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Determination of Mercury Speciation in Aquatic Products Using the Micro—hydride
Generation—atomic Fluorescence Method
CHENG Xue-meng', LUO Ming-biao'", XI Qun-li',ZUO Li~hua', LI Xian—yu',
WANG Wei-min', YANG Mei?, GONG Zhi-xiang?

(1. Jiangxi Provincial Key Laboratory of Synthetic Chemistry, East China University of Technology, Nanchang
330013, Jiangxi, China;2. Spectrum Industry (Shanghai) Co.,Ltd.,Shanghai 200000, China )
Abstract: In this study, a method for determining mercury forms in aquatic products using bromination agents as
organic mercury digesters and micro—hydride generation—atomic fluorescence spectrometry was established. A
single factor experiment was conducted to explore the effects of reducing agent concentration, hydrochloric acid
concentration,lamp current, negative high voltage , oxidant dosage,and oxidation time on mercury fluorescence
intensity. Following optimization experiments,it was determined that the best conditions for the efficiency of
oxidizing organic mercury were the use of 0.5 mL brominating agent (30 g/L. potassium bromide and 10 g/L
potassium bromate ) and a digestion time of 40 min. Under optimal conditions, the detection limit of the method
was 0.014 0 ng/mL,the relative standard deviation was between 1.5% and 6.2% ,and the recovery rate of
standard addition was between 86% and 101% ,which were suitable for detecting organic mercury in aquatic

products.
Key words: brominating agent; mercury speciation;micro—hydride generation;atomic fluorescence spectrome—
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BB TE —Se T, R AUERE M & 5 T
e Ko, HI9520) B o AR A R 20 AL B R, T
AR AT IR HIEA , BT AR | R 7, A
TN T2 EE TS IR n] SE SR 25 B HE
Kl o I HITRA R S WA 7470, AR AR A
AT BRI AR, LLAE (3G 7 Bt A HLoR ek Tt
BLoR , EAT TC IR AL B 26, R 7K 7™ it b B R A
ALK, B I ZE 0L Bl 45 A AR & 5. RITTR
AR S R A B IR T OO LR R
ALY AR — AR RN A ) R S A
AT DA i L ) R ) A P e PRGER AT, 1)
PUA RO R R R B TC AR, fli A5 I e B TR
RGN AT AL 9 [ s i g G (O R P o AR SCRATRAR )
YENA PRI, WO S KA -T2t
ARG TT v, S K i R SRR A
WIT R TR AR AR , D9 7K™ i R A
E SR PR AR

1 #Rl5H*
1.1 pREHS ]

IR (PRZal) AHIR (4l ) TR RER (43T al) |
R IR (S al) B AR (A pral) R AR IR B (o
Bral) G mimeh (el SR (el : FE B
TR AT B T TRALER (O3Hr el ) : R e b2k
F) 75 He brifERE (10 p/L) . @A 3R (S ke

1.2 5%

CAF-1800 JE-F 2 e Y BT i I Sl ( ) A
BT TC18-WS B aUms &0l : KDk B
J& B DAL R W) 5 BE IR 43 By B AR g il 45 . BT
JEE il A= MR A FR A FD 50.45 m JERKE . SE[E Millipore
YNCIS
1.3 Tk
1.3.1 2507k

FRIUFE i 0.50 g~2.0 gCKE A 2 0.000 1 g), & T
15 mL 3RO, A 10 mL B9 ERBR VA (5 mol/
1.),25 CF #7530 min JFRUCE IR . 25 CHEFHKIETE
B 60 min, WERFER . 4 CF LA 8 000 r/min 545 5
O 5 ming FJSWBRCE I, IFH 0.45 wm JERRTIE, 1
HTF 4C,

132 FEE TP LR KX TCHLR I e

B2S5 mL EWCE FEOES, A S mL 50%
HCL, A % 25 mL J& , 14 ALK, 2558 R TEHLoR
T W25 mLEIRCE TEL.LOE T, A 5 mL 50%
HCI1,0.5 mL #3465 (30 /L IRALER+10 o/L JRERER ),
FE LR, 5 40 min, JEIE AN 1 7% ~3 53R 2 M
(30 /L), FHF14R4E 100 WK, BRI R & O A To 6,
5% 25 mL, EHURILESR & it AHURM &R
Z 2%, [l ik .

1.3.3 AR TCHLAI E [ 5210

M50 ng/mL Hg A o %5 ¥ L 43 531 B 0.,0.1.0.2,
0.3.0.5.1.0.1.5.2.0.2.5 mL F 25 mL & & H, &0
A 5 mL 50%HCL, FH/KH: B 2 Z1 B 4250 £, e il il R
G A 0.,0.2,0.4.,0.6,1.0,2.0,3.0,4.0.5.0 ng/mL
TEHURER - M 25 ng/mLL S AL H R fE Ak 238 R TR
PRva i (G rh Sk F BRI S A SRV WOk i
AHTR) B4y 51112 0.0.1.0.2.0.3.0.5.1.0,1.5,2.0.2.5 mL
T 25 mL T, A 5 mL 50%HCL, FKFRBEE
ZIEEFES) £ L B s R AR EE S 0.0.2.0.4.0.6.1.0.,
2.0.3.0.4.0.5.0 ng/mL (A HLRER -

1.3.4 Y500 FH o B A st 1) g i T

PHALRE i, 55— i BORE 220 2.5 mL B T
HPABLE T, A S mL 50%HC1,2.5 mL 10 ng/mlL
)AL R CHORIBARE I, FE43IMA 0.3.0.5,
1.2.3 mL IRAEH, %€ PIREE , 78 25 CF 2 BIHCE 20,
40.60.80.,100,120 min, J&{f 1 i%~3 %R BRFE A
W, IREE 100 IR, BB B A 60, 852
25 mLo 55 AL 3R O 3RIB PR, HE
Py G I w3 a1 B A R A T o



854

RaftASAR

20214 8 H
o5 42 555 16 14

165——

1.3.5  FRUEFW AL

RFRUE TAEW . F 10 /L Hg bRuEIR IR (% 5%
HNO,)Fi B2 100 ng/mL(7% 5%HNO;) , It FH RS 7
TR RERL 5 ng/mL FRUEF I (F 2%HNOs) . 43 51Ut
W 0.0.5.1.0.1.5.2.0.2.5 mL T 25 mL & T, %
JIA 5 mL 50%HCL, KB 2 2 FE #2502, e il i
FZANHEH 0.0.1.0.2.0.3.0.4.0.5 ng/mL ) Hg IEH .
1.3.6 =¥

Be il 0.5 ng/mL /9 Hg bRl IR, @ e 4R
A2, 5 U NaBH, 3 TE 0.02%~0.50% 22 18], {4k
A NaBH, VR EE 5 [ How S AN, J3 il s 3
BRIV WO BETE 5%0~20% 2 [A] A4 S e A Eh W vk i [
EHLT KA, 35BS HIRAE 5 mA~35 mA Z
], AR AT F L 5 [0 e SR AN 43 0 e
g FRAE 200 V~250 V Z 8], Ak B R 6 i
1.3.7  CAF-1800 JiL 2T HUER TAES

SGHL RSN B TR 2220 Vi ATHLIR : 15 mA; JR T4k
£ i B 29 mm; 27 I : 500 mL/min; BRI
1 000 mL/min; $EREFE] . 0 o5 ECHHE] . 10 s PERE &
2 mL; I 3% b 232 s R0 = I T R
1.4 Hdmaba

FEG T 3k, S5 R YE bR E2E 1Y)
AR . RBCEAEIE 53 B Origing5 23181,
Excel A TR A0 2

2 HERE5HW
2.1 A PRI TCHLIRI R (1 5

A3 ML TCHLR RINVRA LR R, FEA R Ak
FIRIEBL T, AL E TEHLR R HLIR R
A HLRXS TCAIL R 2 B 520 DL 1

12500
10 000 /,/’
jiid - e
= 7500 '//
5000
2500 F .
HHLR
0 S a— " e e S, J R J s J
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KU/ (ng/ml.)

B 1 BHRITHRE 220G
Fig.1 The influence of reducing agent on the determination of
organic mercury

1 2], KR RE S NaBH, 6 H 52 30 R 47
MR A HLAR K BE S0 NaBH, W, 5 ng/mL
AL ™ AR AR 5 /N TR B LR AR 5 B9 3% .

PR SEPREE S 2 B A HLR A RS 22 R R 31 TG
HLARIINSE , ELAE A2 IR . A tedh k) A
BILoR AT LA A sl 05 (9 JCALoR , S BRICHL R A HIL
ARAIE o
2.2 APLREMIATESE

KA HLRF AL R TCHLIR , H R S AL A 5 5 R
B LB EA TRAG TR SEL R R R R (2% ) |
BRI (2% ) JRAEH S5 AL 1 ng/mlL Bk bR
WA 2R 1 AR AL B R 264 XS ARk
A LR B A ALES

F1 25 CTARIENLFBIHEHERR(n=6)

Table 1 Digestion effect of different oxidants at room temperature

(n=6)
EX sl REME/ (ng/mL) AHXTARAEIR2E/% el R/%
il 0.98 438 94~107
TR R 0.99 72 73~110
L ARIREN 0.63 6.4 61~66

26 1l SRR ARANAE 25 °CF AN REAR s A
BLRFE AR TCHLIR , 308 5 308 3 ik | f i ol 22 APk il
BhARER, AR A BRI, SR BRI 7E 25 C
AT AR b s AR HLR | (H AR R R AR, 25 5
TEAG P BE A SRR, OB 2 s A S 2 2 L4 0t
JUER AR, BALFIAE 25 °CTF it i) LIR - ke A
HUREEAILTCHLIR , BASSs IS B3 R I . 25
B2 R R AR
2.3 VAT FH R R T AR ) 1) e

A PR TS REE T 58 4, TRAR ) A% FH 4 DA BT
SR R SRR PR 28 o BB 00K [ 110 5 8 21 20U 4
B, ehAs Ak 00 14 FH 6 R ik e el ot e T 4Rk
AR IE 2,

120

100
R 80 r =] ng/mLiﬁﬂiﬂ%ﬁE
B N e 0.3 mL?! il
= 607 —a 0.5 mL, AL
40 - " v— 1 mL 721k

L/ —+— 2 mL B
0 1 1 1 1 1 1 1 1

0 20 40 60 80 l(l)O I 1|20
TF A IR 8] /min
2 BUFERE RS EGERE THEIRELERHZMN
Fig.2 The effect of brominating agent on the results of organic
mercury oxidation under different dosages and digestion times

R 2 AT, YRR & BEAE 0.5 mL, A )3k
F] 40 min B PSR B b, PR e 2k 6 R 57 FH &
0.5 mL, JHf#H} 8] A 40 min,
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Fig.5 Fluorescence intensity of Hg under different HCI
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Fig.3 Standard working curves of three series of solutions
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Fig.4 Fluorescence intensity of Hg under different NaBH,

YNGR
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8 3 X 6 45 SR £ 45 I T, NaBH, 15 W A4 ¥k 32 7
0. 29I A BRI BCR e -
252 R ERILL

TR YR E 2 2R AR G, T 2> 9O
JERZ BN . FEPCREER BRI W (i R rp, AN [k

A A RICR R AT o
253 JTHURILA

HEAAT WL, xR i 2 s BE RS I, I HLRT LA
UGB BEAL 2t o ARRAT fL R R 2™ A6 F IR
G R R R A U IRAT i i . FEDLIEAT FL IR
R R, AN [EVET FL X Hg 98 G5 Al 520 ULIE 6.

2500
2000 - s
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Fig.6 Effect of lamp current on mercury fluorescence intensity

HIPL 6 ATRUA N, SR %E G B R KT Fe 3L Fr)
RTAN BT I, AR A KT PR AT 23 T /0 1 54 25
BT ) i, DAL, 3 i I 2 SR 2585 W, T L O
TE 15 mA I CL28 AT LA AL IE 2 oK
254 SERATL

TR RGN, 2> MR, [R5 5t 2 5
TEPEHE s FE i R b, Rl i X H %€ 6ui 2
RIS E LA 7

IR ARER B W, AL 220 V I EL 48
AJ A R E HIE R K
2.6 HHEE SRR

it il J5 & e A 0.0.2.0.4.0.6.0.8 1.0 ng/mL )
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3500 R2 MAREKELR (n=6)
3000 | . Table 2 Test results of spiked recovery(n=6)
2500 - / " ARJEME, ks DEBE, FXBRTE
FE ., [l 4/%
% 2000 L " (ng/mL) (ng/mL) (ng/mL) %1%
ji 1500 BRI 0.114 02 0.286 25 86
1000} g 04 0.490 1.6 94
S00F = 0.6 0.637 43 87
O 1 1 1 1 1 1 1 1 1 J
195 210 225 240 255 270 038 0.836 18 90
=Y A AY 1.0 1.018 3.8 90
E7 SAEERRELEERR AR 0.058 0.2 0.251 1.9 9%
Fig.7 Influence of negative high pressure on mercury fluorescence
. . 0.4 0.460 2.7 101
intensity
0.6 0.636 3.0 96
TCWIRARIR , F B0 7 AR A A F A A5 1 N B 4L 0.8 0.821 6.2 05
gﬁ‘ﬁﬁi@ »%E 0~1 ng/mL T'E@V*] ,%m%ﬁ/ﬂ@llﬁwﬂﬁﬁ 1.0 1.047 15 99

A y=2416.9x+5.3, FH R EL 1=0.999 7. I Tk
TS 1 4G HE BR A (n=11)0.014 0 ng/mlL, X 155 % 21
BURE SRS E 7 W, SRAFAERT R IR 224 4.2%

2.7 [ENCR

T RIS o 235 5 L3R 2.

T35 B8 A TR) 2 SURN A6 R PR 2H 20 3 B v
AR A HURFRER U, S K2 30 min, B 5 4%
HERE SR AT 2B BRI T TN o A58 T & FE S gz
B TE 86%~101% 2 [H], AH XS bR ifE (i 22 7E 1.5%~
6.2%2 [

2.8 FEMHT

R A ST 1 5k BE AL B A TR K™ i 1 45
TR TCHLR FLESR A TR I, 25 5 0L 3% 3,

A 36 SEBRAE i B AT, e AR I A i v oK
BUANURIE AR, Foh 8 R R R AT A
KRR BLR B s A &, I K™ i &R AL
BB AR GB 2762—2017 (124 E &Rt
T s e R A ) b K A ) SRR i e YRR SR 1)
PRI (0.5 mg/kg) o

R3 BEERFHIRMLIRNEELER(0=3)

Table 3 Results of the content of organic and inorganic mercury in crabs(n=3)

IKF= AR KPR ERERAL A HLR S R (mgrkg)  JCHLAR & (mg/kg) || KPRl KP= 53R A HLR S 5/ (mgrkg)  TEHLR & 2/ (mg/kg)
WTEE1 iy 0.016+0.002 0.018+0.000 [iF 4 2 iy 0.020+0.003 0.007+0.001
) 0.008+0.002 0.0080.000 R 0.011=0.000 0.006+0.000
T 0.009+0.001 0.00420.000 Ty 0.024+0.003 0.004+0.000
A 0.036=0.002 0.003+0.000 il 0.018+0.003 0.008+0.000
A 0.0430.002 0.003+0.001 i P 0.081+0.003 0.003:£0.000
fig 0.02120.003 0.00120.001 NG| 0.080+0.004 0.004£0.001
T 0.03020.005 0.003+0.001 e 0.0210.002 ND
T 0.018+0.002 0.002:0.001 AL 1 R R 0.014+0.002 0.006+0.001
B2 Vi 0.013+0.001 0.000+0.000 TEH 0.006+0.000 0.007+0.000
A 0.009+0.003 0.002+0.001 AL 2 A 0.018+0.001 0.004+0.001
A 0.020+0.003 0.003+0.001 TEH 52 0.010+0.002 0.006+0.000
e 0.023+0.003 0.004:£0.001 AL 3 TEHA 0.015+0.002 0.0070.001
i) % 1 Tt 0.009+0.001 ND TEH % ND 0.016+0.002
i 0.008=0.002 0.002+0.001 LI LN 0.028+0.002 0.003+0.001
g ND 0.009+0.000 LY 0.018=0.003 0.011x0.001
Teese 0.020+0.002 0.005+0.000 LSS 0.022+0.001 0.002+0.000
A 0.0110.002 0.002:0.000 #F 2 R 0.030+0.001 0.001+0.001
KA 0.01420.002 0.002:£0.001 L 0.026+0.004 0.001:£0.000
Bt 0.007+0.001 0.004+0.001 LIS S 0.018+0.001 0.012+0.000

HFND FoR AR .
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