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INTRODUCTION

Data in the present Appendix are underlying those in chapter 5 ("effects")
in the "Integrated Criteria Document Chlorophenols" (Slooff et al., 1990).
The Criteria Document, prepared by the National Institute of .Public Health
and Environmental Protection in the Netherlands, comprises a systematical
survey and a critical evaluation of the most important data on
chlorophenols, as much as pessible with regard to the specific situation in
the Netherlands. The information in the Criteria Document will serve as a
scientific basis for an "effect oriented policy", especially with regard to
the general population and aquatic and terrestrial ecosystems.

The Criteria Document, including the present Appendix, has been written by
order of the Dutch Ministry for Housing, Physical Planning and Environment,

Directorate Substances and Risk-management.

Data which are considered to be relevant to the risk assessment for man
(general population) are described in chapter 1. Significant exposure can
occur via oral intake and via inhalation. Qutside occupational settings,
dermal exposure is considered to be mot relevant.

Data on the impact of chlorophenols on aquatic and terrestrial organisms
are described in chapter 2 and chapter 3, respectively, and data on
livestock in chapter 4.

In chapter 5, acceptable (exposure) levels for man, and for aquatic and
terrestrial ecosystems are derived from the data reported in the afore-

mentioned chapters.

An on-line literature search has been conducted early in 1989, in order to
retrieve more recent publications (from 1980 and onwards). Additional

publications originate from reviews and other publications.



1 HUMAN TOXTCITY

1.1 CHEMOBIOKINETICS AND METABOLISH -

The majority of data on kinetics and métabolism of chlorophenocls refer to
PCP. Therefore, data on PCP are discussed separately in section 1.1.1 and
those on chlorophenols other than PCP have been clustered in section 1.1.2.
The fate of PCP in several mammalian species, after oral exposure, has been
investigated by Braun and co-workers in comparative studies with rats,
monkeys and humans (Braun-and Sauverhoff, 1976; Braun et al,, 1977; Braun et
al., 1979). In each of these studies, different aspects have been studied,
namely absorption, metabolic transformation and excretion. Therefore, these

aspects are not discussed in separate sections.

1.1.1 ECP

Animal data

Oral exposure

The kinetics and metabolism of !%C-PCP were studied in three male and three
female Sprague-Dawley rats. Following a single oral dose of 10 mg 4C-PCP.
kg-llbw {(in corn o0il), the plasma PCP concentration increased rapidly; peak
plasma concentrations of about 50 mg.l_1 were reached 4-12 hours after
administration, in both males and females. Subsequently, the PCP plasma
concentration decreased according to a two-compartment kinetic model; in
females the decrease was somewhat slower than in males. In the 8 days
following administration of the 10 mg.kg'l bw dose, an average (3 males and
3 females) of 80% and 18.5% of the dose (% radioactivity) was excreted in

urine and faeces, respectively; expired CO, only accounted for 0.2%. Only

0.44% of the dose was retained in the organs? of this amount, 70% and 10%
was recovered in liver and kidneys, respectively. After administration of a
single dose of 100'mg.kg-l bw, 64% and 24% of the dose was excreted in
urine and faéées, respectively, in 9 days. At this dose level, the urine
collected after 24 hours contained 75% unchanged PCP, 9% conjugated PCP
(PCP glucuronide) and 16% tetrachloro-p-hydroquinone. Half-lives for the
initial and terminal phase of elimination from the central compartment (as
measured by urinary and faecal excretion) were calculated to be 13-17 and

40-120 hours, respectively, for male and female rats exposed to 10 mg.kg-l



bw and male rats exposed to 100 mg.kg-l bw. In females exposed to 100
mg.kg-l bw, elimination from the central compartment was best described
with a one-compartment kinetic model with a half-live of 27 hours. Both
males and females excreted > 90% of the dose within 3 days, independent of
the dose 1level. In blood plasma, 99% of PCP was protein-bound at the low
dose 1level. This high affinity for plasma proteins, together with
reabsorption, explains the low renal clearance rate (Braun et al., 1977).

Using the kinetic p&rameters reported in this study with rats, Braun et al.
(1979) calculated plasma parameters in rats, for a simulated single oral
dose of 0.1 mg.kg-l bw. This resulted in a peak plasma concentration of
0.35 mg.l‘l, reached 4 hours after ingestion, and an absorption half-life
of 0.4 hour. Clearance from the plasma was best described with a two-
compartment kinetic model with elimination half-lives of 15 and 36 hours,
for the initial and terminal phase, respectively. Further, it was
calculated that in 7 days following ingestion, 80% of the simulated dose
would be excreted in urine (75% unchanged PCP, 9% PCP glucuronide and 16%
tetrachloro-p-hydroquinone) and 19% in the faeces (unchanged PCP). Braun et
al. (1979) also calculated plasma parameters for a simulated repeated dose
of 0.1 mg.kg_l bw.day'l for 7 days, followed by 7 days of recovery. In this
case, 90% of the steady state plasma PCP concentration was reached in 1.5
days. The steady state concentration was calculated to be about 0.5 mg.l-l,
similar to the maximum plasma PCP concentration of 0.35 mg.l‘1 calculated

for a single simulated dose of 0.1 mg.kg'l bw.

A comparison of plasma lewvels and kinetic parameters in rats after oral
administration of NaPCP in drinking water (320 mg.l-l) and after
intravenous administration showed that virtually all the administed PCP was
absorbed from drinking water (Anon, 1988).

After oral exposure of pregnant hamsters to daily doses of 1.25 to 20 mg
PCP.kg-1 bw on & consecutive days, the highest concentration in bleood and
fat was measured within 3 hours following the 1last dose administered.
Concentrations in fat persisted in measurable amounts for a period of up to
5 days, and exceeded the concentration in blood at that time (Hinkle, 1973,
abstract).

Following nasogastric intubation of a single dose of 10 mg ”C-PCP.kg-1 bw
(in corn o0il) in male and female rhesus monkeys, 3 animals of each sex,
peak plasma PCP concentrations  were reached 12-24  hours after
administration. Both absorption and clearance showed first order kinetics.

For males, half-lives of absorption and elimination were 3.6 and 72 hours,

respectively. For females the corresponding values were 1.8 and 83 hours,



respectively, In the 15 days following exposure, the animals excreted 69%-
78% of the dose (% radioactivity) in the urine and 12%-24% in the faeces;
8%-16% was retained in the tissues, especially in intestines and liver.
Urine elimination half-lives were calculated to be 41 and 92 hours in males
and females, respectively. Males excreted all activity in 7 days, while
females excreted a considerable part of the activity after 7 days.
According to the investigators, all the radioactivity in the wurine was
accounted for by unchanged PCP; metabolites were not detected (Braun and
Sauerhoff, 1976).

Using the kinetic parameters reported in this study with monkeys, Braun et
al. (1979) calculated plasma parameters in monkeys, for a simulated single
oral dose of 0,1 mg.kg'l bw. This resulted in a peak plasma concentration
of 0.1-0.3 mg.l-l, reached 12-24 hours after ingestion, and an absorption
half-live of 2.5 hour. Clearance from the plasma was best described with a
linear one-compartment kinetic model with an elimination half-life of 78
-hours. Further, it was calculated that in 15 days following ingestion, 70%
and 18% of the simulated dose would be excreted in urine and faeces,
respectively, as unchanged PCP. Braun et al. (1979) also calculated plasma
parameters for a simulated repeated dose of 0.1 mg.kg'l bw.day-l for 7
days, followed by 7 days of recovery. In this case, 80% of the steady state
plasma PCP concentration was reached at day 7, when exposure was
terminated. The steady state plasma PCP concentration was calculated to be
about 1.2 mg.l-l.
In another study with rhesus monkeys, 2 males were exposed to a single oral
dose of either 30 or 50 mg “"C-PCP.kg-1 bw; one animal at each dose level
was simultaneously exposed to cholestyramine, an ion exchange resin which
depresses the enterohepatic circulation., In the 6 days following
administration, animals solely exposed to either 30 or 50 mg 1‘C-PCP.kg-1
bw excreted 26% and 15% of the total dose (which is less than the relative
amount excreted in the former study with male rhesus monkeys exposed to a
single oral dose of 10 mg 14C-P(}P.kg-1 bw). At 30 14C-PCP.kg~l bw, wurinary
and faecal excretion accounted for 92% and 8%, respectively, of the total

amount excreted. At 50 1“C—PCP.1~:g-l

bw these figures were similar, 80% and
20%, respectively. Simultaneous exposure to cholestyramide increased the
total amount excreted to 46% and 31% at 30 and 50 14C-PCP.kg'l bw,
respectively and reversed the elimination pattern from mainly urinary to
predominantly faecal excretion. These results strongly indicate that
absorbed PCP is mainly excreted via the bile but that enterochepatic

circulation prevents faecal excretion (Ballhorn et al., 1981).



Exposure by inhalation

A single 20-minutes exposure of rats to an aerosol of NaPCP (total dose
calculated: 5.7 mg I-‘CP.kg-1 bw) resulted in a rapid absorption: immediately
after exposure (t = 0), about 35%, 25% and 2% of the dose was detected in
plasma, liver and lungs, respectively (In preliminary experiments, the
kidneys and other tissues contained less than 2% and 0.5% (each),
respectively. Therefore, these tissues were not analysed in this study).
Clearance from the body also occurred rapidly: 24 hours after exposure, 50%
of the dose was excreted in the urine. At this time, the liver, plasma and
lungs acounted for 8%, 7% and 0.7% of the dose, respectively. After 72
hours, about 75% was excreted in the ﬁrine. At this time, the liver and
plasma each contained less than 1% of the dose. The clearance rate of PCP
from the liver was similar to that from the plasma, indicating no apparent
accumulation in liver. In this inhalation experiment, only trace amounts of
the metabolite tetrachloro-p-hydroquinone was detected in liver and urine,
while in animals injected intraperitoneally (unpublished data Hoben et al.)
about 50% of the injected dose was recoved as this metabolite. Repeated 20-
minutes exposures to a similar concentration on 5 consecutive days tended
to result in lower concentrations in plasma or liver and in an increase in
the amount excreted in urine in 24 hours after exposure (from 55% te 70%).
In addition, clearance from the tissues after the fifth exposure was Vvery:
similar to that after a single exposure. These data show that PGP was not

accumulated under the conditions of this test (Hoben et al., 1976b).

Other routes of exposure

A rapid absorption was observed in mice following intraperitoneal or
subcutaneous injections of !'4C-PCP. In mice treated intraperitoneally with
doses of 15-37 mg 1‘C-PCP.kg'l

and faeces, respectively, in 4 to 7 days. The wurine of mice treated

bw, 62%-83% and 4%-12% was excreted in urine

intraperitoneally with a single dose of 10 mg “C-PCP.I-:g-l bw, contained
41% unchanged PCP, 13% conjugated PCP, 24% tetrachloro-p-hydroquinone, and
22% conjugated tetrachloro-p-hydroquinone. For rats, the corresponding
values were 60%, 9%-16%, 7% and 16%-22%, respectively (WHO, 1987). 1In
another study in which rats were treated intraperitoneally with 10 mg
PCP.lacg-1 bw (purity 99.9%), tetrachloro-p-hydroquinone was found to be the
major metabolite also: during the first 24 hours after treatment, 45% and
48% of the amount preéent in the urine was found to be PCP and tetrachloro-

p-hydroquinone. - respectively. Trichloro-p-hydroquinone was detected as the



minor metabolite (7%). Pretreatment of rats with a single dose of either
2,3,7,8-tetrachlorodibenzo-p-dioxin (10 pg.kg'l bw, by gavage) or 3-
methylcholanthrene (20 mg.kg-l, intraperitoneally) strongly increased the
dechlorination of PCP to tetrachlore-p-hydroquinone and slightly increased
the dechlorination to trichloro-p-hydroquinone. -The increased
dechlorination of PCP to tetrachloro-p-hydroqﬁinone was confirmed in in
vitro studies with microsomes from pretreated rats. Pretreatment of rats
with either 2,3,7,8-TCDD or 3-MC (which both are inducers of cytochrome
P.-450 [P-448]) doubled the amount of PCP equivalents excreted in the urine

1
in 24 hours: 37% versus 75% (Ahlborg and Thunberg, 1978).

Placental transfer

1

To study placental transfer, a dose of 60 mg PCP.kg =~ bw (14C-PCP plus

“unlabeled-PCP) was orally administered to pregnant rats on day 15 of

gestation. In blood (serum), the amount of labeled PCP and metabolites
peaked 8 hours after dosing, at about 1% of the administered dose per gram
of tissue. The amount in placentas and foetusses peaked 12 hours after
dosing, at about 0.3% and 0.1%, respectively, indicating 1little placental
transfer (Larsen et al., 1975). A contrasting result has been obtained in a
preliminary study with only one monkey. Further data on this study are not
available (WHO, 1987).

After oral exposure of pregnant hamsters to daily doses of 1.25 to 20 mg
PCP.kg.1 bw on days 5-10 of gestation, a close correlation between the
concentrations in the maternal blood and entire foetuses was observed. As
in maternal blood and fat, the highest concentration in foetuses was

measured within hours following the last oral dose administered. (Hinkle,

1973, abstract).

Additional animal data on PCP

The distribution of PCP was Investigated in a number of studies, using
different laboratory animals and different routes of administration (oral,
parenteral); animals were administered either a single dose, or repeated
doses, which were = 15 mg.kg-l bw (.day-l). In these studies, the highest

concentrations were usuallly found in the liver and kidneys (WHO, 1987).



Human data

Oral exposure

.-The kinetics and metabolism of NaPCP-were -studied in four male .volunteers.
Following ingestion of a single oral dose of 0.1 mg NaPCP.kg-l bw
(dissolved in water), the plasma PCP concentration increased rapidly,
resulting in an average absorption half-life of 1.3 hours. Peak plasma
concentrations (average value 0.2 mg.l-l; maximue value 0.25 mg.l'l) were
reached after 4 hours. Control values were < 0.01 mg.l-l. Subsequently, the
plasma PCP concentration decreased linearly (according to a one-compartment
kinetic model), resulting in an average plasma elimination half-life of 30
hours. The concentration of unmetabolized PCP in urine peaked after about
40 hours, after which the concentration decreased linearly, resulting in an
average urine elimination half-live of 33 hours, equivalent to plasma
elimination half-live. The concentration of metabolized PCP (PCP
glucuronide) in urine peaked within 12 hours, after which the concentration
also decreased linearly; this resulted in an average urine elimination
half-1ife of 13 hours. In the 7 days following ingestion of the 0.1 mg.kg-l
bw dose, 86% (86% unchanged PCP and 14% PCP glucuronide) was excreted in
the urine; 4% (50% unchanged PCP and 50% PCP glucuronide) was excreted in
the faeces. Tetrachloro-p-hydroquinone and tetrachloro-p-hydroquinone
glucuronide (known metabolites in the rat) could not be detected in wurine.
The fate of the remaining 10% was not determined. The lag time between the
plasma peak concentration and the peak urinary concentration was ascribed
to a strong enterohepatic recirculation similar to that reported in rats
and monkeys. In additibn, plasma parameters were also calculated for a
simulated repeated dose of 0.1 mg.kg-l bw.day‘l for 7 days, followed by 7
days of recovery. This daily dose 1is approximately equivalent “to that
received by workers exposed to a concentration of 0.5 mg,.m-3 (500 pg.m‘3,
the "Threshold Limit Value"” in occupational settings) during a 8-hour work
shift, assuming 100% retention. In this case, 90% of the steady state
plasma PCP concentration was reached in 3.5 days; the steady state
concentration was calculated to be about 0.5 mg.l-l, reached in about 8
days. This steady state concentration was 2 times higher than the maximum
concentration after a single oral dose of 0.1 mg.kg-l bw (Braun et al.,
1979).

In another study with male volunteers, (somewhat) different results were
observed, especially with regard to elimination half-life. Fellowing
ingestion of a single oral dose (dissolved in 40% ethanol) of either 0.02



nmg 13C-PCP.kg'1 bw or 0.31 mg unlabeled-PCP.kg-1 bw (1 male per dose
level), wurine elimination half-lives of 18 and 20 days were calculated,
respectively, based on first-order elimination kinetics. In the former
experiment the plasma elimination half-life waé calculated to be 16 days,
similar to that in urine. More than 96% of plasma PCP was protein-bound
which explains, together with reabsorption, the low reﬁal clearance rate.
In this experiment the concentrations of possible metabolites, viz.
tetrachloro-p-hydroquinone, 2,3,4,5-T4CP and 2,3,4,6-T4CP, were below the
limit of detection. In the latter experiment urinary PCP initially
consisted of about 65% wunchanged PCP and 35% PCP glucuronide. Two weeks
after administration the amount of conjugated PCP was similar to that in
non-specifically exposed persons, that 1is about 65%, although urinary
excretion still was increased considerably (300 pg.da.y-1 versus 10-50
pg.day-l). The theoretical amount of PCP excreted daily in urine,
calculated on the basis of the renal clearance rate derived in the former
experiment, was very similar to the detected amount. Therefore, elimination
by other routes (faecal excretion, metabolism)} 1is considered to be
- insignificant. The role of the enterohepatic circulation in elimination
characteristics of PCP was investigated in an additional study with
-chlolelithiasis patients with postoperative T-drainage, in which PCP
concentrations in plasma, bile and urine were compared. In this study no
accumulation of PCP in the enterohepatié circulation was observed (Uhl et
al., 1986). Literature data (reviewed by Uhl et al., 1986) on occupational
exposed workers indicate elimination half-lives of 12 to 1& days.

Autopsy data

In victims of fatal intoxications resulting from different routes of
exposure (oral, dermal, inhalation, or combined exposure: dermal/inhalation
or dermal/oral), elevated PCP concentrations were mostly found in liver,
kidneys and lungs. The concentrations in blood (mg.l-1 range) mostly were
similar to those in the aforementioned organs (mg.kg-l range), indicating a
low accumulation potential in cases of acute intoxications.

In two studies concerning the general population, PCP concentrations in
tissues and body fluids of persons without known exposure to PCP were
analyzed. The results of these studies indicate, that there is only a
slight tendency for PCP to accumulate in both 1liver and kidneys. No
correlation between PCP concentrations in tissues and age was found (WHO,
1987).
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Additional human data on PCP

In persons without known history of PCP exposure and in non-occupationally
low-exposed persons, average urinary PCP levels (conjugates included) are
about 15 and 50 pg.l_l, respectively. Maximum levels in these persons are
20-30 and 100-150 ,ug.l-l
{n = 13), about two thirds of the total amount of PCP detected in the urine

, respectively. In non-specifically exposed persons
was found to be conjugated to glucuronic acid. Non-occupational exposure to
elevated indoor PCP levels of € 5 and > 5 ug.l-l (frequently 5-10 pg.m'3;
exceptionally 10-25 pg.m_3) due to the application of wood preservatives
resulted in median urinary PCP levels of 25-50 and 40-80, respectively, in
different groups of persons. In occupationally exposed persons, urinary PCP
levels can be much higher; in heavily exposed workers these levels are in
the mg.l'1 range. Blood, plasma, or serum PCP levels are of the same order
of magnitude as those in urine: up to about 50 and 500 pg.l-l in persons
without  known  exposure and in non-occupationally exposed persons,
respectively and 1-10 mg.l-l in (heavily) exposed workers. In cases of
obvious intoxications these levels are > 40 mg.l'l (Klemmer et al., 1980;
Krause and Englert, 1980; Sangster et al., 1982; Uhl et al., 1986; WHO,
1987).

‘Several animals species have been found to metabolize hexa- and penta-

chlorobenzene to PCP and tetrachloro-p-hydroquinone. Therefore, the levels
of these compounds in tissues and excreta do not mnecessarily reflect
exposure to PCP itself (Koss and Koransky, 1978).

There are indications that tetrachloro-p-hydroquinone may be formed as a
(minor) metabolite of PCP in humans, but these indications are based on
mixed exposures to PCP and other chlorophenolic compounds and on an in

vitro study using human liver homogenates (WHO, 1987).

Additonal data on PCP - animal and human data

Lilienblum (1985) showed that PCP glucuronide is stable at neutral pH for
several hours, but éhac considerable hydrolysis occurs under the weak
acidic conditions normally observed in urine. Therefore, measurements of
urinary PCP glucuronide may underestimate the portion actually conjugated
before excretion, Tﬁis author also compared the glucuronosyltranferase
activity toward PCP in rat liver microsomes and human liver microsomes; the
activity in the former was about 3 times higher than that in the latter
(Lilienblum, 1985).
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1.1.2 Chleorophenols other than PCP

Animal data

There are relatively -few studies on the fate of chlorophenols other than
PCP in mammals. Much of the information is based on studies in which
kinetics and metabolism of chlorophenols formed metabolically from other
organochlorine compounds (such as lindane which is metabolized to di-, tri-
and tetrachlorophencls) have been studied. The data in this section are
based primarily on the ™Environmental Health Criteria Document” on
chlorophenols other than PCP (WHO, 1989). '

After daily intragastrical administrations to rats of 50 or 100 mg 2,3,4,6-
ThCP.kg-l bw (in olive o0il) for 8 weeks, the highest concentrations were
recovered in kidneys (1 and 5 mg.kg_l bw, respectively) and spleen (1.4 and
3.2 mg.kg-1 bw, respectively); the concentrations were lowest in muscle and
brain. At a daily dose of 10 mg.kg'l bw the concentrations in kidneys and
spleen were "very low" (Hattula et al., 1981b). After a single parenteral
administration to rats of 2,4-DCP (i.v.) or 2,4,6-T3CP (i.p.), the highest
concentrations were also found in the kidneys; in addition, relatively high
concentrations were found in the liver. In dietary studies with livestock,
the distribution of chlorophenols as metabolites of other compounds wés
investigated. In cattle and sheep fed 2,4-dichlorophenoxyacetic acid
(2,4-D) for 28 days, the highest and next highest 2,4-DCP concentration
were found in the kidneys and liver, respectively, 1in both species. 1In
cattle and éheep fed trichlorophenoxy acid herbicides for 28 days, the
highest and next highest 2,4,5-T3CP concentrations were found in the liver
and kidneys, respectively, in both species (WHO, 1989).

In two oral studies Iin which rats were adminisfered either a single dose or
3 daily doses of 114G-2,4,6-T3CP, at least 80% of the total dose was
excreted in the urine, within 1-7 days; 5%-20% was excreted in the faeces.
Similar results (based on studies with laboratory animals and livestock)
were reported after parenteral administration of 2,4,6-T3CP or other
compounds, both chlorophenols and other organochlorine compounds. There are
indications that the clearance from organs such as liver and kidneys of
chlorophencls (metabolically formed from other compounds) is slower than
their elimination via the urine (WHG,1989).

With regard to metabolic transformations it has been found in a number of
studies using different laboratory animals, different routes of exposure
and different compounds, that the lower chlorinated chlorophenols (MCP,

DCP, T3CP) are present in tissues and body fluids mainly as glucuronide and
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sulfate conjugates, both after administration of chlorophenols and other
organochlorine compounds (WHO, 1989). One study is available on the
metabolism of the different isomers of T4CP; 1in this study rats were
injected intraperitoneally with a dose level of 10 mg.kg-l bw of the
respective isomer, After administration of 2,3,5,6-T4CP, 33% and 66% of the
dose administered was excreted in the 0-24 hr urine as tetrachloro-p-
hydroquinone and as parent compound (and/or conjugates), respectively.
After administration of 2,3,4,5-T4CP and 2,3,4,6-T4CP, 51% and 94% of the
dose administered was excreted in the 24-hr urine, respectively. The latter
two compounds were excreted essentially unchanged or as conjugates;
trichloro-p-hydroquinone was found to be a minor metabolite. In this study
the urine was boiled with concentrated hydrochloric acids; therefore, no
distinction between parent compounds and conjugates could be made. (Ahlborg
and Larsson, 1978), [It is noted that the dose level reporfed in this
study, 10 mg_kg'l bw, does not correépond with the reported total dose of
4.9 to 5.3 mg for rats with a body weight of 200-300 g]

Human_data

For 2,4,5-T3CP, urinary levels ranging from <5 to 30 pg.l-l have been
reported 1in persons without known history of exposure (Ahlborg and
Thunberg, 1980). In groups of sawmill workers exposed to tetrachlorophenols
(sodium salts) mean and median urinary T4CP levels ranged from 160 to 2,840,
pg.l_l; maximum levels in these groups of workers ranged from 1,5 to

approximately 50 mg.1 1 (WHO, 1989).

1.1.3 Miscellaneous chlorophenols - animal and human data

Quantitative data on the absorption of PCP and other chlorophenols at
dermal exposure or exposure by inhalation are hardly available. However,
animal data (especially acute toxicity studies), human data (the appearance
of a variety of local and systemic effects due to exposure to PCP and other
chlorophenols, especially in occupational settings) and in vitro

experiments using mammalian skin indicate that chlorophenols are "readily"
absorbed via these routes of exposure. Absorption (through the skin) occurs
especially when the compounds are in the un-ionized form, i.e. at pH-value
below pKa-value (WHO, 1987, 1989).

The accumulation of 2-MCP and PCP in liver and kidneys was determined in a

reproduction study in which groups of female rats were exposed from 3 weeks
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of age through gestation (bred at 90 days) and lactation to concentrations
of 0, 5, 50 and 500 mg 2-1‘4‘31:'.1-1 drinking water (equivalent to 0, 0.5, 5
and 50 mg 2-MCP.kg-l bw.day-l) or 0, 5, 50 and 500 mg PCP.kg-1 feed
(equivalent to O, 0.25, 2,5 and 25 mg PCP.kg ' bw.day '). In animals
exposed to 2-MCP,. the concentration-in'livers of low- and mid-dosed animals
was 14 and 20 times higher than - that of control animals; that in high-dosed
animals was 2 times lower than that of control animals. The concentration
in kidneys of animals exposed to 2-MCP was 8- to 10-times higher than that’
of control animals; there was a trend of decreasing concentrations of 2-MCP
in kidneys with increasing dose levels, but the differences were small. In
the study with PCP, the concentration in the livers of exposed animals was
about 2 times higher than that of control animals and that in kidneys was
(somewhat) lower than that of control animals, at all dose levels tested.

The concentrations of 2-MCP in both liver and kidneys were consistently

- higher than that of PCP, both in control and dosed animals (Exon and

Koller, 1982).

Summary and conclusions "chemoblokinetics and metabolism”™

ECP

The fate of PCP after oral exposure has been investigated in comparative
studies with a limited number of rats, monkeys and humans. These studies
show that PCP is absorbed rapidly and (approximately) completely from the
gastrointestinal tract, after a single dose of either 0.1 mg.kgcl bw
(humans) or 10 mg.kg—1 bw (animals). For a single oral dose of 0.1 mg.kg-l
bw, absorption half-lives of 0.4, 1.3 and 2.5 hours were calculated for
rats, humans and monkeys, respectively. Elimination half-lives were
calculated to be 15, 30 and 78 hours for rats, humans and monkeys,
respectively. For humans it was calculated that repeated exposure to a dose
level of 0.1 mg.kg-l bw.day-l will result in a steady-state PCP plasma
concentration after about 8 days. Based on these data it appears that the
accumulation of PCP will be limited at repeated exposure to similar dose
levels. However, other experimental data and data on occupational exposed
workers Indicate elimination half-lives of approximately 15 days for
humans,

Both animal and human studies show that PCP is excreted primarily in the
urine ( > 65%). Rats excrete PCP primarily as parent-compound (75%) and the
remaining part - as PCP glucuronide conjugate and as tetrachloro-p-

hydroquinone (TCH), in similar amounts. In humans a higher percentage of
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PCP is conjugated before excretion (35%-65%), especially at low exposure
levels. Neither humans nor monkeys metabolize PCP into TCH; monkeys excrete
PCP essentially unchanged. It is noted that the reported.percentages for
urinary excretlion and metabolism are not absolute, but depent on exposure
level.

The comparative oral studies show sufficient similarity between the rat and
man with regard to most parameters studied, to consider the rat as a useful
animal model to study the fate of PCP in man.

In both animals and humans, the highest concentrations are usually
observed in the liver and kidneys. In persons without known history of PCP
exposure and in non-occupationally low-exposed persons, total-PCP
1
1

concentrations in blood and urine usually are 10-100 (up to 500) ug.1l’
In heavily exposed workers these concentrations are in the (low) mg.l
range.

Limited data and physico-chemical properties indicate that PCP is also
readily absorbed at dermal exposure and, especially, at exposure by

inhalation.

Chlorophenols other than PCP

Data on these compounds are much more limited than those on PCP. Based on
the available data and the physico-chemical properties of chlorophenols it
is assumed that all chlorophenols are readily absorbed and excreted, urine
‘being the major route of elimination. In tissues and body fluids, lower-
chlorinated compounds (MCP, DCP, T3CP) are present primarily as glucuronide
and sulfate conjugates. In rats, TCH may be a major metabolite of 2,3,5,6-
T4CP, while the other two T4CP isomers are excreted essentially unchanged
or as conjugates.

In animal studies with miscellaneous chlorophenols, the highest

concentrations were observed in the liver, kidneys (and spleen).
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1.2 TOXTCITY

1.2.1 Short-term exposure (acute and subacute toxicity)

Most signs and symptoms at lethal-exposure to different chlorophenols are
similar, and include motor weakness, an increase in respiration rate and
body temperature, tremors, CNS depression, convulsions, dyspnea, and coma.
However, there are differences which are dependent on the degree of
chlorination, The occurence of convulsions is associated especially with
the lower chlorinated phenols; this effect is ascribed to the undissociated
molecule. Uncoupling of oxidative phosphorylation, resulting in metabolic

effects such as increases in respiration rate and body temperature, is

-asgociated especially with the higher chlorinated phenols, notably PCP; the

uncoupling effect is ascribed to the chlorophenate ion. In rat liver

- mitochondria the uncoupling effect of PCP was found to be 40 times greater

than that of 2,4-DCP. The uncoupling effect of PCP in human microsomes was
found to be 10 times greater than that in rat microsomes (Ahlborg and
Thunberg, 1980; Exon, 1984; Borzelleca et al., 1985c; WHO, 1987).

Animal data - acute toxicity

Acute LDS0- and LC50-values are summarized in table 1.1. Most data in this
table are from secundary literature sources (WHO, 1987, 1989; RTECS 1989).
At oral exposure, LD50-values for MCP, DCP, T3CP, T4CP and PCP are 260-
1,400, 465-4,000, 455-2,960, 90-980 and 25-295 mg.kg'1 bw, respectively;
those for NaPCP are 70-700. These values are based on different studies.
Therefore, the variations found for one compound or for one group of
isomers (e.g. T3CP are, at least in part, the result of differences in-
experimental procedure (animal species, strain, age, vehicle, purity test
compound) . Dermal, subcutaneous or intraperitoneal exposure has resulted
in L1D50-values which are in many cases within a factor of 2 compared with
those after oral exposure. Exposure by inhalation resulted in LC50-values
of 11 mg.m-3 for 4-MCP and of 225-355 mg.m'3 for (Na)PCP. LC50-values for
other chlorophenols are not available.

When NaPCP was administered orally to rats or rabbits, or dermally to
rabbits, the lowest LD50-value was 3 to 5 times higher than the
corresponding LD50-value for PCP. When NaPCP was administered dermally,
subcutaneously or intraperitoneally to rats, or subcutaneously to mice or

rabbits, LD50-values were similar (within a factor of 2) to those for PCP.
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The LD50 of 12 mg.kg-l bw for inhaled NaPCP (Hoben et al., 1976a) is at
least 6 times lower than oral LD50-values based on tests with the same

species (rat).

Animal data - subacute toxicity

Oral exposure

Oral, subacute toxicity studies are summarized in table 1.2. If more than
one study was available for one compound, the studies are 1listed in the
following order: i) animal species (from "small" to "large"), il) exposure
time, (from "short" to "long") and iii) purity of test compound (from "high
purity" to "low purity”}. For each study, a lowest-effect-dose, LED, and a
no-observed- (adverse)-effect-level, NO{A)EL, are mentioned in the table, if
possible. .These wvalues have been based on an evaluation of the data
reported and do not necessarily represent the opinion of the investigators.
Most of these studies were "range finding" experiments for teratology
studies or (semi)chronic toxicity studies. Effects on survival, body
weight, organ weights, and, additionally, gross pathology and histo-
pathology are considered to be the most relevant endpoinds in subacute
toxicity studies. Therefore, especially the effects on these parameters are
discussed in the text below and used to derive the LED and NOC(A)EL.
Furthermore, "target" organs (organs which were affected at the LED or at
higher dose levels) are reported.

In the text below, dose levels are expressed as mg.kg-1 bw.day'l,

regardless of treatment procedure,
2-MCP

Exposure by gavage of mice for two weeks to 2-MCP (purity not reported)
resulted in mortality at 175 mg.kg-l bw.day-l and in reduced body weights
at 69 mg.kg-l bw.day-l; a dose of 35 mg.kg-l bw.day-l was without effect

{(Borzelleca, 1985c)
2,4-DCP

Exposure of mice for 2 weeks to 2,4-DCP (purity > 99%) in feed, did not

result in an effect on body weight gain at 2,800 mg.kg-l bw.day-l,

although feed intake was strongly reduced at this dose 1level. Therefore,
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2,800 mg.kg_1 bw.day-l is considered to be the lowest-effect-dose. At 1,400
mg.kg-l bw.day_l, both weight gain and feed intake were similar to
controls; this dose level is considered to be without effect (NTP, 1989a).
Exposure by gavage of mice for two weeks to 2,4-DCP (purity mnot reported)
at dose levels wup to 638 mg.kg'l bwr.da,y'1 did not result in an effect on
most parameters studied, including mortality, body and organ weights and
gross pathology. Therefore, this dose level is considered to be without
effect (Borzelleca, 1985c).

Exposure of rats for 2 weeks to 2,4-DCP (purity > 99%) in feed resulted in
reduced feed intake and reduced body weight gain at 2,000 mg.kg-l bw.day-l;
a dose of 1,000 mg.kg-l bw.day'1 was without effect (NTP, 1989a).

2,4,5-T3CP

A 3-week study in which rats were given by stomach tube 18 doses of 2,4,5-
T3CP (purity 97%-98%) in 24 days, resulted in a 15% increase in the weight
of kidneys at 750 mg.kg.l bw.day-l; a dose of 225 mg.kg-l bw.day-1 was
without effect. In a similar study with rabbits, “"very slight kidney
changes" and "very slight kidney and liver changes" were reported at 70 and
350 mg.kg-l bw.day_l, respectively. Because no further data on these
changes were reported, and because of the very low number of experimental

animals, this study cannot.-be evaluated (McGollister et al., 1961).
2.4,6-T3CP

Exposure of mice and rats for 7 weeks to 2,4,6-T3CP (purity 96%-97%) in
feed, resulted in a reduced body weight gain at 2,100 and 1,470 mg.kg'l
bw.day-l, respecfively. A dose of 1,400 and 1,000 mg.kg_l bw.day-l was
without effect. Target organs in rats were spleen and liver; target organs

in mice were not reported (NCI, 1979).
2,3,4,6-TACP

Oral exposure (no further data) of female rats for 10 days to "commercial-
grade" 2,3,4,6-T4CP (purity 73%) resulted in increased mortality at 100
mg.kg-l bw.day-l; a dose of 30 mg.kg-l bw.day'1 was without effect (Schwetz
et al., 1974a). In a study in which rats were exposed intragastrically for
8 weeks to 2,3,4,6-T4CP (purity > 99%), severe histopathological changes

{e.g. necroses) were observed in the liver at 50 mg,.kg.1 bw.day—l; at 100
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mg.kg'l bw.da)r_1 the small intestine was alse affected. A dose of 10
mg.kg-l bW.day-l was without effect (Hattula et al., 1981b).

PCP

The effect of two different grades of PCP, namely "Dowicide EC-7"
(a relatively low-impurity grade) and "technical-grade" PCP (a relatively
high-impurity grade), on the in vivo antibody response was investigated in
a comparative study in which female mice were exposed by daily gastric
intubations for 2 weeks. Exposure to "technical-grade" PCP at dose levels
of 10, 30 and 100 mg.kg'l bw.day'l resulted in a dose-related decrease in
antibody response after immunization with sheep red blood cells; the
decrease was statistically significant at all dose levels. On the contrary,
exposure to "Dowicide EC-7" at a dose level of 100 mg.kgbl l'.)'u\ar.tzlay-1 did not
result in a decreased antibody response (Holzapple et al., 1987),
In a comparative toxiclty study, mice were exposed for 4 weeks to “pure"
PCP (purity 98.6%), "Dowicide EC-7" (91% PCP) or "technical-grade" PCP
(purity 90%) in feed. In all three studies, the effects with regard to
mortality, weight pgain and histopathological éhangeé ‘{observed in the
liver) were identical, although minor quantitative differences in toxicity
of the compounds were observed with respect to mortality and the number of
animals with histopathological liver lesions. Based on the most sensitive
parameter (liver 1lesions), all studies resulted in a LED of 70 mg.kg'1
bw.day-l; a dose of 14 mg.kg-l bw.day-l was without effect (NTIP, 1989b).
[In these experiments, supplemental parameters such as liver enzymes (aryl
hydrocarbon hydroxylase, cytochrome P450) have been studied. Because of the
relative short exposure time, the limited reporting of the results and the
fact that these parameters were not included in other subacute studies,
these paiameters were left out of consideration. For the effect of
different grades of PCP on these parameters, the reader is referred to the
section on long-term exposure.]
Oral exposure (no further data) of female rats for 10 days to “"commercial-
grade" PCP (Purity 88%) resulted in weight loss at 70 mg.kg'l bw.day'l;
a dose of 50 mg.kg-l bwr.day.1 was without effect (Schwetz et al., 1974b).
In a study in which rats were exposed for 8 weeks to "pure" PCP (purity
> 99%) in feed, no effect on mortality, body weight gain and liver weight
was observed at 40 mg.kg-l bw.day-l; other dose levels were not included in
this study (Debets et al., 1980). [For data on supplemental parameters
(microsomal liver enzymes; urinary porphyrins) studied by Debets et al.,

see table 1,2]
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Exposure by inhalation

Short-term animal data on PCP and other chlorophenols are not available.

Human data - acute and subacute toxicity

The present section 1is based on the "Environmental Health Criteria
Documents™ on PCP (WHO, 1987) and on chlorophenols other than PCP (WHO,
1989).

There appear to be mno studies or case reports on the effects of "pure”
chlorophenols on humans. Therefore, the effects described below may be
influenced by the impurities present in the formulations used. However, the
early onset of morbidity and mortality at exposure to high concentrations,

are most probably caused by the chlorophencls, not by the impurities.
PCP

Common signs and symptoms of acute toxicity are well known, based on
numerous case reports on accidental or suicidal poisoning incidents (many
of which have resulted in death) with "commercial-grade" PCP, These signs
and symptoms include ataxia, mental and physical fatique, heachache,
dizziness, disorientation, anorexia, nausea, vomiting, dyspnoea,
hyperpyrexia, tachycardia, and a rise of metabolic rate. Weakness, elevated
body temperature and profuse sweating are most prominent. In lethal cases,
death is due to cardiac arrest, and victims usually show a marked rigor
mortis. The minimum lethal oral dose has been estimated to be 30 mg.kg
bw. In contrast to the lower chlorinated phenols, PCP does not cause
convulsions.

Gross pathology and histological 1lesions are generally consistent with
those observed in animal studies. Gross lesions include hepatomegaly,
splenomegaly and cardiomegaly, and renal and hepatic congestion.
Histological 1lesions include fatty degeneration and necrosis of the liver,
and degenerative lesions in renal tubules. After oral exposure, gastric and
intestinal inflammation has been reported. Pulmonary oedema and congestion
have been reported after exposure by inhalation and sometimes after oral
exposure, if aspipation has occured (WHO, 1987).

Indoor exposure to elevated levels in air, resulting from the application
of PCP 1in the interior of houses, has resulted in (sub)acute non-specific

signs and symptoms of poisoning which are similar to those observed in
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poisoning incidents and in occubational settings (WHO, 1987). For example,
case histories of 15 members of 3 families in the Netherlands, exposed in
treated houses to airborne levels of 0.2 to 1.2 ,png.m'3 for 10 days to 8
months, show one or more of the following effects: burning sensation in the
unprotected skin, similar reaction in the throat, dryness and scaling of
-face and hands, slight erythema, nausea, vomiting, decreased appetite,
headache, dizziness and fatique. It can not be concluded whether these
effects were caused by PCP itself or by the vapours origination from the
organic solutions wused. In three of these persons exposed for 8 months to
concentrations up to 0.25 pg.m-3, a 2- to 3-fold increase in plasma PCP
concentrations was observed, Plasma PCP concentrations in these and the
other exposed persons ranged from 25 to 660 pg.l-l; these values were in
the same range as those measured in 99 non-selected Dutch male draftees
(<50 to 1,100 pg.l—l; mean value 130 pg.l-l; 95% range 330 pg.l'l). Routine
- . haematological, bicchemical and urine analyses showed no abnormalities in
ﬁhe exposed persons (Sangster et al., 1982). In another investigation among
non-occupational exposed persons, exposed to PCP- and lindane—contéining
wood preservatives, similar subacute effects were reported (Janésens and
Schepens, 1985). For data on repeated exposure in occupational settings,

the reader is referred to the section on long-term exposure.
Chlorophenols other than PCP

Known signs and symptoms of chlorophenols other than PCP are based
primarily on  animal studies. Occupational exposure has been most
consistently associated with effects such as irritation of skin and mucous

membranes and with chloracne (WHO, 1989).
Summary and conclusions "short-term exposure®™

Animals

Oral LD50-values for MCP, DCP, T3CP, T4CP and PCP are 260-1,400, 465-4,000,
455-2,960, 90-980, and 25-295 mg.kg-l bw, respectively; for NaPCP these
values are 70-700 mg.kg-l bw. These values show that T4CP and, especially,
PCP are considerably more toxic than the lower-chlorinated compounds.
Dermal, subcutaneous or and intraperitoneal exposure has resulted in LD50-
values which are in many cases within a factor of 2 compared with those
after oral exposure. Exposure by inhalation resulted in LC50-values of 11

mg.m-3 for 4-MCP, and 255-355 mg,.m'3 for (Na)PCP. An inhalation study with
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NaPCP resulted in a LD50-values of 12 mg.kg-l bw, which is 6 times lower
than the lowest oral LD50-value for this compound.
Oral, subacute toxicity studies, exposure time 10 days to 8 weeks, are
available for a 1imited number of chlorophencls; most studies refer to
2,4-DCP or PCP. Based on parameters such as survival, body and ofgan
weights, and (histo)pathology, the following NO(A)ELs have been derived: 35
1 for 2-MCP, 640-1,400 mg.kg * bw.day ' for 2,4-DCP, 225
for 2,4,5-T3CP, 1,000-1,400 mg.kg © bw.day ' for 2,4,6-
T3CP, 10-30 mg.kg ! bw.day ! for 2,3,4,6-T4CP and 14-50 mg.kg . bw.day >

for PCP. These data also show a trend of increasing toxicity with

mg.kg-1 bw.day"

mg.kg-1 bw.day'l

chlorination (consistent with acute toxicity values). It 1is mnoted that
this conclusion is based on a limited number of data which are not similar
for each compound studied.

In the studies with T3CP and the higher-chlorinated compounds,
histo(patho)logical changes were observed in the liver; in the study with

2,4,5-T3CP changes were alsc observed in the kidneys.

Humans

Signs and symptoms of  acute toxicity of PCP are well known, based on
numerous case reports on accidental or suicidal poisoning incidents (with
"commercial-grade" PCP). - Metabolic effects such as an increase in
respiration rate, elevated body temperature and profuse sweating are most
prominent effects, conslistent with the uncoupling of oxidative
phosphorylation. Gross pathology and histological lesions observed in cases
of poisoning are primarily related to the liver, consistent with the
results in animal studies. Non-occupational exposuré to airborne PCP
concentrations of 0.2 to 1.2 pg.m-3, resulting from the application of PCP
in the interior of houses, has resulted in non-specific effects (such as
irritation of skin and mucous membranes, nausea, vomiting, headache,
dizziness and fatigue) which are similar to those observed in poisoning
incidents and occupational settings.

Data on chlorophenols other than PCP are based primarily on acute toxicity
studies with experimental animals. Occupatiocnal exposure has been most

consistently associated with effects on skin and mucous membranes.
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1.2.2 Reproductive toxicity

QOral teratology studies and reproduction studies

. Data available include (short-term) teratology studies, mostly conducted in
accordance with the protocol for so-called "segment II" studies, and (long-
term) reproduction studies. In the text below the teratology studies are
decribed more in detall than the reproduction studies, because the latter
studies are also summarized in table 1.3. For each reproduction study,
a lowest-effect-dose, LED, and a no-observed-(adverse)-effect-level,
NO(A)YEL, are mentioned in the table, if possible. These wvalues have been
based on an evaluation of the data reported and do not necessarily
represent the opinion of the investigators.

In a number of the reproduction studies, effects on the progeny
.{parameters: postnatal survival and growth, organ weights, haematclogy and
immunocompetence) have been studied in addition to reproductive performance
(including parameters such as fertility, litter size, number of stillborn
and birth weight) of the parental generation. In the teratology studies the
animals were treated by gavage; in the reproduction studies, the parent

animals were exposed either via feed or via drinking water.
2-MCP

A reproduction study in which female rats were exposed to 2-MCP (purity
97%) in drinking water, from 3 weeks of age through gestation, resulted in
a decreased litter size and 1in an increased number of stillborn at 500
mg.l-1 {equivalent to 50 mg.kg-1 bw.day-l). A concentration of 50 m‘g.l_1

1) was without effect on reproductive

(equivalent to 5 mg.kg'l bw.day"
performance. Maternal toxicity was not observed at any concentration
tested. An extention of the exposure of the dams through lactation,
followed by exposure of the progeny for an additional 10-15 weeks, did not
result in effects on the progeny exposed both pre- and postnatally, at any
concentration tested. A second part of this study is reported in section
1.2.3, "long-term exposure" (Exon and Koller, 1982, 1983a,b, 1985; table

1.3 and 1.4).
2,5-DCP

In a fertility and reproduction study in which adult male and female mice

were exposed to 2,4-DCP (purity 99%) in drinking water for 3 months before



-23-

mating and additionally throughout mating and gestation, concentrations wup
to 2,000 mg.l_1 {(equal to 385 and 490 mg.‘kg-1 bw.day for males and females,
respectively) did not result in an effect on fertility and on reproductive
performance (Borzelleca et al., 1985b,c, table 1,3).

A reproduction study in which female rats were exposed to 2,4-DCP .(purity
99%) 1in drinking water, from 3 weeks of age through gestation, resulted in
a decreased litter size at 300 mg.l.l (equivalent to 30 mg.kg-1 bw.day-l).
A concentration of 30 n1g.1'1 {equivalent to 3 mg.kg-l bw.day-l) was without
effect on reproductive performance. Maternal toxicity was not observed at
~ any concentration tested. Additiomally, exposure of the dams to 300 mg.l-1
resulted in an increase in spleen weight of the progeny exposed only
prenatally, while a dose level of 30 mg.l-1 did not affect prenatally
exposed progeny. An extention of the exposure of the dams throughout
lactation, followed by exposure of the progeny for an additional 10-15
weeks, resulted in effects on the progeny: pre-and postnatal exposure
resulted in a decreased DTH-response at 30 and 300 mg.l-l, and in an
increase in antibody production and increased spleen and liver weights at
300 mg.l-l. A concentration of 3 mg.l-1 (equivalent to 0.3 mg.kg-l
bw.day-l) was without effect, with regard to all parameters studied.
A second parf of this study 1s reported in section 1.2.3, "long-term
exposure (Exon et al., 1984; Exon and Koller, 1985; table 1.3 and 1.4).

In a teratology study ("segment II" study) the embryo/foetotoxicity and
teratogenicity of “"technical-grade" 2,4-DCP (purity 99.2%; dibenzo-p-
dioxins not found) were studied in rats. Groups of 34 Fischer 344 rats were
treated by gavage with doses of 0 (vehicle control), 200, 375 or 750
mg.kg-l bw.day-l (in corn oil) from day & through day 15 of gestation.
Animals were killed on day 20 of gestation. At 750 mg.kg'1 bw.day-l, 4
animals died during the treatment period. Maternal body weight gain was
dose-related decreased during the treatment period; this effect was
statistically significant (p < 0.05) at all dose levels tested, although
body weight gains at 200 and 375 mg.kg-l bw.day'1 were comparable to that
of control animals. With regard to reproductive performance no
statistically significant effects were found at termination, although the
number of resorptions was somewhat increased at 750 mg.kg-l bw.day-l. With
regard to external, soft tissue and skeletal variations, the number of
foetusses and litters with delayed ossification of sternabrae-numbers 1, 2,
3 and/or 4 or vertebral arches was increased (statistically significant at
the level of litters) at 750 mg.kg-l bw.day’l. At this dose level, the

incidences of these variations in foetusses (and litters) were 4/80 (4/22)
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and 6/80 (6/22), respectively, while these effects were not observed in
control foetusses (Rodwell et al., 1989).

2,4,6-T3CP

A reproduction study in which female rats were exposed to 2,4,6-T3CP
(purity > 99%) by gavage from 2 weeks prior to mating throughout gestation,
resulted in severe maternal toxicity (including mortality) at 1,000 mg.kg_l
bw.day'l. A dose level of 500 mg.kg-l bw'.day-1 was without effect with
regard to maternal toxicity, reproductive performance and effects on the
progeny. A study in which male rats were exposed to 2,4,6-T3CP (purity >
99%) by gavage for 11 weeks prior to mating with untreated females,
resulted in severy paternal toxicity (including mortality) at 1,000 mg.kg—l
bw.day'l. A dose level of 500 mg.kg'l bw.day'l was without effect with
regard to paternal toxicity, and male and female reproductive performance
{(Blackburn et al., 1986; table 1.3).

A reproduction study in which female rats were exposed to 2,4,6-T3CP
(purity 98%) in drinking water, from 3 weeks of age through gestation,
resulted in a decreased litter size at 300 mg.l_1 (equivalent to 30 mg.kg-l
bw.daynl); a concentration of.30 mg.l'1 (equivalent to 3 mg.kg-l bw.day_l
was without effect on reproductive performance. Data on maternal toxicity
are not reported. An extension of the exposure of the dams through
lactation, followed by exposure of the progeny for an additional 12 weeks,
resulted in effects on the progeny: pre-and postnatal exposure resulted in
an increased 1liver weight at 30 mg.l-l, and in increased liver and spleen
weights at 300 mg.l-l. A concentration of 3 mg.l-]L (equivalent to 0.3
mg.kg-l bw.day-l) was without effect with regard to all parameters studied

{Exon and Koller, 1985; table 1.3).
2,3,4,6-T4CP

In a teratology study ("segment II" study) the embryo-/foetotoxicity and
teratogenicity of two grades of 2,3,4,6-T4CP were studied in rats.
Groups of 20 Sprague-Dawley rats were treated by gavage with doses of O
(vehicle control), 10 or 30 mg.kg-l bw.day'1 (in corn oil) from day 6
through day 15 of gestation. The highest dose level tested was the highest
dose w?thout signs of toxicity in a preliminary 10-d tolerance study (table
1.2). Animals were killed on day 21 of gestation. The two grades of this
compound were "commercial-grade" (purity 73%; 27% PCP; 2,3,7,8-TCDD <0.05
ppm, 28 ppm HCDD, 80 ppm HpCDD, 30 ppm OCDD, 55 ppm HCDF, 100 ppm HpDCF,
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25 ppm OCDF) and "purified" (purity 99.6%; 0.1l% PCP; 2,3,7,8-TCDD <0.05
ppm, HCDD <0.5 ppm, HpCDD <0.5 ppm, OCDD <0.5 ppm, HCDF <0.5 ppm, HpCDF
<0.5 ppm, OCDF <0.5 ppm).

Signs of maternal toxicity were not observed at any dose of either
compound, The number of resorbed foetuses, sex ratio, foetal body weight
and foetal crown-rump length were affected neither. At 30 mg.kg-l bw.day-l,
the incldence of delayed ossification of the skull bones among foetuses
(17%¢, 18/104 and 26%, 23/88 at exposure to "purified" and "commercial-
grade" 2,3,4,6-T4CP, respectively) was significantly increased at p < 0.05
compared with the control incidence of 8%, 14/173. For ‘"commercial-grade"
2,3,4,6-T4CP, the incidence of this skeletal wvariation was also
) significantly increased among litters (50%, 8/16) compared with the control
incidence of .19%, 6/31. For "purified" 2,3,4,6-T4CP, the incidence among
litters (35%, 7/20) was not significantly different from the control
incidence. -This - variation occurs normally in control populations of this
strain of rats. Therefore, the increased incidence of this wvariation 1is
considered to be a nonspecific effect (indicative of delayed development),
not a teratogenic effect. At 10 mg.kg-l bw.day-l, a significantly
increased incidence of subcutaneous edema was found at exposure to either
compound. This soft tissue variation, also observed among control animals,
was not observed at 30 mg.kg-l bw.day-1 of either compound and, therefore,
considered to be not treatment-related (Schwetz et al,, 1974a). In a
similar teratology study with "purified" PCP (see below, Schwetz et al.,
1974b), the incidence among 1litters of this skeletal variation was
significantly increased at 5 mg PCP.kg-I bw.day_l (60% versus 19% among
control litters). The dose level of 30 mg.kg-l bw.day_l of "commercial-
grade” 2,3,4,6-T4CP is equivalent to 8 mg PCP.kg-l bw.day-l. Therefore, the
slightly higher incidences of this skeletal wvariation at exposure to
"commercial-grade" 2,3,4,6-T4CP compared to that at exposure to "purifiéd"

2,3,4,6-T4CP can be explained by the PCP content.
PCP

A reproduction study in which female rats were exposed to "technical-grade"
PCP (purity 85%) in feed, from 3 weeks of age through gestation, resulted
in a decreased litter size at 500 mg.kg'l feed (equivalent to 25 mg.kg'l
bw.day-l); a concentration of 50 mg.kg-1 feed (equivalent to 2.5 mg.kg-l
bw.day'1 was without effect on reproductive performance. Maternal toxicity
was not observed at any concentration tested. An extension of the exposure

of the dams through lactation, followed by exposure of the progeny for an
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additional 10 weeks, resulted in effects on the progeny: pre-and postnatal
exposure resulted in a decreased DTH-response and a decreased serum BSA
antibody concentration at all dose levels tested (5, 50 and 500 mg.kg-l
feed, equivalent to 0.25, 2.5 and 25 mg.kg'l bw.day_l). Therefore, a dose
without effect can not be derived from this study. Additionally, the number
and phagocytic activity of peritoneal macrophages were increased at 50 and
500 mg.kg-l. A second part of thig study is reported in section 1.2.3,
"long-term exposure” (Exen and Koller, 1982, 1983a,b; table 1.3 and 1.4).
In a fertility and repreduction study, male and female Sprague-Dawley rats
were exposed to Dowicide EC-7 (90% PCP) in feed. Females were exposed from
9 weeks prior to mating through gestation and lactation. Parent males were
exposed for another two months. At 30 mg.kg-l bw.day-l, body weight gain of
adult females, the number of liveborn pups, neconatal survival and neonatal
body weight were reduced. In addition, there was an increased number of
litters which showed wvariations in the development of skeletal structures,
namely lumbar spurs and variations of vertebrae. It is not reported whether
these variations were found also in control animals in the present study or
not, but the same variations occured in contrel animals in a previous
teratology study (see Schwetz et al., 1974b). Therefore, the increased
incidence of these variations is considered to be a nonspecific effect
(indicative of delayed development), not a teratogenic effect. A dose level
of 3 mg.kg-l bv«r.d:sq,r-1 was without effect (Schwetz et al., 1978; table 1.3).
In another fertility and reproduction study, 5-w old male and female
Sprague-Dawley rats were exposed to highly purified PCP (purity > 99%) in
feed. Females were exposed through gestation. At 200 mg.kg-l feed (equal to
13 mg.kg-l bw.day-l) the number of dams with = 2 resorptions was increased,
and foetal body weight was reduced. At this dose level, misshapen centra-of
wavy ribs was the only skeletal variation that was significantly increased;
the incidence was 22 out of 86 versus 14 out of 167 in controls, The
increased incidence of this skeletal wvariation 1is considered to be a
nonspecific effect, not a teratogenic effect. At 600 mg.kg-l feed {(equal to
43 mg.kg'l bw.day-l) all but one foetuses were resorbed; at this dose level
maternal weight gain during gestation was reduced, and ringed eye was
observed in 50% of the dams. In this study PCP was found to be slightly
more toxic with regard to maternal and reproductive effects than
pentachloroaniscle (PCA), a metabolite of PCP which can be formed by
biclogical systems (Welsh‘et al., 1987; table 1.3).

In a teratology study ("segment II" study) the embryo-/foetotoxicity and
teratogenicity of two grades of PCP were studied in rats. Groups of 20






