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Acute Toxicity of Bisphenol A to the Crustacean Daphnia magna
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ABSTRACT

Aquatic ecotoxicity of bisphenol A, a well-known endocrine disrupter in mammals, was studied using laboratory-
reared Daphnia magna as a test organism. The static acute 48 h ECs; of bisphenol A for daphnid neonates(<24 h old)
was 12.9 mg/l and 110 h LCs, values of bisphenol A for daphnid embryos of different ages after deposition into the
brood chamber increase with ages in the range of 1.55 mg/[-8.91 mg/l. Also, 48 h ECss generally increase with daph-
nid's ages in the range of 12.9 mg//-19.8 mg/l. In the acute toxicity tests using mature daphnids, the lethal response and
immobility all showed good concentration-response relationship with exposure concentration and exposure time, show-
ing little difference between lethality and immobility. These results clarify that acute toxicity tests, using daphnid and
its embryo, could also be useful tools easily available for the assessment of ecotoxicity of various harmful chemicals.
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1. M-S E Daphnia magna)2| vk

F Are) ol glolr Bl wjek = Bl
UIF EPA el Esle] FADSISIT EnRe) Alg
& fsk] W 2042°C) 2%, 16L/8DY] FF7]7}
FAHAAL Wl 2% ArH oz wolgFgalr,
sieving™ -, AR WA R Daphnia®] 71737381 50]
AR AREEAME KCl, MgSO,, NaHCO,,
CaSO,7F #7I=+ Hard constituted water medium
o] ZAFYeH of7)d] selenium oxide$} vitamin
B/t 8% H7bE AMEAY. B2 Holz
= Tetrafin fish food(Pet International, Chesterfill,
Australia)®} green algae(Selenastrum capricornutumt)
o] detlSo] wigE G| v 2318 FFE ol
Pov o)z ARMA Yzl EnEe o
732E B3l femaleSo] wiUdHAT).

2. Bisphenol A2| EMEMAH

1) DaphnidE ARE-gF FA1 54418

Bisphenol A®] #4%54S #7187 e B A7
A= EPAA Y ol Wl Daphnia neonate(<24 h
oldoll th¥t =GN EE 3351 48h BCy, 32
ST oFgs B ATolME Daphnia neonate®]
el ek ofuet AlF 7 Alole] U daphnia
o e FHEREADS oFdl FHstA Daphnia
magna®) agedll WE FA EX5F0] 2jo|mste} 3t
A 83}, Bisphenol AY ZEEEE UL
3 ECy S EFBIEE Ao 7 Ad%E
ol ds AF-LA(test medium) 40mi7t 2R
50 m/ beaker 27l¥ o] FH|E QT Z} beaker T 107}
2]9| daphnids’} AMEEISITE ZF A gale agake]

AEEZE & ethanol 9] §3)3l] 8T Ex%
of RS wix]gHol| H7t AzsGor AES 9
EE MEEAET fRidE5ds SUEE(<00

9] ethanole] HTEIES 3Gt 20| ghad APE
7NES AREAIS FYE 202 wYgrlelA fA1H
Fom 4877 & 254344 (immobilization)o] &%
oI 1 AFHERE ECy UF 95% NFFHe
Origin software(MicroCal Software, Northhampton,
USAYE ARgste] AFEsigith. 8o 2M 9 254
2Pe AFE71E /A EE T 152 ol 23Y
o] gle ALE Heofa.
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Fo] FPHACt AP AFE EWE embryose 4
B KA Aol FFEHES brood chamberd
embryo ZHIR] & 63587 AfololA] &) AHUS
ooz A== o w embryoE-e FUAH]
dapnidE 2 F8 714 Y broodE0] AMHEEILEE
3ot AEol ARE-E embryorfHE-S Kast-Hutcheson
T ofd] RE EHE embryod] AAsA 6
A 13974 27190 ssle Ao gefsdet. &
AEHAAEHE AR g2 Ad7] daphnidE A
£ AR FLEP embryod] TISIAE 72h LGy
T 110h LCye] A=E9ith

3) =EFEE AIZH 0 g5 Hw
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] W bisphenol

o] 6% % daphnidE A3 e=FNA] 48417F
T =EEEY mE AT Arbgo] FelEg)
om ek FUS AHzASE 20mg/le) bisphenol
A daphnidE =ZAIA =EAI7) ©E FAHLA

Bisphenol A= FAIE PIESH AWM folslA
AR FAMES] AU 50 Uik o]
bioconcentration factor’} 5-68 AE=2A] FA] ¢Fe A
o7 AR YbY aYox B8k bisphenol A
HEFE U3t w2859 falde vrdst
o] 279 S gt A7 27 AEHog o
Fox ghor myet AHEQTE oAMe 71EH
o2 o PABEFTET] YUTEE (trophic levels)ol]
et FAEdAH B2 H|Fo] FolA sith B o
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Fo| A= bisphenol A A~ Daphnia magnas ©|-&
3 a7ke] FASANE AFEHE Jo] e &
FRfol7F HAEE vl o9 S| bisphenol A9
FAEE] v H&s] skl velrt daphnia
embryod]] ek FAAEXHAEES $388le] bisphenol

H o™ 0 T o=
A%} AR EArEo] tis) WY AR ofsfE =R

s sic.

FEROIEA BaEoSEE 2 AolA EPA AlY
Hol| whel AAF 24X)7F o] 9] neonateE AME-El] F
A= QNE-E F3FL A3 bisphenol A2] 48 h
ECsy a2 129 mg/l(95% AF 77k 12.76-13.04 mg/l)
22X 2 7+ B3 Daphnia magnal 101 bisphenol
A9] 48h ECy #HE 5 Y& EAHNA AAE 13
mg/I9} FLEHA LXK Table 1). £ A7az=52
B A& bisphenol A2 48h ECy, 3He B Aol
& Y F270E JHIHE F2 f7180Y 4 =
234847k} W)W oj(Table 2) formaldehyde®] 48 h
ECs, HET= U4 B3 benzene?] 48h ECs, #HEch
£ 9 B8 F00oH toluene®] 48h ECs, HHE
e 20 A = a3 Aoz vehdth E3 B
ArAzEA 2HEH bisphenol A2 48h ECs, ZE2
A48 o7l Japanese medaka®) T3F 48 h LCs, ZHC
2 RIME S my/ets 79 FUT FEYS B
Table 1. Comparison of published 48 h ECss in Daphnia
magna for bisphenol A

Reported value of 48 h ECs(mg/l)
of bisphenol A in Daphnia magna

Reference

39 Stephenson (1983)'¢
10.2 Alexander et al.(1988)'?
20 Hendriks et al.(1994)'7
13.0 A7 BIERE(1999)°
12.9 This study

Table 2. Comparison of 48 h ECss in Daphnia magna
between bisphenol A and organic solvents

Reported value” of 48 h

Compound ECso(mg/l) of bisphenol A Reference
in Daphnia magna
Benzene 9.23-11.73 19)
Toluene 6.56, 6.68 19)
Formaldehyde 14.6 20)
Bisphenol A 129 This study

"Obtained from experiments using neonates(<24 h) under
static conditions.

o~
T

FAch. 3 B ALASNZA AHEE bisphenol A
o] 48h ECs #2 22 7477 < Mysid shrimp,
Mysidopsis bahia®l ta 96 h LCs,Z2A1 HiE 1.1
mg/lell B3] 108) o)A £ $F 0% EPAE bisphenol
A9l 013 FAFEEE tigt FAFAFE diE)
“slightly to moderately toxic”2.2 HF95}aL Ut
Daphnia magna®] aged W2 34 SA5Ee] Aol
& sk #AE A8 A A% 7 7R =
2 48 27 w2 48 h ECy - AAFo=w
12.9 mg/l~19.8 mg/l AlolollA] U Frlol| whet F7lst
£ Ap<0.0DSRE 28#H 7} 3UFHAolo|A B3] FA
Z7V819 T 39% olFoj= 6UBY H9E Asi
48 h ECy #9] 571 & 34 eshvhFg. 1).
EME embryodl] i3t FASAHANFEOZA B AT
o4& brood chamberl] embryo &3] F 6-354]
7k Aol ol AHUE O RE 72h LCy %
110h LCE A3 vKTable 3, Fig. 2) =¥ F
embryod] A&AR 5 Z7) 1Al dlFshe 6-7.52]
7+ A=Y embryod] ZAFAME FYT 72h LCy
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Fig. 1. Age dependent variation of 48 h ECs, value(with 95%
confidence interval) of bisphenol A in Daphnia magna.

Table 3. Comparison of 110 h LCs, of bisphenol A in Daphnid

embryo
Embryo age Devsi‘;‘;“;efmal 72hLCs, 110 h LCs
(hr) embryo used (mg/l) (mg/D)
6-6.5 ] 1.55 155
775 1 3.86" 3.86
8-8.5 1 - 479
9.9.5 1 - 5.53
18-18.5 15 ; 6.01
20-20.5 15 ; 7.32
23-23.5 2 - 8.70
35-35.5 2.5 ; 8.91

“Almost the same as the 110 h LCs.
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Fig. 2. Age dependent variation of 110h LCs, value of
bisphenol A in daphnid embryo.

B 110h LCy, 3t A2 4 9d9oL) o] 3 A
e A= embryo?] WAF7IE ¢ls) 72 h L
AEHA] BBAL 110 h LC WS A8 4 99)
A EHE embryodl] U FAEAe) B
ARl 2R 11007 FoF Agse @
B AFeA 110 h Ly 3 1.55 mg/l-8.91 mg/l A
oM dAHFTI e} oA oE F7Hp<0.01)3HS
Uehhgl

Daphnids: 8%+ f3lslelE29) AJehsidmziol) of
o AAA 5848 HASILA 2E3EE 2 wE2A
Zrll w2 bisphenol A2l FAEARI0IE Hhotalr)
8l F=E EAAE AT = Fig. 3, 49} 7} edE
daphnidE AREEle] =2 o2 $EAAA 2 )
RS FE, e Aol 248 bisphenol A9
FEHA (1025 mgnolA] A Hrolza uke
=t d(concentration-response  curve)S  VEMJ S 0 1
48h ECy 7] Fig. 19] Axol| vla) tha whe &
Tolglet & zpols HodxA| gt w3 6
daphnid= 20 mg//%] bisphenol Al =& xZA)7H
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Fig. 3. Concentration dependent change of 48 h acute toxicity
in 6 day old daphnid exposed to bisphenol A.
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Fig. 4. Exposure time dependent change of acute toxicity in
daphnid exposed to 20 mg/l of bisphenol A.
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AHEE2A BHE(Daphnia magnays AH&3h]
tEA] BN wEEdR AR 3= bisphenol A

of s Ae F95IANEE sy B dAAdd
bisphenol A®| 48 h ECs, 32 129 mg/l(95% 21+
7k 12.76-13.04 mgDRoH AFE 7Y 7Re B
A F7bo] wlZ 48h ECy, e AAFew 129
mg/l~19.8 mg/l Alelelir] duF7iol] wet Z7iele 7
e ERATE

EHE embryoe] et FHEGAHOEA B A
o A= brood chamber embryo & & 6354
7*P ol &7 AHEWE tldeZ 110h LCxE A&
sk ovp B Ado)AM 110h LCsy ZHE 155 mg/l~8.91
mg/l AtelellM AHFTI] ma) ejEHom ZIee

o

o AAA %%*é:% 7&%6 EJP iE%E, i%AVJOH
W= bisphenol A9 HAEAAA1E Fetslr] s
64 A4 daphnidE AMESle] w&2EEo] UE 484
L F s 9 XA B kg Al
Aol H£3 bisphenol A2l ¥ $(10-25 me/l)

lella] AE A sxoEd W83 (concentration-
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