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Pollution Levels of Perfluorochemicals in Chicken Eggs and Duck Eggs from the

Markets in Beijing

QI Yan-jie'*, ZHOU Zhen®, SHI Ya-li*, MENG Zhao-fu'

(1. College of Resources and Environment, Northwest A & F University, Yangling 712100, China; 2. State Key Laboratory of
Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China)

Abstract; Pollution levels of perfluorochemicals in eggs purchased from the markets in Beijing had been investigated. The egg samples
of chicken and duck were collected from the 59 stalls of 14 main eggs wholesale markets in Beijing, respectively. Systematic analyses
were made for seventeen kinds of perfluorochemicals (11 perfluorinated carboxylates (PFCAs), 3 perfluorinated sulfonates ( PFSAs) ,
perfluorooctane sulfonamide (FOSA) , 2-perfluorooctylethanoic acid (FOEA) and 2H-perfluoro-2-decenoic acid (FOUEA) by a high
performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS ). The results showed that there was a certain
perfluorochemical contamination in all egg samples. Nine kinds of perfluorochemicals were detected in chicken eggs, perfluorononanoic
acid (PFNA) , perfluoroheptanoic acid (PFHpA) and perfluorooctanoate acid (PFOA) are dominant, and their average concentrations
were 0. 105, 0.073 and 0. 069 ng:g~", respectively. Ten kinds of perfluorochemicals were detected in the duck eggs, perfluorooctane
sulfonate ( PFOS) and PFOA are dominant, and their average concentrations were 0.378 and 0.296 ng-g™', respectively.
Perfluoropentanoic acid ( PFPeA ), perfluorotetradecanoic acid ( PFTA ), perfluorobutane sulfonate ( PFBS ) and 2-
perfluorooctylethanoic acid (FOEA) were not detected in all samples. The total concentration of PFCs in the duck eggs was 3. 4 times
of that in the chicken eggs. A strong positive correlation (r=0.954) was not only observed between of PFNA and PFHpA in chicken
eggs, but also found between perfluoroundecanoic acid ( PFUnDA) and perfluorotridecanoic acid ( PFTrDA) in duck eggs (r =
0.915). The results of health-based risk assessment showed that there was little immediate risk of exposure to PFOS and PFOA via the
consumption of chicken eggs and duck eggs purchased from the markets in Beijing.

Key words : chicken eggs; duck eggs; perfluorinated compounds; high performance liquid chromatography tandem mass spectrometry
(HPLC-MS/MS) ; pollution levels
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PR RAE L 8 AR W BRI~ ,250 remin ™' $E%
2h; FRELL ¢ F 15 mL RWMEE T, - 20°C 4K
#%H.

1.3 FESLHTAREE

X FE RIS £ rh 4 94 G ) 1 B IBCR TS 7 X
WAL, ArTAbEET BN F .

M1 g SHWIRAFE S A NAR (2 ng MPFOS
F12 ng MPFOA) . 1 mL TBA(0.5 mol-L ") 12 mL
%ﬁi%ﬁ%ﬁlﬂﬁ(o 25 mol - I.7! ,pH=10) ,75’:’5‘1; A
5 mL MTBE,250 r-min " $%% 20 min,3 500 r-min "'
B0 10 min, BT AR 465 19 15 mL RN
B mPER 2 FX A S mL MTBE LUAH [A] J5
P AR BRI AR B0, A2 0.5 mL. 12 000
remin "' B0 10 min, B EIE R T 50 mL PET i+,
FHEB T/KMBEZE S0 mL, L1 d-s ™" (T WAX
WA, WAX ZEBOHAE AT R A 4 mL 220K F B
V(5 0.5% MEIK) | 4 mL FHEEA S mL KiEFT
WAk, FES GRS, 4 mL BERRERZE U (25 m
mol-1,~! ,pH=4) . 10 mL EETFIKMRBEEF. T4
Ja ARUH 4 mL HUEEFD 4 mL &K BB IR W (&

0. 5% MZK) Ve, ICEE VR, 2 R AW SR & 1
mL IR, AR EEEZRZE 1 mL, 16 000 r-min "' &L
10 min, U35 I E
1.4 WARGEE S BTk &0

3 5% A4 - Dionex W AH (L3 R 40, A AH . 2K H
P (5 0. 1% 192K ), B #H: NH, Ac ¥ W (50
mmol-LfI),:ﬁﬁgg‘zﬁ‘bﬂﬁ- Wi .1 mLemin~'. #
it .10 pL. BRI AR ES T .0 ~4 min,
28% B ~5%B; 4 ~7 min,5%B; 7 ~10 min,5% B ~
28% B.

TS5 A AT 2 0 2 5 Je FH B g A | R
FHHLE 55 25 1 (ESD) 7 2 78, DL MRM 75720
Hl; AR 0.17 MPa; filif#E< 0. 021 MPa; &1
W% L - 2000 Vi i 400°C; B TR Gasl,
0.34 MPa; Gas2, 0.28 MPa.

L5 FrafriEs B s

AT LA N AR I 8 . R R 2 I R R L
MPFOA 7 fi , fith f 25 S Bl it e LA MPFOS € £, #%
HEMZR B 9 A AS 7] Ve B 1) b E 5 K (0.05, 0.1,
0.2,0.5,1,2,5,20, 50 ng-mL™") %, &k PEAH
KRR T 0.9 MERECH 1/+°. 17 FibBEY
A Z A HH BR7E 0. 018 ~ 0. 176 ng-mL ™' 2 [i] , K
TRAFE 28 Fh A 386 S W0 0 b [T ke 7 kA
BRI 1.

R1 LMAE, KUERY, FEREHR, LEEERMARE KR

Table 1

Linear equation, linear coefficient, detection limit of the method, linear range and recovery of standard addition

) . . ‘, b4 LAV z= R F/ % IR /% +
L s ATl RN (n5) A% (1)
PFBA MPFOA y=1.45x+0. 124 0.9900 0.118 0.2 ~50 103 +2 101 =3
PFPeA MPFOA  y=1.55x+0. 046 0.998 3 0. 026 0.05 ~50 93 +2 103 £1
PFHxA MPFOA y =0.926x +0. 002 96 0.9918 0. 047 0.05 ~50 90 +4 100 £7
PFHpA MPFOA  y=0.804x +0.014 3 0.995 1 0. 033 0.05 ~50 97 +7 102 £5
PFOA MPFOA y=0.503x +0.026 1 0.9937 0.077 0.1~50 96 +2 99 +1
PFNA MPFOA y=0.649x +0.024 4 0.9917 0.018 0.05 ~50 98 +2 94 +3
PFDA MPFOA y=0.642x -0.0156 0.994 0 0.077 0.1~50 97 +9 100 =4
PFUnDA MPFOA y =0. 638x +0. 005 05 0.993 4 0.022 0.05 ~50 88 £2 102 +7
PFDoA MPFOA  y=0.306x +0.01 0.992 6 0. 041 0.05 ~50 83 +6 99 +9
PFTrA MPFOA y=0.585x+0.010 6 0.994 7 0. 029 0.05 ~50 83 +6 69 =4
PFTA MPFOA y=0.494x +0.013 4 0.997 6 0. 042 0.05 ~50 91 =11 33 +£3
PFBS MPFOS y=0.749x +0.010 3 0.9923 0.032 0.05 ~50 105 £6 105 =5
PFHxS MPFOS y=0.748x +0.012 7 0.991 4 0.030 0.1~50 94 £13 95 +2
PFOS MPFOS y=0.609x +0.0159 0.995 8 0. 061 0.1~50 97 +3 99 +2
FOSA MPFOS y=0.689x +0.0153 0.9959 0.019 0.05 ~50 84 +9 91 =2
FOUEA MPFOA  y=0.35x+0.0415 0.9930 0. 176 0.5 ~50 101 £3 102 £5
FOEA MPFOA y=0.067 7x —4.32 x 10 > 0.994 4 0. 043 0.05 ~50 108 +7 100 4

N T FEARAGIN PR B bt 5 g, WE ST R TR SRE AR AN R0 R R ) B A OB (T A B L A T AE

T IS AT R IR LA AR S o) T e e G &

B, OIS %O PEAK MRS B BN 85 N4 .
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A AR T ] B iE Uk T R
I Ik as 1 IR DT R S R R v TR
B, D75 S R AL B AR . REASI 11 AR i
—UKBREAE S B P, AR5 5 i w5 4
SRACIN A AR 5 RS I IR 5 1) 20% , D) 3 o]
VERRMEDEA T2 .
L6 Bt

AW 2 RACE Y & LR E I, GRS
WRBEAR TR 0 BRI 0. s 2 A 4l PASW
Statistics 18. 0( SPSS Inc., 2009 ) # {4, FH Pearson #H
KA HTIE XA 0 4 Ak & W R AT 0, B 35 1K
I o =0. 05.
17 AR XU Tt

AR i T A T A5 0 A A TR XU 5 3 3 8 5
F8%X (hazard ratios JHR) #:17, fo E I BUE R &
i HYSF 35 H 5% A & (average daily intake, ADI) 54
S W S 2 F) 5 {E (reference dose, RfD) 1Y [t
6. HHTBR T PFOS Hl PFOA 4b, HoAb 4 Ffk &
Yk BEAThRIE S 5 30 f AL, R AR SO AR 22 57
T PFOS Hl PFOA [ f HE XU BEATPPAL. A AT 5EH
F1 US EPA & 1 B I 7 ) 2 2% 5] & ok 1T AR
PFOS H1 PFOA o AHHE e FREF 18 A 98 7 XS

BARPHN AR

JE R H AR (ADI) = HERBEAR] g- (kg
-d) 7' JBHE ] x PFOS/PFOA By &K ¥ (ng-g™' iR
i) (1)

f&HIEE(HR) = ADI/RID (2)

Ao HR > 1, ARF#815 Je ) BT VAR fa R X
B HR <1, AARZR 5 15 Y4 i Ve A (g R XU 32 11K

2 #R5itie

2.1 XSGR 2R G YIS YUK FIRRIE
JEIET 14 A FEEFHM KT 59 DR
X0 ZE RIS 25 rh 4 iAW 75 e KoF LR 2. T
HLGE PSR 9 R LB, L PENA
PFHpA 1 PFOA k3, & & 35 [ 43 % i ND ~
0.644 . ND ~0.435 FlI ND ~0.978 ng-g ', FH &
435174 0. 105, 0.073 F10.069 ng-g~'; MR ILAG
10 Fh 4L &%, LA PFOS Fil PFOA 3, &l
Fil 73512 ND ~1.290 FI ND ~0. 843 ng-g ™', ¥ 5
09 4 0.378 ng-g ™' F1 0.296 ng-g”'. WEH
FOSA . PFNA | PFHpA Fll PFOA {4 % (n =59)
B, BN 64% | 51% . 46% M1 41% , PFHxA |
PFUnDA Fl FOUEA By R HA 2% 5 M4
BB R (n =9) BRZ & F A9, UL PFNA |
PFUnDA . PFOA . PFOS Fil PFDA Jy &=, #: t % 43 3

®2 BEMBEFEHLEAUSYHEE" /ng-g!

Table 2 Concentrations of perfluorinated compounds ( PFCs) detected in chicken eggs and duck eggs/ng-g”~

1

2153 iH PFBA PFHxA PFHpA PFOA PFNA PFDA PFUnDA
N E] ND 1. 656 0. 435 0.978 0. 644 ND 0. 068
/ME ND ND ND ND ND ND ND
WE(n=59) SEHIE ND 0. 028 0.073 0. 069 0.105 ND 0.001
EREORIED ND ND ND ND 0.018 ND ND
Kt/ % 0 2 46 41 51 0 2
BRI 0. 160 ND 0.034 0.843 0.231 0.152 0.356
/ME ND ND ND ND ND ND ND
P (n=9) FHE 0.032 ND 0. 007 0.296 0. 099 0. 080 0. 136
EREORIED ND ND ND 0.178 0.109 0.131 0.101
Kt/ % 22 0 22 67 89 56 78
2157 iH PFDoDA PFTrDA PFHxS PFOS FOSA FOUEA > PFCs
N E] ND ND 0.159 0.171 0.053 0. 060 2.273
fe/MA ND ND ND ND ND ND 0
W3E (n=59) SEHIE ND ND 0.013 0. 009 0. 020 0. 001 0.320
EREORIED ND ND ND ND 0.024 ND 0. 154
K%/ % 0 0 15 10 64 2 68
BRI 0. 060 0.132 0.205 1.290 ND ND 1.925
fe/MA ND ND ND ND ND ND 0
B2 (n=9) FHE 0. 007 0. 029 0.034 0.378 ND ND 1. 098
ERENRIED ND ND ND 0.109 ND ND 1.204
K2/ % 11 22 33 67 0 0 100

1)ND(not detected ) F/R K i, PFPeA . PFTA . PFBS 1 FOEA Y546
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H 89% . 18% . 61% . 61% F 56% , PFHxS, PFBA
PFHpA . PFTrDA FI PFDoDA HHGHRIE 11% ~33% 22
(). XGEE ARG 2 5 R K Y PFPeA | PFTA | PFBS I
FOEA. MWK WD > PRCs ZEA5EEN 3. 4 £,

SXof R R IS 2 G A 4 LA B o Sk
17 Pearson AH ¢ 70 At & L, X4 B A 5 PENA FI
PFHpA 2 [H) FIS 24 5 PFUnDA F1 PFTrDA 2 [H]
TEAEEEHR R IE AR SC P, r (435014 0. 954, 0.915, 3%
R EATT AT AT A ) sl AR B ¥ Yo .

&4 N1k, IRt &R A YN R R L
FEFEAA 2200 AFLEAR S N RIS, HORFEREE R Fh
HKEEER) | ETEIME BWEESEGOM X S 7 T ]
RE SRR 2SS, TEAFEIRE b IS 0 i 2
A FIEERS B3R T 2 RL A WM EZRES . EX
TS R BTN e TR B, B0F, M)
FIA B S B, FL b v T Y T RSk X
YNy, Zhang 251 IR o e 45 124 A A0 R DL 2 4
B RIS T —E R R SRS
BT B i e e e e H AL A5 G,
I, AR -, ] RS2 2 X A A P A AL S )
5 YL, FEAN TR IR BE v 2R XS R S X 2 3k
VIR BRBERR AR E 25, LTRAK | 55
Tz IR L A TS Y E A IR, 1Y
Eh AL G YT K= T8, H L PFOS Fil
PFOA iy 3, i H A5 78 /K PR 5% vk i 210 19 4 5l ik &
Y2 V2w R IR MR 25 8 £, H L PFOS
PFOA WAREE ; SXGAH L, M5 76 AR 36 > M L 5 i 7
AR 7K PRI AG B 22 1 432 e, DRI LS 25 o 2 Ak B TS
YesKP-1T BE T £ 32 B /K FRBE 14 52 .
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Fig. 1 Concentrations of the perflurochemicals in

chicken eggs and duck eggs

PFNA F1 PFHpA & &, PFOS & & /i PFCs M 1)
2.9% L I, &y A ND ~0.171 ng-g™', M
Wang A0 BRI 5 4 SR A AN TR , EHA R, ]
47 PFOS 1 PFUnDA £ T A 45 8 gkt , PFOS %
i PRCs B 99.8% LU I, S {B N 34.7 ~
86.9 ng-g~'; HE T PFOS & 2 JLF- 5 PFCs A
) 100% , & I N 87.6.7 ~ 107 ng-g ', &G T
MRIAS S, AFFFEXGE h PROS % AR AL, W]
BEJR A AN . — AR I XS 8 2 L & W5 Y
HOPREAR AR e A B AW IR G
W, BRS8N PROS [N E ¥ 5 & IR A 0k
B MR AR PRFOS A%, Yoo 7 B 5T
RIL, PFOA TE XS A P 1Y 11 B 3 2R 29 )& PFOS (1) 7
¥, Wang %7 (58 5 HAH AT, (H AT 52 I Zhang
L) (R SE XS 2R T PFOA (135 Bt PFOS 1535 —
ANBCEGE. Yoo 25177 X X8 ) B2 55 S % B PFOA Al
PFOS 5 540 5 760 B A JF i de . T AR A 40
TEXGCr | X0 JHF R iy PR v 237 A AG th PFOA, DA B
T, X R XS i PR o B A B s 1Y 3402 PFHpA,
0.06 ng-g ' ,PFOS &340 0.03 ng-g~'; X
PFOS &, M 0. 12 ng-g ' WA TALS YITER
KA NI A DL B S H R R R R A A 15

SRS H A F A& P DL PFOS Fl PFOA
F, E RN 0. 378 ng-g ' F10.296 ng-g . B3
MR T . 124 4 1k, PFOS 1 PFOA J2& AAfi14: 7=
2 FIN i) 2 R 2R LA, 5 s m)
JEEFNGR B e 38 68t AT 50K PFOS il PFOA J2&
VFZ 2R E Y0 FZ AT, B A i A2 e M
FEARAAR TP ARMERE A , 2 H K i e B AT AR
M2 Y 72N A iR SR B, RERK
B UERE . N TOK IR AR AN AT EERAY
K, BN B 5 7 BK A B RUK A A s el R
W8 5AG W PR | 7 HL ) S 4 B e ol 0 R DR A
— & LB sl SRRt e DLtk | TRk DL SE ks
SR AR SO LT R, R g R s
KIFA PFOS 1) & & i, 18 73. 8 ng-g ™' L TE
DU e BT 304K & & 1Y PFOA R &9 PFOS;
Zhang 557 XER A HE 114 13 A3 T IR K
o R S I B 5 A IRIR K A1 FE B rf PROS % 8
5, 0.92 ng-g™', HR & PFOA, & & 0.28
ng-g ' OB ETT. Herzke 257 X7 A1 RR LTS B2
BT 45 SR 5 A W 55 45 01, LU & i, PFOS Al
PFOA &3 %4 27.767 ng+g ™' F1 3.457 ng-g ™',
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G PFCs 22 ARG b & PFCs 19 34.5
5, AT BB R B A T ) 52 3] SR IR 5 ) | 45 34
B B A G s A s, ARG E A
5 2 h & PFCs 43 Jil 24 0.320 ng-g™' 1 1.098
ng-g ' MG B PRCs 202X ERY 3.4 15, X 5
Zhang %5 XK [{ P E 15 4 17 AN HOUS R TG
I FE S5 SAH L.

H AT, A7 56X 2R A 2R (1 BIF 58 B ARAT AR Hr R ik
Z L, AR SRS AT T . AR
XA AL A5 R DL PENA A PFHpA JE &, X
— FEAE A AH C W 5T R oA — o R A AR L
Herzke %5 YEBF A RR GRS B 0 AL T — & & B
PFNA , & 80K T PFOS 1l PFOA ; Sedlak 45" 7 HF
A 5 2R v RS ARG R B Y PRNA, R[] Y & 7E
54K K ) PFHpA ; Ericson AT H R B
(1) 36 P &Py &L T 4 R MR E Y PFHpA. ASHIESY
X FE RIS 2 rh R I %) 3 4 JRUR R 25 Th Bk PFOS i
A PFHxS # . Zhang 27 R4 T b 50 > Ak
LA (S MER B, BBk) DL 11 4 13 M3k
T 8 0 6 Rl K R 7 FhoE & AT IR T
PFBS . PFOS Fl PFHxS 3 Fh &St RS, bRk 3
E Y PROS, FH R )t Y5946 H — % 7 5t 1) PFHS.
Sedlak %5 XiF1H 4 LLAF VS BOAR DL HEAT T 13 298
A YRR 3B B RR S vh A T PROS. A BF
FE W] PFHxS J& 7K AR 7R O K 50" i B Ak 31
RIS ) %I S A S BR A k17
B2 Ye. Wang S B T EE T K
AR A KRG A SRR ] PROS |
PFOA Hl PFHxS 3 FP 254k &4, KT 897 i
FIEURHig £ 18] LA K Jif Ak 42 8] 47 76 &5 B 2 1Y PFOS
PFOA 1 PFHxS, LA T i, d5 i 1% &2 0 5135 4962
160 F126 pg +g™'s HFHEB T JdH3E Kik
ARG 2L A& A 5 T BE B A1 i
REAR. PR AR Ry 75 e 1 B PRHXS T2 A7 AEIY
2.3 AR XU P4

A E B W 22 4 21 ( Euromonitor
International ) 7£ 2008 4F- P (i — X e it Wow , ¥ N
Pt v EAE NI FE 21. 6 kg XSH YA Y
1A 2 60 kg, US EPA #L3E PFOS Hil PFOA 12
F Al AE (RD) 4354 0.025 pg-(kg-d) ™' Al
0.333 pg- (kg-d) ~'. ARBFFAGEH PFOS Al PFOA
95 52 94 0.009 ng-g ' F10.069 ng-g ', i
511 PFOS F1 PFOA 1Y fis 5 48 £ 73 il o4 3.551 x

10 7*F12. 044 x 10 ~*. H§F 1 PFOS 1 PFOA 15 i
3% 4 0.378 ng-g”' Ml 0.296 ng-g~', PFOS Hl
PFOA 5 FH5H0U 53 514 0. 015 1 8.767 x 10 ~*.
DL B fE E RS A (HR) Y8/ T 1, Uit
ST BE o T X A R A B9 PROS Al
PFOA N2 X N4 B R A 115 35

3 it

e i E rh A 9o R e E Y, Hh
FOSA Al PENA K H R 8 R, P2 & L PFNA Al
PFHpA Ji& 5 ; BSEEPILAG T T 10 A2l fb 39,
H1 PENA Al PFURDA B A6 6 80y, 35 & B U
PFOS il PFOA J& . W5 & PFCs 29208 8 1Y
3.4 . JLatiRG AN 4 b 2 AL S Y TS G
KPR S A5 [ A AR DG AT 58 285 2R A i A ), AR 8L T
IRAE TS Y XS S . b s T T R X S
5 & 1 PFOS Fl PFOA 1975 YLK AN 23 % AR 3 1
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