
sodium sulfate. The basic alumina had been activated at 130°C
for a minimum of 16 hours.

The hexane sample extract from the Option A cleanup was
transferred onto the bead of the A-540 column. The concentrator
vessel was rinsed with 2 x 1 ml of 2% (v/v) methylene chloride -
hexane solution and placed onto the column.

The A-540 column was then eluted with 80 ml of the 2% methylene
chloride~hexane solution to remove such interferences as
polychlorinated diphenyl ethers, benzenes, naphthalenes and
biphenyls. This fraction was discarded.

The polychlorinated dioxins and furans were then eluted from the
A-540 column with 120 m1 of 20% (v/v) methylene chloride-hexane
solution. This volume was concentrated to several milliliters by
roto-evaporation and then quantitatively transferred to a
concentrator tube where the volume was reduced to 1 ml using
filtered nitrogen. The extract was then transferred to a 2-ml
conical mini vial and the concentrator tube rinsed three times
with the 20% methylene chloride-hexane solution. Between aliquot
transfers the volume in the vial was gently reduced with
nitrogen. When the volume reached 50-100 11 the wells of the
mini vial were rinsed and the contents of the vial concentrated
to near dryness. At that point the volume of the extract was
adjusted to 50 ul with toluene in preparation for the GC/MS
analysis.

HT RESEARCH INSTITUTE
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2. SAMPLE CLEANUP

2.1 ACID/BASE EXTRACTION

In order to remove the anticipated high levels of pentachlorophenol
(PCP), the extracts from the solid samples required an initial cleanup
(described below) prior to the column chromatography. This acid/base cleanup
step was incorporated in the extraction procedure for the liquid samples and
was therefore unnecessary for these samples.

2.1.1 The organic extracts were washed with 30 ml of 20 percent aqueous
potassium hydroxide by shaking for 10 minutes. The water layer
was removed and discarded.

2.1.2 The extracts were then washed with 25 ml of reagent water by

shaking for two minutes. The agueous layer was removed and
discarded.

2.1.3 To the organic extract, 50 ml1 of concentrated sulfuric acid was
cautiously added. This mixture was shaken for 10 minutes and
then allowed to stand until the aqueous and organic layers
separated. The aqueous layer was removed and discarded. The

acid washing was repeated until no color was visible in the acid
layer.

2.1.4 The organic extracts were washed with reagent water (20 m1) for
two minutes. The aqueous layer was removed and discarded. The

organic layer was dried by adding 10 g of anhydrous sodium
sulfate.

2.1.5 Tne extracts were then transferred to a K-D apparatus and
concentrated to approximately 1 ml.

2.2 SILICA GEL/ALUMINA COLUMN CHROMATOGRAPHY (OPTION A)

2.2.1 Al cmx 30 cm chromatography column was packed with 1.0 g of
silica gel,! 2.0 g sodium hydroxide-impregnated silica gel (33%
w/w 1M NaOH), 1.0 g silica gel, 4.0 g of sulfuric acid-
impregnated silica gel (40% w/w HzS0) and 2.0 g silica gel. A
second column (1 cm x 30 cm) was packed with 6.0 g aluminal and
topped with a 1-cm layer of purified sodium sulfate. Hexane was
added to both columns until the packings were free of channels
and air bubbles.

1silica gel (for column chromatography, type 60, EM Reagent, 100-200 mesh)
and alumina (acid alumina, AG 4, BIO-RAD Laboratories) were Soxhlet-extracted

with CH2Ci2 for 21 hours and activated at 130°C and 190°C, respectively,
before use. Each batch was tested for proper recaveries prior to use.

HT RESEARCH INSTITUTE
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standard as a reference. Since only a limited number of these standards are
available in practice, the approach generally followed is to use an
appropriate set of internal standards which includes representative isomers
from each chlorinated class of PCDFs and PCDDs, and further assume that the
data obtained for these is representative of all isomers in each group.

Relative response factors were determined from the analysis of standard
solutions containing the internal standards and isomers representative of each
chlorination class. Response factors were calculated from the following
equation:

RF = Ax.Qis/Ais.Qx

where: Ax = sum of the integrated jon abundances of the masses for the
unlabeled compound
Ais = sum of the integrated ion abundances of the masses for the
appropriate labeled compound
Qis amount of the appropriate labeled compound (ng)
Qx amount of the unlabeled compound (ng)

Quantification of PCDFs and PCDDs in the sample extract is achieved by
calculating the ratios of the mass spectral responses obtained for the jons
characteristic of the labeled PCDFs/PCDDs to those of the appropriate internal
standards, corrected for differences in response factor. The equation used
for quantification was:

Concentration (ng/g)} = (Ax.Qis)/Ais.W.RF)

where: W
RF

=  weight of sample (g)
=  response factor

Because of the labeled internal standard was added prior to sample
extraction and analysis, and the interral standard was quantified at the same
time as the native components, any losses of PCDD/PCDF incurred during the
analysis were accounted for by the above approach.

Detection limits, i.e. the minimum detectable concentrations required to
*produce a signal 2.5 times the average background signal, were calculated for
each PCDF/PCDD congener class. For each class, the average width of the
baseline noise-band for the native compounds and the peak height for a known
concentration of the associated !3C-labeled analog were measured manually.
Measurements of the noise band were made in a region of the selected ion
current profile that was free of interferences and as close as practicable in
the plot to the peak for the corresponding 13C-labeled compound. The
detection limit DL was calculated using the relationship:

DL = (2.5)(Ax.Qis)/{Ais.RF.W)

where: Ax = height of the noise band of the selected mass for the unlabeled
compound
Ais = height of the peak corresponding to the labeled compound of the

same congener class.

[T RESEARCH INSTITUTE
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3. G6C/MS ANALYSIS

Samples and standards were analyzed using combined capillary column gas
chromatography/low-resolution mass spectrometry (HRGC/LRMS or GC/MS).

The gas chromatograph, a varian 3700, was equipped with a 60 m x 0.25 mm
j.d. fused-silica 5P-2330 (Supelco) column, Samples were injected in the
splitless mode, with the column programmed from 85C to 250C at a rate of
15¢/min, and held at the upper limit for 60 minutes. The SP-2330 column has
been shown to separate the 2,3,7,8-TCDD from all other tetra-isomers, and to
partially separate the 2,3,7,8-TCDF from the 2,3,4,8-TCDF. However, it is
unable to resolve 1,2,3,7,8-PnCDF from 1,2,3,4,8-PnCDF and 1,2,3,4,7,8-HxCDF
from 1,2,3,4,7,9-HxCOF. These isomers can be separated to some extent on less
polar columns, such as O0V-17 or DB-5.

A1l data were acquired by software-controlled multiple ion detection
using two ion masses from the molecular ion cluster for each of the PCDF and
PCOD levels of chlorination. Two ions were also monitored for each internal
standard. This permitted the calculation and comparison of the isotope ratios
with their theoretical values to verify their identity. Several additional
jon masses were monitored to indicate possible interferences from chlorinated
diphenyl ethers. The presence of these compounds could give rise to fragment
jons with the same masses as those monitored for the PCOFs. Therefore, the
absence of a co-response for the diphenyl ether ion mass when a PCDF compound
shows a positive response was taken to indicate that the signal for the PCOF
was “real".

A listing of the masses that were monitored, atong with the theoretical
jsotope ratios, is given in the Table. In order to obtain maximum sensitivity
and selectivity during an experiment, the run was divided into four adjoining
time windows. Each window contained up to 16 ion masses (for specific native
and labeled PCDFs and PCDDs, and chlorinated diphenyl ethers), and the sample
dwell times and interchannel delay times were chosen to give the most
sensitive and rapid cycle time. Since the GC column used in this work did not
yield complete separation of each chlorination level of PCDFs/PCDDs from the
other groups in a given time window, some of the ion masses were included in
more than one window to ensure that all isomers from a particular congener
class were monitored.

The major criteria which were used for confirming the presence of
specific PCDOFs/PCDDs in the samples analyzed were the following: (1) correct
retention times for each PCDF/PCDD of interest relative to the appropriate
isotopically-labeled internal standard(s), (2) intensity ratio for (M)+/(M+2)+
within 10% of theoretically-expected ratio (see Table), and (3) signal-to-

noise response for each PCDF/PCDD of interest greater than 2.5:1 for both ion
masses monitored. ‘

QUANTIFICATION

Ideally, each of the 210 separate isomers of PCDF and PCDD should be
quantified using the instrument response of the corresponding labeled internal

IIT RESEARCH INSTITUTE
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Figure. Selected ion current profiles of chromatography
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(c) HpCDD/HpCDF/HXCDF components in 3rd time window.



ANALYTICAL SEQUENCE IN 6LMS OETERMINATION OF PCDFs AND PLDOs

. Tewmp Cycle Dwell
Time Start  Stop  6C Column Prog Rate  Time Time Compounds Tons Monitored (m/2) Isotope Ratio
Window  (min) (min)  Temp (C) (C/min) (ms) (ms) Moni tored Mass 1 Mass 2 {Mass 1/Mass 2]
1 14:00  26:00 85 15 3200 197 TCDF 303.9 305.9 0.77
13C-TCDF 5.9 17.39 0.7
TCDD 9.9 3.9 0.77
13C-TCDD 331.9 333.9 0.77
PnCDF 337.9 339.9 0.61
13C-PnCDF 349.39 351.9 0.61
PnCDD 355.9 357.9 1.4
HxDPE® 373.8 -— -—
Hp DPEX 407.8 -— -—
2 26:00 3530 230 - 3167 195 PnCDF P79 333.9 0.61
PnCDF$ 274.9 — —
PnCDD 355.9 352.9 1.54
PnCODE 2%0.9 -_ —_
HxCOF 373.8 375.8 1.23
13C-HxCDF 383.9 387.9 1.23
HxCDF$ 310.9 -—- -
HxCOD 383.8 391.8 1.23
HxCDO# R26.9 - -
HpDPEX 407.8 —_ —
0DPEX 443.8 - -
3 35:30 36:00 250 - s 372 HxCOF 373.8 75.8 1.23
HxCDO 389.9 391.8 1.23
HpCOF 407.8 409.8 1.03
HoCOD 423.8 425.8 1.03
0DPEX 443.8 ——— —
NOPEX 471.7 -— —
4 S6:00  66:00 230 -— KFi) 534 OCDF 41,7 443.7 0.88
0co 457.7 459.7 0.88
13C-0C0D 463.8 471.8 0.88
DOPER 511.7 = —-

* HxDPE, HpDPE, ODPE, NOPE, DDPE designate hexa-, hepta-, octa-, nona,

and decachlorodiphenyl ethers, resp.

$ Mass monitored to identify fragment ion {H-COCL]
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TABLE H.1

RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,
PHASE 1: SAWMILL A: COMPARISON OF ON-SITE DRUM OF COMMERCIAL
PENTACHLOROPHENATE FORMULATION AND SLUDGE FROM DIP TANK

COMMERCIAL Na-PCP DIP TANK SLUDGE
cart/ SWEDENZ/ carY  swepen2/
CDDs (ppb)
Total TetraCDD 1.9 <1 DL 2.2 <1
2,3,7,8 DL 1.4 <1l DL 2.7 <1l
% 2,3,7,8 of
total tetracCDD - - - -
Total PentaCDD 140 304 28 107
1,2,3,7,8 28.3 24 DL 15.9 10
% 2,3,7,8 of
total pentacDD 20% 13% - 9%
Total HexaCDD 14,000 5,700 3,630 2,600
1,2,3,4,7,8 DL 6.1 ND DL 12.5 ND
1,2,3,6,7,8 4,050 3,600 1,790 1,800
1,2,3,7,8,9 ND ND NR ND
Total 2,3,7,8 4,050 3,600 1,790 1,800
% 2,3,7,8 of
total hexacCDD 29% 63% 49% 69%
Total Hepta-CDD 100,000 40,000 36,400 42,000
1,2,3,4,6,7,8 33,800 28,000 15,400 25,000
% 2,3,7,8 of
total heptacDD 34% 70% 42% 60%
OctacDD 81,000 13,000 115,000 155,000
FOOTNOTES

1/ 1Isomer group totals quantified on DB-5 column; specific 2,3,7,8
congeners quantified on Supelco 2331 column; NR = not reported; DL 1.4
= not detected at detection limit of 1.4 ppb.

2/ ND is less than 50 ppb; <1 = reported as less than 1 ppb.






TABLE H.2

RESULTS OF CDD AND CDF CONGENER SPECIFIC ANALYSIS,

PHASE 1:

CDDs (ppb)

Total TetraCDD
2,3,7,8
$ 2,3,7,8 of
total tetracbD

Total PentacCDD
1,2,3,7,8
% 2,3,7,8 of
total pentaCDD

Total HexaCDD

total hexaCDD

Total HeptacCDD
1,2,3,4,6,7,8
% 2,3,7,8 of
total heptaCDD

OctacCDD

FOOTNOTES

SAWMILL B:

WET SLUDGE

CALl/ SWEDENg/

DL 1.8 <1
DL 2.1 <1
25 246
34.3 14

645  5.73%

640 400
DL 3.5 ND
316 200
NR ND
316 200
49% 50%

3,000 3,400
1,600 2,200

53% 65%

7,200 1,600

COMPARISON OF WET AND DRY SLUDGES
SAMPLED FROM ABANDONED DIP TANK

DRY SLUDGE

car®’ swepen2/

8.4 60
8.3 11
99% 18%
720 1,298
185 212
26% 16%
6,200 8,600
93 ND
2,980 5,300
NR ND
3,073 5,300
50% 62%
14,000 22,000
8,030 14,000
57% 64%
63,000 40,000

1/ TIsomer group totals quantified on DB-5 column; specific 2,3,7,
congeners quantified on Supelco 2331 column; NR = not reported
DL 1.4 = not detected at detection limit of 1.4 ppb.

LR

the total as 1,2,3,7,8-pentacCDD.

ND is less than 50 ppb; <1 = reported as less than 1 ppb.

64% based on DB-5 column; a previous analysis reported 19% of



TABLE H.1 (continued)

RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,
COMPARISON OF CN-SITE DRUM OF COMMERCIAL
PENTACHLOROPHENATE FORMULATION AND SLUDGE FROM DIP TANK

PHASE 1: SAWMILL A:

COMMERCIAL Na-PCP

DIP TANK SLUDGE

CALl/ SWEDENQ/ CALl/ SWEDENQ/
CDFs (ppb)

Total TetraCDF 1,200 1,671 412 354
2,3,7,8 149 253 140 69
$ 2,3,7,8 of

total tetraCDF 12% 15% 34% 19%

Total PentaCDF 6,400 10,000 2,970 5,100
1,2,3,7,8 319 265 131 80
2,3,4,7,8 324 319 119 110
Total 2,3,7,8 €43 584 250 190
% 2,3,7,8 of

total pentacCDF 10% 6% 8% 4%

Total HexaCDF 49,000 7,200 8,700 8,500
1,2,3,4,7,8 DL 2.8 DL 8.5
1,2,3,6,7,8 225 200 145 300
1,2,3,7,8,9 480 300 DL 14.3 300
2,3,4,6,7,8 DL 385 <100 DL 16.5 <100
Total 2,3,7, 705 500 145 600
% 2,3,7,8 of

total hexacC 1.4% 7% 2% 7%

Total HeptaCDF 91,000 9,700 9,300 8,000
1,2,3,4,6,7, 6,190 3,900 2,270 3,000
1,2,3,4,7,8, 154 ND DL 100 <100
Total 2,3,7, 6,344 3,900 2,270 3,000
% 2,3,7,8 of

total heptacCDF 7% 40% 24% 38%

OctacCDF 36,000 1,000 3,890 1,800

FOOTNOTES

1/ 1Isomer group totals guantified on DB-5 column; specific 2,3,7,8
congeners quantified on Supelco 2331 column; NR = not reported; DL 1.0
= not detected at detection limit of 1.0 ppb.

2/ Sweden: 1,2,3,7,8- and 1,2,3,4,8-PentaCDF co-elute; 1,2,3,4,7,9-,
1,2,3,4,7,8- and 1,2,3,6,7,8-HexaCDF co-elute; ND is less than 50
ppb; <100 = reported as less than 100 ppb.



RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,

TABLE H.3

PHASE 2: SAWMILL C: TETRACHLOROPHENATE

TETRA-
CHLOROPHENATE DIP TANK DIP TANK

DIP TANK

RUM LIQUID SLYDGE UDGE
cart/ rrTr1%/ CALI IITRI—/CAL IITRY CAL§ IITRIZ/

CDDS (ppb)

Total TetracDD 4.4 <1.72/ 0.67 0.2 3.3 <3.0 8.3 6.5
2,3,7,8 <2.1 <1.7 <.10 <0.03 <1.5 <3.0 6.8 <1.7
% 2,3,7,8 of

total tetracCDD - - - - - - 82% -

Total PentaCDD 256 21 1.4 0.5 39.7 20 40.8 31
1,2,3,7,8 <5.1 <2.0 <.12 <0.03 <5.3 <1.7 <4.3 <0.9
$2,3,7.8 of

total pentacDD - - - - - - - -

Total HexaCDD 1,630 851 15.5 7.6 410 397 532 421
1,2,3,4,7,8 <12 2 <4.7 g.p <0.04 .o <3.0 <10.1 <2.6
1,2,3,6.7.8 667, 323 . 3.3 192 242 192
1,2,3,7.8,9 NA 14 NA 0.2 Na 7.9 NA 7
total 2,3,7,8 667 337 8.2 3.5 218 200 242 199
$ 2,3,7.8 of

total hexaCDD 41%  40% 53%  46% 53% 50% 45%  47%

Total HeptaCDD 1,360 805 25.7 14 1,380 1,564 1,720 1,444
1,2,3,4,6,7,8 849 527 15.3 9.3 797 974 976 898
%$2,3.7.8 of

total heptaCDD 62%  65% 60% 66% 58% 62% 57%  62%

OctacDD 1,450 5,680 106 289 1,290 9,770 4,960 11,056

FOOTNOTES

1/ cal Labs - totals quantified on DB-5 column: Congener specific
quantified on SP 2331 column.

NN

NA - Not analyzed.

ITTRI - quantified on SP 2330.

<1.0 indicates not detected at a detection limit of 1.0 Ppb.



TABLE H.2 (continued)

RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,
PHASE 1: SAWMILL B: COMPARISON OF WET AND DRY SLUDGES
SAMPLED FROM ABANDONED DIP TANK

WET SLUDGE DRY SLUDGE
CALL/ SWEDENZ/ CALl/ SWEDENg/
CDFs (ppb)
Total TetraCDF 76 79 1,700 2,294
2,3,7,8 20 13 112 78
% 2,3,7,8 of
total tetraCDF 26% 16% 7% 3%
Total PentaCDF 650 500 9,100 13,000
1,2,3,7,8 24 25 140 119
2,3,4,7,8 19 31 131 169
Total 2,3,7,8 43 56 271 288
% 2,3,7,8 of
total pentaCDF 7% 11% 3% 2%
Total HexaCDF 1,530 900 6,600 9,200
1,2,3,4,7,8 DL 3.9 DL 14
1,2,3,6,7,8 19 ND 104 100
1,2,3,7,8,9 DL 11.3 ND DL 23.5 200
2,3,4,6,7,8 26 ND 177 ND
Total 2,3,7,8 45 - 281 300
% 2,3,7,8 of
total hexaCDF 3% 0 4% 3%
Total HeptaCDF 260 700 3,000 4,100
1,2,3,4,6,7,8 446 300 1,120 1,900
1,2,3,4,7,8,9 DL 17 ND DL 32.5 ND
Total 2,3,7,8 446 300 1,120 1,300
$ 2,3,7,8 of
total heptaCDF 46% 43% 37% 46%
OctaCDF 270 100 2,400 600
FOOTNOTES

1/ Isomer group totals quantified on DB-5 column; specific 2,3,7,8
congeners quantified on Supelco 2331 column; NR = not reported:
DL 1.4 = not detected at detection limit of 1.4 ppb.

2/ Sweden: 1,2,3,7,8- and 1,2,3,4,8-PentaCDF co-elute;
1,2,3,4,7,9-, 1,2,3,4,7,8- and 1,2,3,6,7,8-HexaCDF co-elute;
ND is less than 50 ppb; <100

reported as less than 100 ppb.

H.S



TABLE H.4

RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,
PHASE 2: WOOD TREATMENT PLANT

2/

SOIL
"BLOOM" COMMERCIAL" (MOUTH OF SUMP
TORT) (LIQUID)
CDDs (ppb) CALl/ IITRIg/CALl/ IITRIg/ CALE; IITRIg/CALi9 IITRI
Total TetraCDD <2.0§/ <l1.8 <.32 <2.3 <.48 <1. <l.4 5.5
2,3,7,8 <3.0 <1.8 <2.7 <2.3 <2.2 <1l. <4.7 <0.7
% 2,3,7,8 of
total tetracDD - - - - - - - -
Total PentaCDD 109 30 <1.3 <3.5 4.4 <1. 39 <1l.4
90 21 <14.3 <3.5 <12.8 <1l. <19.7 <1.4
1,2,3,7,8
% 2,3,7,8 of
total pentacDD 82% 70% - - - - - -
Total HexaCDD 2,020 1,140 127 144 215 271 1,420 84
1,2,3,4,7,8 145 103 <8.4 <16.6 <12.3 9.4 30 12
1,2,3,6,7,8 51 347 65 <16.6 70 90 384 28
1,2,3,7,8.,9 N2/ s wNaY 6.6 NAY 22 Nad 14
TOTAL 2,3,7,8 655 458 65 - 70 121 414 54
% 2,3,7,8 of
total HexaCDD 32% 40% 51% - 33% 45% 29% 64%
Total HeptaCDD 31,800 21,552 8,490 10,568 1,940 2,890 12,900 548
1,2,3,4,6,7,8 30,300 16,837 5,980 7,319 1,204 1,839 8,270 343
% 2,3,7,8 of
total HeptacDD 95% 78% 70% 69% 62% 64% 64% 63%
OctacCDD 135,000 145,693 115,000 143,043 8,040 8,397 77,090 10,707
FOOTNOTES
1/ cal Labs - totals quantified on DB-5 column; Congener specific

quantified on SP 2331.

NN

NA - Not analyzed.

IITRI - quantified on SP 2330.

<1.0 indicates not detected at a detection limit of 1.0 ppb.



RESULTS OF CDD

TABLE H.3 (continued)

AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,

PHASE 2: SAWMILL C: TETRACHLOROPHENATE
TETRA-
CHLOROPHENATE DIP TANK DIP TANK DIP TANK
RUM LIQUID SIUDGE UDGE
CAL IITRI;/ CAL{ IITRIE/CALE IITR CAL§ IITRIa/

CDFs (ppb)

Total TetraCDF 1,280 1,179 10.5 5.3 234 534 279 522
2,3,7,8 262 138 2.8 1.2 46 62 65 64
%$ 2,3,7,8 of
total tetracCD 20% 12% 27% 23% 20% 12% 23%  12%

Total PentaCDF 7,190 1,765 53 13 1,150 658 1,310 555
1,2,3,7,8 & 3/
1,2,3,4,8 262 <2.0 2.1 1.5 50 95 54 82
2,3,4,7,8 88 59 1.3 0.6 28 60 26 50
total 2,3,7,8 350 59 3.4 2.1 77 155 80 132
$ 2,3,7,8 of

total pentaCDF 5% 3% 6% 16% 7% 24% 6% 24%

Total HexaCDF 6,240 4,657 58 36 1,470 1,806 1,850 2,227
1,2,3,4,7,8 &
1,2,3,4,7,9 20 <4.7 0.09 0.2 16 18 17 23
1,2,3,6,7,8 <12.5 <4.7 22 0.1 7.6 6 9.2
1,2,3,7,8,9 46 <4.7 <.23 <0.04 <11.1 <3.0 31 <2.6
2,3,4,6,7,8 <1l4.6 30 0.24 0.4 <7.0 28 <7.5 36
total 2,3,7,8 66 30 23 0.7 16 54 54 68
% 2,3,7,8 of

total hexaCDF 1% 0.6% 40% 2% 1% 3% 3% 3%

Total HeptaCDF 2,750 1,338 32 14 963 921 1,180 774
1,2,3,4,6,7,8 808 582 11 6.3 306 402 342 341
1,2,3,4,7,8,9 <18.7 <3.7 <.36 <0.03 <10.6 519 <7.1 <1.9
total 2,3,7,8 808 582 11 6.3 306 921 342 341
%2,3,7,8 of

total heptaCDF 29% 43% 34% 45% 32% 100% 29% 44%

OctaCDF 132 <337 6.3 1.1 378 102 375 100

1/ Cal Labs - totals quantified on DB-5 column; Congener specific

quantified on SP 2331 column.

2/ IITRI - SP 2330 column - note co-eluting pentaCDF and hexaCDF

congener.

3/ <1.0 indicates not detected at a detection limit of 1.0 ppb.

H.7



TABLE H.5

CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSES:
PERCENT SPECIFIC 2,3,7,8 ISOMERS DETECTED IN EACH

CDD AND CDF ISOMER GROUP.

COMMERCIAL
Na-PCP
FORMULATION

CDDs
2,3,7,8 tetracpp¥  wp
1,2,3,7,8

penta DDa/ 12%
1,2,3,4,;29

hexacC ND
1,2,3,6,7,8

hexacCcDD 39%
1,2,3,7,8,9

hexaCDD ND
1,2,3,4,6,7,8

hepta DDif 44%
CDFs
2,3,7,8 tetracDrl/ 14%
1,2,3,7,8

pentaCDF 3.6%
2,3,4,7,8

pentaCDF 3.9%
1,2,3,4,7,8

hexaCDF ND
1,2,3,6,7,8

hexaCDF 0.8%

1,2,3,7,8,9

hexaCDF 1.3%
2,3,4,6,7,8

hexaCDF ND
1,2,3,4,6,7,8

heptaCDF 10%
1,2,3,4,7,8,9

heptaCDF <0.2%
FOOTNOTES

ND = None Detected

1l/ Internal standard used by both labs

SAWMILL
A
SLUDGE

ND
ND 933/
ND
58%
ND

60%

2.6%

ND 3.5%3/

ND
30%

ND

2/ Internal standard used by Cal Labs.
3/ Results of both labs given.

PHASE 1:

SAWMILLS A AND B
SAWMILI,  SAWMILL
B B
LIQUID DRY
SLUDGE SLUDGE
ND 18% 99%3/
5.7% 383 203
ND ND 1.5%;/
50% 56%
ND ND
64% 613
22% 4.8%
4.3% 1.2%
4.3% 1.4%
ND ND
ND 1.2%2/ 1.3%
ND ND 2.2%3/
ND 1.7%2/ ND 2.7%§/
45% 43%
ND ND

(also used OctacDD).



TABLE H.4 (continued)

RESULTS OF CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSIS,

PHASE 2: WOOD TREATMENT PLANT
SOIL
"BLOOM™ COMMERCIAL" (MOUTH OF SUMP
TORT) (LIQUID)
CDFs (ppb) catd 11RI¥ At 1ITRIY CALEF IITRIg/CALi9 IITRIZ
Total TetraCDF 18 43 <0.23/ 1.3 0.67 4.9 9.1 26
2,3,7,8 4.4 4.4 <3.6 <1.9 <4.7 <1.3 <5.2  <1.3
$2.3.7,8 of
total tetracCDF 24% 10% - - - - - -
Total PentaCDF 561 203 <2.9 <3.5 72.6 12 484 27
1,2,3,7,8 &
1,2,3,4,8 53 <2.2 <9.1 <3.5 <7.2 4.8 32 8.4
2.3.4.,7,8 31 27 <9.1 <3.5 <5.5 <1.2 18 4.2
total 2,3,7,8 84 27 - - - 4.8 50 13
% 2,3,7,8 of
total pentaCDF 15% 13% - - ~ 40% 10% 47%
Total HexaCDF 4,520 3,637 251 209 211 219 2,440 168
1,2,3,4,7,8 &
1,2,3,4,7,9 902 662 12.8 <16.6 6.0 <5.0 61 <3.6
1,2,3,6,7,8 236 232 <12.1 <16.6 <11.8 <5.0 25 <3.6
1,2,3,7,8,9 94 <3.9 <14.4 <16.6 <17.8 <5.0 50 <3.6
2,3,4,6,7,8 <8.7 85 <14.3 37 <13.4 17 <20.6 <3.6
total 2,3,7,8 1,232 979 13 37 6.0 17 136 -
% 2,3,7,8 of
total hexaCDF 27% 27% 5%  18% 3% 8% 6% -
Total HeptaCDF 17,400 8,606 4,240 2,613 458 388 2,590 111
1,2,3,4,6,7,8 11,600 5,056 747 425 747 145 900 40
1,2,3,4,7,8,9 1,490 396 110 120 110 12 <50 16
total 2,3,7.8 13,090 5,452 857 545 847 157 900 56
%2,3,7,8 of
total heptaCDF 75% 63% 20% 21%  185% 40% 35%  50%
OctaCDF 223,000 12,323 175,000 11,648 1,470 222 3,600 <326
FOOTNOTES

l/ Cal Labs - totals guantified on DB-5 column; Congener specific
quantified on SP 2331 column.

2/ TIITRI - quantified on SP 2330.

3/ <1.0 indicates not detected at a detection limit of 1.0 ppb.



TABLE H.5 (continued)

CDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSES:
PERCENT SPECIFIC 2,3,7,8 ISOMERS DETECTED IN EACH
ISOMER GROUP. PHASE 2: WOOD TREATMENT PLANT: COMMERCIAL PCP

SOTL
AT
RETORT SUMP
"BLOOM"  WCOMMERCIAL™ MOUTH LIQUID
CDDs
2,3,7,8 tetracppl/ ND ND ND ND
1,2,3,7,8
pentacpp?’/ 80% ND ND ND
1,2,3,4,7
hexaC D29 7.8% ND ND 3.5% & 213 1434/
1,2,3,6,7,8 o
hexaCDD 27% 51% 33% 27% 333
1,2,3,7,8,9 Y . 4/ o
hexaCDD NA 0.7%Y wa ¥ NA 8.1% NA 17%
1,2,3,4,6,7,8
heptaCDD 88% 70% 63% 64%
CDFs
2,3,7,8 tetracDFY 143 ND ND ND
1,2,3,7,8
pentacpr/ 9.4 NDY ND ND 40%Y 6.63 313Y
2,3,4,7,8 4/
pentaCDF 5.5% 13%3/ ND ND 3.7% 16%
1,2,3,4,7, . . .
hexaCD 19% 5.1% NpY 2.8% ND¥ 2.5% np¥/
1,2,3,6,7,8
hexaCDF 5.7% ND ND 13 npY
1,2,3,7,8,9
hexaCDF 2.1%  np* ND ND 23 np¥
2,3,4,6,7,8 Yy & &
hexaCDF ND 2.33% Np 183 ND 7.8% ND
1,2,3,4,6,7,8 o
heptaCDF 64% 17% 163% 37% 35%
1,2,3,4,7,8,9
heptaCDF 7.3% 3.1% 24% 3.18Y Np 143Y/
FOOTNOTES
ND = None Detected
NA = Not Analyzed

1/ Internal standard used by both labs (also used OctacCDD) .

2/ Internal standard used by cCal Labs.

3/ Internal standard used by IITRI.

4/ Results of both labs given: first value is cal Labs, second
is IITRI.

H.12



TABLE H.5 (continued)

cDD AND CDF 2,3,7,8 CONGENER SPECIFIC ANALYSES:
PERCENT SPECIFIC 2,3,7,8 ISOMERS DETECTED IN EACH
ISOMER GROUP. PHASE 2: SAWMILL C, TETRACHLOROPHENATE

COMMERCIAL
TETRACHLORO-  DIP DIP DIP
PHENATE TANK TANK TANK
FORMULATION  LIQUID SLUDGE SLUDGE
CDDs
2,3,7,8 tetracpp® ND ND ND g2y NDY
1,2,3,7,8
pentacpp’ ND ND ND ND
1,2,3,4,7,8
hexaCD ND ND ND ND
1,2,3,6,7,8
hexaCDD 40% 50% 51% 54%
1,2,3,7,8,9
hexaCDD wa 1.63% wa 2.6 wma¥2.0% Nat 1,73
1,2,3,4,6,7,8
heptaCDDif 64% 60% 60% 59%
CDFs
2.3,7,8 tetracpFY 16% 24% 14% 16%
1.2,3,7,8
pentaCDF/ 3.65 ND¥ 5.5% 8% 8.4%
2,3,4,7,8
pentaCDF 1.6% 2.9% 4.7% 4.1%
1,2,3,4,7
hexaCDF 0.33 NDY 3.1% 1% 1%
1,2,3,6,7,8
hexaCDF ND 24% 0.4% 0.7%
1,2,3,7,8,9
hexaCDF 0.7% N/ ND ND 1.7%5 np¥/
2,3,4,6,7,8
hexaCDF ND 0.63%% 1.4% xp 1.6% wp¥1.esY
1,2,3,4,6,7,8
heptaCDF 34% 38% 38% 35%
1,2,3,4,7,8,9 o
heptaCDF ND ND ND 56% ND
FOOTNOTES
ND = None Detected
NA = Not Analyzed

1/ Internal standard used by both labs (also used OctacCDD) .

2/ Internal standard used by Cal Labs.

3/ Internal standard used by IITRI.

4/ Results of both labs given; first value is cal Labs,
seccond is IITRI.

H.11
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November 4, 1986 SAB-FEC-87-008

Honorable lee M. Thomas ot o
Administrator THL ADIMISTia e
U. §. Envirommental

Protection Agency
401 M Street, 5. W.
Washington, D. C. 20460

Dear Mr. Thomas:

The Science Advisory Board's (SAB)} bioxin Toxic Equivalency
Methodology Subcommittee met in public session on September 8 to review a
draft document prepared by the Agency's Risk Assessment Forum and entitled
"Interim Procedures for Estimating Risk Associated with Exposures to
Mixtures of Chlerinated Dibenzo-p-Dioxins and Dibenzofurans (CDDs and
CDFs)." The document sets forth an approach for assessing the hazarg of
CDD and CDF mixtures relative to the toxicity of the 2,3,7,8-tetrachloro-
dibenzo-p—dioxin (TCDD) isomer.

The request for SAB review of this Toxic Equivalency Factor (TEF)
methodology originated on February 27, 1986 from Assistant Administrator
for Air, Craig Potter, who recomended SAB review in relation to his
office's ongoing interest in assessing dioxin risks associated with municipal
waste cambustion. The SAB Executive Canmittee accepted this request and

the review. The Subcammittee approached its task with the assumption
that it was reviewing a generic methodology as opposed to one that was
limited solely to the issue of municipal waste combustion.

The Subcommittee's report consists of two sections: 1) its consensus
statement on the draft document in jts current form, and 2) cowents on
individual steps that EPA should initiate to improve the document or the
scientific data base for toxic equivalency evaluation. The Subcamnittee has
already forwarded the camments of its individual members to the Agency's staff,

The Subcammittee generally concludes that the draft document represents
4 successful interim attempt to articulate a scientific rationale and
procedures for developing risk management decisions for mixtures which
contain CDDs and CDFs related in Structure and activity to TCDD. The
Subcammittee's major recammendations include: placing greater emphasis on

U3 Rote
UEC 11127






Report of the Science Advisory Board's Dioxin Toxic Equivalency
Methodology Subcommittee Following Its Evaluation
of EPA's Toxic Equivalency Factor Methodology for €Dis and CL¥s

A. Major Subcammittee Conclusions

EPA has proposed interim procedures for estimating health risks for
CDDs and CDFs bésed on the premises that: (a) toxicity equivalence factors
can be assigned to untested (or incampletely tested) campounds on the basis of
structure/activity relationships; and (b} the toxicity of mixtures of these
compounds can be approximated for policy purposes by the sums of their TEF
times concentrations. Bmpirically, the present proposal falis generally
between the positions adopted by certain Européan countries, which rank
2,3,7,8 TCDD far above any other congener in toxicity, and that initially
proposed by the state of California, which equates all the dioxin congeners,
All have used similar scientific assumptions in developing policy.

The Subcommittee agrees that the congeners of CDDs and CDFs constitute
a class of chemical substances that share similar structural relationships
and qualitatively similar toxic effects and, therefore, can reasonably be
considered together. Fram the limited toxicologic data available it seems
reasonable, too, to consider those tetra-to hexa-chlorinated compounds with
chlorine substitutions at the lateral 2,3,7,8 positions as a closely related
subclass in terms of biological activity and environmental fate.

The Suboonmittee also concurs that the problems in assessing the health
risks of dibenzo-g—dioﬁins and dibenzofurans are two-fold. They include:
limited information fram human or experimental studies about the hazards from
exposure to these campounds (few of the 75 CDDs and 135 CDFs have been tested
at all) and even more limited information about their possible interactions
1n mixtures. Indications of interactions, mostly additive, are found in
certain experimental model systems (e.g. binary cambinations). Not addressed

in the draft docurment, however, is the possibility of chemical and toxicologic



toxicokinetics, including metabolism; assigning priority to using human
data, when available; validating the TEF methodology by selected testing
of hypotheses; articulating clearly the decision steps, assumptions and
methods of calculation; restating and re-emphasizing the interim nature
of the methodolegy; and addressing the possibility of chemical and
toxicological interactions with other types of -compounds in camplex
envirommental mixtures.

We appreciate the cpportunity to review the TEF methodology and to
present our technical evaluation. We request that the Agency formally
respond to the scientific advice provided in the attached report.

Sincerely,

i thRa A WA YTRVISRS
Richard Griesemer, Chairman

Dioxin Toxic Equivalency
Methodology Subcommittee

i ¢
Norton Nelson, Chairman
Executive Committee



However, EPA should not abandon its exploration of other approaches to
estimating risks for substances in mixtures. For example, where variability
in the ccn@ositibn of environmental samples is not wide, a reference standard
approach might be used (similar to those used in toxicology for selecting a
reference cigarette or a representative hlend of gasolines). As another
example, the incorporation of a small amount of radiolabelea.test canpound
into a representative and defined mixture migﬁt be one useful way of determining
in vivo whether the uptake and metabolism of one congener is greatly modified
by the presence of other substances in a mixture.

Same additional technical camments that the Subcommittee wishes to draw
to the Agency's attention include: 1) perceptions by many Subcommittee
members of an over-reliance upon the postulated mechanisms of the Ah
receptor/AHH enzyme induction upon which to gauge relative and absolute
toxicity; 2) the need to discuss the work of Matsumura, Rozman, Greenlee,
Poellinger and others on additiocnal toxicclogically significant effects of
the dioxins other than those associated with receptor binding or with
cytochrame P-450 induction; 3) observations of a disassociation between AHH
induction and cytotoxicity in studies on the gonado toxicity of TCDD; and
4) examination of the extent to which the longer biological half-life of
higher chlorihated dioxin isomers, as comwpared to 2,3,7,8-TCDD, counter-
balances their lesser in vivo potency.

B. Major Subcommittee Recammendations

The Subcommittee has several recamnmendations for improving the report.

First, the draft report narrative is relatively brief and may not be

readily understood by those not familiar with dioxins. For example, four
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interactions with other types of compounds in complex environmental mixtures,
especially solvents that might affect uptake and retention by the body.

EPA should address the latter subject in the TEF document, perhaps with

more specific reference to its recently published Risk Assessment Guidelines

and to three Naﬁional Academy of Sciences' reviews on toxicological interactions,
the last of which is currently being prepared for EPA and the National

Institute of Environmental Health Sciences. The Subcommittee also questions

the basis for including or excluding other chemicals with effects similar

to CbDs and CDFs, such as chlorinated biphenylenes.

Based upon its review of the draft document, the Subcamittee concludes
that the method proposed by EPA is a reascnable interim approach to assessing
the health risks assoclated with exposure to mixtures of CDDs and CDFs for
risk management purposes. It is necessary, however, as lessons are learned
fram toxiceologic research and fram application, the approach should be
re-evaluated systematically by EPA. Moreover, attempts should be made to
validate the method by selected experimental testing of hypotheses. For
example, more data are needed on in vivo potencies of additional PCDDs and
FCDFs to campare with in vitro test results. The assumption of additivity
can be evaluated by camparing observed activities with predicted activities
in selected tests.

The Subcammittee recamnmends that EPA place more emphasis on the interim
nature of the method in the document. The Subcommittee anticipates that,
over time, the method will be modified and eventually superseded as more
precise data become available. Meanwhile, the general method proposed
appears to have utility for this and for other classes of closely related
compounds where toxicologic data are incomplete. Application of structure
activity relationships is an old and established practice of demonstrated

usefulness in pharmacology and toxicology.
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toxicologic practice of evaluating all endpoints, and selecting the ones
most reliable, sensitive, and important for risk assessment. Thus, columns
should be added to the tables in the document for other important toxic
endpoints including immunotoxicity, thymic atrophy, body weight, and enzyme
induction in vivo. The limited data points from which TEFs are currently
derived (e.g. carcincgenicity of 2,3,7,8~TCDD, 2,3,7,8-Hx CDDs and repro-
ductive effects of those compounds plus 2,3,7,8-TCDF) should be critically
re-examined and the range of experimental data and estimated potencies fram
all studies tabulated. The Subcamittee also recammends that EPA consider
assigning higher relative TEFs to CDFs in general, and 2,3,4,7,8-PeCDF in
particular.

The Subcommittee strongly believes that EPA should assign greater
priority to obtaining and using data on toxicokinetics, including metabolism.
The rates ¢f uptake and distribution of canpounds alone and in mixtures
are important measures of biocavailability and dosimetry. The kinetics of
metabolism and excretion, along with those of receptor kinetics and
affinities, should be especially useful for interspecies comparisons and
for estimating risks for this particular class of campounds.

The Subcommittee wishes to emphasize that the method proposed may lack
scientific validity. The associated errors have not been guantified. It
is important, therefore, that the Agency make every effort to validate
the method. The Subcommittee recommends periodic review and analysis as
better data are obtained, and that EPA make systematic efforts to obtain

critically important data, including that fram in vivo tests on campounds



possible approaches are introduced and one {TEF) selected, but the document
does not clarify what the other three aproaches are and the reasons for
thelr rejectioh.f The first approach, long-term animal testing, might be
appropriate for municipal incinerator fly ash, ‘where analytic data suggest
there is a characteristic pattern of composition. The second approach
{short-term assays) is not clearly described (not even whetﬁér they are

in vivo or in vitro). The third approach, additivity of the toxicity of

canponents, is at first rejected in the narrative but then formms the
basis for handling the equivalents to 2,3,7,8-TCDD in mixtures.

Because the draft document presents a procedure, it is essential
that the decision steps be clearly articulated, the assumptions made
explicit, and the mechanics of calculating be illustrated in a stepwise
fashion. To approach the subject from the viewpoint of studying the
whole class of pollutants and to avoid bias by selecting data, the Subcom—
mittee recommends that the tabular data be enlarged to inciude all compounds
with zero to eight substituted chlorines. Biological activity has been
reported for di- and tri-(DDs, and carcinogenicity studies exist for DD
and 2,7 DCDD, as examples. Moreover, the activity of brominated and
other substituted compounds should also be indicated and a specific
effort encouraged to colleét data on non-chlorine substituted campounds.

In contrast with the document's first priority on carcinogenic and
then on teratologic effects in animals, the Subcommittee recamwmends that
the TEF methodology assign first priority to human data when it exists. 1In

evaluating experimental data, EPA should continue to follow the current



U. 5. ENVIRONMENTAL PROTECTION AGENCY
SCIENCE ADVISORY BOARD

DIOXIN TOXIC BQUIVALENCY SUBCOMMITTEE

ROSTER

Dr. Richard Griesemer
Director, Biology Division
Box Y

Oak Ridge National Laboratory
Qak Ridge, Tennessee 37830

Dr. Linda Birnbaum

National Institute of Environmental

Health Sciences
Post Office Box 12233
Research Triangle Park, NC 27709

Dr. Patrick Durkin

Syracuse Research Corporation
Merrill Lane

Syracuse, New York 13210

Dr. Rcbert Huggett
Chairman, Department of
Chemical Oceanography
Virginia Institute of
Marine Science
College of William and Mary
Gloucester Point, Virginia 23062

Dr. Renate Kimbrough *

Center for Envirommental Health
Centers for Disease Control
1600 Clifton Road

Atlanta, Georgia 30333

* Unable to attend the meeting

Terry F. Yosie, Director

Science Advisory Board

U. S. Environmental Protection
Agency

401 M Street, S. W.

Washington, D. C. 20460

Dr. John Doull

Professor of Pharmacology
and Toxicology

University of Kansas

Medical Center

Kansas City, Kansas 66207

Pr. Tom Gasiewicz
Department of Radiation Biology
and Biophysics
University of Rochester Medical Cente
Associate Professor
Roam 4-6951
575 Elmwood Avenue
Rochester, New York 14642

Dr. Nancy Kim

Director, Bureau of Toxic Substance
Assessment

New York State Department of Health

ESP Corning Tower Bldg., Room 359

Albany, New York 12237

Dr. Robert Neal *

President, Chemical Industry
Institute of Toxicology

Post Office Box 12137

Research Triangle Park, NC 27709



with representative positional substitutions. Efforts should continue to
develap methods for assaying the biologic activity' of important mixtures
{e.g. fly ash) in in vitro systems, using other cells in addition to
hepatocytes and other endpoints in addition to AHH activity. Until the
uncertainties are reduced, the inter.im TEF method should be largely
reserved for specific situations where the components of the mixture are
known, where the composition of the mixture is not expected —to \;ar:y much

with time, and where the extrapolations are consistent with existing

animal data.



CALIFORNIJA SITE MITIGCATION DECISION TREE MANUAL

EXECUTIVE SUMMARY

Intreoduction

The purpose of the California Site Mitigation Decision Tree is to provide State
decision makers with a standardized approach to setting aite-specific mitiga-
tion criteria. The Decision Tree will also facilitate evaluation of remedial
action alternatives to select the best plan based on scientific considerations
of factors relating to public health and the environment while considerirg
demographic factors, local concerns, and other variables.

Major elements contained within the Decision Tree include processes for
setting Applied Action Levels (AALs) for contaminants in soil, water, air and
biota in an expeditious mnner; identifying specific data to be gathered;

identifying preferred data gathering techniques and developing site mitigation
criteria for alternative remedial actions.

It should be noted thet the Decision Tree process establishes both Applied
Action Levels (AALs) and site mitigation criteria. AALs are exposure criteria
applied to all aites throughout the State. AALs deslineate concentraticns cof
toxic substances that, when exceaded, place a apecified biological receptor at
significant risk. Becmuse AALBs are biological receptor specific, not site
specific, they have atatewide applicability. The mitigation criteria, on the
other hand, are site-specific criteria that a remedial action must achieve to

keep the exposure level at the biclogical receptor below the AAL (i.e., below
significant risk),.

The Decision Tree process consists of five components. Theae components
include Preliminary Site Appraisal, Site Asseesment, Risk Appraisail,
Environmental Fate and Risk Determination, and Determination of Mitigation
Strategy and Remedial Action Plan Selection. The relationship between thesze
components and an overview of the Decision Tree process are shown in Figure 1.

The Decision Tree process was designed to be applied to a variety of sites that
may range from small, relatively simple sites to large, highly complex and dif-
ficult msites. Because of this diversity, the Decision Tree document is rather
magsive, However, 1its size should not intimidate the wuser. If the site is
small and relatively easy to mitigate, many of the decision branches are never
opened and the decisicn process i3 very rapid. If the site is complex, mny cf
the decision branches must be opened and pursued. In either case, the decisicn
points and the data requirements needed to make sound decislons are defined.

COMPONENT I: Preliminary Site Appraisal

Sites in California contaminated with hazardous wastes have been identified by
regulatory agencles such as the State of California Department of Health
Services, the Califermia State Water Resocurces Control Board and the nine
Regional Water Quality Control Boards, the United States Envirconmental
Protection Agency, and a myriad of local agencies responsible property cwners
reporting contemination problems; and concerned citizens, including residents
and past and present employees of companies that have contaminated sites.
Preliminary Site Appraisal (PSA) is iInitiated by the discovery of a site which
is  potentially <contaminated with hazardous substances. Based on the

J.3
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COMPONENT TII: Site Assessment

The second component of the Decision Tree includes a preliminary evaluation of
the site specific factors that affect the tendency of a hazardous substance to
move between environmental compartments {air, soil, water, and biota). First,
critical exposure pathways are identified. These pathways are the means by
which exposure to contaminants in air, soil, water and biota occurs. Water
pathways include both surface and ground waters.

In the first phase of identifying critical exposure pathways, determination of
the current contaminant concentrations at points of exposure to biological
receptors of concern should be made. The measurements or estimates made at
this point are not thought of as static; concentrations change with time.
Hazardous substances are not assumed to be isolated from biological receptors
in separate environmental compartments. The Decision Tree procesa identifies
data to be gathered for each pathway and cites preferred methods of data
collection. ‘

Typically, in this initial stage, samples are taken of waste, surface soils and
shallow soils, runoff and surface water and ground water from existing wells.
Sampling data from these site assessment activities will be the basis for a
decision as to whether expanded air, soils, and ground water investigations
will be necessary.

Expanded Assesement

If an expanded assessment of the site is warranted, evaluation of the environ-
mental setting as it affects the behavior of the contaminants 18 required. The
quantification of the metsorological, blological, socils and hydrologic systems
at the ailte, together with information about the chemical- and physical
properties of the contaminantas, forms a basis to evaluate the environmental
fate of contaminantas.

The collection of the necessary and sufficient data to adequately characterize
the site and contaminants is the principal objective of this component. 3Site
investigation programs are iterative in nature and will often require subse-
quent sampling and monitoring device installation to resolve issues that arise
after data collected during initial site appraisal are analyzed. Although
environmental compartments are presented as separate mdules, contaminant
transfer occurs across compartment boundaries and processea in one compartment
often influence processes in another.

Quality Assurance/Quality Control

Aa the process 1is described in the Decision Tree Manual, data obtained from
field sampling and analysis and/or literature values may be used to determine
exiating and future concentrations of chemical contaminants {n environmental
media (i.e., air, soil, water, and biota). Regardless of the source, it is
impertant that these data be accurate, precise, complete, representative and
comparable to other appropriate data.

vii.



charactaristics of the wastes present and the features of the site itself, the
site may be determined to be sufficiently hazardous to be placed on either the
National Priority List (NPL) and/or the State Bond Act Expenditure Plan

(CSBAEP).

The process to rank sites on the NPL and CSBAEP is primarily based on
qualitative information, and does not include the detailed investigation
required to fully characterize a site. Therefore, additional informtion may
be required to implement subsequent ocomponents of the Decision Tree process.
The Decision Tree process may also be used for sites that are not listed on the
NPL and CSBAEP.

The PSA component of the Decision Tree identifies the universe of contaminants
potentially present at the site using information acquired from the NPL or
CSBAEP process. Additional investigation may be needed regarding the -ugse of
chemicals, production of wastes, and disposal practices at the site. The
universe of contaminants is verified by a limited sampling program of the areas
where contamination is most likely to be found.

An initial investigation of the adverse effects of the contaminants is neces-
sary to determine the potential endangerment to human health. Determination of
the likelihood of adverse effects occurring upon exposure to the contaminants
is based upon available toxicologic data, Available data may show that adverse
human health effects are imminent, and appropriata emergency action is
necessary to protect public health.

Determination of the occurrence of health effects due to low level, chronic
exposure is more difficult and requires additional investigation of the extent
and magnitude of contamination, and the toxicologic properties of the contam-
inants, individually and collectively. Once it has been established that
additional site assessment is necessary to provide data to develop appropriate
remedial measures, the remmining components of the Decision Tree =are
initiated.



approaches are factored into the criteria to ensure a margin of protection for
the bioclogical receptors of concern.

The total exposure of blological receptors to toxic substances via various
media is evaluated at their site(s) of exposure. The fractions of the AAL
present in each media of exposure are added. When the total cumulative
exposure exceeds an MEL, a significant risk to a bioclogical receptor 1is
indicated and a risk management process is warranted.

Exposure to- substances that produce the sams toxic manifestation or are
considered likely to interact 18 alsoc appraised. When the total cumulative
exposures to toxic chemicals in all media of exposure constitute a significant
risk to a biologlcal receptor, the initiation of a risk management process is
warranted.

Whenever an Applied Action Level 418 exceeded in any media of exposure,
an assessment will be made to detsrmine thé neceasity for interim acticns to be
implemented immediately to protect public health and the environment. A few
examples of immediate interim actions are: fencing the contaminated site,
covering exposed contaminated soila, and restricting use of water. Immediate
interim actions will usually not be the ultimate containment or treatment
strategy. Interim actions are developed primarily to reduce public exposure
prior to initiating the final Remedial Action Plan (RAP).

COMPONENT IV: Environmental Fate and Risk Determination

Environmsntal Fate - Subsurface Conditions, Soils and Groundwater

In producing this section of the Decision Tree Manual, it 1is recognized that
diverse subsurface conditions are encountered in hazardous waste site
investigations and that considerable flexibility and profesaional judgement are
often required to conduct an investigation of subsurface geoclogy, hydrnlegy,
and s0il and ground water contamination. Items to be considered include those
factors that could act to tranasfer contaminants adaorbed to soil particles
through the soil colum. Factors of concern are: infiltration of precipita-
tion, leakage of liquids from underground storage or conveyance structures, and
spillage or other diacharges to ground that could encourage leaching of contam-
inants from soil. In many cases, both current and future land use mst be
considered to evaluate the effect of environmental factors on the contaminants
regiding in the scil column.

Patterns of soll contamination existing at a hazardous waste site may often be
the result of waste disposal events that took place over many years. Varia-
tions in the waste type, climate and precipitation, micro-structure of the
soils, bioclogical activity, and soil-chemical interactions can act to result in
a complex pattern of scil contamination. Evaluation of patterns of soil
contamination at a hazardous waste site should begin with recognition of any
qualitative similarities or discernible trends that might be corrected with
stratigraphy. Initial perceptions should be validated by actual field sampling.

The ground water investigation, including water quality and hydrological assess-
ment, should occur in coordination with the subsurface solls investigation.
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To ensure that all data used in the process deseribed in this manual are
representative of environmental conditions, the Quality Assurance/Quality
Control Plans (QA/QC) used in the data generation need to be evaluated. The
main components of a QA/QC plan that need special scrutiny are the basis for
peasurement, experimental information, statistical informtion (e.g., means,
ranges, and standard deviation), and corroborative information.

The QA/QC plans for sampling and for analysis should be developed together., At

a minimum, the data generators and users should work together in developing an
integrated site-specific QA/QC plan.

COMPONENT III: Risk Appraisal

An evaluation of the effects produced by toxic substances which originate from
wastae eites centers on appraising the adverse impacts of these substances on
the public health and the surrounding ecosystem., Every potential effect is
not, and should not be, delineated by the appraisal process. Given the limited
resources that are available and the complexity of the numercus sites scattered
throughout California, the appraisal must focus on thcose bioclogical receptors
of concern that are potentially at risk. The Decision Tree process is aimed at
ensuring their protection.

Three types of information are essential to evaluate the sites,

1. The toxic substances are identified from data collected in the Site
Assessment Process.

2. The biological receptors of concern in the ecosystem potentially impacted
by the toxic substances are identified in the Site Asasessment Process.

3. The critical exposure pathways are delineated jin the Site Assessment
Process.

A criterion will be identified or developed for maximum acceptable exposure for
toxic contaminants. The criteria are employed to identify significant adverse
effacts of the toxic contaminants on the bicloglical receptors. These criteria,
denoted as Applied Action Levels, are applicable statewide. An Applied Action
Level (As.) is specific to a toxic substance, a bioclogical receptor and a
medium of exposure,

The methodology emplcyed to develop AALs 1is quite conventional. It is a
compilation of the approaches outlined by the U.S. Environmental Protection
Agency, the National Academy of Sciences and the California Department of
Health Services. Toxic Substances are grouped into twe catagories for the
purpose of developing ‘AALs. For carcinogens, mutagens and genotoxic teratogens
no threshold for an adverse effect is assumed. The AALsS are based on a maximum
exposure level (MEL) which produces one adverse effect in a population of one
million exposed. The MELe are determined from epidemiclogical research or long-
term animal biocassays.

For other toxic agents a threshold for an adverse effect (s assumed. The AAL

ia eatablished, with a margin of safety, at the paximum exposure level which
does not produce an adverse effect. Uncertainties assoclated with the above

viii.
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Constant. Vapor pressure, defined as the pressure exerted by a gas when in
equilibrium with the liquid or solid phase, is a useful screening indicator of
the potential of a chemical to volatilize from land. The Henry's Law Constant,
which describes equilibrium partitioning of a chemical between solutiocn in
water and the gas phase of the chemical, is the most relevant parameter to
estimate the tendency of a chemical to volatilize from a surface impoundment or
water.

For wastesa which have been deposited in landfills, mixed in the ground, or have
seeped downward from soil surface contamination, Henry's Law Constant,
indicates the tendency of the chemical to partition between so0il water in the
vadose zone or ground water and the soil vapor phase, This partitioning is
the first step for volatile air emissione from hazardous wastea beneath the
soil surface. The wvapor pressure and Henry's Law Conatant, however, are not
sufficient to provide a good indication of the magnitude of an air emission
problem from volatile chemicals. Site-specific characteristics must be
considered. .

The envirenmental characterstics of the site are a major factor influencing the
potential for, and extent of, an air emission problem. Soil characteristics
such as porosity, moisture, and organic content are particularly significant
when evaluating volatile emissions from land. Adsorption of a chemical to the
soil reduces the extent of volatilization. Precipitation and downward movement
alsc decrese the concentration of the chemical which will reach the air.
Meteorologic conditions such as temperature, wind speed, and barometric
pressure may influence emission rate from waste sites; other meteorologic
characteristics such as wind speed and direction influence the movement of the
chemical once it is releasmed and, ultimately, the concentration at biological
receptors.

Analytic techniques selected for inclusion in this manual were based upon the
accuracy of description of the phenomena and availability of input data. The
gelected emission rate estimation methods for various typesa of hazardous waste
altes include most of the methods selectad by the Environmental Protection
Agency. These approaches generally provide conservative estimates of downwind
conditions that would not be expected tc be exceeded.

Risk Determination

The appraisal of the adverse impacts of toxic substances on biological recep-
tors at concentrations predicted to occur in the future is essentially iden-
tical to that employed to evaluate the adverse impacts of existing concentra-
tions of toxic substances. Once a predicted level of contamination is
determined, the AALs are employed to appraise the risks associated with the
predicted levels of exposure. Should a significant risk be identified, a risk
management proceass should be initiated.

COMPONENT V: Development of Mitigation Strategies and
: Remedial Action Selection

The Decision Tree Process comes to conclusion in this fifth component. Based
on the Jdegree of hazard and the characterstics of the site, alternatives for



remedial action can be identified. It is anticipated that the alternatives
will be developed either by the responsible party or by regional contractors

working for the State. When appropriate, State staff will develop a preferred -

alternative,

The objective of site mitigation 1s to assure that the biological receptors
assocfiated with each environmental pathway are not exposed to hazardous
chemcials at levels above the Applied Action Levels (AALs). The strategles
developed to achieve this objective may include control of the pathway {such as
ground water extraction and treatment), modification of the pathway (such aa
capping a site to reduce infiltration), or control of the source material (such
as on-sits stabilization or treatment of contaminated soils). The physical,
legal, and administrative actions necessary to implement site mitigation and
maintain the desired effects of the site mitigation strategy are developed in
the Remedfial Action Plan (RAP). State staff and regicnal contractors will
evaluate likely remedial alternatives.

Selection of the preferred remedial action should be made based on the scien-
tific and technical evaluations cited in the preceding text. However, local,
political, social, and other considerations must also be factored into the
final decision. Feor instance, if a small site of marginal threat to health and
environment exists within a widely contaminated industrial setting, the
decision makers must consider if the public's best interests are being served
through the implemsntation of an extensive remedial action. Factors that need
to be addressed include the availability or unavailability of resources to
mitigate other sources of contamination that are of comparable or greater
significance, costs of materials and required manpower, the costs of transporta-
tion and disposal if soil or water removal is an option, and exposures likely
to occur resulting from uncovering buried wastes.

The utilization of the Decision Tree Process in development of site mitigation
strategies and RAPs will include a re-evaluation of the site to determine if
post-mitigation exposure to hazardous chemicals associated with a particular
site will exceed AALs.
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CONCLUSIOR

The California Site Mitigation Decision Tree provides a systemmtic method for
identifying and evaluating the risk asscciated with abandoned or uncontrolled
hazardous waste sites. Because of the rapidly changing nature of scientific
and technical knowledge in this area, the Decision Tree process has been
designed for flexibility and expandability.

The Decision Tree process providea State decision makers with a logical,
systematic, -and time efficient approach to mitigating contaminated sites. This
represents significant progress in meeting the challenge of protecting the
public health and the environment from adverse effects of exposure to toxic
chemicals found on these contaminated sites.

Xxili.
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