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974 L T B K E Su AR B &y & WA T (BUR) BT A& By EATIRAR

EX

B AR &12M &

101F ~ &5 &81F ~ L3t 864 ~ W &51F » & &44F » 7178310 ~ 247 230F - L& 14 R
M RE BT AL S S SAME o ARIRAT BB A £ £ 97.01. 11 F3 4 5 550971800008 55 2 4 77
VAR AR R AT B WV SE % (liquid chromatography tandem mass spectrometry)# f & Ji 3% dfe i
(electron spray ionization) & % & R F&E {8 8] £ R, (multiple reaction monitoring) i 475 4% J 3L
BB ARBMZEGERE  ERTF 84 BHEMFRFFEFRRETIT 6%
F11.1% o THHRC AL B T oM R0 3y b 7 A A TR B RIE R -

RABEE ¢ FlER - EREFLER  BMAZE  KER - RABETHRE

il

Al

fL#E #k (malachite green, MG,
4-[(4-dimethylaminophenyl)-phenyl-methyl]-N,N-
dimethyl-aniline) & — 8 =% F ML) - iR
7 F (benzaldehyde) FlIN,N-dimethylanilineff§ &
% - ERERERN T EALmE"  BAHREaSE
JEEE - GIETK - NG EE R OB - FLERK
—RAE Ry G R - R ~ 28 == K
o MRRAREREYR® o B HTE AR
ERREE H SIS - R FAE1930F LRI =
TP K E B T AR A AE - FARG SRR B
AR RS R T A L R R RO - 1L
PRk A T W S REL AR R - G PR A R i R SR
[F AU FL#E#k(leucomalachite green, LMG) * H& &
I [ R A SRH AR R R A - ALt s e b E R
V) kR IR AL

#fE: ZE B National Toxicology Program (NTP)
DAz BT 32 1 R B0 1E 3B B/ » malachite
green chloride ¥ I K B (F344/N)BE(UE B -
B I TR/ NEL(BOC3F ) AN ERE T - SR EY) =

Sif sk
=7

i 2L e ok S I P R M P K B (F344/N) B 5E (U
BUETE - mMEME/NE(BOC3F) HIFE Lo BU@ I -
EREY BB LER G RENK - SREEm
FOFF IR IR B o Bk BAR B AH AR/ 1 57 A A
s & B e IS I 5 %2 22 B & (Joint FAO/WHO
Expert Committee on Food Additives, JECFA) 5[5
PRI E I 22 B % (International Agency for Research
on Cancer, IARC)E B [E B L L 2% - 1K
fhifLERkZ B Z 2 - Bl (European Union)
REFLE MR RBR22 (MEYE - kAT RIGH
R s EA IR R R E) - LUEB T Xn
TRk - BUEE ~ =B nER s BHA S 2B Fin
37 R PR BB A P LR A T N B P 2 B TR K
U0 o SR FLEE RIS ARER - PUELEH ~ HHES R
a1 RUR BRI B 2 U5 - H AT % 6 1
ABTEKEZE" « WER4FE HE /BN EE
APEEEGHfLER - 5 RREUT R Kot & R
ZEMR AR F bR E A EKELETILE
ok S A EE Y R R - AR E A
BEfg T A i R F AL LRk - 96l b
Foa{F oK e L AT FLEE R R AR Y R SR
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A FERIARMRE Y o R T E KA ST
H ik fog R A fLERk Z D R EH A - 974
FEFF R B B H A S4 K EE L - (BT FLEERR R
BT L R B -

MEERTGE
—  iRBER

RBI974:5 H 28 H HH #5881 (BUR) 5 2 = DA
fEEAAZHEE ZRNHES - #fis - @l
GERRIUGRE - B E s - REFI0
-~ B8 - A foft - RS - f@falt
P s - LRI BRI
ReEAEEIE - SRS 4R (R —) - RIS RE
[R-20°CRRAF - EESHTRFAUHGEA -

= RS,

FLAE T B FIAZHE Ty (malachite green oxalate
salt) * ¥ HFluka Chemie GmbH (Steinheim,

R—  BEHEE XSS H
(GRS AR
b 3
=S|
HRER
HTRR
=Lk
B
[ 5
EHRR
L ]
EER
B
BRI
T
TR ERR
ELRHR
Bk

# gt

W A = A AW R B W R = = B N LW =N

55y

W
=
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Germany) ; &= i 8 £l 2 &k # 18 A &2 % 5
(leucomalachite green) * i H Sigma-Aldrich Chemie
GmbH (Steinheim, Germany) ° FL %k [E] {7 35 5
FRAESL(MG-d; picrate) OB R FLERK R LR A
HOEAE FL(LMG-d,) B i E WITEGA Laboratorien
Berlin-Adlershof GmbH (Berlin, Germany) ° 5%
g~ IECKE K 2B Z e FsHPLCAR » % H Merck
Ltd. (Darmstadt, Germany) ° FFEZ HPLCAHY » #EH
Riedel-deHaén (Seelze, Germany) ° NN.N N -
tetramethyl-1,4-phenylenediamine dihydrochloride
(TMPD) F% 3 2255 » B H Sigma-Aldrich Inc. (St.
Louis, MO, U.S.A.) - HIi% - & (citric acid
monohydrate) + BEFE S 8N ~ BEFREZ - 25%F KK
1% s Nacalai Tesque Inc. (Kyoto, Japan).Z FflzE
i e EFHZERY [ Oasis MCX (3 mL, 60 mg) s Waters
Corporation (Milford, MA, U.S.A)Z &N ° 0.45
umJEfE(Nylon, 47 mm, MNY 4547)F5ChremTech
(Great Tide Instrument Co., Taiwan)Z JF s © 0.22
umJEE(Nylon) BsMicron Separations Inc. (Western
Borough, MA, U.S.A.)Z ZE i »

= R lHEa%

(HFTE R (Homogenizer)
Nihonseiki Kaisha Ltd., Tokyo, Japan

(Z)¥E U V¥ (Centrifuge)
Labofuge 400, Heraeus Instruments GmbH,
Hanau, Germany

(EFEIER & &5 (Vortex mixer)
Type 37600 Mixer, Thermolyne Corporation,
10, U.S.A.

() 22 =LK i ##(Shaker bath)
YIHDER, BT-350, Taiwan

(R & ¥ % # (Ultrasonic vibrator)
Elma, transonic TP 690, Germany

([E A B 22 25 I 25 E (Solid phase extraction
vacuum manifolds)
Supelco, Bellefonte, PA, U.S.A.

(B)Z Bl 7 7k B3 € (Mi11i-Q SP reagent water
system)
M-lipore Ltd., Bedford, MA, U.S.A.
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T EZRKE S B FHSEFL AR S AR R i A

(I AH g B BRI E 5 (75 (Liquid chromatograph/
tandem mass spectrometer, LC/MS/MS)
JFsWaters Corporation (Milford, MA, U.S.A.)
ZEM 0 Alliance®269 5 FH & HT 5 # 8 5
Micromass Quattro Premier® stz » Bt T-JHER
B RS A R SR - 6D MassLynx iR
HE PR e R TR PR T

(I rE
Symmetry® C8 (3.5 um * A2.1 mm X
10 cm), Waters Corporation (Milford, MA,
US.A) -~

- RERTTE
(R A8
1. Mcllvaines#EE4 E (pH 2.6)
(1)0.1 MIEERE AT
FERVEEERE10.5 ¢ » DAEBEF /KB RR I
500 mL °
(2)0.2 MBERR & —$hiA R
TR L & $h14.2 g » DL T /KA #
f# 5500 mL -
(3)H0.1 MR VA 1445.5 mL 0.2 Mk
FE & ATRS4.5 mL » IREHE -
2. TR
HV25% % /KA HS5 mLEE 2% Z 650 mLIE &
¥5 > EINAREE4S mL o REHE
FRF S -
3. TMPD (1 mg/mL)i& &
FEEVTMPD 50 mg » DAFAF A BT 7E 75 2250
mL °
4. FEEIFEA TR
(D BIAHIB A (5 mM EEE$2VATE » pH
4.5)
Tog A e I 9%.0.39 gV A 258 -7K900 mL -
DABSHE SR #pH 4.5 + 0.1 - FEhIEEET
K 1000 mL » DL0.45 pmiEHEETE -
HUR R BEERE BIAEVA KA -
QR ENHIETEB (£0.1%H .2 ZIE7ER)
ENHEKL mL - JIA1000 mL.Z ZHE
o RS EIFHA B -

(CIREHEYAYE 7
T HSURH & 1A 2 L2 fok S 7 T B L 8 ok 3 R
FHAZEHE 5255 me @ FEHETEE » DLABB A
fE E 2250 mL » (E IR HERY - HOLE
JA-20°C BT 70 A o {5 P FRp NG = A B[RO R
G DLZIEMEZR100 ng/mL » fERBIES
TEHEJER » FEDAS0% LB A R EZE0.5~5.0
ng/mL * {ERSEHEVETR - i IR B -

EINHR A 08
HUAH & A & FLEE Ik RO IR B FLAE /R 25#S mg
ZIRA ZANE RS - FEHERE - 2RI DL
ZIBVEIRI E R S50 mL » {F R N S e
T LR -20CHRYF I - BEAHIFECH &
WEEEFURIR &% - LZIEFEEZE 100 ng/
mL - {ERNEEEATR -

(e R A Y
RBTEGEEAEB NS T R EY R 2T
ek — LR R Y 2
O TSR - ERRE R E— -

1. ZEHY

g aE il U LIS B E - B9 E e
91 g - FETEREE - BRS50 mLEBB#EEVE
W I AN ERREE AR50 uL » TMPDVA TR
50 pL&McllvainestE Eia W @ ZHEQ : 1,
VIVIRE A0 mL » JEifR&45% - 1R
2,400 rpmiE/ (220578 - W EE VEWR - B
w2 Y DAMcllvaines #5 B VAT
B 1, vIvIREE RS mLEEE(E—
Ko &P LR - R LA -
2,371t

I _E it g LA 2 A 1 ATRSE DU EE2
mL ~ EBET-7K2 mL & Mcllvaines#tE EVA R
2 mLIE%E 2 Oasis MCXEIFHZERN[E - FEI
0.1 N EEFEVATE2 mL » DAEEET7K2.5 mL
TEVER R - BRHIR - EFERE A E LA 22
HEZ % - R FFLAS0% FHESATER3 mL K 1E
ChE3 mL {5 6L - EZ2MREZ RS 75 - DA
ERVRS mL R A A SRR 0 R
50°C LRSRMEZ - BRI S50% Z 57
181.0mL - DUiEiER & as B s g - £20.22
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HEHRE g

1. /a TMPD 50 uL
2. Mcllvaines & #7758 7% © CH(1:1, v/v) 10 mL
3IRBRAASF

\ 4

2400 rpm, 20 4%

L& EER

2. L B oA Mcllvaines 4 #1780 © T
(1:1, v/v) 5 mL &4 ¥ B —%

v

SPF LR R

'

Oasis MCX Bl 48 2B [E
(e A F B2 ~ % 3T 7K & Macllvaines 4 #77% & 2 mL %)

1.0.1 N B g% 5% 2 mL
2. k8 FK25mL x 2
3EEMARY
4.50% ¥ 8% % 3 mL
5. ETH 3mL

6. A EIhIL 5 ée

v

Wik SmL o K EiP IR

1. B 50°CAKE » LR AR
2.50% L BEvE R 1.0 mL A AR
3.0.22 um JE AL B

v

ARG AT B E %%\ﬁ
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TSR EE S BN I SE L ek B H YR B R A
umyEIREIER - EERT - R~ BENMBMER RIBERT IR
- L q Time Flow rate Mob--e phase*
7~ SRR B T SR B E R E R 4 (min) (mL/min) A (%) B (%)
*ﬁ 0.0 0.3 50 50
AT I L0 03 0 100
1. BT 4.0 0.3 0 100
Symmetry® C8 » FI{¥3.5 um » 2.0 mm 4.5 03 50 50
X EFES cm o 8.0 0.3 50 50
2 %@ﬂ(ﬁ{’%(fﬁ *A: 5 mM ammonium acetate solut¢n
' - e N B: acetonitr+e containing 0.1% formic acid solut¢n
5 mMERER 274 (pH 4.5) K50.1% R
AWAR R » JEF50.3 mL/min > _ -
o CIRG PG RIB0.5 mLimin » W e | gy irsmse
RENEVA R Z A R R R R - ,
B e e e Parameter Condit¢gn
() R gk Rl T 2 (P o
N N ap-+lary voltage 2.5kV
Hit -+ 5 PR 78 B 5 Bt b (electron spray
. o i Extractor 3.0V
ionization, ES{E I TE#E+ » #E A% E K E g .
IS (multip] p o MRM) ource temperature
{"i; IE miﬁlie reac\lon monitoring, Desolvatgn temperature 400°C
HELT1E {’:H Btz o2 BiRir Rk = Desolvatgn gas flow rate 500 L/hr
MRM{ETH]Z B LA - Cone gas flow 100 L/hr
A uugéﬂwﬁ*ﬁ LM resolut¢n 1 15.0
HM resolut¢n 1 15.0
R %ﬂwwsm WIS o oy 1 L0
SRR FLEERR1.0 ppbﬁéﬁﬁ?/ﬁﬁ%ﬁZ%DD@q&ﬁ Exit 20
M KB LM resolut¢n 2 15.0
- = HM resolut¢n 2 15.0
FEER BT AR
Ion energy 2 1.0
— REEHS Multiplier 650 V
RO~ DIERE A RIERESE « BT R EY © LERRAOMEH
L . Dwell Collisgn
Precursor ¢n Product ¢ns Relative intensity . Cone voltage
Compound (m/2) (m/z) (%) 2;[(1:6): V) energy (eV)
MG 329 208" 100 0.1 60 35
329 313° 36.4 (3.3)° 0.1 60 37
LMG 331 239° 100 0.1 40 30
331 316° 38.4 (1.4)° 0.1 40 24
MG-d;s 334 318 0.1 40 38
LMG-d;s 336 239 0.1 55 30

*MRM transit¢n used for quantificatgn
"MRM transit¢n used for confirmaten
“Value in parenthesis is the coefficient of variat¢n (CV, %), N=3
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o
2 020 -
2 0.00 . 23 'S TS
= 020
g 040

-0.60

-0.80

-1.00 :

0 1 2 3 4 5 6
R

o
2 020
£ 0.0 ° ° ° ° °
2 020

040
= 0.60

0.80

-1.00

0 1 2 3 4 5 6
R #

B~ FLERRERE A ERZEATEHIE
MDL - Method detection limit

R R EE (A A LS IS il ) e B FL 28 ok e
HEAHYEEEE » ZOE—REESHT - EES
M B INEI o BT - AFEZ 22 A ST EIER
F: 4 PR & (method detection limit, MDL) 0.5 ppm
PUR (B =) » ARFHAE LA AR VA 1.0 ppbZ fL
FE ok KR R B FL R A AT B oo AT R TS =T
M dRINEN R 2 & 6 F{E (upper control limit,
UCL) s &l T {E (lower control limit, LCL)/3 51T
F5120% F.60% » BT B RGH B H LE
21 530% - AR 2 FLEE#k FO= R B FLAE fk v [l
RS I F83.5~110.0% . 77.3~115.9% » ¥J1EE
fil E MEZANE ) - MEES T ZfLERKE
JE R AL A2t SR B0 1) 50.3~8.8% F20~6.7%
EMERE S EEE ) o ARG B A 1
&4 fH#%(Food and Agriculture Organization of
the United Nations/World Health Organization, FAO/
WHO).Z B £ i #1255 & (Codex Alimentarius
Commission) "7 M E - & SR BhY) S8y (5
IR 1~10 ppb » [EIERIESTR60~120% » B F4%
#(coefficient of variatcn, CV)JE/NA30% » 4G 2

B B il I AG S B A fF 7 Codex Z 223K

— - hmEKERPALRERE A £

SRR taAl

120 UCL

MG recovery (%)
Nel
(=)
*

60 LCL

120 ° UCL

LMG recovery (%)
el
(=)

60 LCL

0 1 2 3 4 5 6
R
B = -~ AEREEREALRIFNERETE
UCL - Upper control limit
LCL: Lower control limit

35
30 UCL
25 F
20
15
10 .

MG C.V.(%)

35
30 UCL
25
20
15 F
10

LMG C.V. (%)

C AERREREA EikcEEAEGE
UCL: Upper control limit

9T E AT ERE A 120 - BIEA104:
fif f 8 1F ~ B faof: ~ ST - Baath -~ THF
B3 AR s LRI - BRI R
TEFESESAME - FERGR R F A2 IR AL
4%(4.86125.00 ppb) F 32 R FL#E#k(9.60 5249.70
ppb) * H A AR HFLERK1.85 ppb » SHE - A
PEf R AT A LR Bl B R B FLEE #%2.92
3.90520.77 ppb o HIADIFH AR EHEE80% @ & hy
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K E LB FHSEf Lk R AR il

®A  TEEMEKERDILERREAHER AR

No. of non-compliant

Category samples Ratg of non-compliance (%) MG/LMG (ppb)
M-=kfish 0(12)" 0 N.D."
T-+apia 0(10) 0 N.D.
Perch 0(8) 0 N.D.
Grouper 1(6) 16.7 LMG 2.92
MG 4.86, LMG 9.60
Soft-shell turtle 4(5) 80.0 MG 00 LV 4970
LMG 3.90
Ell 0(4) 0 N.D.
Lake candidus dace 1(3) 33.3 LMG 0.77
Fish larva 0(3) 0 N.D.
Catfish 0(1) N.D.
Red t+apia 0(1) N.D.
Yellow croaker 0(1) N.D.
Total 6 (54) 11.1
* Value in parenthesis is total number of samples
® Not detected
BT  AORECHRBARS AR SBRARE A. 1999. Toxicity and metabolism of malachite
Al GH A R R R B A i o AR green and leucomalachite green during short-term
BURE EEEE SR LER - BRIEATYZEN feeding to Fischer 344 rats and B6C3F, mice.
TR SR L E T S - R R R A T A A Chmico-Bg¢logical Interactgns 122: 153-170.
TEDA - 5. Andersen, W. C., Turnipseed, S. B. and Roybal, J.
) E. 2006. Quantitative and confirmatory analyses
SENR of malachite green and leucomalachite green
1. National Toxicology Program. 2004. NTP residues in fish and shrimp. J. Agric. Food Chem.
technical report on the toxicity studies of 54:4517-4523.
malachite green chloride and leucomalachite 6. Halme, K., Lindfors, E. and Peltonen, K. 2004.
green (CAS Nos. 569-64-2 and 129-73-7) Determination of malachite green residues in
administered in feed to F344/N rats and B6C3F, rainbow trout muscle with liquid chromatography
mice. NIH Publicat¢n No. 045-4416, NIH, U.S.A. and liquid chromatography coupled with tandem
2. Culp, S. J. and Beland, F. A. 1996. Malachite mass spectrometry. Food Addit. Contam. 21(7):
green: a toxicological review. J. Am. Coll. 641-648.
Toxicol. 15: 219-238. 7. Doerge, D. R., Churchwell, M. 1., Gehring, T.

3. Srivastava, S., Sinha, R. and Roy, D. 2004.
Toxicological effects of malachite green. Aquat.
Toxicol. 66(3): 319-329.

4. Culp, S. J., Blankenship, L. R., Kusewitt, D. F,,
Doerge, D. R., Mulligan, L. T. and Beland, F.

A., Pu, Y. M. and Plakas, S. M. 1998. Analysis
of malachite green and metabolites in fish using
liquid chromatography atmospheric pressure
chemical ionization mass spectrometry. Rapid
Commun. Mass Spectrom. 12: 1625-1634.
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8. Roybal, J. E., Peenning, A. P., Munns, R. K.,
Holland, D. C., Hurlbut, J. A. and Long, A.
R. 1995. Determination of malachite green
and its metabolite, leucomalachite green, in
catfish (Ictalurus punctatus) tissue by liquid
chromatography with visible detection. J. AOAC
Int. 78(2): 453-457.

9. National Toxicology Program. 2005. TR-527
toxicology and carcinogenesis studies of malachite
green chloride and leucomalachite green (CAS
Nos. 569-64-2 and 129-73-7) in F344/N rats and
B6C3F, mice (feedstudies). NIH Publication No.
05-4463, NIH, U.S.A.

10. FRIBER - 2006 = FPERAGE FZESEFL Rk - ZEY)
FranfEai - 303: 1-2

11. Veterinary Residues Committee. Annual report on
surve+lance for veterinary residues in food in the
UK for 2001, 2002, 2003, 2004, and 2005. [http://
www.vet.residues-committee.gov.uk/].

12, JEIRAN ~ 5B~ BRIBER  HEEE - 2008 ©
K E LB Y A ﬂ%ﬁ&ﬁﬁﬁ%%m
BHE - YRk RFAEN TR
286-294 -

13 fT B e A5 - 2008 - B iR ENY) FSEE R A
b5k — fleeik R LAY 2 Al - 97.01.11.
BT H097180000857 /4 25 -

14.Joint FAO/WHO Food Standards Programme.
2007. Codex Alimentarius Commission: Report
of the 17" session of the Codex Committee of

Residues of Veterinary Drugs in Foods.

Survey on Malachite Green and Leucomalachite Green
Residues in Marketed Aquatic Products

WEI-CHENG LI, CHI-WEN HSIEH, PEI-JU CHOU, YUAN-FENG KU,
SHU-CHU SU AND DANIEL YANG-CHIH SHIH

Food Chemistry Divis¢n

ABSTRACT

A survey of malachite green (MG) and leucomalachite green (LMG) residues in marketed aquatic products

was conducted in 2008. Fifty-four samples, including 12 milkfish, 10 tilapia, 8 perch, 6 grouper, 5 soft-shell

turtle, 4 ell, 3 lake candidus dace, 3 fish larva, 1 catfish, 1 red tilapia and 1 yellow croaker, were collected from

retails by local health officials. The samples were analyzed by liquid chromatography tandem mass spectrometry

(LC/MS/MS) with electrospray ionization and multiple reactions monitoring, which was promulgated by the
Department of Health (DOH) of Taiwan. The MG and LMG residues in 4 soft-shell turtle, 1 perch and 1 lake

candidus dace samples were detected, which violated the regulation. The rate of violation was 11.1%. The

result of this survey has been posted and the local governments have enforced the penalties to the suppliers who

provided the violative samples.

Key words: malachite green, leucomalachite green, aquatic product, LC/MS/MS



