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Residual levels of malachite green and nitrofuran metabolites in farmed
fish from Guangdong and exposure assessment
LIU Shu-gui, YIN Yi, SHAN Qi, ZHENG Guang-ming, CHEN Kun-ci, ZHU Xin-ping,
MA Li-sha, DAI Xiao-xin

(Ministry of Agriculture/Ministry of Agriculture Laboratory of Quality & Safety Risk Assessment for

Aquatic Product ( Guangzhou ), Key Laboratory of Tropical & Subtropical Fishery Resource
Application & Cultivation, Pearl River Fisheries Institute, Chinese Academy of Fishery Sciences,

Guangdong Guangzhou 510380, China)

Abstract; Objective To monitor and assess the residues of malachite green (MG) and its metabolites leucomalachite
green (LMG) and nitrofuran metabolites in mandarinfish and snake head mullet of Guangdong Province. Methods The
residues of MG and its metabolites LMG and nitrofuran metabolites in muscle were measured by high performance liquid
chromatography tandem mass spectrometry (HPLC-MS). Results The total detection rate of MG was 11.7% in 2013, and
the total detection rate of nitrofuran metabolites was 20% 1in 2013. The total detection rate of MG was 25% in 2014, and the
total detection rate of nitrofuran metabolites was 12. 5% in 2014. The MG residues ranged from 0.58 to 19. 1 pg/kg in the
past two years, and the nitrofuran metabolites residues ranged from 0. 66 to 36.6 pg/kg. The exposure assessment showed
that the average daily exposure of nitrofuran metabolite in body might be 0.34 g, that is 0. 005 pg/kg BW, the maximum
exposure might be 0. 87 pg, that is 0. 01 pwg/kg BW, the average daily exposure of furazolidone metabolite in body might be
0.56 g, that is 0. 009 pg/kg BW, the maximum exposure might be 2. 10 pg, that is 0. 03 pg/kg BW, the average daily
exposure of malachite green might be 0.24 pg or 0.004 pg/kg BW, and the maximum exposure might be 1.10 pg or

0.02 pg/kg BW. Conclusion The detection rate of MG and nitrofuran metabolites in mandarinfish and snake head mullet
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was relatively low. Dietary assessment showed that the risk of malachite green exposure was minimal.

Key words: Malachite green; nitrofuran metabolites; farmed; fish; dietary exposure assessment; Guangdong; residue of

veterinary drug; forbidden drug; aquatic
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SR B M6 75 0 10 B & 10 003, Z 23S BERE & 10 403 5 Bk 1L Tl
VR PR ER K 77 1T 3 R A G T R A0 FF T 10 4, 458
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M EARES A (1 g/3 ml) LA — RO T BT 2%
JEME (0.2 pum)
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W, —18 C &AM NGO .

1B b o A W - AR 5 2, i P s TR BB —
E 8 AR A A 1 A B T TRORITTR A& P9 b b HE VR T,
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Table 1  Conditions of gradient elution
o) (ﬁ’cﬂfﬁET I Bl AR Tsh A /}ZIEJE
/min A/ % B/ % /(ml/min)
1 0.0 25 75 0.35
2 4.0 0 100 0.35
3" 5.6 25 75 0.35
4 7.1 0 100 0.35
5 9.1 25 75 0.35

VE o Oy b b 4 SR B OIS A 3 L
J i A5 1 8 A S R H I 55 3 1 TR
(ESD) , IE®E TR WIS HUR 4 100 Vi F it i

PR (SRM) B 36t 3 1L/ min 3 54 Bl i 75
SRS IE 10 Vi B AL TR ) 0.24 MPa; 8 TR
205 IR JE 350 C; Q1 K FE: 0.7 Da; Q3 A 1 55
0.7 Da;REEUE ST - 6<,23.79 Pa, FilZs il 2,

#2 OGRS
Table 2 MS parameters

— BT FET ML AR AR
i /(m/z) /(m/z) /V /eV
329 208. 1 58 35
MG
329 313¢ 58 37
331 239.1 40 30
LMG
331 316* 40 20
Ds-MG 334 318 70 35
D,-LMG 337.1 322 60 20

VE ¢k R AR SE LAY T
12,4 fif kg 2 A 0 A0 A 0 v 5 AR A

il 35 10K e 2 A ) A 0 2 A B T R A
AL ER 783 4524 4 -1—2006 (K 7 i H il K oK g 2K
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3% 4 1 - 435 . XTerra MS-C g (100 mm x
4.6 mm,3.5 um) ;AN A O SR B G2 MR (5
mmol/ L, AT /38 0.05% WL ) , B 4 W, i 3
0.25 ml/min, #:3 35 °C . BEE N3 3,

%3 AR
Table 3 Mobile phase gradient

[ [&] /min TahH A/ % WshHH B/ % i3/ ( ml/min)
0. 00 80 20 0.25
6. 00 40 60 0.25
9. 00 40 60 0.25
13.00 80 20 0.25

RS A B T AR R R S 5 S TR
(ESI) ,IEB F A0 Wi 55 i R 4 100 V; H iA=L,
TEHE SN W (SRM) 5 i Bl S & 3 L/ min; 5 4 filf
iAW E R 10 V546K T 0.24 MPa; &+
A BB E 350 C;Q1 LI FE.0.7 Da; Q3 2
WEFE 0.7 Da filf 48 <K J7: 5K, 23.79 Pa, #EHER
JF W D B B TS T RIS e A LR 4
1.2.5  J7 ks BE K i %

SR FH N AR 20 BT AR i v L A8 A g B AR 3 4
B FE R MR AR 9 1 5 i, S o B TR bR RE SR A
TR A PRSP AT AR AT T s RO IE . FLAE A
S AR 0.5 we/kg B K 83% ~ 106% , fin 47
2.5 pg/kglfhy 87% ~104% ; gt FL 48 A3 4 [ml e Jim
F5 0.5 we/kg Bk 94% ~102% ,Jinks 2. 5 we/kg B K
95% ~103% , )7 i EH M R A, A 3k ok g 2SR
B EAE 1.0 ~ 50 ng/ml B 5 RAFAILMECR K
R R 0.25 pg/kg, & & B 0.5 we/kg, @
2.5 pg/kghf MR 92% ~115% ,
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Table 4  Collision energy and parent and fragmention

combinations used for selected reaction monitoring

— BB T TET HESLHL . REE e R
) /(m/z) /(m/z) /v /v

209. 0 166.0* 30 10
SEM

209.0 192.0 30 10
SEM-"C-"N, 212.0 168.0 25 10

236. 0 103.9 18 20
AOZ .

236.0 133.9* 18 11
AOZ-D, 240. 1 133.9 28 12

249.0 103.9 25 20
AHD

249.0 134.0* 25 11
AHD-"¢, 252.0 133.9 25 11

335.1 262. 1 23 15
AMOZ ,

335.1 291.1°* 23 11
AMOZ-Dg 340. 1 296. 1 25 12
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.
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Ve RS % S TR Sk AR S B = A0
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W 2 AL At 4 0y, K R 13.3% 530 3 2%
LR R LEAS LR E A SN 2 7,
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LRI B RN 11 7% (7/60) , i 2 vk i 2 X 3
Py B A R 20. 0% (12/60) o 2014 4 T % /Y
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gk K fLAE A s i 2, K %08 10.0%
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25.0% (10/40) , fiFf 5 Wk g 2 A3 1 09 A 1 R
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Table 5 Sampling survey and the number and types of

drugs in detection

i W FE i fﬁéfhé LA Kb ﬁﬁ;f&ﬂk%%@
/15y 3 EflEas/mn R 6

2013 Il 15 5 11 2 1

2013 I 15 el 0 4

2013 i1l 15 %) 3 3

2013 1L 15 I 2% fit 2 4

2014 Il 10 % 41 4 1

2014 I 10 Ferdii] 1 2

2014 i 1l 10 5 £01 4 1

2014 1l 10 2= 35 il 1 1

2.2 A28 s A P A £ P rh AR AR B
A5 0 245 Wy e A W0 HL R R A L WL 6
2013 4E A1 2014 4F B R (9 100 43 B b o, FL#E £ 4
Kt 1y, B (o L AR A3 S A ) 17 43, vk g e i £
AR 13y, wkml v ARG A Hh 4 iy o o
— 3k A b 1T 2014 4R B SR A9 8% 48 KE A P ) i
Kb fLE s MR AL as, — Mk A M
2014 4F Jir SR 9 5% £20 A ity o ) ) ARG 1 R € L A2 A 4
R0 K g e 35 o kR 38 A R ok e 2z [
TR PR A
6 WRA TN B AE S 2GR R 45 2R (n = 100)
Table 6  Detection results of drugs in mandarinfish and

snake head mullet

259 B AR R 2 e th 8y K 2%/ %
fLAE AL (MG) 1 1

Fe o fL 2 £ 4% (LMG) 17 17

1k g s A 35 4 ( AOZ) 13 13

Wk g PG AR AR 35 4 (SEM) 4 4

WE R AR5 ( AMOZ) 0

Wk g 22 KR (AHD ) 0

2.3 N PRI 25 P Bk B AR DL
JN T D K A e T g A LT R T R BR
KT b 2 R OK M A A 25 4 B B K UL T
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TR A 100 4534 b vh, LA A S A RS HS Y L A ND
~0.81 pg/kg, H rp g fa — 0y A 5 A 5R B E
0.81 pg/kg, FREFLAE A LMK B HE R 0.58 ~
19.1 pg/kg, H A 85 4o (19 46 3 J0 Bl R 0.61 ~ 19.1
pe/kg, A2 A Sk 0.58 ~ 1.71 pg/kgo WK Mg g il
Y R Y5 A 0. 66 ~36.6 wg/kg, H b £
MK 98 Bl 0.72 ~ 4.86 ng/kg, 4% 3 6 1Y K
0.66 ~36.6 wg/kg, WLV AAR G A0 A H VT LR
0.82 ~15.1 pg/kg, H A g 4 7 %6 Y5 BB oA 3. 86 ~
4.03 pg/kg, 2438 ) K 0.82 ~15. 1 pg/kg, A fE
P T POk IR T Rk R 2z PR 32 G 2 PR D RN
B ) B A, A 12 401X K ™ 5 e ol SR A BT LA
HARH I AR

BT WG HRE B P 2 A (/)
Table 7 Residue concentrations of drugs in mandarinfish

and snake head mullet

E2i) FRWE SRR sl
MG — ND ~0. 81 ND

LMG 4.19 0.61 ~19.1 0.58 ~1.71
AOZ 9.81 0.72 ~4.86 0. 66 ~36. 6
SEM 5.95 3.86 ~4.03 0.82~15.1
AMOZ ND ND ND

AHD ND ND ND

VE ca W ND hy A it — A P v
2.4 fLEARNERREART NREELR
AR g A I Y o R T AL A A s ER BT 8
TN 419 pg/kg, e &l 191 pg/kg, 15 %)
A &g R AT BE 1 FL4E A1 2k 1O 2 B8R i 0. 24 pg,
Bi4E N5 H g 2 88 24 0. 004 pg/kg BW, %10
R B LA A ek i B S i 19, 1 peg/kg AL MRS
HONAREE R AT RE A FLAE A R B B i R 8 1. 10 g,
Bi4g N H G 288k 0. 02 pg/kg BW, & A
PR H AR AR BREE A R 0.5 keg/drifE N H 4%
i R LA A S B i 19. 1 ng/kg THER 15 %)
FL 2 A7 G 1 B K A) RE A i 28 5% i 0. 15 pg/kg BW,
gk JECFA H i f R 5 v 7] B B {8 20 mg/kg BW
HE,BIAKSILEAGNRBEDLR, ) RKE R
RS S STYN N SN X LS R S YN
X FLAE A R 1) 2 /5 31 4351 2k 5000 000 .1 000 000
1133 333, Z &N F/NF 10 000 B 75 HL S 3,
F HCR] A, ST 35 2 R N THE R 2 R N R R o v
NN I R W L e P O 9 S
BN
2.5 T B I S AR I IR £ 5 6ROk OF
AR50 BT G D £ PR v ok g G AR i
Y&@Eh 5.95 we/kg, & E N 15.1 pg/kg, 15
NN RSP N U R A R/ BV R S R s
0.34 pg, B4 N4 H & 288 &0 0.005 pg/kg

BW (BN TE# KT 63 kg) o Fi fh1 (A 5 Wk e 7Y Ak
PR 0 B & 5 151 pe/ke THBE, ST N IR B
KRATRE B e o R 5 0.87 ng, BV AN H EE %
FEE N 0.01 wg/kg BW Al 11 £ A v vk meg vl i £,
WY R EEN 981 ugke, RS8R N
36. 6 pg/kg, 13 5 A AT HE (14 A5 K 0k i s 161X 35 4
72 R 85 i 0.56 wg, BIAE A B H G 2 88 &5
0.009 pg/kg BW (BN IEH# AH 63 kg) o #ifa
A VR g e X 8 0 £ S e ik 36. 6 gk TTEE L HE
B O A B R AT R Y i v R R 2. 10 g, BN
HHEESRERNO. 03 pg/kg BW,

3 i

JH TV A LT R bR A Y
b 00 0 % 38 AL e b, 5% £ R 2% A8 08 R O AT E LR
N4 45 b Y K™ i R T b, SR AR T DUAR 3R SR
AT 5 f0 1 2 28 8 FLAE A s RS SR R 2R A Y
B B o 2013 AF T 2R 1 30 ) B £ FE b, FL 28
A kB OILE AL E S 0, Bl FE N 16.7% ,
fIX T 2010 4F 4 9 # 45 5 (92.9,26/28) 7" Fi1 2012
AF IR IR A5 45 R (75.8% ,25/33) 11 2014 4F BT R K9
20 73 5% fo KE &, FLAS A A K BR ta fLAE A SRR
8 1y, Kt %k 40% (H L B B AIKF 2006 4 fLA&E A
SRR PO A9 A R FE S AR BT R /9
100 47 B it b AT 17 A B b K AL 28 A e s AR i
VIR B K R A 17% , & F SCHk B 19 10.2%
(2007 4F ) Fil 8.3% (2008 4F) 2" 45 17 fy #F S 4
R SRk 2 A B L R R 17 % KT SOk
WIE A 52% (2004 45) 1 f bl W, T T 4B 4E
B N R T % 35 25 24 Wy 9 4T o5 07 B R0 X 5% 5 R
R ) A B AT D R LR L 2 A R
L R SIS 24 ) 1 1l I 2 AT 6 o 3 a3 K
F1E MARA L ImPL3E 3G .

Wit MOE 1M BR ) R4 G R 528 A
B e % 5 N RN o 2 % 8 N T L 48 1 4 43 Jil)
5 000 000 .1 000 000 F1 133 333, -4 5 5 A ¥
T 1o % S N R R ARG i v 2 68 AN RE R AN @ TR S
K SE , X HEAR E AR PR . AR o )
Bt FL 48 A 2 1Y I3 12 22 68 PP Al MOE SR 1 000, 7£
e B 5 % 8 N B MOE 35 %) 432, 7% 2L A Je kb 21,
CHU %52 38 3t 5 v [l 45 725 /K 72 i Bt £L 78 &
FREEVEAL A MOE |, e 57 #2:{H % 18. 49 mg/kg BW,
LMG V¥4 Akl 13.38 pg/kg B, AT B4 A
& MOE 5 4 800 000; LMG &4 A K 32.7 pe/kg
i, AMAE A& MOE 5 410 000, Schuetze 2
T 3 P A TR WA IR A R A T v B8 e A O 1 L AE
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A1 23R B £ FLAE £ 2ok EAT 2 8 VP A I MOE 1911
W E R H A 13 mg/kg BW B, MOE H
34 000 000, 25 5 &7~ Xf fd B¢ 18 5 fa B 2 A b
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