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Distribution of Perfluorooctane Sulfonate and Perfluorooctanoic Acid in Different Tissues of Fishes and Veg—
etables from Dahuangpu Wetland Nature Reserve, Tianjin City, China

ZHAO Li-jie, ZHOU Meng, REN Xin—hao, ZHANG Yan-wei, GAN Zhi-wei, SUN Hong—wen"

(MOE Key Laboratory on Pollution Processes and Environmental Criteria, College of Environmental Science and Engineering, Nankai Uni—
versity, Tianjin 300071, China)

Abstract: The concentrations of perfluorooctane sulfonate(PFOS) and perfluorooctanoic acid(PFOA ) were measured in water of a pond, or—
gans of freshwater fish(i.e., carp and catfish ), tissues of vegetables(i.e., Chinese cabbage and carrot) and their corresponding rhizospheric
soil, collected in Dahuangpu Wetland Nature Reserve. Biotransfer factors(BTFs) and bioaccumulation factors(BAFs) of PFOA and PFOS in
target vegetables and fishes were calculated, and the trend of distribution for PFOS and PFOA between terrestrial plants and aquatic organ—
isms were also compared by this study. The mean concentrations of PFOA and PFOS in water samples(n=3) collected in pond were 22.0+1.3
ng- L' and 8.4+0.6 ng- L7, respectively. In general, PFOA levels in fish were lower than PFOS, which indicated PFOA had lower bioaccumu-
lation tendency. The highest concentrations of PFOS were detected in fish liver[carp:17.8 ng-kg™ (WT); catfish:21.7 ng kg™ (WT)], fol-
lowed by kidney, meat and cheek. Among all tissues of Chinese cabbage, root had the highest concentration of PFOA and PFOS with a value
of 0.84 pg-kg™ and 0.42 g kg '(WT), respectively. The BAFs of PFOS and PFOA in fish ranged from 1.7 to 2583, these values were much
higher than the BTFs in vegetables(0.01 to 0.59 ). Furthermore, the BTFs of PFOA in vegetables was greater than PFOS, while the BAFs of
PFOA in fish was lower than PFOS. Human exposure through the consumption of target freshwater fishes and vegetables was estimated by this

Wi B #:2012-06-06

BEEWE : HEK AR EG (41073087 ; [F FEEGZAMNE T AR B H (21150110458 )

PEB T X A8 (1982—) 3 Tdb A LR A, BN F IG5 YAk 0E5E . E—mail ; jaby0706@sina.com
*BISIEE . #MIC  E-mail : sunhongwen@nankai.edu.cn



2322 BT, 5« TR BRI A IR BRI TE R B (Rl DX A8 (RIS b ) 20 A

20124 12 A

study. The daily intake by general adults via carp and catfish were 104 and 39 ng-day™ for PFOS, and 2.6 ng-kg™ and 1.7 ng-d™ for PFOA,

respectively. The contribution for PFOA from the Chinese cabbage and carrot was greater than the two kinds common fish, the values were

18.4 ng-day™" and 4.1 ng-day™, respectively. Comparing with the Tolerance Daily Intake(TDI) for PFOA and PFOS from European Food

Safety Agency, our results showed that human exposure risk via consumption of carp, catfish, Chinese cabbage and carrot were low.

Keywords: perfluorinated chemicals; tissue distribution; biotransfer factor; bioaccumulation factor
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0.5 g, 5t Bt 250 mL KA, Hrp oK AR FIAR B A 0
AR 1.5 ng B HARG T, BEEF A ZSHFE i
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Table 1 The detail mass spectrum parameters of target analytes

SRR R ST R (/z) T (n/z) ARV R A eV
PFOA 414 4129 368.8/168.8 100 8/13
PFOS 500 499.0 79.9/99.0 125 60/25

2C8-PFOA 422 4212 376.0/171.9 100 8/14

BC4-PFOS 504 503.2 79.9/99.0 125 60/25
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3),PFOS Jy 8.420.6 ng-1-'(n=3) . AL HEi B
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A= e A PR R SR DI A I8 T A B PROA AT 3
TR ITRES A T —Jr T2 T PFOA BV i
JE (3.4 - LI i F PFOS(570 mg« L)1 [w] fisf i)
PFOS FI PFOA £ iU H i W B AT R ik o2 v & B, U1
JeXt PFOS [ W% [ 5E /1558 F PFOA,PFOS 1 1g K. Jy
4.3~4.6,1 PFOA Jy 3.1~3.7%1,

Wil PFCs 7 e A (AN [R5 241 20 () o A BT
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PFCs MIBFFE 45 R —30, 3= F o PFOA 7Kt
=T PROS, AR TRk, I s mHE R Ik
Hh o ARG, PFOA (R vk 0.88 gk ' (WT)H
PRAEAR A, O BRI ) B, 3k 0.63
pg-kg™ (WT), XA A H AL S i & 3 7E
0.04~0.07 pg-kg ' (WT)Z[A], PFOS 7E £ i I Y
W dRcimn, 20l 17.8 217 pg kg™ (WT), T 7 5 £
ATV DA 1 e v -t e AT, 3 T B PR Tl a7
BB S T . PFOS FEAE A fa 451

& 1 PFOA F1 PFOS ZEt8ta fnedfakh o7
Figure 1 The distribution of PFOA and PFOS in tissues of
carp and catfish
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A 412 X PFOS (1 2B ) & 4 58 1 ¥ &
PFOA,PFOS 1Y 1) & 4 2 BUTE 56.2~2583 Z [1] 5 1M
PFOA 1924y 4 25K 1.7~40, PFOA TEME 1)
JRUFITES i rh ELAT AE X 4 v ) A= ) e SR RE T L T PFOA
FESFE AN R (A b & 8K, PFOS ZEFIIE ) & FRRE T
98 o ZFFES Martin S50 0 it £ (1) A58 45 RARAH
oI, PFOA TEUT 5t ¥ LA () BAFs hy 4.0, 7EJHFIE
“48.0; PFOS 7EUT i ¢4 fJLPA (1) BAFs Sy 1100, 7EJHE

3R 2 PFOA 7 PFOS FE7R[E) 97 BT oh B9 pm [ g
Table 2 The spiked recoveries of PFOA and PFOS in different matrices

HRPr+ Recovery+RSD% % MR Recovery+RSD% JKEE Recovery+RSD% 1471 [ Recovery=RSD%
i 1 ng 5 ng 0.1 ng 1 ng 1 ng 5 ng 0.1 ng 1 ng
PFOA 102+3.2 104£1.9 94+5.8 118+4.1 88+1.4 97+2.5 89+4.8 103+4.6
PFOS 89+2.3 101+3.6 85+6.3 95+3.4 102+2.5 113+1.9 92+8.2 109+4.3

& 3 PFOA # PFOS #2897 B Fp A9 77 754 th IR AN E & IR
Table 3 The MLOD and MLOQ of PFOA and PFOS in different matrices

L ek CFRLDN) GRFR ke DY A gL % ke DW

MLOD MLOQ MLOD MLOQ MLOD MLOQ MLOD MLOQ
PFOA 0.045 0.15 0.051 0.17 0.11 0.36 0.033 0.11
PFOS 0.036 0.12 0.051 0.17 0.096 0.32 0.027 0.09




o5 31 545 12 ] A T O 2325
x4 BENEENREHLAT PFOA 1 PFOS AN EERE 1.0p 0 PFOA
Table 4 The BAFs of PFOA and PFOS in different tissues 0.8 I + O PFOS

of carp and catfish

EERENGE N BAFspron BAFspos
il £ — I 28.7 179
ilfl £y — 40.0 489
it - i 3.1 2119
it -y 2.6 277
fin e 1 3.4 90
it 1.7 128
fig - JI 2.9 2583
iy ta-py 1.8 56.2

H1ky 5400, WFFE IR K I PFOS 78 B Ik bt HA 40
MY E SR Van SFPYENFIOBTEIRZL Sh RN
PFCs 73 AT I 45 HFHIE AN JIE P ) PFOS | T HAR Ik
HiM 5 SE A, h e AR AN IR A
R A AR FEIESIIRN PROS 48Ut oE b
R LD I U PP U (319.3 g - g WT,n=18) i THF
fE(160.53 ng- g™ WT,n=24)2, Ft ) {4 ) 15t 2
PFOS ) FEE BT

2.2 PFCs ERFEFH AT SEMIB R

MR A2 48 SR R & A B EAE M 1
g AP I A A b A R O B P B
A2 A 2 AN ) T 338 L AR — - BT (AR P
)RV YL AR A PN ) T2 0 AR B
Hh s YL ) e E I R AR B I T
YW fe - 3E-FAY AR IS DL . Liste SEP%AR PR+
PFEFTEEDETE b R B, PR 25 BB R A/ N (AR B £ v
FEHRIEE (1) 75 2 FL AR 0 R 3R i 5 2 g 4~5
fif o PFOA FERFIZEMBR H AT MRPR -+ A& 4
1 1.43.1.90 pg-kg WT,PFOS 7E AR 2 + &
w5 3.75.5.96 wg ke WT,

B2 R T RN A R 8 BArfb &0
W PFOA 7£ 0.051~0.84 pg-kg™ WT 2 [i] ; PFOS 7£
0.051~0.42 pg-kg™ WT Z [i] ,PFOS [y Ji i /N F 3L
e MRS . TEM ARG S T 343 i PFOA FI
PFOS [ i — 2 5 T4 35845, PFOA il PFOS (1)
e 170 Vi B 35 1 BAE SRR 4, R 430k 0.84
0.42 wg-kg™ WT, TI7E S o AR B2 20 B I B
UEBHIX P Rh PFCs 32 22 e 1 AR 28 WG A 17
i HAEAE PR ) R AT — s B 1. i Ah
PFCs 735 MARFI Ak B 25 AR 13/ TEFISE
R PFOA VR FEB] IR & 1 PFOS; T7EFISRM 5% b

e /g kg
(=]
~

0-|_1_|_'_|. I_'_|_-_|I_—|_x_|
EENS FIZEAR & Kt B R

[ 2 PFOA #1 PFOS FE E3EFIE NMEKKH IS
Figure 2 The distribution of PFOA and PFOS in the tissues of

cabbages and carrots

mrr, BAMES PR BEAR Y TAEE MR PFOS
HIAEE (0.14 g kg™ WT) s THAEE bty ik iz
(0.07 wg-kg" WT), A T 457 PiFP PFCs 76 AP ER 32
I3 A 25 SR L FRATINAE T PR G SE AN [T 43 1Y
RE Wi & i (3 5)  (HJEPIAP PRCs 76 P Rl Bk 32 A [A] 356
g3 (FEPOAEAO) ) & 5 AR D & A BA
FH I (rop0a=0.27 , Popon>0.05 5 7pp0s=0.48 , Poos>0.05) .

x5 KEZEME MR PHERSERE
%F PFOA #1 PFOS H5ER8 2]
Table 5 The lipid content of different tissues and transport factor of
root and leaf from cabbage and carrot for PFOA and PFOS

BReAh s ey & 1t/ % BTFspoy BTFspros
EEAE 0.18 0.05 0.01
[EPZH 0.25 0.59 0.11
PN 0.16 0.03 0.01
B MR 0.3 0.03 0.02

B A% ZR B8R T IAR -1l S5 B L5 YL 4
WOGERERE ST, RIS AT R A 2 RS A, R AR R R
HEARORL ARSI R E(BTEFs SR A

BTFs=C Eﬁ%zﬁﬁuwr)/c HRZ 1 (W)

MFE S HRalFE W, BRI PFCs A
FES/NT 1, ULH PFCs A5 DA 38 v i) 35 32 v
%, X S aikdEE 255 Dok Hh 345 PFCs #EAM I . 7
Hh X PROA (HH R E0 i = T PFOS, X 5K A4
A E SR B AR X FE R T N
IKFAE A LA B, A F) T rh SRR AL G i iT
%, SCHRIFSE R, 1gK,, 75 0.5~3 Z AL S
e 2 WA E IR QT AT, PFOA [ /K Vs ik JEE L
PFOS K 5~6 i, S BOLAEAEY Hh LR 7R 50 I - 1125
HEEE S AR PP AL 0 1 e B RO 5~20 £, 11
FISEAR ARG & A/ NT 58 MR, UERARR G & AN 2
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REAH PN PFCs MU FEEER 2 . — A1l fEAY IR R
o, KSR KRR, AR 1 667
m® KA 375 m* A Ay, F¥REH B KRR 3.8
m’, K 3R 667 m? T 7K 420 m® A4y 341
H KR 4.5 m™3230, XK o Wi )+ 4
15 Yk AR, KRR R I PFOA LK PR /N
PFOS 7EPIFIE IR R GRS REZE R K, W LARIE
RS IERR T . FISERXTPROA FI PFOS ) H
RECE AT 10 500 E LB BRD PFCs AR5 7
FI S AR R AR R [ bS50 I PN AEAS , DA AR )
AR RE S R R RN10%, Wi N AR5
XF PFOS [ B A5 4 H te & b k38 4 5 2 £%, %
PFOA FERBE 1A

2.3 M RETMH

X PFCs (1) A2 58 KU PN , R B A it 28 4
JRIFE 2008 ARG T H A MEE H G232 I i S A i
(TDI), 1 PFOS () TDI 4 0.15 pg kg™ (KT ),
PFOA } 1.5 ng-kg ' (IREE)™, R {&F K 60 kg )i
AE N B H AT B S 8% B PFOA 25 9 g, PFOS 0.9
pgo MRS (bR RAEE LS 58 IR T B
BERFGE YR ILAE 4320 124 20 000 A 43R4 TR 28 45 R
R FRE B A AE 1989 42 2004 AR EAHE K1
FHIHEEA A 80.6 g, VR AHE 32 263.3 g, A
PR S TRAGR, M e TIROGE,
gE 4 — H A R4 PFOA I PROS VR EE , LA K
P30 L8 Bk R, I A AFE N B KA PFOA FiI
PFOS 4351}y 18.4 ng 1 13.4 ng; UNLLEY bk B4
AR, WIRGAE N A H AR PFOA 4 4.1 ng, PFOS
R 11.5 g B ARZ b DX 118 P s S 0k A 1R 2 58 XL G
WA HIER N 5 R 5 5 ) PFCs i fili A= B Wik
(LB FIOR | B 24y N2 1) 2 58 3t s B 1 XS 1)
AIREYE . 78 F 5 YLt X R A oK R PFOS (175
215 pg kg (DW), IIZ £ KN F ELHE B 2 22 1 03 4
AP PFOS & 500 154 wg-kg™, T H B JE b 35 sy
ik 1332 pg kg™,

Zhang ZEMEE TR XN £ 8RR EESS A
WA 44.8 g-d™, GEAAIFS (k8 fa 0 i £ )
18 A ER> ) PFOS Fl PFOA FY &, WHZ Hb X i 4,
X AR 1) IS 2 S A TP o 25 SRR BH , dn DA el
FEFE K G, HA HEEA PFOA il 2.6
ng, PFOS [ 104 ng; 77 LAk E R MK ™
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