% 43 55 60 AR - A Vol 43 No.6
2024 % 12 A MARINE ENVIRONMENTAL SCIENCE December 2024

BEREFmPERENTRYERFHER @RI T

\ 1,2 ~ 1,2 . 1,2 D 1,2 \ 1,2
BT, BRIRET, ENETT, WIIET, MEF T,
N 12 12
R, FHF

CLALSK R e R TS S 37 A8 B S 3, )R sk 5150635 2.1l K27 | AR I g R85 5
el TREBOARBETE HG, 2R ik 515063)

W E:e2R ML AEKEMLSY (per- and polyfluoroalkyl substances, PFAS ) & — X % % & A # 7| A
REEEECEHTLNELNFAREANTED, AHXRELERERXET & 0F L EE 2 M8
A g =, FF R R B A 3R B i OB B i — R B i (HPLC-MS/MS ) 8y 77 3%, 247 7 3 7= & F &Y
16 # PFAS By £ 4 ‘& £ 4. R AW, 2R F K # ( perfluorooctane sulfonate, PFOS ) 12 & T %
( perfluorobutanoic acid, PFBA ) & £ Z W75 Ze 4 X AL, 1 |6 # 2k i 7 & x4t PFAS 0y & 66 4 A = 77, X
THhEGHEX R TRANRMENZFEHEFAX. ZTHESAELN, 24 FEEHIERER
FRENERNEFGZHETR, AKX — P FHETEFSZEENERAS, EREW, 20E—%
BEFGESERET SR P PFAS A E, A HZBRIKT 2HAREN S (perfluoroalkyl carboxylic acids,
PFCAs) Wi 4 &, &R &1t %™ %48 N PFAS Wy 5114 B & N E (estimate daily intake, EDI ) & F
HEFE, B R B ERERNEELERD,

KER:LRANEN; AWEE; KEIH; ZHETX; #EAR

FE 5 %ES:X55 ZERARIRAD: A X E RS 1007-6336(2024)06-0937-08

Bioaccumulation and health risk of per- and polyfluoroalkyl substances in typical

seafood from Eastern Guangdong province

.2 .12 .2 . .12 12
ZHAN Xinyi ~, CHEN Zhenwei =, DIAO Jieyi ©, SUN Qiongping =, LIN Lanfang ",
.12 .12
TAN Peixin ”, WANG Tieyu
(1.Guangdong Provincial Key Laboratory of Marine Disaster Prediction and Prevention, Shantou University, Shantou 515063,
China; 2.Guangdong Engineering Technology Research Center of Offshore Environmental Pollution Control, Shantou

University, Shantou 515063, China)

Abstract: Per- and polyfluoroalkyl substances (PFAS) are emerging persistent organic pollutant that have
received substantial attention in recent years. In this study, 12 kinds of typical seafood including fish, shrimp,
shellfish and crabs were collected in the sea area of eastern Guangdong, and the bioaccumulation characteristics
of 16 PFAS in seafood were determined by HPLC-MS /MS. It was found that perfluorooctane sulfonate (PFOS)
and perfluorobutanoic acid (PFBA) were dominant, different types of seafood have different bioaccumulation
characteristics for PFAS, which might be related to factors such as predation relationship, migration behavior

and metabolic capacity. Through a questionnaire survey, we found that boiling, steaming and frying were the
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most common cooking methods used by residents in eastern Guangdong, and then assessed the health risks of

seafood after cooking. The results showed that cooking could reduce the concentration of PFAS in seafood,

especially for perfluoroalkyl carboxylic acids (PFCAs). The estimate daily intake (EDI) value of PFAS ingested

by residents through consumption of seafood was lower than the reference dose, suggesting a low health risk.
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Tab.1 General information of aquatic species collected from the study area
i) R 4 AR W /g K /em B /em
TG I Mytilus edulis 10 52.5 8.4 42
B TR Ostrea gigas 8 111.1 7.5 5.5
iR ‘
Elgesnil Haliotis discus hannai 8 435 7.4 5.1
LGS 5 0 Uroteuthis duvauceli 6 55.1 19.5 3.7
s il e Portunus gladiator 5 107.2 16.2 7.0
T B
LN o Oratosquilla oratoria 16 17.2 11.8 25
PSS Clarias macrocephalus 3 68.7 223 3.7
FLA Pagrosomus major 4 50.0 23.2 5.5
R Je ki Harpadon nehereus 6 199.0 28.0 5.5
2
FR L Pennahia argentatus 6 598.2 16.3 5.5
RS Decapterus maruadsi 4 65.2 19.0 4.6
LR Trypauchen vagina 5 16.2 16.1 1.9

( perfluorodecanoic acid, PFDA) | 4= 5 + — 2
( perfluoroundecanoic acid, PFUnDA) |, 4 % T
P& ( perfluorododecanoic acid, PFDoDA) . 4=
T =& (perfluorotridecanoic acid, PFTrDA) . 4=
8 1 VU iR ( perfluorotetradecanoic acid, PFTeDA)
M 4 5 1+ 75 %E BR ( perfluorohexadecanoate
acid, PFHxDA) ; 3 f 4 5 i iR 2K b & W)
(perfluoroalkane sulfonic acids, PFSAs): 4% T bt
fifhi ik (perfluorobutane sulfonate, PFBS) . 4% C. ¢
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¢ it iR ( perfluorooctane sulfonate, PFOS) . It 4h,
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( methyl tert-butyl ether, MTBE) fil Z i§ W) H
Fisher Scientific ( Ottawa, ON, Canada) . [if % &%
W B J&K e A m (e, D .
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PRGN : (1) & #4500 g 7K NASEE B i
AR 100 °C, AR5 & 5 min, (2)7575: 4%
FESAE B RE T F28 12 min,  (3)JhKE: $54E
A9 400 g BT 180 °C AYHLFIER 1, %8 FF 10 min
IR BN IR, SR B RE 5 R 2 min, BEZVE, H
QIR S TS TR R ) a R A i 1) =1
BES T AR A LR 2,

R2 3WMEEFERNEEREZTNESI

Tab.2 The percent of mass changes of fish after three cooking

methods compared to raw species

. IR BT/ (%)
B — :
il A7 HE
jﬁ%’é 49 49 31
/‘EEZIE@ 76 71 45
Eﬁ (jxﬁ} 79 85 59

T DA A U 1T 43 o= e B it S TR R
Bk TT AN HINT 100%, 261155 B T A8, B2 6 i 2 A
1.5 AL ER R oy

A Yy a] 3R 40 FE L E—40 °C ¥ R TR BL
ISR 72 h, SR G BB B K, #E-20 C UKAR - A7
BT, RS Meng 2" B0 B F X5 )
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PN AE W RERE i SR E PRAS, HIS A &k
BB R 1 g FEM LA 50 mL PP & .0
B, 5 5ng NARIRG, T 0.5 M U T i
IR & # ( tetrabutylammonium hydrogen sulfate,
TBAHS) 1 mL 1 0.25 M #k fig £l 2% vl ¥ 2 mL
(pH = 10) #EA7HI4%; 2R )5, TN 5 mL FEERUT
Ll (MTBE) 2 B0 45, 78 250 rpm Y FE T
Wit R % 20 ming Z J5 7E 3000 rpm K & L
20 min, 53 & L IH ORISR B2 T Ok, K IS WL
B EH 50 mL PP .0, A R PIKR
WO o e, PRBURTE = i B AT 28K, 7%
K5, 8 ORI % T 1 mL HEE, IRkt
ENVI-Carb F1 SPE Zb#f
1.6 FUE AR UES B

SCG AR LA BB A PP ALK, r A T RE
Tl B A 7 25 5L RN A RHEE (8 FH G AR 24T 1 1
Sl i, U sl e A g o AR | 1z i A
SER I R R A IR AL o b i Z R A
7 0.02 pg/L, 0.05 pug/L. 0.2 pg/L. 0.5 pg/L.
2 ug/L. 5 pg/L, 20 pg/L. 50 pg/L. 100 pg/L Fl
200 pg/Lo Z3 AL 3 A5 15 M L A 10 545 e L1t
B 714 H BR (1imit of the detection, LOD) FlIE &
FR (limit of the quantitation, LOQ) . = ¥IFE i 1Y
LSRN 80% 2 120% A5, 45 HARLA )
[ . LOD Fl LOQ VEANE B L& 3.
1.7 FdE o

MAE T P S 3N PRAS 4 %2 5% B %
flitt5E H 8N (EDD B VEAL, HatE AT

Cpras X M (1)
BW

K H1: Cppas M7 i ' PFAS % it (ng/g
dw); M i i~ HIE 3% & (g/ R ) BW ATH
PeE VAR E (kg) o

X G 1% [t (hazard ratio, HR) K 171 PFAS
XoF 224 i Jo R ol v i R RSz, AR N T

r=EDI (2)
RfD

K H: 2% K| & (reference dose, RD)
(ng/kg/ K ) & Tl #5252 1) PFAS 4 H 25 = i fhiit
8. HR=1 /R 24 H PFAS XiF A A i i JXUR: 5
HR<1 7~ X4 HT PFAS X A B AT RS

EDI =

RI EYERPEELSYNEEE. AEKRHR(LOD) 5
EEMR(LOQ)
Tab.3 Recovery, LOD and LOQ of PFASs for samples

o LOD LOQ
PFASs Il /(%) FEXTARIE R 2E/(%) . |
/ng-g  /ngg
PFBA 76 4.32 0.12 0.39
PFPeA 114 3.53 0.19 0.64
PFHxA 89 9.85 0.14 045
PFHpA 80 8.76 0.03 0.10
PFOA 98 8.68 0.02 0.07
PFNA 97 7.39 0.02 0.05
PFCAs
PFDA 113 9.87 0.02 0.06
PFUnDA 91 8.21 0.02 0.07
PFDoDA 116 2.88 0.04 0.12
PFTrDA 122 4.74 0.03 0.11
PFTeDA 116 3.24 0.04 0.13
PFHxDA 78 5.05 0.03 0.11
PFBS 88 7.85 0.02 0.07
PFHxS 99 7.69 025 0.82
PFSAs
PFOS 111 8.67 0.06 0.18
F-53B 93 8.51 0.03 0.10

2 HREWE

2.1 AN[RIZEAL = 5 PRAS 2R & SR RAE

M T A] LA, AS [R] 28 AU 1 0 7 v
16 Ff H A5 PFAS 2145 A [6) B2 B (0 K6t K HH R
H 25% ~ 100%, Ui B4 2 PFAS 7Fi% X 35k 7= i
i AEE . PRI T EOR FE T 11(Cc=
11, 2.1 h C ¥ 7n ik Jit + %) 1) PFAS( AL 45
PFUJA. PFTrDA. PFTeDA. PFHxDA F1 PFDoA )
i R 100%, Ui X B C=11 ik &9
JTIZAFHE . g i P 38 PRAS B IR A7 7E 2%
5, H v PFOS FIl PFBA & & % 1975 Y ¥y 2%
AR S 40 oA nad. ~ 12.4 ng/g dw il 2.1 ~
11.7 ng/g dw,

BEAN, N [RI 28 516 7 i v PRAS 1 322805 44
YR o AN, 30T B R A 2RI VR AR Y R G
AT AR AR ) 22 7 AR R Rl A .
M ERRE, Y & 5 BRI PFAS
FER N AR, I Bl A 4 R & Pt A i
KEgIEP . Ik, B SR e R
PFAS T = . WEMEAT A, B P f
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flgpetn L W T K oI T
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P f—— PFNA  !C7-11 )
| == PFOA | o
U === PFHpA _! B
wmol e [ 9%
" == PFIxS : % =)
Eiraaeia il [ PFBS . &=317%
A5 | e PFHXA 1C<6 |
R £ | === PFPcA | CipSlo
IR , . _li==PEBA 43.9%
0 10 20 30 . = .
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1 WRXIEE~ &S PFAS S EMARK

Fig. 1

I AR Bl WA T Uk A 4 B TR Bh S TR KR,
W7 HBR R TS ey i AR TR A 3
A2l DL 2S (L35 R DL 4% 450 2 B0 R 05 ) D 3%
SE RN, R KFRAL. WRISRE N &,
R R L W A R A7 AE 22 51, It
IS i Z [ BRI PFAS 225050k

B A s D1 S CAL 45 e DL | T g 70 4 8 6 )
&N PFAS B & s IHAK, 4 9.2 ~ 10.3 ng/g dw,
o PFOA (19 5 L3 &1, 6.5% ~ 15.2%, Tl 17
e sh ¥y A ta s 2L PFOS 2 3, PFOA 5 b
KT 3%, XAl g5 D2 FE IR M, 3%
JKPE ) PFOA B 5, 7 DU IR N SRR G, iIX 5
s B WP R R 8L 5 R, A
GG 12 I A4 P U] K 4% PRAS 7 HEBE 5, 34 44.5%,
Sun 21 RIF Y 25 Al SR, LSk SR AR B BIU A
B & N K £ PFAS 7 12 4 40 4% PFAS., 7 AU
PFAS [ i, X AT B -5 2 BT A6 1 119 163 3k 32
15 Y AE LA G

PFAS 7£ W5 Ff 15 Ji sh 4 44 4 57 2 /K SR ]

Concentration and composition of PFASs in raw marine samples from the study area

IFEER DL C<6 MLB Y, 46.2%; TMi$
SRR FEER NI L CT—Clo Wtk &8k F, 5
58.5%, 1Mi C<<6 ) PFASAR /b, {U 4 PFBA A
PFPeA #5 #5 tH, 5 9% F AR Rk 4 P4 () PFAS
o L SR T EE AL, {H45 28 PFAS 3 A
BE ARG o B R 21 42 T BB 1R ) PFAS F i
e, AR S Y R AE WA O, AR TR B
A3 A R S G RR ) Y PRAS, #E T A
Pk R,

M PFAS 25 A1, C7—CI10 Yy PFAS 7E {2
W i, o, e Sk AR Sk A B R
C7—C10 1Y PFAS & L4555 53.2% F1 47.1%;
HkJE C<6 L&, FLAR IE f R & £ 14
C=<6 1Y PFAS i LL 5358 45.7% Fl 44.0%, fi
25 PFAS 9 & & RV B, Horp AR 4 fa tR
PFAS ik 34.0 ng/g dw. PFAS &Y &Y
HEARNWITE A PR N B, 788 RO m R ik
RFL ARG 6 MY h BN E
P, M PFAS &5, Xt 5 et 21 g
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W e i —5. oh, B EA RS EES,
PFAS &) SR E A ZS &, T lifa e 4544, {f
RN PFAS & HEHE
2.2 PFAS M35 7 58 KU EA
221 ERAEIR

A FE LA 7] 4 R 2 1 1 20l sk i R B
FEACIR L B AR 0 S A TR A, ARAT % X
FE R = S A Mg O o FE B A R, B34k
85 N, w122 A, 5 H A FI R 41.1% A
58.9%. Hi, B 84 A (40.6%), W44 H
9 59.8 kg, 5 (P E ARBERESHTFMORA
) VRUBART T . R R A% S I B B
T LA H A AT Ty U 2 o, i Rt
BRWG AT E & (A CERN I, AR
PR AR E AN AT S B B4, 1152 PFAS 15 YL
BEf i 1 3 Fh a2t (AR Ik i | e Sk fRTE B 665 )
2 B TR R o A ) A0 8 P A . i AT
MR, B 2 b R e i (0 A7 i AT
773, B 44.2%, FLUCHIEZEFIAE, o Al
1 30.2% F1 8.3%, MHujERFEHEFREH 7K
Wi, BF S REH LRIEE &S, 2%
(2023 4EHE Gt AR, TR N HKE b
PR 66.8g.

(a) UL
-5 .
ol R
ES e K
i ez
Bt LI e
s ik fiy
B ses
957 jﬂcﬁﬁ
5 [l I
i e
CEIIN <
(b)
R
i
ZIh%
| 5.4% 2 L
[ 4.0% et

B2 BRMEFmAREFRZEIAXNER
Fig.2 Residents' preference for seafood and cooking

methods

RE %427 AT PFAS #9 T4k
ABFFEERE T W] WA AE 3 Fhe B
AT O e S, BR At £ R (R 65 3 A fa b A T

222

T, g R wmE 3R, ERRmRELED
(perfluoroalkyl carboxylic acids, PFCAs) % m fE£S
I3 3 Fh S 07 25 R AN AR BE A R, T ke
8T 13.7% ~ 67.6%, # MK T 19.9% ~ 59.4%,
ZEHIFEAR T 0.7% ~ 33.7%, X Al A2 i TR EH
A7 B B SEOK M, (45 PFCASs 76 5 45 #
R BRMW R T, X 5 Taylor 21" BYBF ST 2%
AR . BRER A, 2FERELEGY
( perfluoroalkane sulfonic acids, PFSAs) Il H i Tt
S, Hor, 4k PFSAs & s e i 5
o Tk —A% . XAl fgsE PFSAs SAEMEHZ
A7 TS £y, A 535 A 2. Gobbo 452
A FE 4 B I35 H AR S PFOS S H 45 #4251
Vg K 454G, R B 65 v PFSAs FEAIC AT BB /2
H T S R v UL A Y R T B R,
M55 PFSAs BEill

30 . .
PFCAs : :
i |
I I
| |
Z 20} i |
T i |
o 13.7%| !
= ! !
& 10+ ! ! 67.6%
: “A10% |
| |
i |
| | i
0 | | ;»%:
Je st i W5 w
6
| |
PFSAs : ! 1
i |
i i
£ 4r i |
T | 47.6% |
=0 | |
&0 1 |
£ i |
& 2f . RN
1 | 2 48.0%
| |
| |
I |
| |
: I
Je skt Ll W5
P
I NN !
| BFRIRIAL A PI(PFCAs) :
1
! PFBA PFOA  PFDoDA,
! PFPcA PFNA  PFTiDA ,
| PFHxA PFDA  PFTeDA,
! PFHpA PFUnDA PFHxDA,
1 1
: RISV (PFSAS) |
1
1

1
PFBA PFHxS PFOS :

3 E{TEHMT PFAS MEETHER
Fig.3 The concentration change of PFAS in samples after

cooking
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EEHEY NSRS, BT ZRRERm,
1 0 B M T RT BE & AR O, TRI R, AR i 2 A
J7 AR, 28 FH 21— it 1 7K F A5 R 4l B
AT, X AR T RE S ECE W PRAS & &
N A AR . AnTE IE, N — A T
T PFAS ARG L. L, fa i Rl 20T
15 AL XA PEAS &8 %0, BXFA
[ 2 H ) PFAS S AN [F] . AL 7E— @ %
fE % P A 7 77 W b PRAS 0 & 1, 0 2 AR
PFCAs [ & .
223 ERAFERNE

O A BT 3 (£ 48 PFAS X A KR
B KU DAL, X 5% FIE B PRAS A9 G T AH X
e/ T WG 2 A% 55 PRAS F98: A8 4 A 7 18 30,
B PFAS S E KB . MRE 222
AN R Mk iy PFAS AR TRAE B, 45 &
> 4 JE TR BT T S5 A K ™ T E RN T
(Herp, skt 4R 0 0 R 35 5 6% 19 5 7K 56453l
H 76.5%. T1.5% F1 73.2%) , Ati54 7 24 Hh Ji B i
i & #2588 N PFAS 1) EDI, %5 35 F 3 4.
Zead 3 M Ty 05, R A R
N PFAS () EDI } 11.4 ~ 31.6 ng/(kg-d), 1£ 5 Fh
& E ) PFAS 1, EDI # #E ¥ & PFBA>PFOS>
PFHXA>PFOA>F-53B, Ik T 3¢ [ [H 5 4 55 {4

R4 BT S MEEWEY EDI

Tab.4 The EDI values of five main substances in seafood

7= R R R A EDIng kg '+d !
PFBA PFHxA PFOA PFOS

PR RAETTR
F-53B

K PEAT 2.7 0.0 0.0 0.5 0.0

) Al 2.1 0.1 0.1 0.5 0.0
jz%@ > b

TG 7% 1.0 0.0 0.1 0.6 0.0

THhAE 3.0 0.2 0.1 0.6 0.0

K EAT 2.7 0.0 0.0 0.7 0.0
Al 13 0.0 0.0 12 0.0

b3 U
7 0.7 0.0 0.0 1.6 0.0

THKE 1.1 0.0 0.0 1.2 0.0

R EAT: 4.8 0.8 0.0 0.7 0.0
il 7.1 0.0 0.1 0.3 0.0

i lall
HA& 5.0 0.1 0.1 0.5 0.0

THKE 1.9 0.0 0.0 0.4 0.0

¥ J5 ( U.S. Environmental Protection Agency,
USEPA) %A (1 2:7%  (RD)*,

EDI 5 PFAS 2% 5l i (RD) £ 48 Z 1] 1)
Lt HR W] FH AL AN N i fa B XURS: . HR
=1 1 B2 S T A 4l o AU s HR<1 ) 8 7
RS, AR RS A T Y e R i
X 3 Fhis Y BEHK e 1 f0 I 4% N\ PFBA.
PFHxA. PFOA. PFOS F1 F-53B /) HR, 45 & 0
K 4 Ff, HR (HY/NT 1, Ui B v = 5
X g RS /N o AREAR R R, ABFE T
i PFAS {8 T F-53B, B % 51 8 PFAS %
AL SE PFAS, EANTEREE AAEYIRN & &
KORE NAA B fe 38 E i 1 AS WA o

KT il i 7% i Xz

0.5

PFBA
0.4
PFHxA
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