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Effects of Transplacental Exposure 
to Chlorinated Phenols 
by Jerry H. Exon* and Loren D. Koller* 

Female rat& were exposed to 0, 5, 50 or 500 ppm of 2-chlorophenol (2-CP) or pentachlorophenol 
<PCP). The study was designed to produce progeny which were exposed to the chlorophenolic 
compounds both prenatally and postnatally. Percent conception, litter size, birth weight, and 
number of stillbirths was determined at parturition. Hematologic parameten and body weights 
of the progeny were recorded at weaning age (3 weeks). 

Effect& on reproduction were observed in both the 2-CP and PCP-t'.xposed groups, as indicated 
by decreased litter sizes and increased number of stillborn. The data indicate that these 
chlorinated phenolic compounds may be feto- or embryotoxic at high doses. Effects on 
hematologic parameten were not observed. Further study involving transplacental and chronic 
exposures to these chlorophenolic compounds appean warranted. 

't:'be chlorophenols are a group of 19 compounds 
£!l.icll differ in degree and position of chlorination 
;: These compounds consist of mono-, di-, tri- and 
... ~hloro isomers and a pentachlorophenol. The 
"!:~ted phenols are effective disinfectants, anti­
-:Jtlcs, fungicides, slimicides, bactericides, wood 
~~n·atives, herbicides, insecticides, and mollus­
-.~des (2-9). The widespread use of these· chemicals 
: :ndustry and agriculture has resulted in contami­
~·•on of food producing animals and the environ­
. ~;-L~nadvertent formation of 2-chlorophenol, 
~~oro phenol and 2,4,6-trichlorophenol as by­
~cts of water chlorination represent significant 
-~of exposure to these compounds (1). 
~-chlorophenol is a commercially produced chem­

._ USed as an intermediate in the production of 
~chlorinated phenols. The generation of waste 
~ f:om the commercial production of 2-chloro­
·- 1'101, Its chemically derived products, and the 
:ild~ertent formation of 2-chlorophenol due to 
.KJrlnation of organics in drinking and waste 
~~~ potential sources of environmental con­
~-14\.lon (1). 
.,~hlorophenol (PCP) and its salts have been 
. ,
1 
~USed in agriculture and industry since 1936 

· PProximately 200 million pounds of PCP 

~ 
""'-~ Medicine, UDivenity of Idaho, Moscow, Idaho 

' 

were produced worldwide in 1977 (11). Principal 
uses of PCP are as a pesticide and wood preserva~ 
tive (12), and contamination of livestock occurs by 
licking treated wood or drinking from vats used to 
treat wood (6). Industrial exposure and consump­
tion of contaminated food and water are the princi­
pal sources of exposure to humans (13). 

This study was conducted to assess the effects of 
two chlorophenolic compounds, 2-chlorophenol and 
pentachlorophenol, on reproduction and hematolo­
gy. The experimental design included prenatal and 
postnatal exposure to the chlorophenolic compounds. 

Materials and Methods 
Female Sprague-Dawley rats were weaned at 21 

days of age and divided into groups of 12-20 rats 
each. The rats were placed on dietary regimens 
containing 0, 5, 50 or 500 ppm 2-CP (Aldrich 
Chemicals, 97% pure) in the drinking water or PCP 
(ICN Pharmaceuticals, K & K Laboratories No. 
18497, 95% pure) in the feed. The feJ}lale rats were 
housed four per cage in stainless hanging wire 
racks. Feed and water were available ad libitum . 
The rats were bred at 90 days of age (10 weeks 
exposure). The dams were transferred to polycar­
bonate cages with stainless steel lids and hardwood 
shavings to litter. The study was designed to 
produce progeny that were exposed to the chloro­
phenolic contaminants both prenatally and postna-
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tally. Percent conception, litter size, birth weight, 
and number of stillbirths was determined at partu­
rition. Body weights and hematologic parameters 
(white and red cell counts, hemoglobin, packed cell 
volume and mean corpuscular volume) were recorded 
at weaning age. Blood samples were analyzed using 
a Coulter counter, Model ZBi. The dams were 
terminated at weaning and liver and kidney tissues 
were collected for analysis of chlorophenolic con­
tent. Gas chromatography was used to analyze 
2-CP and PCP in tissues by the methods of Erney 
(1.4). 

Results 
Parameters relating to reproductive performance 

that were observed include percent conception of 
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the dams, litter size, birth and weaning wei h 
percent stillborn, survival to weaning and t 
weight .gain of the da~ (Tables 1-4). Perc, 
conceptiOn was greater m all treatment groups 
comp~e? to controls (Tables 1 and 2). Litter , 
was significantly (p ~ 0.05) decreased in grou · 
dams treated with high levels of 2-CP (Tabl~ 
Litter size was also decreased in groups given 
ppm PCP (p ~ 0.10) (Table 2). Percent of stillb 
pups born to dams receiving either 2-CP or p 
was generally greater as compared to controls. l 
increase was significant (p ~ 0.05) in the 500 P 
2-CP group (Table 1). Body weights at wean 
were generally decreased in PCP-exposed gtfJt.: 

No consistant effects were observed in regard 
survival to weaning (Tables 3 and 4). The r,. 
weight gains of dams prior to breeding appearet 
be unaffected by the treatments. 

Table 1. Effect of 2-chlorophenol <CP) on rats and progeny. 

Conception, Litter size Birth wt., g Stillborn, Mean weight g 
Treatment• % (mean :t SD)b (mean :t SD)c % of dams, g 

Control 67 (8/12) 11.4 :t 1.2 2.2 :t 0.4 0 (0191) 168 
CP 

5 ppm 75 (9/12) 11.7 :t 3.5 2.3 :t 0.4. 0 (2/105) 170 
50 ppm 75 (9/12) 10.1 :t 2.3 2.5 :t 0.4 0 (0/91) 158 

500 ppm 86 (12/14) 9.2 :t 4.3 2.4 :t 0.4 0 (6/110) 159 

-cp was given in the drinking water of the dams from weaning through parturition. 
bLive and stillborn. 
cLive pups only. · 
dSignificant at p < 0.05 to control. 

Table 2. Effect of pentachlorophenol (PCP) on rats and progeny. 

Conception, Litter size Birth wt., g Stillborn, Mean weight 1\ 
Treatment• % (mean :t SD)b (mean :t SD)c % of dams, g 

Control 58 (7/12) 10.6 :t 2.4 2.6:t0.7 1 (ln4) 146 
PCP 

5 ppm 77 (10/13) 10.3 :t 3.2 2.5 :t 0.3 7 (7/103) 145 
50 ppm 85 (11/13) 10.7 :t 3.5 2.5 :t 0.3 2 (2/110) 130 

500 ppm 86 (12/14) 9.2 :t 3.0 2.4 :t 0.5 3 (3/110) 141 

"PCP was given in the feed of the dams from weaning through parturition. 
bLive and stillborn. 
<Live pups only. 
dSignificant at p < 0.10 to control. 

Table 3. Effect of 2-chlorophenol tCPJ on progeny of rats. 

Weaning wt. Survival to 
Treatment• (mean :t sm. g weaning, q.b 

Control 51.3 (4.4) 100 (91/91) 
CP 

5 ppm 54.2 (8.4) 100 (103/103) 
50 ppm 54.1 (8.4) 100 (91191) 

500 ppm 53.9 (9.6) 99 (103/103) 

"2-Chlorophenol was given in the drinking water either 
prenatally by exposing the dams from weaning through parturi­
tion (90 days) and postnatally from parturition. 

bExclusive of stillborn pups. 

Table .t. Effect of pentachlorophenol IPCPl on pro.:c:1: 
rats. 

Weaning wt. Survl\-~t. ~l' 

Treatment• (mean := SDJ. g weant~~ 

Control 60.0 (9.8) 97 (7li7~l 

PCP, 
5 ppm 56.7 (6.8) 89 (95196) 

50 ppm 55.7 (7.6) 98 (106tl01'1 
500 ppm 54.9 (12.2) 99 (1061107'. 

"Pentachlorophenol was given in the feed prenatal!' 
exposing the dams from weaning through parturition (90 d. 
and postnatally from parturition. 

bExclusive of stillborn pups. 
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R.\..'1/SPLACENTAL CHLORINATED PHENOLS IN RATS 

-.. ble 5. Analysis of feed and tissue samples of dams fed 
pentachlt•rophenol or 2-chlorophenol for 10 weeks. 

Chii'Jrophenol content. ppm 

c~,~rol (PCPl 
•:P 

5ppm 
'iOppm 

.jOO ppm 
~ ontrol (2CP) 
~p 

Feed" 

0.21 

4.80 
71.40 

411.50 

Liverb 

0.048 

0.102 
0.081 
0.099 
0.16 

0.066 

0.034 
0.046 
0.056 
0.26 

5 ppm 2.20 2.60 
50 ppm 3.20 2.40 

500 ppm 0.08 2.00 

• A pool of three separate bags. 
• A pool of tissues from five rats/group. 

Table 6. Chemical content of pentachlorophenol mixture 
used to prepare PCP diets. • 

umposition by gas chromatography 
~.3,4,6-Tetrachlorophenol 
2.3,4,5-Tetrachlorophenol 

. Pentachlorophenol 

. lioxins by liquid chromatography 
Hexachlorodibenzo-p-dioxins 
Oxtochlorodibenzo-p-dioxins 

Content 

6.8% 
0.6% 

85.5% 

8ppm 
400 ppm 

•teN Pharmaceutical, K&K Laboratories, catalog no. 18497; 
<7~ pure. 
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The accumulation of the chlorophenol compounds 
in tissues of dams was comparatively minimal 
(Table 5). Pentachlorophenol levels in liver and 
kidney tissues were considerably lower than 2-CP 
residues in similar tissues. Residues in kidney 
versus liver tissue were approximately equal. Feed 
samples were also analyzed for PCP content (Table 
5). The analysis correlated reasonably well with the 
target concentrations of 5, 50 and 500 ppm. Purity 
of the PCP mixture used in preparation of the PCP 
diet was analyzed by the Dow Chemical Company 
(Table 6). This analysis incidated that the PCP 
formulation was only 85.5% pure as compared to 
the 95% purity advertised by the manufacturer. 
The dioxin content was also determined (Table 6). 

Hematologic parameters examined for all treat­
ment groups included red and white blood cell 
counts, packed cell volume (hematocrit), hemoglo­
bin and mean corpuscular volume (Tables 7 and 8). 
No significant effects of chlorinated phenols on 
hematologic parameters were observed. 

Discussion 
The chlorophenols tested, 2-CP and PCP, appeared 

to alter certain reproduction parameters in rats . 
Stimulated conception rates, reduced litter size at 
the highest doses (500 ppm), and increased number 
of stillbirths were observed in chlorophenol-treated 
groups. These results indicate that high levels of 
these compounds tend to be feto- or embryotoxic. 

Table 7. Hematologic parameters of rats exposed to 2-chlorophenol. a.b 

Treatment RBC 1Q4/mm3 Hct,% PCV MCV, !1-m3 WBC, 11flmm3 Hgb, g/dl 

Control 747 (46) 37 (3) 49 (2) 163 (46) 16.1 (0.9) 
CP 

5ppm 728 (56) 36 (3) 47 (2) 164 (27) 16.2 (0.9) 
50 ppm 778 (38) 40 (2) 48 (2) 160 (34) 16.5 (0.9) 

500 ppm 828 (57) 42 (4) 48 (2) 178 (46) 17.5 (1.6) 

"2·Chlorophenol was given in the drinking water either prenatally by exposing the dams from weaning through parturition (90 days) 
r,~ J>Ostnatally from parturition. 

All hematologic parameters are reported as mean (standard deviation). 

Table 8. Hematologic parameters of rats exposed to pentachlorophenol. a.b 

Treatment RBC 1Q4/mm3 Hct,% PCV MCV. !1-m3 WBC, 1Q2/mm3 Hgb, g/dl 

Control 
Pep 767 (42) 39 (2) 50(1) 162 (34) 16.2 (0.8) 

5ppm 781 (51) 38 (2) 49 (1) 161 (32) 16.2 (0.8) 
50 ppm 786 (23) 38 (2) 49 (2) 154 (28) 16.1 (0.5) 

500ppm 789 (66) 37 (2) 47 (2) 192 (57) 15.8 (1.2) 

.:Pentachlorophenol was given in the drinking water either prenatally by exposing the dams from weaning through parturition (90 ·r•l and postnatally from parturition. 
All heniatologic parameters are reported as mean (standard deviation). 
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The results are consistent with those published by 
others (15). 

The majority of commercially prepared technical­
grade PCP is a mixture of about 85-90% PCP and 
the remainder primarily consists oftetrachlorophenol 
and chlorinated phenoxyphenols (16). Small amounts 
of other impurities include chlorinated dibenzo-p­
dioxins, chlorinated dibenzofurans and chlorinated 
diphenyl ethers. The mixture purchased for this 
study was listed by the manufacturer to be 95% 
pure PCP. However, analysis indicated that the 
mixture contained actually 85.5% PCP and a vari­
ety of other phenolics and impurities. Neverthe­
less, exposure to this substance in the environment 
would be as prepared containing both the PCP and 
associated impurities. Once adverse effects are 
identified from exposure to the manufactured prod­
uct, then analytical grade PCP must be evaluated 
to determine if the effects are produced by PCP, its 
impurities or from a combination of these products. 

This work was supported by U.S. Environmental Protection 
Agency grant R8072670110. 
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