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Abstract: Bisphenol A (BPA) has been confirmed to be an endocrine disrupting chemical. In the present study

the BPA toxicity data were classified based on different toxicological endpoints. Then the acute and chronic PNEC
(predicted no effect concentration) for protecting aquatic life were derived by use of species sensitivity distribution
approach. The results showed that the acute and chronic PNECs of BPA derived from the estrogen effect data were
25.11 pgeL” and 1.075 pg*L” respectively; while for all the toxicity data the corresponding PNECs were 355.
7 pgeL” and 7.549 pgeL” respectively. Therefore estrogen effects of BPA to organism were more sensitive than
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other effects. It is recommended that the PNECs for endocrine disrupting chemicals should be derived based on dif-

ferent toxicological endpoints. The results in the present study could provide data support for the establishment and

revision of water quality standard in China.
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Table 1  Statistical values for acute toxicity of Bisphenol A
h /(gL
. . C o . Exposure Effect concentration .
Chinese name Species scientific name Endpoint . Toxic effect References
time/h /(uug‘L4)
Estrogenic effect
VTG
:orhynchus mykiss LOE 2 2 3
Rainbow trout Oncorhynchus mykiss OEC 7 3 Rise of vitellogenin ?
VTGmRNA
Danio reri LOEC 6 50 40
Zebra fish anio rero ? Rise of vitellogenin mRNA expression
VTG
. Rana nigromaculata NOEC 72 200 . R X 41
Shading frog Rise of vitellogenin
yzias latipes EC 4 1 42
Medaka Oryzias latipes NOEC 8 00 Increase mortality of embryo
Hydra vulgaris LOE 2 4 4
Polyps yara vulgans OEC 7 60 Inhibition of reproduction 3
Kryptolebias me atus NOEC 96 600 44
Mangrove killifish Typtoleblas marmoratus Blocked gene expression of metallothionein
Gammarid Gammarus pulex LOEC 2 830 Decrease of heterosexual matching ability 4
VTG
is ¢ LOEC 2 282. 4
Bream Abramis brama OEC % 82.8 Rise of vitellogenin in liver cells 6
Mic ias undulatus LOE 12 707 47
Drum fish feropogonias undutatus ¢ 570 Decrease of oocytes
Cyprinus carpi LOEC 72 6 076 48
Common carp yprius carpio Estrogen receptor was affected
Other toxic effect
Gammarid Amercamysis bahia LCyy 96 1 030 49
. Death
opossum shrimp
as aprice LC
Selenastrum Selenastrum capricarnutum 50 96 2 700 Death 50
“yprinus carpi LC
Common carp Cyprinus carpio 50 96 4250 Death 51
ime es promelas LC
Fathead minnow Pimephales promelas 50 96 4700 Death 50
las latipes LC
Medaka Oryzias latipes 50 72 5 100 Death 42
>ammarus LC
Gammarid Gammarus pulex 50 48 5 600 Death 45
i s ripari LC
Chironomidae Chironomus riparius 50 24 6 030 Death 52
“hydanio reri LC
Zebra fish Brachydanio rerio 50 96 6 300 Death 53
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Mis s illicadatus LC 96 6 430 54
Mud fish isgurnus anguillicadatus s Damage of gill structural
ana chensi i LC
Chinese frog Rana chensinensis 50 72 7 305 Death 55
Daphni: EC 4 7 75 5
Daphnia aphnia magna 50 8 0 Death 6
Pl: s helgolanidic: EC 2 7
Tetraselmis atmonas helgolanidica S0 9% 9320 Inhibition of cell density 5
i i LC
Moina Moina micrura 50 48 9 630 Death 58
Daphnia carinata LCs 48 11 640 58
Death
achionus calyci s LC
Rotifera Brachionus calyciflorus 50 24 13 760 Death 59
acrobrachi i LC
Japanese crayfish Macrobrachium nipponense 50 48 63 900 Death 60
:LOEC NOEC ;ECs LCsy o

Note : LOEC stands for lowest observed effect concentration; NOEC stands for no observed effect concentration; ECs, stands for 50% effect concentration ;

LCs, stands for 50% lethal concentration.

2 BPA

Table 2 Statistical values for chronic toxicity of Bisphenol A

h /(pgel™)
. . C ) . Exposure Effect concentration _—
Chinese name Species scientific name Endpoint . Toxic effect References
time /h /(Mg°L_‘)
Estrogenic effect
hi riparius LOE 21 1 2
Chironomidae Chironomus riparius OEC Increase of male and female ratio 5
Salmo trutta f. fari LOE: 28 1.75 61
Brown trout aimo frutla 1. fano OEC Decrease of the quality of the semen
VTG
i Rana nigromaculata LOEC 30 2 . . . 41
Shading frog Rise of vitellogenin
Mud snail Potamopyrgus antipodarum LOEC 21 5 Increase mumber of embryos 39
é -hensinensis LOE 11.4 2
Chinese frog Rana chensinensis OEC 30 Estrogen receptor was affected 6
Cruci LOEC 14 250.59 VG 63
Gold fish rucian carp ’ Rise of vitellogenin
Hyalella aztec: LOEC 42 490 64
Millipede yareta aeleca Reproduction rate was affected
Rotifera Brachionus calyciflorus LOEC 11 500 Rise of reproduction rate 59
Daphnia mag LOEC 21 600 . . 56\
Daphnia aphma magna Decrease of reproduction rate
VTG
Pimephales -las LOE! 4 4
Fathead minnow rmephaes prometas OEC 3 640 Rise of vitellogenin 65
Marisa cornuarietis NOEC 84 640 66
Horn snail arisa comuarietis Delay of eggs hatch time
. VTG
Rainbow trout Oncorhynchus mykiss LOEC 21 1000 Rise of vitellogenin 67
Hydra oligactis LOEC 35 1 000 68
Polyps yara olgachs Inhibition of testis development
VTG
Danio reri LOE: 21 1 7
Zebra fish anio rero OEC 000 Rise of vitellogenin 6
VTG
Oryzias lati LOEC 21 3120 69
Medaka ryzias latipes Rise of vitellogenin
VTG
Macrobrachium nipponense LOEC 19 7 760 60

Japanese crayfish

Rise of vitellogenin
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HAth #HERL Other toxic effect
WokeEf JFE BPA & fit i
)
Salmon b K - i BPA concentration was affected in liver 701
KPR mRNA % ik 52 2 ) i
thogobii i NOEC 21 25 7
Goby dinantieuniter S Inhibition of mRNA gene expression n
- ¥ #
L Cyprinus campio LOEC 12 708 _ HRRERENE (51]
Common carp Rise of enzyme activity in liver
o By A< A0 T 52 240 4]
ias latij OEC 60
Medaka R . - iy Inhibition of body length and weight (721
i1 & s 35 1
i ip ari LOEC 20 v
Chironomidae SRR p—" e Increase of larvae wet weight (73]
;3.
%’_ﬁm Hyalella azteca LOEC 42 1 100 WEH&E,"@WW [64]
Millipede Body length and weight were affected
ELE Brachydanio rerio LOEC 21 2 000 - %lﬂﬁ&ﬁﬁﬁz%ﬁ . [74]
Zebra fish Significant increase of gene expression
kg b FAEN
Hydra oli 7 LOEC 5 3 000 8
Polyps P ‘ Shorter tentacles (68]
k’ﬂii Daphnia magna LOEC 21 5 000 mm&g% 1751
Daphnia Increase of molting rate
W A A A AR Al
lemna gibba LOEC 7 22 000 Significant growth difference between [64]
Duckweed

control and treated groups

22 BPA ) PNEC # %

AW 5% 43 570 2R FHAS (] £ o H0RSE 78 Xof K 4 1) 8 4
BT MLl A, EE AR A SGompertz, SI-
ogisticl , DoseResp . SRichards1, Boltzmann %, %
B Slogisticl 5% 75 H: fih 458 70 X 2 4 K4 A7 BLAF 1)

LA ROR H R i) 3 4 B e fE L5 A g A
AR, EEREER M e R B(R)F5E 22 Jr A
(residual sum of squares, RSS)Hiffi i fit 2% fit) 4L 75 4
B RPEK  RSS B/, LA 45 R AR, A [ A5
AL A SR 3L 3 FiR

x3 FEKBBEBHEITR
Table 3 Statistical parameter values for different models

Bl oy % AR Hestt W R? 5% 27 J5 M
Data classification Fitting model : Residual sum of squares (RSS)

Slogistic1 0.91631 0.05448

A b SR Boltzmann 091082 0.09682

All acute toxicity data DoseResp 0.90082 0.08682
SGompertz 0.89671 0.19064

Slogistic1 0.96538 0.05632

P A7 18 ¥ 1 2O DoseResp 096156 0.06787

All chronic toxicity data SGompertz 0.90656 0.17246
Boltzmann 093156 0.06787

SGompertz 0.95069 0.02615

o O A 2 Slogisticl 0.95024 0.02639
Acute estrogenic effect data DoseResp 0.94329 0.02578
SRichards1 0.94247 0.02615

BiDoseResp 0.99489 0.00361

A 2 e Boltzmann 099212 0.00742
Acute other toxic effect data Slogisticl 0.98679 0.01347
DoseResp 099212 0.00742

Slogistic1 0.89939 0.09278

14 4 8 2% 2800 A DoseResp 0.87846 0.09792
Chronic estrogenic effect data SGompertz 0.88786 0.11434
SRichards1 0.89701 0.09693

Slogistic1 0.90742 0.04909

18 At 2 1 2O DoseResp 0.90433 0.05621
Chronic other toxic effect data Boltzmann 0.89403 0.09621
SRichards| 0.88043 0.10162

T < A O I 20 4 0 IR RU X R ML K B

Note: The boldface numbers are the parameters of the best fitted model.
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Fig. 1 Species sensitivity distribution of BPA
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Table 4 Comparison of BPA’ s predicted no effect concentration ( PNEC) values

PNEC/ .7
Relative research (ne )

Exposure endpoint

77

European Union (EU) 7

7.5 pgel? 5
Based on a variety of freshwater organisms and seawater biological toxicity data toxic effect value of 7.5 pgeL” was

acquired with the aid of statistical analysis and the value was divided by the uncertain factor of 5.

o

1.75 pgeL? o
3 Canada 2 0.175 10 Based on sperm activity and ovulation of the tested brown trout the lowest observed effect concentra—
tion of 1.75 pg* L™ was acquired and the value was divided by the uncertain factor of 10.
16 pg-L?
8 ; 10 . Based on three generations of egg hatchability of tested fathead minnow via flow — through expo—
Japan 7 ’ sure the no observed effect concentration of 16 wge*L™ was acquired and the value was divided by the un—
certain factor of 10.
Wright-Walterser % - Based on the aquatic toxicity data the final value
. 2 0.06 . . . .
Wright-Walterser et al * was derived by using the updated weight of evidence approach.
This study 25.11 . . . . ' e ‘Bajied .on many freshwater acute es—
trogenic effect data the final value was derived by using species sensitivity distribution method.
1075 . Based on many freshwater chronic

estrogenic effect data the final value was derived by using species sensitivity distribution method.
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