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High concentrations of bisphenol A were detected in the effluent from several pulping processes for waste paper
containing thermal paper and/or other printed paper. Chlorinated derivatives of bisphenol A were found to be formed
by its reaction with a low concentration of chlorine in the effluent from the bleaching process using sodium hy-
pochlorite. Poly-chlorinated derivatives were mainly detected in the final effluents from two plants because they
were not biodegraded in the water recycling process by treatment with activated sludge. The estrogenic activities of
bisphenol A and its chlorinated derivatives were evaluated by an agonist assay using the yeast two-hybrid system
with and without a metabolic activation test using rat liver S9. All of the chlorinated derivatives tested showed more
potent activity than bisphenol A without S9. The activity of 3,3′-dichlorinated BPA was 38-fold stronger than that of
bisphenol A. The activities of these compounds were almost eliminated upon treatment with S9.

Key words —–—  bisphenol A, chlorinated bisphenol A, waste paper recycling, chlorine bleaching process, estro-
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INTRODUCTION

Bisphenol A, 2,2-bis(4-hydroxyphenyl)propane
(BPA), has weak acute toxicity toward aquatic or-
ganisms; LC50 or EC50 levels for fish and inverte-
brates range from 1.1 to 10 mg/l.1) Bisphenol A has
also been reported to interact with estrogen recep-
tors.2–4) Currently, there is considerable interest in
potential effects on fish populations with a view to
developing regulatory criteria.

Bisphenol A is used in the production of poly-
carbonate and epoxy resins, flame retardants, and
other specialty products. Final products include ad-
hesives, protective coatings, powder paints, build-
ing materials, compact disks, thermal paper and elec-
tronic parts. In addition, bisphenol A is used in the
paper industry, where it is used mainly as a devel-
oper in dyes for thermal papers. Therefore, we
thought that bisphenol A might be released into
wastewater from recycling plants that processed such

paper products. On the other hand, we previously
demonstrated that bisphenol A readily reacted with
sodium hypochlorite, which is used as a bleaching
agent in paper factories, to give chlorinated deriva-
tives of bisphenol A. Further investigation revealed
that such derivatives contaminated the final effluent
from waste paper recycling plants.5) Based on these
findings, we shifted our attention to clarifying of the
process by which these compounds are released into
the effluent and the toxicity of chlorinated deriva-
tives. Figure 1 shows the chemical structures of
bisphenol A and its chlorinated derivatives.

In the present study, we quantitatively analyzed
bisphenol A and chlorinated bisphenol A in the ef-
fluent from several processes of paper recycling
plants. Furthermore, we evaluated the estrogenic
activities of the chlorinated derivatives of bisphenol
A with an estrogenicity assay system for agonist
activity using the yeast two-hybrid system.

MATERIALS AND METHODS

Bisphenol A and bisphenol A-d16 were purchased
from Kanto Chemical Co., Inc., Japan. Chlorinated
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bisphenol A [3-ClBPA: 2-(3-chloro-4-hydroxy-
phenyl)-2-(4-hydroxyphenyl)propane, 3,5-diClBPA:
2-(3,5-dichloro-4-hydroxyphenyl)-2-(4-hydroxy-
phenyl)propane, 3,3′-diClBPA: 2,2-bis(3-chloro-4-
hydroxyphenyl)propane, 3,3′,5-triClBPA: 2-(3,5-
dichloro-4-hydroxyphenyl)-2-(3-chloro-4-hydroxy-
phenyl)propane, 3,3′,5,5′-tetraClBPA: 2,2-bis(3,5-
dichloro-4-hydroxyphenyl)propane] were synthe-
sized and purified as described previously.5) N,O-
Bis(trimethylsilyl)trifluoroacetamide (BSTFA) of
GC grade was obtained from Wako Pure Chemicals
Industry Ltd., Japan. All solvents used were of pes-
ticide analysis grade and other chemicals were of
chemical grade. Water was treated by a Milli-Q Water
Purification System after distillation and then puri-
fied with an activated carbon column (Active car-
bon beads-L 20/30 mesh, GL Science Inc., Japan).

Recombinant yeast with the estrogen receptor
ERα and the coactivator TIF2 was provided by
Nishikawa.6) Modified SD (MSD) medium was pre-
pared by changing to 0.86% dextrose. An AuroraTM

GAL-XE kit (contain chemiluminescent substrate,
reaction buffer and accelerator) was purchased from
ICN Pharm. Inc. Zymolyase 20T was purchased
from Seikagaku Co., Tokyo, Japan. Rat liver S9 was
purchased from Kikkoman Co., Tokyo, Japan.

GC/MS Apparatus and Operating Conditions
—–—  Gas chromatography/mass spectrometry (GC/
MS) was performed with an HP 5890 II gas chro-
matograph equipped with an HP 5971A mass spec-
trometer (Hewlett Packard, U.S.A.). The injection
temperature was 250°C and the injection mode was
splitless. The carrier gas was helium and the col-
umn head pressure was 7 psi. An HP-5 Trace Analy-
sis capillary column (30 m × 0.25 mm i.d., 0.1 µm
df) was used. The oven temperature was initially
100°C, and then raised to 270°C at a rate of 15°C/
min, and finally held at that temperature for 6 min.
The MS transfer line temperature was 290°C. MS
measurement was performed in the selected ion
monitoring (SIM) mode for a quantitative analysis.
Bisphenol A and its chlorinated derivatives were
detected after trimethylsilylation with BSTFA, and
the ions monitored were as follows: BPA, m/z 357,
372, 207; BPA-d16, m/z 368, 386, 217; 3-ClBPA,
m/z 392, 393, 406; 3,5- and 3,3′-diClBPA, m/z 425,
427, 440; 3,3′,5-triClBPA , m/z 459, 461, 474;
3,3′,5,5′-tetraClBPA , m/z 495, 493, 510.
Sample Preparation for the Determination of
Bisphenol A and Its Chlorinated Derivatives —–—
One hundred milliliters of an aqueous sample was
transferred to a separatory funnel and acidified with

Fig. 1. Chemical Structures of Bisphenol A and Its Chlorinated Derivatives
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hydrochloric acid (pH < 4). The solution was ex-
tracted twice with 20 ml of dichloromethane by shak-
ing for 10 min. The emulsion was further extracted
twice with 5 ml of dichloromethane by shaking for
10 min. The dichloromethane layers were combined
and dried over anhydrous sodium sulfate. The ex-
tract was then concentrated on a rotary evaporator
to about 1 ml and was further concentrated to 0.3 ml
under a nitrogen stream. After the addition of 200 µl
of BSTFA solution, the sample solution was allowed
to stand for 30 min to form the bis(trimethylsilyl)
ethers. The reaction solution was concentrated again
to 0.3 ml under a nitrogen stream. The sample solu-
tion diluted up to 1 ml with dichloromethane was
subjected to GC/MS (SIM) analysis.
Estrogenic Activity of Bisphenol A and its Chlo-
rinated Derivatives —–—  The agonist activities for
estrogen receptor of bisphenol A and its chlorinated
derivatives were evaluated by a rapid and simple op-
erational estrogenicity assay system using the yeast
two-hybrid system.7)

Sample solutions were prepared by dissolving
the chemicals in dimethylsulfoxide (DMSO) at a
concentration of 2 mM. A solution (20 µl) was pre-
pared with MSD medium (480 µl) for direct assay
without S9. On the other hand, a solution (20 µl)
prepared with S9 mix (S9 concentration of 4.8%,
480 µl) was treated at 37°C for 1 hr for metabolic
activation assay. The yeast cells were preincubated
overnight at 30°C in MSD medium lacking tryp-
tophan and leucine. MSD medium (60 µl) was placed
in each well of a 96-well of microplate. Next, 60 µl
of sample treated with or without S9 was added in
triplicate to the wells of the first column, and di-
luted. After the cell suspension (60 µl) was added to
each well, the mixture was shaken with a vortex
mixer and incubated for 4 hr at 30°C.

Eighty microliters of reaction solution [Lysis sol.
(zymolyase 20T/Z buffer 2 mg/ml) + Aurora reac-
tion buffer sol. (5 : 3)] was added to each well and
incubated for 1 hr at 37°C. Supplementation with
medium or cell suspension and dilution of sample
were carried out using an automatic dilution and dis-
pensing system (NSP-7000, NICHIRYO, Japan).
Fifty microliters of light emission accelerator solu-
tion was added and the intensity of chemilumines-
cence by β-galactosidase was measured with a
luminescencer-JNR (AB2100, ATTO, Japan). Trans-
stilbene (0–10000 nM) and 17β-estradiol (0–
2000 pM) were used as positive control chemicals
for the assay with and without S9 .

Agonist activity was evaluated in terms of ECX10,

which was defined as the concentration at which the
ratio of the chemiluminescent signal of the sample
to that of a blank control was 10.

RESULTS AND DISCUSSION

Determination of Bisphenol A and Chlorinated
Bisphenol A in Final Effluents

Since wastewater from recycling contains vari-
ous organic compounds, bisphenol A and its chlori-
nated derivatives were determined as
bis(trimethylsilyl) ethers to avoid contamination and
to improve their limits of detection. The character-
istics of mass spectra of these derivatives have been
described previously.5) The recovery rate of BPA-
d16 from final effluents ranged from 88 to 94% (n = 4)
for a concentration of 5 µg/l.

We analyzed bisphenol A and its chlorinated
derivatives in the final effluents from 20 paper manu-
facturing plants in Shizuoka prefecture, Japan.
Table 1 shows the results together with the products,
raw materials, bleaching agents and method of
wastewater treatment in these plants.

Bisphenol A was detected in the final effluent,
at concentrations from all of these plants ranging
from 0.2 to 370 µg/l (av. 59 µg/l). At two plants
(Nos. 1 and 2), where only pulp was used as a raw
material, bisphenol A was detected at a low level of
between 0.2 and 0.4 µg/l. However, at the other
plants, where waste papers were used, concentra-
tions of bisphenol A became higher. The concentra-
tion of bisphenol A in the final effluent was affected
by the waste paper being treated. It seems likely that
treatment of printed paper and thermal paper in-
creases the amount of bisphenol A released.

Production of Chlorinated Derivatives of
Bisphenol A in the Bleaching Process

Chlorinated derivatives of bisphenol A were
found in the final effluent at 8 plants at concentra-
tions ranging from trace to 2.0 µg/l. Since sodium
hypochlorite was used in the breaching process in
all of these plants, it is likely that the chlorination of
bisphenol A involves sodium hypochlorite. However,
it is unclear why poly-chlorinated derivatives were
detected in preference to mono- or di-chlorinated
derivatives at plants 14 and 15. To clarify this point,
we further analyzed the effluent for each process in
plant 15.

Figure 2 shows the manufacturing and wastewa-
ter treatment processes in plant 15. In this plant, the
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effluent for each process was reused in a more pol-
luting process to decrease the volume of wastewa-
ter. Therefore, each effluent was treated by coagu-
lating sedimentation and/or activated sludge, and
while some was discharged into the final effluent,
the rest was recycled.

Table 2 shows the concentrations of bisphenol
A and its chlorinated derivatives in the effluent for
each process at plant 15. Bisphenol A was released
from the pulping process (sampling sites S-1, S-2,
S-3 and S-4, in Fig. 2) at higher concentrations from
196 to 10300 µg/l. Bisphenol A was detected at the
highest concentration in the effluent from pulp-thick-
ening process. This can be explained by the fact that
the pulping was carried out under alkaline condi-
tions, solubility of bisphenol A in aqueous solution
increased consequently,8) and the reuse of the efflu-
ent from this process resulted in the accumulation
of resolved bisphenol A. In addition, if waste paper

is mixed with polycarbonate resins, bisphenol A may
be released at a higher concentration into the efflu-
ent because such resins readily undergo hydrolysis
under alkaline conditions to give bisphenol A.9)

In the sample water after washing of bleached
pulp (sampling site S-5), bisphenol A and its chlori-
nated derivatives were detected at low concentra-
tions. In this plant, deinked pulp was bleached us-
ing 12% sodium hypochlorite solution and the re-
sidual chlorine in the effluent from the washing of
bleached pulp was controlled to maintain a low con-
centration, which was determined to range between
0.2 and 0.4 mg/l by the ortho-tolidine colorimetric
method. Therefore, the chlorinated derivatives may
have been generated by chlorination with a low con-
centration of residual chlorine from the washing of
bleached pulp, during reuse of the effluent from this
process.

In activated sludge treatment (sampling sites S-6

Table 1. Concentration of Bisphenol A and Its Chlorinated Derivatives in the Final Effluents from 20 Paper Manufacturing Plants

3- 3,5- 3,3′- 3,3,′5- 3,3,′5,5′-
Cl- diCl- diCl- triCl- tetraCl- Main Raw Bleaching Wastewater

Plant BPA BPA BPA BPA BPA BPA productsb) materialsc) agentsd) treatmente)

No. (µg/l)a)

1 0.2 To,Ti Pu nt Fl

2 0.4 To,Ti Pu nt Fl,Ac

3 0.4 Co,Wh,Wo Pu,Ne,Co H2O2 Fl,Ac,Se

4 0.6 Bo Ma,Co,Pu nt Fl

5 0.6 Wo Pr nt Fl,Ac

6 1.3 To Pr, NaOCl Fl,Se,Sp

7 1.5 Wh Ca,Ne nt Fl

8 1.6 Ro Ne,Ma,Li nt Fl

9 2.3 Wh Pu,Ca,Ne nt Fl

10 7.8 0.3 0.4 tr To Pr,Mi NaOCl Se

11 13 Wo Ne,Pr H2O2 Fl,Sp

12 39 To,Bo,Wo Pu,Mi H2O2 Fl,Se

13 41 tr To Pr,Mi NaOCl Se

14 43 0.8 1.0 tr 1.2 1.4 To Pr,Mi,Th NaOCl Se,Ac

15 63 0.5 0.4 0.5 0.9 1.3 To Pr,Mi,Dr NaOCl Se,Ac

16 71 To,Ti Pu,Pr,Dr,Mi NaOCl Se

17 119 2.0 tr tr To Mi,Pr,Ct NaOCl Se

18 195 0.2 To,Ti Pr,Mi NaOCl Se

19 202 tr To Mi,Pr,Dr NaOCl Se,Sp

20 370 0.3 To Of,Mi,Dr NaOCl Fl,Sp

min. 0.2 tr tr tr 0.9 1.3

max. 370 2.0 1.0 0.5 1.2 1.4

ave. 59

a) tr: < 0.2 µg/l. b) To: Toilet paper, Ti: Tissue paper, Co: Corrugated cardboads, Wh:White boards, Ro: Roofing materials,Wo: Woody
paper. c) Pu: Pulp, Ne: Newspapers, Ma: Magazines, Pr: Printer’s offcutts, Bo: Boards, Co: Corrugated cardboads, Of: Office records, Li: Linter,
Ct: Coated papers, Dr: Milk and drink cartons, Mi: Mixed paper, Th: Thermal paper. d) nt: not used. e) Ac: Activated sludge, Se: Coagulating
sedimentation, Sp: Sprinkle filtration, Fl: Pressure floatation.
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and S-7), where highly polluted effluents from the
pulper, digester and their washing processes were
treated, the concentration of bisphenol A decreased
more than 99%. However, the chlorinated deriva-
tives showed the different patterns of removal; the
concentration of 3-ClBPA decreased considerably,

while those of 3,3′,5-triClBPA and 3,3′,5,5′-
tetraClBPA did not changed. These results are con-
sistent with the results of our biodegradation test5)

using the supernatant of activated sludge; bisphenol
A and 3-ClBPA underwent rapid biodegradation,
while 3,3′,5-triClBPA and 3,3′,5,5′-tetraClBPA were

Fig. 2. Manufacturing and Wastewater Treatment Processes, and Sampling Sites at Plant 15

Table 2. Concentration of Bisphenol A and Its Chlorinated Derivatives in Process and Treatment Effluents at Plant 15

First measurement (8/31/99) Second measurement (10/15/99)

Sampling (µg/l )a) (µg/l )a)

siteb) 3- 3,5- 3,3′- 3,3′,5- 3,3′,5,5′- 3- 3,5- 3,3′- 3,3′,5- 3,3′,5,5′-
pH BPA Cl- diCl- diCl- triCl- tetraCl pH BPA Cl- diCl- diCl- triCl- tetraCl

BPA BPA BPA BPA BPA BPA BPA BPA BPA BPA

S-1 > 11 10300 *c) * * * * > 11 490 * * * * *

S-2 7.3 2620 * * * * * 8.7 1180 * * * * *

S-3 7.6 1150 * * * * * 8.0 1560 * * * * *

S-4 7.3 370 0.5 0.6 0.2 tr tr 7.7 196 1.7 1.8 tr 0.3 0.3

S-5 7.3 50 0.5 0.4 0.3 tr 0.5 7.7 0.6 0.2 tr tr tr 0.9

S-6 6.5 940 1.2 1.7 0.4 tr tr 6.8 880 0.8 0.9 tr 0.2 tr

S-7 7.5 0.9 tr 0.7 tr 0.5 0.5 7.5 0.5 tr 0.4 tr 0.3 0.6

S-8 —d) — — — — — — 6.9 56 * * * * *

S-9 — — — — — — — 6.9 60 0.9 1.0 tr tr tr

S-10 6.8 63 0.5 0.4 0.5 0.9 1.3 7.7 77 1.0 1.0 0.2 0.4 1.0

a) tr: < 0.2 µg/l. b) Sampling sites are shown in Fig. 2. c) *: impossible to detect because of contamination. d) —: not measured.
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scarcely affected.
In the coagulating sedimentation process (sam-

pling sites S-8 and S-9), the concentration of
bisphenol A did not changed, presumably due to fluc-
tuation in this process. On the other hand, we ob-
served that 21–36% of bisphenol A in the effluents
was removed during the coagulating sedimentation
process with water sampled from flocculation ba-
sins (data not shown).

In the final effluent (sampling site S-10),
bisphenol A was found at a high concentration and
all of the chlorinated derivatives were found at a
similar level.

Thus, bisphenol A was released at a higher con-
centration from the pulping process and reacted with
a low concentration of residual chlorine to give chlo-
rinated derivatives. Although bisphenol A and 3-
ClBPA underwent rapid biodegradation, 3,3′,5-
triClBPA and 3,3′,5,5′-tetraClBPA were scarcely bio-
degraded by treatment with activated sludge. As a
result of this different rate of biodegradation, the
concentrations of 3,3′,5-triClBPA and 3,3′,5,5′-
tetraClBPA increased relative to those of 3-ClBPA
and diClBPA during wastewater recycling.

Isomers of Dichlorinated Bisphenol A
Two isomers (3,3′-diClBPA and 3,5-diClBPA)

of dichlorinated bisphenol A were found in the final
effluents of 4 plants (Table 1), although only 3,3′-
diClBPA was produced by the reaction of bisphenol
A with sodium hypochlorite under alkaline condi-
tions.5) To clarify the reason for this finding, we in-
vestigated the optimal conditions for the formation
of 3,5-diClBPA.

When bisphenol A is dissolved in water, three
aqueous forms, undissociated BPA, monoanion and
dianion, can be considered and the amount of each
is dependent on the pH of the solution. At low pH,
only undissociated BPA exists, and the amount of
the monoanion increases with increasing pH. With
a further increasing in pH, the levels of undissoci-
ated BPA and the monoanion decrease, while that of
the dianion increases.8) The formation of 3,5-
diClBPA may result from electrophilic attack on a
phenolate moiety of the monoanion by two chlorines.

To confirm the sensitivity for the formation of
these two isomers of diClBPA, the reaction of
bisphenol A with sodium hypochlorite was reacted
in aqueous solutions adjusted to pH 3.7, 6.8 and 8.0
with phosphate buffer solution. The results of GC/
MS analysis of each reaction mixture are shown in
Fig. 3. 3,3′-DiClBPA was formed preferentially at

pH 3.7 (Fig. 3 (a)), as well as in alkaline solution, as
described previously.5) 3,5-DiClBPA was formed
preferentially at pH 6.8 (Fig. 3 (b)). At pH 8.0, the
intensity of the peak due to 3,3′-diClBPA is similar
to that of 3,5-diClBPA.

These results revealed that 3,5-diClBPA was
formed in preference to 3,3′-diClBPA under neutral
conditions. In fact, the pH of the process effluent at
plant 15 was neutral (pH 6.5–8.0) except for that
from the pulping process.

Fig. 3. Total Ion Chromatogram (TIC) of Solutions of
Bis(trimethylsilyl) Ethers of Bisphenol A and Its
Chlorinated Derivatives

(a) sample taken after the reaction of bisphenol A with NaOCl
(10 mg/l) at pH 3.7 for 60 min, (b) at pH 6.8 for 5 min and (c) at pH 8.0
for 5 min. Peaks: (1) BPA, (2) 3-ClBPA, (3) 3,5-diClBPA, (4) 3,3′-
diClBPA, (5) 3,3′,5-triClBPA, (6) 3,3′,5,5′-tetraClBPA.
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Estrogenic Activity of Bisphenol A and its Chlo-
rinated Derivatives

Although bisphenol A has been reported to in-
teract with an estrogen receptor and show weak es-
trogenic activity,2–4) the activities of the chlorinated
derivatives described above have never been inves-
tigated. We attempted to evaluate the estrogenic ac-
tivity of the chlorinated derivatives by the yeast two-
hybrid system.

 Nishikawa et al. developed a method for the
screening for chemicals with hormonal activities
using the yeast Y190 in which two expression plas-
mids, the pGBT9-estrogen receptor ligand-binding
domain (pGBT9-ER LBD) and pGAAD424-TIF2,
have been introduced.6) Shiraishi et al. modified this
procedure to simplify and improve the sensitivity
by adapting the 96-well plate culture method and
the chemiluminescent reporter gene assay method.7)

In the agonist assay without S9, the positive con-
trol compound, 17β-estradiol, exhibited a dose–re-

Fig. 4. Comparison of Agonist Activity of Bisphenol A and Its Chlorinated Derivatives Using the Agonist Assay (a) without and (b)
with S9

The values  represent the ratio (T/B) of the chemiluminescent (CLN) intensity of the treated sample (T) to that of a blank control (B).

sponse relationship at concentration ranging from 0
to 2000 pM, and ECX10 was 120 pM. In a prelimi-
nary test, all of the chlorinated derivatives had dif-
ferent levels of agonist activity. To evaluate of ECX10,
the test compounds were prepared in the following
concentrations: bisphenol A ranged from 0 to
20000 nM, 3,3′,5,5′-tetraClBPA from 0 to 5000 nM,
3-ClBPA and 3,5-diClBPA from 0 to 2,000 nM, 3,3′-
diClBPA and 3,3′5-triClBPA from 0 to 500 nM. The
assay with S9 was also carried out under the same
conditions.

Figure 4 shows the results of the agonist assay
test with and without S9. All of the compounds tested
without S9 exhibited a dose–response relationship
and all of the chlorinated derivatives were more po-
tent than bisphenol A itself (Fig. 4 (a)). The ECX10

values were calculated and the results are shown in
Table 3. 3,3′-DiClBPA shows the most potent activ-
ity among these chlorinated derivatives, and its ac-
tivity was 38-fold greater than that of bisphenol A.
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3,3′,5-TriClBPA had 20-fold greater activity than
bisphenol A. 3-ClBPA and 3,5-diClBPA were nearly
equipotent and 8-fold stronger than bisphenol A.

On the other hand, Fig. 4 (b) shows that the ac-
tivities of all of the chlorinated derivatives were al-
most entirely eliminated upon treatment with S9. The
activity of bisphenol A (ECX10 = 7600 nM) also be-
came very weak when tested with S9 mix. In this
case, it is likely that bisphenol A was not fully me-
tabolized due to its high concentration.

Nishihara et al. tested the agonist activities of
more than 500 chemicals by the two-hybrid assay
without S9, and concluded that 64 compounds had
such activity. They found that most of the positive
compounds have a phenol ring with a moiety with
appropriate hydrophobicity at the para-position, and
that substitution with a bulky moiety at the ortho-
position reduces this activity.10) The chlorinated de-
rivatives tested in this study possess chlorine(s)
at the ortho-position and exhibited 8- to 38-fold
stronger activity than bisphenol A. These results do
not agree with those obtained by Nishihara et al.,
but are very interesting. Unexpectedly, 3,3′-diClBPA
had the most potent agonist activity, and was five
times more potent than 3,5-diClBPA. The structure-
activity relationship of these compounds is now un-
der investigation.

Chlorinated derivatives of bisphenol A were pro-
duced by the reaction of bisphenol A with sodium
hypochlorite used as a bleaching agent and were re-
leased in the effluent from waste paper recycling
plants. From an environmental point of view, more
attention should be paid to the use of papers con-
taining bisphenol A as raw materials and to the use
of sodium hypochlorite as a bleaching agent in waste
paper recycling. The toxicities of other chlorinated
derivatives that are likely to be formed by reacting

with sodium hypochlorite should be checked before
they are released into the environment.
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Table 3. Estrogen-agonist Activities of Bisphenol A and
Its Chlorinated Derivatives Using the Agonist Assay
without S9 in the Yeast Two-hybrid System

ECX10
a) Relative

Compound (nM) activity

Bisphenol A 4200 1

3-ClBPA 550 8

3,5-diClBPA 520 8

3,3′-diClBPA 110 38

3,3′,5-triClBPA 210 20

3,3′,5,5′-tetraClBPA 1500 3

a) ECX10 was defined as the concentration at which the ratio of
the chemiluminescent signal of the sample to that of a blank control
was 10.


