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Abstract: Apis cerana cerana were exposed to four alternative chemicals of PFOS to test the acute toxicity of
these chemicals. Toxicity-evaluation methods of Apis cerana cerana to chemicals were built. Two methods of
"small breaker"and "feeding tube" were used to measure the oral toxicity. The relative merits and the effects of
two methods were compared. The results suggested that 24 h-L.C,, and 48 h-.C,,values of C4 fabric three fin—
ishing agent to Apis cerana cerana of "small breaker" were 1435 and 284.67 mg*L "', respectively. No deaths
of bee happened in the limited test of other three chemicals. The contact toxicity and the oral toxicity
throughout two methods showed that four chemicals were all low toxic. While the oral toxicity throughout "
small breaker" was higher than that of "feeding tube".

Keywords: PFOS alternative chemicals; Apis cerana cerana; oral toxicity; contact toxicity

2009 e+ H WL A FF B 4 IR POPs 2
AERN T RSy, IE R 2 5 E B R R (PFOS) 41k
e 9 # POPs 2 —. PFOS i T HAL 5 09 &
PERE, O 129 S B R Z AN 22 G, A 45 Al e il i
b SR 5 55 0 T B AR K 4 ) R PR AR

K EEA: 20120703 FHEA#: 201290746

fraE . PFOS XELAREAR , ELAT 40 50 1 A 0 5 L A
NARZE RS 75 L X BR 5 RN AR fe BRE A1) 52 1) 4 3% 56
T AT LAH Ik 0 W I ) 9 A W AR B B, A AR 5
EWERES THEWIERNEE), I EA N
Sy TP B B DA R b R R

E£WmB: EEHBAYI AR 863) Wi H( No.2010AA065105 F12012AA06A302)
TEERN: ELA(19765 2, A, W57 1) FREEb 2% KRB #2457 ; E-mail: huiliwang@rcees.ac.cn;

* {BL4EE (Corresponding author), ZEEH , E-mail: jzli@rcees.ac.cn o



518 EF #

g iR

TFAROB L 42 ) PFOS &AL, I X5 PFOS 24U
22PN IR A -

i H H i B A B 2 2T i Ab TR AL
R A —E AR, WA T g — 1
VEHIbRIE . BT A A= 02 VA 2 B AR ) AU T
A s sy —#k . B HRAE sk bR A
YR AR AE R Th iz o0 A, 5 B SRR )4
filko Al OO EL B B S A A P A BN A S
i SR BE A8 A B L BRI . T % 8 (Apis mellif-
era){EN—J A EBEAFMENA 1t R R, 7R
NZEHRAE I ™ i , QB8 AR 3K M
WA A, ST NS Y B K DTk AE TR — A
HEE G R, 2t 5T 17 R ) AT 5 i ik
TGRS o BT 12 045 TR B4R < B A g Fn T
R R SRR E DL T B R IAEE A BUER, B PR
RIFREETG Y WA R AT 1990 AEE A A4k ZY
ST A Y AN e YRR
i e AU SE SRR A 1 5577 2 [ 52, & ik A3kt i
KM BTG Y 5 A& 4 n) it

W AVES K B4 S (OECD) LA K [ R 4
Jai 1989 AEMHITTHY (fb 224 25 % PP S0 HE ] ), R
FH ) S 6 e o 127 SRy BUAT R K K1) T8 (Apis mellifera
L fRiFR “Ruge ™). (HAEFRE, h A AR LR A
i, B T8 g T Aok BN TR A
T 8 45 A 04 b 4 42 % 8% (Apis cerana cerana
AR “rhide Y B A A AR BB o R AR 2 454
v AT A 2 3 BT A v A e e R R R Y i
o AHFh ol EEAG Fh (endemic species) XJ #4551 AE
e JC IR, B 32 PR 55 T4, B S 4 b J e A 45 A%
b X gE P A S R G RRE R R E Y 2R A &
PR EPEAMA YRR LI AR R, A e
WO AR M AN 2 4o BUAD, B MR SR TR
(b2 A 2% S PEAN SE IR HE D NI HERE R T “/IVBEdR
BV R A 2 i i 2 1 BEE TR 2 B K
A PRLH 2R T OECD A7 1Y “r i vk 7.
PIRP 5 A B i B4 — BHAFE IR

PRI, A S FH F [ A b 4 o v AR 2 4 52
AW, ZIRIRIE b2z qe 2522 0PN SEIe HE ) K
OECD 37 114 %8 W ST 35 (1) A DG 0], g o7 v A 2 i
(2 4 T B PR DN A 7 v, X 3R [ P 0 ol 1 4
PFOS B AR HEA T XU PP o - X6 3 1 1 1) 8 e
26 FUEEE “/IVpERIL " Fl OECD A 48 11 B “I]
WAL T AT L

1 ##Fn7 % ( Materials and methods)
1.1 B

SCIG R W TP AR %R I AR T 0% (Apis cerana cera—
na) b AL T 9% = B e s i A 4t )5 il S2 e
FAMAREEE . 2L A R B,
PEAT 520 0 B8 0 A R B B AR (R L R/ — B
T ¥,

12 ZRE%

WETERIAS S K YE R 14.4 em x 10.5
cm X 12.4 cm, [ PAZb W B R Joi e 8, AR A J5
JER 1 em 2247, D MFLEH 2.5 mm.

13 XA

4 T PFOS AR 5 50% Ay 4 T A PLe% 5L
BH B3 2R 18 335 2 790 (7 R 2 T PR D) R SR i
B Z) = B 8 B (55 [ 4 23.7 % )~ FH H fie gL AL
A C4 B Co 41 = [ H .

14 HAEEETHEEMHTHRMEARREWF
5236 3 4y 1k
14.1 AL 55

W B rh AR B A R AL Y rh A s M R T
T AME T 5 0 R N R SR 8 1) A R e R
AL T IEA T — 2 W RER K B 1E & . &
BRI G, THEAH N AN B LR , A HE B s —2
I K DL I R 4, 0T T IR LI IR B0 g -
142 L=yl

] 5% S 0 e A ST T 2 A3 S FH e
PEAT A — T W Ik FE SIS a] A B B
TARDBL: FLAE AR A5 HE i A 2 LL S 30 B 25 SRR
B 8 U Sl A, P SR AR RN — B T ik
FrREFISLE
1.5 WaEEA & EIFNNE F ElEL
151 ek

B BRI S0 B “UINBERR IR 7 2 MR A
5 2 BRI 1) (k22 AR 25 PR 5% 22 VTN S 00 o
TP, PRI 2 11 B 1 S 2 I OECD A A
() P R E D No. 213 70 Seab /e N T A%
FETHEAT TR BE R HIAE (25 +£1)°C , AN EE 45 I 7E
60% Zidt , TELI IR 5 55 24 FIEE 48 /i 23 5l ks
AT B e h AT L, AR SR AT
53 W BRI 20 K
152 s

DAZA TR BE RTS8 5 (x ), AR I v i



555 EL M I LEhETR

L (PFOSY AR i % AR B8 e i T 519

TEEIESET AR LR N R AR 5 (y), R SPSS %L
PR AL TR AR AL, 5 FH Probit #E47 814307, &7 “F)

RN "L T R I ST KL B (B LCs, (3K
LDy, ) M F 95% B -
153 ZMinifE

FRAE (Pl 252 AT SEREII Y U “/INpedR

B AR N R 28 T RS 40 4 AAES: 48 h

LC,, <0.500 mg*L "' AJEH;0.500 mg*L ' <48 h
LCy, <20.0 mg*L ' A FE#:20.0 mg*L ' <48 h
LC;, <200 mg*L 'A% 48 h LCy, >200
mge L~ MKEE. 38 E R IR (USEPA) X 4
RN H A AR F AR B U BEMEAR R T ML fih
RFFVESELRI AR E: 24 h LDy fH<0.001 pgeiée™'
(KoM R #4255 0.001 wget% ' <24 h LDy, <2.00
pee O AR 25 2.00 pge %' <24 h LD,
<11.0 pg s "M hEEf24:24 h LD,, >11.0 pg
i URMRERAR L TR TE R S SR
FRUEN LDso (AT IR ET X2 i 1, oAt an e 24
(2 FVREPE, QR “m) MR A 7 AT L LA
W] DUF LD, fER AR o AR (fh2iqe 2% 20T
Y S G6 T ) ORI R /PRI 2 T 1 B S
BOURIE R 2000 mge L', $2 M 50 56 114 R 52 56 ok i
100 pge ", 1] OECD AiAi it “Pp b I3t e
No. 213 "W el ] RS I ™ 1) B J3E 52 560 ¥k 2 Ay
100 pge i

2 %( Results)
21 “URMETEoEFHE

LA A2 % TR SR UHE N MO e 25 1y /NG
PREE” 2 OB TERY ERRME N 2 000 mgeL ™' o i
TP 2 = B B ) & Co 24 = By B2 35 3
PR S AE EFRHEEE 2 000 mgeL ' #y2k H P
IFET- G, PR3k 3 b e AR i X v A2 2 e g /N
LM 2 1 FEPE T B A KR

4 1Y) = By B BRI R AR S W Y 24 F148 h
INGEME VEE BRI A R SR 1 FER 2 PR
MFH AT LIS 7E 48 h N BifiE C4 219 — B3
FITT R BE G T AR S AT R B T
THBEIINENELR . H Spss A MR C4 A
Y = By B I ) rh AR 0 /N 724 h—Lcm;@
1435 mg*L"',48h-4.Cy, } 284.67 mg*L '. 4
(b2 25 22 4 VA 52 58 o D) ) 35 0 b 1, C4

=R PR XS AR i S 2 RN

IR -

R1 UNEIRE”CA DY =B EEFIX h 4L
B 24 h FHILKE
24 h-.C,, values of C4 fabric three finishing

agent to Apis cerana cerana of “small breaker”

Table 1

WEH /(mg-L™ ")
100 200 400 800 1600 3200
TR /% 125 250 300 425 475 583

it H

AT y=-2871+0395x F75:0805 W VE(H: 0938
24 h4.Cs,
1435
/(mgeL"")
95% 15 X [h]
1055 ~2217
(mgL"")

F2  UNERIRETCA R =R EEFIX e
EHE 48 h L HIERE
Table 2 48 h-LC;, values of C4 fabric three finishing
agent to Apis cerana cerana of “small breaker”
WA (mgeL ")
625 125 250 500 1000
FETH% 250 350 500 625 675

BEITRE y=-2415+0427x FI7:0434 TFEMAN: 0933
24 h-LCy,

i

284 .67
Amg-L"")
95% {5 X f]
218.92 ~376.62
Amg*L"")

22 “HREHRTZUEH

OECD A i1 “Al7 iy K o ) No. 213 7 e
FUE G R 7 B L BRYRE N 100 pge e ', F T
TR L) = R B C4 F Co 2 flﬂi%}i
FITE L BRHEE 100 g " B35 54 H B W50 T
PRI 4 AR o0t rh A e 28 1 s R I
23 EREMHEER

CPlfee 28 28 4 DM S 50 o JU) ) 100 4 M 8 e
fh S ) L BRI A 100 wge ", FTm G 17 L 21
%?Bﬁmﬁ |.C4 1 Co 219 — Bl B B30 T F Rk
FE 100 pge e " WAR M P B ASET R . [HIL, 4
ﬁlﬁ%mnxﬂﬂ R I b B T

3 ii8( Discussion)
3.0 ZAREEA A E R P &
(RS bR =

TEHUIR [ 55 A e o rh AR 2

SR 8 % A

BERAL 7 AT 2 4



520 EF #

g iR BT 6

WU PTAR , SEAT ) X0 AR Hly e ol (4 L 4, )i, o A2
B AR RS T ROM) T i /I, AR 2 S AL 22 15 e W)
SOAABCR , SIS A A A i KU A 1) 32 e Ao o

ARBFFE LI T iR e (Y S 5 MU SR B
LS s WAk, I 2 OECD AH G e ™ K 3%
erp A 254 R VTPAN SR ME N ) JE 37 T v AR e
PRI 22 A REEIN RE 7 0k, 475 R 04 1O 4 fh 7 1 S
HBgE IR B S B J7 VPPN T 4 B PFOS 45
AR AR B e ) T
32 4 MEBERMFESPREEENESENS

AR LA b S0 235 R 0 I 2 IR A 2 P DR s o
4 il PFOS AU b7 iy b A2 B B 1) R 3 A 5 2 D
BMEZ DR KT o XU DR E A 4 4 Ff
PFOS H A it X 3 [ R A7 40y ol o A e e 1) A 25 3 1
BAK -
33 “MRMETE “RREETEUEMIRIT &
Hy He %

H GBS “/NBEM " 4 sty ik e A
IR TEIETT L, IVBEMIR T X B B Y 2 ik 1T AR
DA {1 TR A SR S o S e i L Y
G AR MR 2GR WAE “/NBEAE T I E
B2 B RARAIR B % BR T I AR 24
i A B R o AR P AU P2k 25 SR AR
AR Z U, A T 2. 25 1
I, NG IR RO TR MRS SR B L IR IR AL
i XA C4 U =y R R /NG AR T N
TE ORI T PRI vk 7 R BE AT R Y B
WAL SRR, e PR AR i A B M 0 A
A28 TR M RENE , 17 /et ™ ) B 4230 5 I ) 25
AP PP AR 245k B X S e 5

BIEEEM 22 F0963 ), 5, XA, L L2H AT @
AT F BRI HEF,

SE 3k

[1] Hansen K, Johnson H, Eldridge J, et al. Quantitative
characterization of trace levels of PFOS and PFOA in
the Tennessee River [J]. Environmental Science &
Technology, 2002, 36(8): 1681 — 1685

[2] Jensen A A, Leffers H. Emerging endocrine disrupters:
Perfluoroalkylated substances [J]. International Journal
of Andrology, 2008, 31(2): 161 —169

[3] HHerE, G408, 22/0m, S5 TORP R R 8 i 22

C 2Pk B RS T[], A 252427417, 2008, 10(2): 226
-231
Yang Y X, Jin SQ, Li SN, et al. Oral toxicity and risk
of five insecticides to honeybees [J]. Chinese Journal
of Pesticide Science, 2008, 10(2): 226 —231 (in Chi-
nese)

[4] Kearns C A, Inouye D W,Waser N M. Endangered mu—
tualisms: The conservation of plant — pollinator inter—
actions [J]. Annual Review of Ecology and Systematics,
1998,83 -112

[5] Celli G, Maccagnani B. Honey bees as bioindicators of
environmental pollution [J]. Bulletin of Insectology,
2003, 56(1): 137 -139

[6] Porrini C, Sabatini A G, Girotti S, et al. Honey bees and
bee products as monitors of the environmental con—
tamination [J]. Apiacta, 2003, 38: 63 -70

(7] REY,TH, ML B ™ SRR G R
Vs R A WF ST R (D], AL B J 4, 2008,
10(3): 18 =23

WuL M, Wang Y, Tian X W. Research progress in bee
and honeybee product as biological indicator for moni—
toring environmental pollution [J]. Journal of Agricul-
tural Science and Technology, 2008, 10(3): 18 -23 (in
Chinese)

[8 1 I, BRIEZE, A28, 5. R 2 X e/ W) g 1k M2
ISR B[], 4624, 2009, 48(6): 399 —401

BuY Q, Shan Z J, Zhou J Y, et al. Research review on
biological toxicity and safety assessment of pesticides
to honeybee [J]. Agrochemicals, 2009, 48 (6): 399 -
401 (in Chinese)

[9] Hiebk. 51 A PG J5 2 e xd v e 14 18 5 Ko A= 2552 W ).
B H 24, 2005, 48(3): 401 —406

Yang G H. Harm of introducing the western honeybee
Apis mellifera L. to the Chinese honeybee Apis cerana
F. and its ecological impact [J]. Acta Entomologica
Sinica, 2005, 48(3): 401 —406 (in Chinese)

(10] #GHEEE, w2, 858, 5. (A RAREL2TH
SCHHENI[S]). ALt FEZIRBERY AR, 1989, 44 - 48

[11] OECD (Organization for Economic Co-operation and
Development). No.213, OECD Guidelines for the Tes—
ting of Chemicals, Honeybees, Acute Oral Toxicity
Test [S]. Paris: OECD, 1998

[12]  U.S. Environmental Protection Agency (USEPA).

Technical Overview of Eecological Rrisk Aassessment

[EP/OL]. http://www. epa. gov/oppefedl /ecorisk _ ders/

toera_analysis_eco.htm#Ecotox. L 2



