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Abstract: Objective To prepare the quality control materials ( QCMs) of mercury, arsenic in marine fish and
implement the proficiency test in the centers for disease control and prevention that are responsible for national food safety
risk monitoring. Methods Sixteen species of marine fish were collected from Guangdong Province and the total mercury
and arsenic in these samples were determined using direct mercury analyzer (DMA) and inductively coupled plasma mass
spectrometry ( ICP-MS) respectively. Epinephelus lanceolatus was selected to prepare the QCMs, which was cultivated in
deep sea cages. The procedure of preparing QCMs included freeze mincing the muscle, drying, degreasing, comminution
and seal package. One way ANOVA was used for evaluating the homogeneity of QCMs, and ¢ test for the stability. Results
The experimental result showed that the Epinephelus oanceolutus QCMs remained well homogeneous and stable. The QCMs
were used for proficiency testing which 193 laboratories had taken part in, the satisfactory performance rates of total mercury
and arsenic were 81. 1% and 80.2% respectively. DMA for mercury determination and ICP-MS for arsenic determination
were the most efficient method. Conclusion The fish powder QCMs were suitable for total mercury, arsenic in food
proficiency testing. This research provide method ology reference for both preparation of seafood based QCMs and edition of

national food safety standard.

Key words: Marine fish; mercury; arsenic; direct mercury analyzer; inductively coupled plasma mass spectrometry;

quality control materials
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B A, R 22 R A ML 70 1 2130 min, FEO33E00 RREEMEAE 37T B TR M AR L 140 CHMEL 1 ml,

V10 o/, BT ROy B B R
mnbn iC b TR f Ry A ik B ORI fa by CL 66 AT
F -4 CE R,
12,2 P oRAI & sk

W A HERE S A OB AR TR A D
PRy 500 CHERE 1T h & H. #ATE R0,
5.00.10.0.20.0.30.0.40.0.50.0 ng/ml [ 5 47 1
RS, 25 HERI I ER 0. 100 ml F 7 B FE 5 fE
IR TR FEF M % iR 2 100 °CL,60 s;100 C JF &
200 °C,30 53200 C F+ % 700 C,60 s;700 C {5
90 s, T EA 0.4 MPa, R 55 HASME I ] 12 s, 90 5%
iFR] 30 s, Kt A5 5 32 45 LA 0 o AR T AR S
2 AR v 2R

FRIUFE 30 ~ 100 mg (K5l 2 0. 1 mg) TELAE
mn SR AR THIER R T R & T & 200 CL20 s;
200 C{£45 60 ;200 CF+ % 700 °C,90 5,700 C 4§
FF 90 s, HoAth 25 11 5 40 D B 5 I 22 Wi Ak ofe fih 26 5%
— B, AR AR B R B e g5 R W)
I IR R

1.2.3  HEH & 45 85 F 0% (ICP-MS) B0 5 4 R
75 et

FREUFE 29 0.3 ~0.5 g(KE#HI 2 0.1 mg) Ti%
P b A S ml YR, 47 S50 A E b o
1 h 5. FHRETF . ZRZ%5 min -2 120 C,
fHYE 5 min; & 5 min J} & 160 C ,{E {5 10 min; &
5 minJ+ % 190 C,fE i 20 min, JHf# 5 52 R H

RS 2 50 ml — Y f ) 28ORHE b, K o
TETF fp E A BE 3 UOOF AN BRHE P, E A 2 20 ml, ]
ERUVRCIRTIN/IN I I NG AR v S D)
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Table 1  Seafood rankings in habors of Maoming and Shantou
KRR 1 2 3 4 6 7 8 9 10
864 T Wi [ 6% PN A il 1 i fa E 4! #iF £ Vap %k (2301
il Sk 7 ¥ U LA LT fiff £1 KR 6 i P % E il % 53] 77 fify 1

TE <A Ak R A T DR R A K T I 2 R
2. 1.2 fEfase gL R

2015—2017 4F 75 75 44 i Al 3k i >R 4R i i
16 fdl 74 fiy g fa3ih 4 fy . PrRAERIRMATE T
S5 B B (3 1) B AF MR I o | T 55 A v 1 i
il A TSR 73 ) D AR BRI B 3 il sk
HSRAE S D Y 1T s Sk T X MR R . R
FEM EZ gl AR RIKE S, RER
F It £ 57 R 32 0] 24 3 0 90 )7 4% ) v 56 8
A7 b PO 48 5 20 ol TR 3 e BRI R, A T ik
PRMRLI AN 5 e o BERAE — 4 CTF fRAF, 12 i
FAF T Lo iz [ A S % P E o
2.1.3 Kl

74 {3 A LA PR R B A 0,003 ~ 1,120

mg/kg, ¥ 0. 182 mg/kg; Sl & & ¥ [ 0.31 ~
32.80 mg/kg, ¥ A 4.99 mg/kg, M & 45 53 W #
2 ARV A R M T RUR A L A A B
JHF 9 By =3 A0l 1 o3 v R OR & i M ERAR v
0.003 2 ~0.007 2 mg/kg, ¥{H 0. 004 4 mg/kg, ¥
il & & R T R AR S R, 0 3,69,
14.34 4.50 &% 2.26 mg/kg, #I{H 6.20 mg/ ke,

AR YR 7 9 T4 5y T £ L PR RE v AR R 4 TR
S SR A — 1y W) 14 XU 3 ( Sphyrna lewini ) £ i 7K
Hi i, O 1120 mg/ke, {H AT ok A B R
RAK, ALy 0.004 mg/kg, U6 B g i i Ok 223
FRAENL A, 1 0 g 17 & R AR & fo i U v
BRI B R TILA R S IR 3,
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Table 2 Determination results of total mercury and arsenic in marine fish muscle
FE B R BT, ‘U'T'Jii fﬂlli’t’i 1314&53 i Hiﬁkﬁﬁ/( mg/kg? /'E'\Wf?ﬁ/( mg/kg?
¥ iR/ em 1 [l /kg J [ x ReAid) x
A Sharks 7 47 ~94 0.40 ~3.55 0.051 ~1.120 0.353 2.74 ~21.80 10.7
AR R i) Fistularia petimba 2 100 ~128 1.00 ~1.10 0.220 ~0. 494 0.357 1.98 ~3.38 2.68
i B Epinephelussp 7 45~110 1.35~47.40 0.066 ~0.697  0.323  0.63 ~2.07 1.51
Vi % Muraenesox cinereus 7 25 ~180 0.90 ~9.00 0.077 ~0.713 0.254 0. 60 ~32. 80 13.6
Gk Nemipterus virgatus 8 23 ~30 0.18 ~0. 61 0.042 ~0. 321 0. 153 2.29 ~13.00 6.61
PUTS T Sardinopsmelano sticta 2 20 ~22 0.05 ~0.07 0.094 ~0.217 0. 156 1.23 ~2.53 1.88
VA fifi £ Perca fluviatilis 1 100 15.00 0.136 0.136 1.87 1.87
L 1 il Thamnaconus modestus 6 50 ~ 65 1.35 ~2.00 0.019 ~0.032 0. 020 4.59 ~8.72 6. 40
W ] % Decapterus maruadsi 2 20 ~23 0.12 ~0. 14 0.069 ~0.131 0. 100 1.03 ~2.24 1. 64
I H A Seriola Quingueradiatu Temminck and Schlegel 1 46 1. 40 0. 100 0. 100 1. 36 1.36
I fa £y Scomberomorus niphonius 8 55~120 1.20~8.00 0.017 ~0.229 0.115 0.51 ~3.41 1. 84
i 1 Trichiurus haumela 8 87 ~130 1.25~2.25 0.016~0.780  0.234  1.32~7.60 4.11
R HIR £ Priacanthus tayenus 4 20 ~29 0.28 ~0.45 0. 045 ~0. 606 0.280 2.09 ~6.85 4.98
fiff £t Mugil cephalus 4 32 ~47 0.50 ~0.98 0.003 ~0.053 0. 029 0.58 ~5.97 3.09
il £ Stromateoides argenteus 3 19 ~ 36 0.21 ~1.77 0.019 ~0. 037 0. 025 1.49 ~3.13 2.44
=X Oncorhynchus keta 4 64 ~70 5.50 ~6.50 0.012 ~0.022 0.017 0.31~1.13 0.73
At — 74 19 ~180 0.05~47.40 0.003 ~1.120 0.182 0.31 ~32.80 4.99
T o4 1t = SO RE A 2 i AR O — i WA BT S
3 WRE K (Sphyrna lewini) WUPY 8 K 0 T il v 4 s 15 e il e 45 28 (mg/kg)
Table 3 Determination results of metal elements in muscle, liver and liver oil of Sphyrna lewini
R 03 H % B %ﬁJ 5 il ﬁ% Bl R o
AL 0. 105 5.60 <0.1 <0.20 3.25 10. 63 <0.02 <0.05 1.120 <0.05
JiF 1 0. 430 80. 30 <0.1 1.07 7.40 9.77 3.58 <0.05 0. 622 <0.05
1t it <0.010 <1.00 <0.1 <0.20 <1.00 4.50 <0.02 <0.05 0. 004 <0.05
2.2 Joi 5 R A A 2.2.2 JEMRLIERE
2.2.1 il g kR 4 RN NS NS TSR s s PO = ST

ML BOR B TEIE S 2, 5 Ak
JR4ES G A a0 & R HTES ok o A e 4 Jo il
o Jo A4 AR A LA SR A I S PR A Y
PoARMERE o [ B iy T 4 25 £ /9 Jm BRAE R R
IR AR v 5 A R R 2 A PR AR AR A2 B R
Wil o ULV R A IR o A A O A 4 AR A, A
FE N B AR Y, DR A45 B R h ok A 45 50 R A0
LEE RN R T, HORE B SR SR T IZRE
sty S it BE 3 36 UE T ) AT S A M O A A O AR 58 U i
(1 o B

AN 28 SR B[R] — ol e ) R L i 2 o D
B SR (R 2) o ABFFAE KA T il Sk T 45 b 1
5 73 1) R A (] D AR 455 Rl ) A TR Bz S0 1) R B
fir Arekfn IhRfn SRt AR 4 ~5 Sk e A A
TR RV, 4 R AP ROR SRR o 0 A
EFRHER 22 (RSD) 435314 5.95% ~31.5% 1 13. 0%
~49.1% ,FE L3 4, 7R, BRI B7 5 Ap AR R
A TR 432 30T A T £ v B OR R A 1 AR A AR T AR 2 )
A RBA S A B R 22 50, R 76 B S 1 AN 18 50 i ]
o K FH 22 2% () il ol v 100 4] 8 (] 6 J5 £ 42 71 B o 7
1 H bR Y35 51 P 1A B K e

4 [l E RS ) AR LR R R R R I E A AR

Table 4 Determination results of total mercury and arsenic in muscle of the same species of different marine fish

‘ e A
i W AARIEE RBEER - . "~ - .

" 3 % RSD i % RSD
2 P 344 /cm /kg

/(mg/kg) /(mg/kg) /% /(mg/kg) /(mg/kg) /%

LM 5 21 ~24 0.18 ~0.23 0.065 2 ~0.086 5 0.074 1 10. 8 3.56 ~4.83 4.10 13.0
il £ 4 17 ~20 0.15~0.21 0.018 8 ~0.021 1 0.019 4 5.95 1.34 ~4.62 2.85 47.7
Ly fig fn 5 44 ~49 0.69 ~0.81 0.0139~0.0219 0.017 0 19.5 1.26 ~2.71 2.16 29.4
fiff £1 5 31 ~33 0.33 ~0.36 0.001 8 ~0.004 3 0.003 2 31.5 0.411 ~2.04 1.34 49.1

FERE AT il Sk T4 v ok 70 391 R 4R e £ 2T JA A
i 7 PEAR | St fn g 88 i £ AR RE AL R [R] — A% £
3 WU S JUL PR AR T L P 0 R oK A R R Y

RSD 438159 1.45% ~6.00% Fil 1.58% ~ 10.80% , 3£ W
5, PR TERTE SIS H AR ST i, R H
[ii) £ Vi £ o) 25 R FH 22 45 A ) it P i £ T A 3
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Table 5 Determination results of total mercury and arsenic in back and tail muscle of marine fish

A K kB SOR & h ¥ RSD B i R TR S R x RSD
VAo /em /kg /(mg/kg) /(mg/kg) /% %K /cm /kg /(mg/kg) /(mg/kg) /%
B 94 3.55 1.158 ~1.263 1.212 4. 66 G 24 0. 46 4.11 ~4.67 4.47 7.13
wAn 90 4.10 0.219 ~0.241 0.239 5.47 ekt 22 0.41 3.61 ~4.07 3.83 6.08
1 B 45 1.35 0.436 ~0.452 0. 445 1.45 g fn 47 0. 81 2.66 ~2.89 2.71 6. 10
21N A 128 1. 10 0.209 ~0.230 0.217 3.44 I fag £ 44 0. 69 1.24 ~1.28 1.26 1.58
I fig fn 100 8.20 0.165 ~0. 193 0. 186 6.00 il 1 32 0.33 1.88 ~2.21 2.04 8. 00
T i 55 1.20 0.046 2 ~0.051 8 0.0496 4.12 i f11 20 0.21 2.87 ~3.05 2.95 3.18
T £ 152 6.55 0.151 ~0.174 0.162 5. 64 i ff1 17 0.15 1.29 ~1.37 1.34 3.17
i 140 2.25 0.121 ~0. 134 0.127 4.86 =t 68 6.20 0.848 ~1.07 0.954 10.80
2.2.3  iFf AR A B4 i 105 5 e AR A, £ LA AR S SR A i T

F 2 G T 2 I R B B K ROR S AR 2 7o Al Bk A b 904K 9 48 L PR A D

L E . T A U A R A R A BT R
TURAR K, 255 75 18 5 B E LA R L B 5 ey A B £
ARERh o SR 3 ZR AR R AR FON T LT G
12y R T A = S T R OV S R T TR A R AL Y
7 A BE A UYL A S B ek 23 ) T o 6 RS A £ A
A faRy B A M C =HE B AR RIS (R 6),
] i 2o A e R S 5 P AT AR 5 4 A
FErERAE (A A R A R A i e UL A

i

R E , AU I AR O LA B 1~
L5 47, TR gt L IA) A B 7 2 e odE 24 0 Y Al
M A o Al T A B 8] e A R R A BEAR
il 2 5 BIRE AR E A R S S W R R, A
T EE A 2o e D) 3 TR 9% o 3 Ab, Hh T R
s O ) A ROR R I B S % O TR 07 N — JE X
JE , 250 5 0 A BEAE B R 90 C IR A 2 B
i A ORI B BOR AT 90 C B TR AR o

6 T A AT B ] A T A AR T OO

Table 6 Information of the preparation of QCMs with Epinephelus lanceolatus
, , F 4t 1t 7] o 4 5 LN R T8 10 i I3
s g L < VT B ) v
B 5 4 B I 35 St ke Jem it . kg -
R A TR M 7~8 47.4 135 1.5:1 3.91 320
1tk B g = 5~6 33.2 113 1.5:1 2.93 200
Wy C IR 6~7 46.9 124 1.0:1 4.58 380

VE < 7 L 91 W AR (D) 2 Tk ()
2.2.4  BTERE SN AE 45

K B4 5k ( DMA ) 35 0 5 g ik v 80K &
I, GBI R -1CP-MS 3k I i St 35 &, I 45 51 L
F 70 [ i E RKC fa S % W) R (ERM-
BB422) Fn fa W & R RN H 3L K AR i W R

*=7

g 1 B3 R i 55 R VE W) T

(GBW10029) it 47 X} kb i 35, GBW10029 i 7K ¥ {H
TEbR{E L (0. 85 £0.03) mg/kg | i [l A, i A it I
FFRoR S A i, ERM-BB422 {4 55k | b f 5 {1 4l
TEFFRME [ (0.601 £0.030) F1(12.7 £0.7) mg/kg ]
LHEN .

RTR BV I A AR

Table 7 Determination results of total mercury and arsenic of QCMs and CRMs

ELH R A RE R A SR

TR i -1CP-MS 2 5 i 45 R

FE it 24 B E 115 Xxs RSD Wz Ele2| Xxs RSD

WEL /(mg/kg) /(mg/kg) /% WEL /(mg/kg) /(mg/kg) /%
Wty A 13 0.379 ~0.418 0.393 £0.013 3.22 19 1.68 ~2.05 1.93 +0. 087 4.5
WAk B 14 0.641 ~0. 741 0.698 +0. 028 4.01 14 1.11 ~1.32 1.23 £0.06 4.9
1Ky C 14 0.299 ~0. 326 0.316 +0. 007 2.06 15 1.70 ~2.24 2.07 £0. 14 6.7
ERM-BB422 8 0.593 ~0. 675 0.620 £0. 028 4.35 15 12.00 ~14. 20 12.6 0. 50 4.1
GBW10029 8 0.770 ~0. 848 0.822 +0. 032 3.86 — — — —

T — S o 5 4
2.3 FEah BT IEH
2.3.1 FESAESIVER A

RESH B A PEAG A SR SR T 07 2= 0 A T
MRy A (B C =itk BT i 5 AR S 43 ) B AL A
HC10 #6473 53 Mk 00, 190 8 O 480 2 kCSE AT

TE BRI AT A R WL 8, WEfAY A B C PR A
BT F AR < Fy 050000, 2 W ER A B.C A
ARG SRS ST o A 3 HERE S i A ik E P
FACR SR FE AT W ARG 36, X 38 45 2R 3 WA
3 S PE R
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Table 8 Evaluation of the homogeneity of QCMs
W ZITFI(SS) ¥ F(MS) 1 HEE ()
B AR . - - N F0A05(9,10)
i H 2 1] AN EN ] AN 2 1] AN
Wtk A R 0.001 36 0.001 58 0.000 15 0.000 16 9 10 0.958 0 3.02
o PR i 0.074 50 0. 069 40 0.008 28 0. 006 94 9 10 1.192 8 3.02
N HIR 0.009 17 0.005 76 0.001 02 0. 000 58 9 10 1.769 6 3.02
gt 4 B )
pay it 0.047 62 0.021 80 0. 005 29 0.002 18 9 10 2.427 1 3.02
R 0. 000 43 0.000 41 0. 000 05 0. 000 04 9 10 1.1656 3.02
Ak C
T 0.204 02 0. 150 20 0.022 67 0.015 02 9 10 1.509 2 3.02

2.3.2 MERREMNEE

B 0 35 50 P A A 2 S R] R R R R A A Y
B — U o 3 LT R 7R R AR R A SR
20 d A4 A H S A R S SR 0 R e AT AR
WA =Wk et A IR R (£ 9) AT A
JE B YR = R B 5 — YRR A 2 TR) 2%
SRR L <ty 4500 1, BEIFIRIAFESRAFT

40 A A TR AR A R RORT B AR E M R
U K 3 L frOR o 0l BB 2 R, B R 8 D 8 IR K
TR I R 2 25 [ PN KA [ ) 2 52 6 2 i L Wi 3
FERD IR TR AT 18], AR e 2R 4T /AT i AR E P AR
AR MR A AR T R R A A
SER W] AT AE 7 56 L0 18], A AL P EOKR |
SRS KA.

O M R P RGR B R E TR B (v x s)
Table 9  Evaluation of the stability of QCMs

W ol o — il

5 =R E oy =Y

FRET /(mg/kg) /(mg/kg) /(mg/ke) T T T
Wtk A R 0.393 +£0.012 7 0.401 £0.011 8 0. 400 £0. 006 00 1.393 1.504 2. 064
e JR i 1.93 £0.087 0 1.89 £0. 128 1.87 £0.073 6 0. 443 1.018 2. 064
TR 0.698 +0.027 9 0.701 £0.025 6 0.705 £0.022 1 0.390 0.719 2. 064
T Y
R i 1.23 £0.061 0 1.24 £0.070 4 1.21 +£0.049 0 0. 687 0.370 2. 064
Wity C LR 0.316 £0. 006 00 0.312 £0. 008 00 0.314 £0. 005 00 0.932 0. 337 2. 064
o JeR il 2.07 £0.139 1.98 £0.085 3 2.05 £0.094 7 1. 339 0. 166 2. 064
2.4 BEAEAETT R b P28 2 e = D W e S 1 L [ S T B g
2.4.1 St 4391 81.1% (154/190) F1 80. 2% (154/192)

32 1 Z A % 42 UL Al vl 4B, 2016 4R AR
SR = SN T H g 5 7 HMRL1601 ) i £ ) o
SR A I AR BT R SR i
kA B LC AR DN GCRE i, %) 4 VS A 193 R4
B it 28 4 XU M N ) 3 5 T 4 ) AL R S it FE
BOUE o ANSC UG 5 AR U T £k F A S R A AR I R
B B g g =T RE 1 5 e AR e 45
A
2.4.2 BRI

X452 IS 0 A OB I f R A B L C R R
IR LA I 4 2R 2 A SE T, 2R AR ( Robust)
200 o 3 NI R S VAR (S R/ =i | N TR ol LI o VA
(NIQR) M T pr i 22 o 2 T3 3HA Z fB: (« -
X)/NIQR , 5\ v iz Sc e s ks 45 21 s X O BT A
S 2 K I 45 SR B AR IOR = Q5 - Q,, NIQR =
0.7413 x IQR. A& Z {HIFHr Z 0 52 5 = 64 46
G [ Z| <2 mWEESR2< 2] <3 h
AR | Z | <3 AARWHELSR . Ak
RE I b TR A 190 RECH = 2 1 i f ks
SORKEIN, 192 9280 % S 1 g £a 8 b B 6 AG

2.4.3 KRk E A

ZINA R B8 J1 Kk 3 2 B L 8 = EE R
ICP-MS 3 AR 286615 (AFS) L0 S & &,
WhoE = Nk 92.6% (50/54) 1 79.0%
(109/138) . #f 43 52 45 % ¥E H GB 5009. 11—2014
Qe = S P i S o S S D3 51 R S R
EY O RS vk AFS SR FEATIN G (0 A H 1%
o VR A2 114 R i i Ak R Oy i T R SR FH BRI T
P R T N 52 2 S8R O AFS 3E I e B
1) 485 SR A A1 o

ORI E 32 R B DMA (ICP-MS Al AFS
Yoo 3 FloR I 7 vk MW B R 0 ol 96.0% (247
25) 88.6% (31/35) f1 76.2% (99/130) , 5% il DMA
I A B SR B R I R . GB 5009. 17—2014( &
2 A E R AR B EOR Mo LR )
B — e 5 — 1k AFS BRI SR R0 T f RE A BT
TE 0 TH i 2 T X Ve R T RN 8 A, S BUR L AFS
I 78 SR M R RN, @I GB 5009. 17—
2014 HATAEIT, B DMA 3&IF X AFS 35 14 1 4b BE
PEAT MOt
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