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W OE Hr 7 U v 0 2 U A R R S AR R B RS 1 (TCP-MS) I s A= A L P BOKR (T-He)
FTH 3R (MeHg) M9 T 5 vk o SEBG AL T 2R BUA R RIS, vk B . 4% R 4y B D7 10 0088 75 0 3R 3% Bsf 1] 25 4%
FAEICAR M. %4 6 mol « L' HCL/E N, #7% 2 hy LIAHLIEFI AR, B LUK R A, B B B4 047 I
& MeHg (&, My nl T [ B 2 T-Hg A1 MeHg, KRN 0.01 ng « mL~', AH X5 i 22 4
3.44% , LEVETEE N 1~50 ng « mL™", JIAREIR A 80%~97% . FELLAAME FINAE T 5 Bl R R 8 24 My b

HES LY R T-Hg f1 MeHg, & S EHE 4.
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Hg(Mercury, Hg) 2 —Fh &R EE G LY Z—. A
Tz k. REJESN He, HEEHERE G, HH 3
Hg(methylmercury, MeHg) il i3 B ¥ M & & L ¥ AN
T, AR RGBS — R AL RS AR
S IE R s o AR 1 R A 5 e R o R I A 1 K AR 5 o A
W T Y AT T MeHg 5 4 0 4010 1 1 0y 20
MeHg 7] 3 o #185% vh (19 JE AL He 78 602E W 00 F R ARV A sl
A LA AE F R T BT . PR O A R P MeHg
Bl He 5 i E Az —,

B AT MeHg M7 kR L, 32202 A S AH 6% ol
A IS B SE TR TR] He M 14> B, SR 5 R 45 Fp B A o
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Table 1 Instrumental conditions and data
acquisition parameters of ICP-MS
SR HE
B TR T 2 /W 1 200
BHV W/ (L + min™ D) 13.0
BN/ (L min™ 1) 1.0
FARFH/ (L - min D) 0. 84
0 5 1 2
R FEVR JEE /mm 9.1
ESEi 75 B g
I B2 ) ] /ms 10
FE ST/ (mL ¢ min™!) 0.8
Wi [ o R 202 Hg, 15]n
1.2 K7

Sk MeHg(Aldrich A %D . % F 2% (o) HNO; At i
BER1egHg L '8, T4 COlKAMIPLAE. 1 000 pg -
mL~" Hg /R #EARE £ GBW 08617 ([ AR HEY) i 0D . 100
pg « mL ! In FRAEGE & W GBW 080270 ([E bR UEW) B L) .
Jid He TARIRTESL R Y RZFHM PR, SAHHE.

T-Hg 0% 7 $2 BOR 5 43 3R ) 6 mol « L™ HCl; 18%
(o) KBrifi T 0. 5% (¢) H,SO, Ml 1 mol + L' CuSO, WIR&
W 259 (0 KOH % F CH; OH; 5% (o) + s 5 fiff iR 41
(SDS) 1 1% (o) + he B AR 4 (SDBS) 4, Bir A 39
H oy el Lh 1k .

CH,CL (dt 54k 1), 4 #r4li); HNO, F1 HCL # 4
(MOS 4, dbmt b2 R 5L D) 5 2-%idk O B (S M 4, Sig-
ma Z335) . Milli-Q #4li/k (Millipore 4fi 7K 25 #1 %) .

1.3 fFmargbiE
1.3.1 T-Hg #5421

FRECO.1 g #fdhF 5 mL B0, IlA 2 mL 6 mol «
L HCUW W, BCE S, 87 2 h, 8RJ5 4000 rpm .0 10
min, B EZER— R HE RS A I & T-Hg, o5 —&F
oG e 2 VTR 1 L D G = R

TS R S, BRI Y 0.1 g BEf (LA KR GBW
07601 A HDF 5 mL BT, SBIMA 2 mL 2, 6, 12 mol
« L7 HCl %W, KOH/CH, OH %, SDS ¥4 i 1 SDBS %
W, BCE SR S AR 24 h, A 5, 30, 120 min, 80 C
fn# 30 min, 4 000 rpm B.0> 10 min, B F 2 1 W0 — 20
3. W0, 1 g ALK (GBW 0760 DL T 5 mL B4, fin
A 1 mL KBr/H,SO, %W 0.1 mL 1 mol « L' CuSO, %
W, R 30 min, {8k —2B 4001, R4 A A0A Rl a8 R
1.3.2 MeHg 69 %34 &

B ESREWA Bn A 1 mL CH,Cl, #Ht MeHg, 514
¥% 30 min, 4 000 rpm &5.0> 10 min, B F 2 A HVAHERK . BT

KAHFIA 1 mL CH,CL . 2 FRFEBGE R, A IF kA
BAE WA ER . A 2 mL H,O, BF 60 CABTIH7A
A, HAPAHZE L, NI MeHg B 7EAKA D, FEINKE
2 TR
1.4 Hgwm ¥

F1 20 g e L0 In B9 2% FINO, (o) ¥ WAE 9 9 R 1E 42
A FESHELEE A ICP-MS R, & AR A7 00 & 3 %,
RES 28 2% HNO, () F1 0. 1% 2-%1 5 2 B 10 IR A 7 W
RS B LR D He 893028800 .

2 HRSTHE

2.1 HISEFEREE

SHMEFE T 5 ORI A BRI KB P ) MeHg., 45
RFEW, HCL Ml KBr/H,SO,-CuSO, )47 B 2= 4 6 B A5 &r
1 MeHg BICER (8096 LA L) . B A 15 138 1 39 44 70 7 422 J
HORBE BRI 2. H il 7 KBr/H,SO,-CuSO, 1 &
Fi B e gt v, i ICP-MS N & i, B A2 T
T, g 5 B LIk sE HCLAE R IUE A

Table 2 Recovery of methylmercury using different

extraction media(n=3)

P MeHg M B/ (mg - kg™ ) [/ %
HCl 0.16940. 021 9412
KBr/H,S0;-CuSO, 0.146+0. 011 81+6
KOH/CH;OH 0.0490. 010 2746
SDS s SDBS 0.0130. 002 7+1

SCH LA T HCL MR R T 45 FhOR [R] S Bh 28 By =4 i
MeHg 25 . M7 30 min., $&3% 24 h, 80 C/#A4 30 min, & 3
WIS FR 5 LU AR SO AT . R RE SR B T Bt MeHg
S SRR . B TIRG LI 2], Rt 18 58 75 1
BB

Table 3 Recovery of methylmercury using different

assisted extraction methods

i B T B MeHg Il H{E/(mg - kg™ IR/ %
#7530 min 0.182 101
&% 24 h 0. 145 80
4 80 °C 30 min 0.113 63

SC G E— 2 BT AN R R B g HCL(2, 6, 12 mol -
LoD R ZRE G He BIZCR . 4508 1 iR, 2 mol »
L™ HCHZH T-Hg 0% &A%, B 57% 447, 1if 6 mol -
L ' HCLAl 12 mol « L ' HCL #2 it T-Hg % & 4 %1 ik 3
96 26F1 10220 , UL WK v BE (14 B X Hg 1% 45 HURE ) B Ak,
— 3 % 6 mol « L' HCL I 12 mol « L' HCL # Ht MeHg
BIZCSR . W2 B 101 %6/ 90% . % FEF] 12 mol « L' HCI
KRR R K, X ICP-MS  —E M, KL 6 mol
L HCLAZHEBUER.
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Fig. 1 Effect of different concentrations of hydrochloric

acid on mercury extraction efficiency
1. T-Hg; 2: MeHg

BB ML LB T AE 6 mol « L' HCIAR T, &
F“HTIETJE’JZ:[E]XT#M* Hg S B, 43 5 P 75 5,
30, 120 min $EAT525 . S5 WA 2. #7451 30 min B, T-
Hg FIFRICR J A7 78%, TWi#8 75 120 min B} Hg B9 Wl i Znf

KF96% . M THE A 30 Ml 120 min I MeHg Y AE B
R, RN 101%, Mk, W 6 mol « L AR T
P 120 min HEATHE S A AT AL 2H

W PRSI, EAEAE 6 mol - L' HCI ZEHUE R
T, BB 120 min fEFFIENE T-Hg #1 MeHg (9 FF 5 1T 4L
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Fig. 2 Effect of different time of ultrasonic radiation
on mercury extraction efficiency
1. T-Hg; 2. MeHg

Table 5§

TR, T LU AR T A I 4

BT, T-Hg i £ % F T35 74 16 1% 5500 2 05 1k 76 0
fif B . KR Z B I OF Som#h, NE GRS, BA S
Bk 5 ¥ kW Hg JTF . R I e i 5 J7 =028 7 0 B0k 0 i
PR, T R R, TH AR R R R, TR
WA MRAERE AR, B T He M3 R BL . Hib S 2
HFERT AT B IA AR R G, I, A SCIR B W AR R R
— PR S AT g AR I T[RRI R b 1 T-Hg A1 Me-
Hg.
2.2 MREIEHZNLHMAEINEER. BTE, &

SEEFNE MR

MeHg fifi #5 W 25 85 7 K 7 B, He ARiEff & WA 1. 2
mol « L™" HCI 4> B Bt s e fE 4 0, 1, 5, 10, 20, 50 ng *

U He WV, I ICP-MS Wl 2 il bi i dh 2k, Ze
‘(BEUUONJO ng » mL ', [, AHOC R BOMAK H IR L%
4, &Hﬁu 7 W 10y 3 A2 19 3 R bR 1 A 22 31
B B — O ARV W AT E 10 Wk, AR E B ORS
(RSDY), Hg 3. 44 % . AT FREURR #E & FE (GBW 07601) ,
% 8 P (NRC DORM-2) Fil iy & 4 i (NRC DOLT-3) %% 3
By, A Hg tr % W5 . #8547 T-Hg Al MeHg A% HL,
Ml AR08, He i RS 8096 ~97%

Table 4 Calibration curve and detection limit

Il )5 Jy XA KR/ (ng » mL™ ")
MeHg y=2 346. 442—254.71  0.999 5 0.012
T-Hg y = 2 555.68x +493.14  0.999 9 0.009

2.3 EYRESEYRHNE

BHOEARI J7 S RE T 5 R HES B W) i, N K
(GBW 07601), fij % fa A (NRC DORM-2), #i % fii fif (NRC
DOLT-3). # 1 (GBW 08573) F1 4 JIf (GBW 080193) 1y T-Hg
il MeHg, HM AR 54502 5 (AR 7, U201 0 T7 26 e
AR AR 5. N RSP MeHg 2 i — 2, fEfa A b
9026 LA Ly Hg T2 LA MeHg WIS AFAE  MIAE T Me-
Hg )& AF 10,

The analytical results (mg « kg™') of

standard reference materials(n=3)

o o 9y I 4 T-Hg i i1 T-Hg #5 ik {8 MeHg Il £ {f MeHg F7 i {
A% GBW 07601 0.35470.019 0.36+0.05 0.167+0.016 0.18* *[14.15]
¥ 8 A NRC DORM-2 4.604=+0. 083 4.647+0. 26 4.3447+0. 103 4.4740. 32
¥ % 41 JiIF NRC DOLT-3 3.32740. 147 3.37+0. 14 1. 75240. 386 1.7+
4 GBW 080193 0.17340. 005 0.18" 0.01340. 002 —
# . GBW 08573 0.18740. 005 0.16940.018 0.15540. 010 —
* ZHEAE; » x CHE
SEH s ICP-MS Ko il 58 52 0, e, 5 ik b BR AT 3k 0. 01
3 4 ng « mL ™", W B EE AT IR /N BT 20 A AL BRI A D A DU

g5 Lk, ARSI i Or IR TR R 28
T-Hg 1 MeHg B9 5E o K i AT AL BRI 72 077 £ L it

ST W R
NEZ3N

Heg B 35 48 JC AL A BIL IS A0 400 4E
ARACHT » Betg 0 g5 ¥ ICP-MS 3% il 5
i

o B
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Rapid Analysis of Methylmercury and Total Mercury in Biological
Samples by Ultrasonic-Assisted Solvent Extraction Coupled with
Inductively Coupled Plasma-Mass Spectrometry

SUN Jin'' ?, CHEN Chun-ying'* , LI Yu-feng''?, LI Bai', GAO Yu-xi', CHAI Zhi-fang'

1. Key Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing
100049, China

2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China

Abstract The analytical method for the determination of total mercury and methylmercury in biological samples was studied
using ultrasonic-assisted solvent extraction coupled with inductively coupled plasma-mass spectrometry. Various extraction con-
ditions like solvent types and concentrations, different assisted methods, and ultrasonic radiation time were optimized. Samples
were digested with 6 mol » L™ ' HCI, ultrasonicated for 2 hours, extracted by organic solvent, then back-extracted by water and
directly measured after dilution. With the optimized method, the total mercury and methylmercury were simultaneously meas-
ured. The detection limit was 0. 01 ng « mL™', the relative standard deviation (RSD) was 3. 44 %, the linearity of calibration
curve of mercury was in the concentrations of 0-50 ng » mL ™', and the recovery of mercury given by standard addition method
was 80%-97%. Mercury in five different biological standard reference materials was determined by the described method. The
experimental results were in good agreement with the certified values. The proposed method takes the advantage of ultrasonic-as-
sisted extraction, micro-solvent extraction, and ICP-MS, which is especially suitable for the analysis of mercury in different bio-

logical samples.

Keywords Inductively coupled plasma-mass spectrometry; Ultrasonic-assisted solvent extraction; Biological samples; Total

mercury; Methylmercury
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