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Influence of pretreatment methods and exogenous substances on false
positive results of methylmercury in drugs containing B —HgS
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Tibetan Medicines, Xining 810016, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract Objective: To explore the effects of pretreatment methods and exogenous substances on theconversion
of B —HgS to methylmercury in drugs. Methods: With 5 mL pretreatment solution, 3 —HgS convert to
methylmercury caused by ultrapure water, acidic pretreatment solvent, alkaline pretreatment solvent, acid
concentration, physical leaching pretreatment methods and exogenous substances were investigated. Speciation
analysis of methylmercury was done by on-line coupling of high performance liquid chromatography with cold
vapor generation atomic fluorescence spectrometry ( HPLC-CV-AFS ). Agilent Eclipse Plus C,5 was uesd and the
mobile phase consisted of 5% methanol, 0.06 mol * "' ammonium acetate solution contained 0.1% L-cysteine
(5:95)at a flow rate of 1 mL+ L™, The injection value was 100 pL and the detection wavelength was 254 nm.
Results: After 15 mg B —HgS was pretreated with ultrapure water, the measured methylmercury concentration
did not reach the lowest detection limit of this LC-AFS. After pretreating with 5 mol + L™ hydrochloric acid and
25% potassium hydroxide—methanol solutions, the mercury element derived from 3 —HgS was methyl mercury
concentrations in both kinds of solutions were ( 0.63 +=0.01 )pg+ L™ and (2.32+0.07 ) pg * L', accounting for
0.067% and 1.162% in dissolved mercury respectively. 3 —HgS was converted into methylmercury after pre—
treatment by heating method, and the concentration was (0.71 £0.03 ) pg * L', accounting for 0.059% of the
dissolved mercury, which was significantly higher than the shaking method ( 0.52 = 0.02 ) pg * L' and ultrasonic
method ( 0.61 £0.01 ) pg * L. There was no significant difference in the ratio of methylmercury to dissolved
mercury in the three physical extraction methods, which were 0.059%, 0.061% and 0.062% respectively.
When the concentration of hydrochloric acid was 0.5-5.0 mol + L', the measured methylmercury concentration
was (0.52+0.02)-(0.63+0.04) pg+ L' Caccounting for 0.454%-0.069% of the concentration of dissolved
mercury ), and the methylmercury concentration increases significantly to ( 1.50 =0.08 ) pug * L™ at 8 mol * L™" acid
concentration ( accounting for 0.018% of the concentration rate of dissolved mercury ). compared with the § —HgS
control group (0.64 =0.02 ) ug * L', the methylmercury concentrations after adding cellulose and plant mixture
were ( 0.76 £0.03 ) ug * L' and (1.44£0.07) ng L, accounting for 0.070% and 0.114% of dissolved mercury,
respectively. Conclusion: We demonstrate that when there is a high content of § -HgS ( = 15 mg ) in the sample,
with 5 mol * ™" hydrochloric acid or 25% potassium hydroxide—methanol solution as the pretreatment solvent, 8 —HgS
can be converted into methylmercury after pretreatment. The converted methylmercury concentration is positively
correlated with the acid concentration. Heating can promote methylation of 3 —HgS. Some exogenous substances such
as cellulose can promote the conversion of samples with high content of 3 —HgS into methylmercury.

Keywords: (3 —HgS; false positive results of methylmercury; pretreatment methods; exogenous agents; mercury—

contained mineral medicine
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ALK (HgS ) 54 25 (anvh 25 R 0 i 245 1
KNG ) TEFR A% 4t B2 2 vh B & A 1 e IR
IS R SRR R o, e a2 A o6
KBS HIE A% UIM G, HeS 2R M EMALLK,
(a-HgS)=2x 10" K, ( B-HgS)=2x10"] iy TG
PR FE P /N TFA HLR i R (MeHg ), |
FOR I T HA Y e 3 R RV N OR8N , 23
X £ 25 ERIE A 2 (i B o ™ A, 20 i
20 50 AFAR K A A H AR KA 1, TSR A AT
B TP RO Y a5, v T T E R
L, ZE PP HeS 25910 e A PEmt I F 60K L
B 254 PR SR I T B S

W LG P IR R I A5 00 B 7 e 2R R
Bl M A L R i S T
PSR A B R OR i 2 B 00, SRTAT SCHRAR 3
FEFR TG L 1 B3RO AL i b (TR B R T
500 ng - g ) K 1 L ORAE —HR 400t TCAL R #E
A >k, ﬁﬁjlfﬁlﬁlzlg%%/ﬁ\ﬁw% Hintelmann %LG'
FAAG Be oK ZE AR A T AR P v iy R LR B B, TE
ML B Y B4k 3R BN 0.02%~0.03%, 1B 1 TAEA 1Y
s, AN TR A ARG, BRI, 3 2l TE LR §e 1k
) R 2 P8R AR 221K 30%~50%. (B ZRIABE
PRIPARERT K BT e SRR ) (HJ977-2018 ) brif
AN FE R R ) YR S He R T
440 ng - L™, 2306 e 3 R I 7= A 1 4, AS P
BRI ZE08 7 . Hammerschmidt 252 TR A4 R 1A T
XU 228 ) S A T R AL B | S FR R A8 = T
PRV, E— AR 5T K BR, R 5 A JE ML TR & A=
FALITEL

Liu 2500006t 7 Fhfr e K B 26 AT T R,
A5 B R & HE o 24~12 000 pg - g, I BE SR & i
0.033~37 ug * ¢'; Martin—Doimeadios %" I & T
DU 2 2% 1) Il TAEA356 H Y FE 3SR TAEA356 fY
BRINIEME A (7.62£0.65 )ug - g ', B 3R INIE(E
H(5.87+0.89 g« g™, MM /F & S b I 45 HY 3SR {H
K (19817 )ng- g, i TN UEAA 19 3 £%; Delgado
SELS TR M b v S % W) R CRM =580 H ) H 2
FRAEAT TR, 0 75 H 3 SR v B = AR 1 4 4%,
Martin-Doimeadios 1 Delgado Z2it— 57 J5 &,
DU rP B HH SR A T AL B RIS i i v %2 T H
FeAb, F AR A H TR A5G 45 v A, TR 22, S EUT
FORKM 25 R = T2 H W B IEE ) 3~4 f5. H

RO

AT RAPRSEE, Liu 250107 0F 5 4% A JRE 24 v R 5 £
R 45 FRAAFAE R S R iR 22 . B K259
Y B —HeS & B 24k i W 3ok s Hok B
FALMR RS2 BT AR W SCEIRE . A5
PL B -HeS EAMFFR X4, % AT (B ML 2 E %K
B — B b SR FE FLR I 22 ) ( GB5009.17-
2014 ) MO RiE T ISR TR S Y, B T Ak
P T AL 3L 1) T ALk 3L R Py PR AR T AL PR B
PR e AN S MG A 4 %t R SR Y s, LA SR 26 80T
M AR 251 v R SR ARG I 45 SRR bR
1 #MP5F*
1.1 X8

BSA-100C = 20 AR (35 — I 2 OB 1 B H
A, e AT FAEAL AR A 7] KQTOODA A Y, B ¥ A%
2wl HZ-82 (A) [ig X E IR IR o, & 3nhi K
Fii {2 A PR 7] 3 ME204 B 1 K3, Mettler Toledo
5Tl 5 Sigma 3K-15 B8 &0 HL, Sigma 23 F .
1.2 HEa S

A Ak B3 ok X BR 0.1 g ( Dr. Ehrenstorfer 2
F,95%); K B G F AR fE W W1 000 pg - mL!
(GBWO8617, H [ i1 W 5T e ) 5 B —HeS (43 B 41,
Alfa Aesar 2N, 4l 5% > 98%, ) ; HLgi b (BT T2y
71,99.95% ) ; £F 4 & ( Sigma AT ) 5 TEH (43414l
E 2R 2A AR A F ) s FLEE A (IR,
80% ) 5 L- R AR (BTHr T /A F], 99% ) 5 R (GR
Gypral, AU EER Ak 25 R A R D 36.5% ) 5 F R
(gl Merk 2~ A ) 5 W Be (o Hral, v pE Rl
R A BRA T ) A ALER A SR B R o3 il
SCEHIK R 182 MQ KB F/K (Hh Milli Q #B2l/KHL
A8 Do AIRRNT LTAE (AR BERE RN G RE 25 A [ 75
A B R 2 BR ST A A

UL R SRARME S e /D B RS, 2%
SMRAR AL 1 000 pg - mL™ FUAHATRZY 100 mL, P47
T4 CUKFE T

2 18 (A N RGN 241 ) 2015 AERRPUFE-,
A ECH 0.5.1.2.4.5 Fl 8 mol « L™ fUERRRVATR -
1.3 HIER (MeHg") FTnl i 58 (Hg™ ) BRI 5
e AR TAES& A
1.3.1 (U TAESME WA GRS Agilent Eclipse
Plus C,g 3% H: ( 4.6 mm x 150 mm, 5 pm ) ; i shtd
I -0.06 mol » L™ R EL VW (1% 0.1% L- PR &
B2 N(5:95); Wik : 1 mL e+ min™'5 HERERE: 100 pL' ',
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JRF A SR - R RS O BT (AT
LI 40 mA, 7115 1K 300 V, 5 9 K 253.7 nm ) 5 @&
S 400 mL - min”', B S % 200 mL - min”',
BIH 5% (o/V) R BTN 0.5% (m/V ) Tl
SALHAW (7 0.5% S ),

1.3.2 AP OR AN L GRAG I 4% “1.5.17 WU 7
B, 0 A W B AR IUS RRE SR 2 KA o
G HFAT AT ORI e o X 2B A B R B I W I
AU R KA IRGHEA T H R A

1.4 A H SR B ISR A e il 2 i ol

PR I I — i i SR LR A A TSR HT R
PR E T, FH 25 B85 7KW R T 1 B o Wk B4 0.5
1.0.2.0.5.0.10.0.20 pg - L™ [ RIS X IR S
KRR X AR MRS A AR, W AR Y VR AR AR, 535l
2 il T SR R SR AR v T 28
1.5 HiRbFET
151 R/ RE PRI B -HeS 15 mg (F-
17643 ), 70 15 mL BB B o 435I 25 5
TR ORI SRR (0.5.1.2.4.5. 8 mol - L")
1 25% S AL - HEAYY 5 mL, N ETR ) 5
7 (250 W, 50 kHz ) 30 min'*'; SRS 7E 4 C R LA 5000
remin” 3B EL 10 min, B E W 0.22 um 1Y€
JE AT B S B T 15 mL B0 T, In A A P
5 mL AR LR, =R FRIZURY 2 h )5, 78 3 000
remin” B E FELCL (3000 rsmin™') 10 min; £ H
B EFREE 4 mL 25— 15 mL B0 A 10
mmol * L HACHRRANA 2 mL 3F9R7% 30 min, ¥ H
AR LA BUZE KA 5 7 LA 3000 1+ min”™' BB 5
min, B FEKAHE 1 mL $EAT 38 35 g s B
VKA, 4 CYA R, 2 LA,

1.5.2 YR RARRTEFEAFER S mol - L
RV

PR% W W 1507 TR i e TR AT 5 S 30
min 2R IR T HLMAR S 10, i RS
“1.5.17 e e—3L,

L PR IRE A IA]) “1.5.17 T

AR B 1507 TR WA ETR A R B
30 min Bt N <60 CAK I 12 W' B HAl A B 5
“1.5.17 misE e —E,

1.5.3 [ B —HgS H i AZMNEEY) Y Fi AL 7 3
M T B —HgS 25 Wil 351 v il o3 52 2%, DR ot 2
HE— 2 EH A SO R T AR IR . S R iR

T YLK ELA NN B -HeS (54% ) FiHL bR
('S, 329% ) ", S Af KR v [ A 7 A At R 4
gy, R, 05 S B T o A A IR PR AL o (AR R JE
¥y ARE RS ) SR A o (LA AR
o A2 R A AT (LT A6 AR BE S RN G RE AT
BHSY J ) K B —HeS F AL

B B —HeS 1E Ry %F MR 4H, B B 3 ( 10 mg ).
FYEE(02¢) M (0.1 g) HZHE(0.1 ). FHH
BT (0.1 g) YR A 415 (0.2 ) 43 5MA B -HgS
IS TR YRR IS AT R A
PO A AR o5 e R L B T4 58, SR AR A
TR B 2050 9 T 2t A 40 6 24 11 550 R FH 7] 001 7
Fe st Sl AR R 2% T A8
& RN 4 H AR
1.6 Siiterorik

S0 B HE SR GraphPad Prism 7 3% 14 # 17 8¢
TR, DL+ SD FoR, % T 2 4180 =2 1)
1 R 0 37 FE AR ¢ K 35 (independent—samples
¢ test ), 22 ZH U4 = 0] 1) FL 88 Rk FHH ANOVA Tukey
Bio BHRFEMIERE 6 A TATHE
2 KGHER
2.1 FLOR AT I M SR bR o il e A i R R AE
ARSI ST, HRSR AT 7 R I G b [l 3 5 R
W
Y=1603.1X-268.5 r=0.999 1
Y=1620.5X-363.9 r=0.999 4

R BR 4350k 0.03 pg - L7 F10.05 pg - L7, 26
PESE N 0.5~20 pg - L7 TRA T BRI BORAE S i
WIS R L 1,
2.2 LA B-HgS 1.5.15 Fil 150 mg &A= W 3EALA9#:
NP

KR Liu 25550560 7 Fhf (e AT 25 AR B
W25 R4 B -HegS BYIMA ., HET 15,15 Hl
150 mg B —HgS 28 5 mol « L™ 5 R 7 004 75 i Ab B
AR EA R, 45 R EKW], 1.5 mg B -HgS 41
A, H B RV BE AR TR I T B 15 mg A1 150 mg
B —HeS Hy&x kA H AL, A5 LR o i vk 435010
(0.615+0.011 )pg- L7 FI(1.692 £0.047 )pg- L', {H
150 mg B —HgS M H R BT IR 2 15 mg B —HgS
1 4.5 7%, Al H R FEAE A 43 EE (0,041 £ 0.002% ) 2
LT 15 mg B —HgS (0.062 +0.001% ), Ik, Hik
P15 mg B —HgS 1E AN
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Fig. 1 LC chromatograms for MeHg" and Hg™* control solution ( A )

WG E (fluorescence intensity)

and B —HgS sample solution( B )

2.3 TR/ BHAETALBRERINS B —HgS & HEEAL 52
SEHG R T 1507 WUJT vk, LLH 4l K A D %

R I A5 FBE R ok B2 IC T A I T PR, B -HgS 7E
5 mol « L Eh PRI PRI 38 m I & A T W Ak,
FHZ R B 25% SR ARET — F RSy . 35 itk 1
B —HgS %1k A H 5Kk (P<0.001 ), I #5 FFF 3 5 e i
5mol « L™ EhRRVE AL FE G 1Y 4 1%, 5 mol - L7 R AN
25% A A — B2 IS IR R R KR . D
%1,
2.4 RGIE GBS IERUNIEXT B -HeS &AW 54k
PG|

SEYR R “1.5.27 WUR J ik, B-HeS W ALY
SN B OR B/ MU Ry < A R i ARV 5 Ik
Fos WL B -HgS rhoRIES H AT Ak, A5 AT
Ve R Jo = MR BE A (1 220,193 £47.481 ) pe - L7,
R R W B R (0.715+0.028 )pg - L™, B-HgS
IR P R B RN Y AL R W o TR T [ TR
Hi9K (884.12+38.32 )pug - L7, 1 55K (0.523 £ 0.018 )
pe L] R HE S LA % R (930.17 £28.19)
ug e L7, B ALK (0.614+0.014 )pg - L7 ], 3 Fh )7 23
75 F ok AT Hh R FR A A 43 L 43 R 0.059%
0.061% F1 0.062% , TG 8 35 1 22 5. LA Ab BEAR RS
PRz RS AP X B A5 RT3 A SR 1 43
B4 143.03 ., 125.64 F1 163.30 pg « L™, F FERAG TAG
TRR. LA 2,

R1 BIRMERFIN B-HeS ZAREMHMER ( F9E +SD, n=6)
Tab. 1 The effect of pretreatment solvent on the methylation of B —HgS ( mean + SD, n=6 )

SR
b B LRI

( pretreatment reagent )

( MeHg concentration )/

( ug L )

( dissolved mercury

FILAL T 43 L ( percent of methylation )
vs. AR P

(ws. dissolved

A R

o o
vs. BIK °

(vs. total Hg ) /%

concentration )/

(pg 1Y) mercury ) /%
7K (‘water ) / 1.905 +0.038 / /
Smol - 17 £k (5 mol - 17" hydrochloric acid ) 0.630+0.011 930.179 + 28.197 0.206 x 10™ 0.067 + 0.002
25% FAAABN - I (25% potassium hydroxide
o 7 porassin iy tosce 2323+ 0.067 201.119 = 15.981 0.769 x 10™ 1.162 +0.107

in methanol )

H (note ) » a. BORFFEALE /3 L (the percent of total Hg methylation ) %=100 x ( Myag=Mo )| Myr % 10°[ M MeHg FFRDMITFH HK A (amount of measured
methylmercury, ng ), M, X H FERTT 540H ( measured background value of methylmercury, ng ), My, fEZ2EIMASRIE ( amount of measured total Hg of B ~HgS
added, mg ) I; b. FIE R H AL 43 LE ( the percent of dissolved mercury methylation ) %=100 x ( Cy,u,~C, )/ ( C yg g —dissolved=Ciy( 1 yo ) Cyon, RFEMAE
FERHYHEE ( concentration of methylmercury, pg + L), C, 1878 3L 5H4 B ( background concentration of methylmercury, pg* L™ ), Ciig(1)-dissolved RN
R (pg - 1), Cie(1 )0 RFTF S P Hg (1) ¥ EE (Hg ( 1T )( concentration of background Hg ( 11 ), ug+ L7") ]

2.5 A[FEMEERIRXT B -HgS HILALH R

S8 SR 1.5.3 3 J7 ¥, 0.5~8.0 mol - L7 h iR
25 IR TR A T 3 0R o e 5 1 R, Bl 3
i v FE 3G 0, B —HeS A fift 5 - 1) 7= A= He™ B 7
A% s, MM fE gt T B -HgS FhoR My . MK 3

RO

v DLE HY, 7E 0.5~5.0 mol « L™ ¥ F 35 Bl 1N, R Ik
JE 55 T R Jo R R R R OR Ve B SRR M G R
(R’=0.95,0.96 ), 7T % H} 7R Jit 5 ¥ A (112.466 +
4718 ) ~(914.228 +38.734 ) pug + L™, FFLSR i e &
J9(0.527 £0.018 )~ (0.632 £ 0.041 )ug + L™, FI 5%
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C\ §
7o FERKE BREEAL o, 2 206
w (concentration of (methylation . 5 i~
& methylmercury) percentage) E é‘
= 4 B - g
308 ki 0.08 1% 8 wk
5 =g 5204
B8 06 - 0.06 = 5 % g
® - I g Iz g
= R (=
o R ¥y
= 2044 F0.04 R & .
5 9 8 N5
. =1
S 024 .02 ¢ & s
= g ol
S o~ . 0 E) = 0 T T T T 7
g % i TaRPa DB 3 g 0 2 4 6 8 10
S (shaking) (ultrasonic) (heating) ~ < ERERWE B (concentration of hydrochloricacid) /(mol » L)

5% M e ( compared with shaking method ), *P<0.05, **P<0.01,
#=%P<0.001; 5 M A % M H( compared with ultrasonic method ),
# P<0.05, ##P<0.01, ###P<0.001

B2 #R5EGBEREMMMEST p-HeS BEREMUMFMER(F
#{E +SD, n=6)

Fig. 2 The effect of shaking method, ultrasonic method and heating
method on the methylation of B —HgS ( mean + SD, n=6 )

AV R A HLIEN 0.454%~0.069% , — 2 [] F A5
RPER R 8 mol » L7 Eh R FE I, ATV HY 5K o i ik
JEAR TR A (8 817.216 +619.183 )pug - L', I KR
R R (1.504 +0.078 ) pg - L7, i nl i HIR R
0.018%. K4 W, B-HgS Aya] iz ok 34k 4y
F B i e 5 34 Jin i B4 ( 0.4979%0~0.018% ).,

o SRR AV HH R BE

] —m— (concentrationof —@—(concentration of

% 2.0 methylmercury) dissolved mercury) 10 000

Es

~ o

1 -8000 =

§ .5 S .

~ 2 T
"g g L6000 S 7

= G w
%f 1.0 i < 3
o 8 F4000 3 7Y

b Ko >

T8 5

£ 0.5 £ 9

- 2000 S &

® S E

5 3

s 0 T T T T 0

5 0 2 4 6 8 10

o

FHERWE (concentration of hydrochloricacid) / ¢ (mol « L)

B3 AEiRERBRPHELAERMAIAHKRE ( F9E +SD, n=6)
Fig. 3 The concentration of artifact methylmercury and dissolved mercury
in different concentration of hydrochloric acid ( mean + SD, n=6 )

2.6 ANEPERE B -HeS R A2

W FE B —HgS A BRL TR AR U M 2H 4y
(LFYER JEM A ERE ) MAEYIR G 457,
FWFFEANENEY X B -HeS WAL 5Em ., R f

ARIMA B —HgS BIFMNEEY) 5 2 FE A AR
Bk iR NIR, B —HgS Xf AL AT i oKk T ik

FEM (936.208 +53.642 )pg - L7, L RIFHIRIE A
(0.643£0.037 g~ L™ ( HATEEH RN 0.069% ); il

B4 PB-HgS ERERK
n=6)
Fig. 4 The methylation percentage of f -HgS in different

E#BRAHBELTSLL(FHE £SD,

concentrations of hydrochloric acid ( mean + SD, n=6 )

N TR S A5 HY R R v B 5 X6 B A R L TG 2
225 AHBABTRR 23] B —HgS M ( R L mlis
HOREHR 0.077% ). F4ER WEEHE T B -HeS M
file[ T Y R (1072613 £25.045 ) ug+ L, P<0.01 1,
HR 3 SR e B B8 % (0.755£0.033 ) pg - L7 (
AV R R 0.070% ), i B £F 4 2% Refg A iF B 3%
TRy & . TERBENE F B —HeS MY i ( P<0.05 ),
i %6 BT B —HeS ¥ i JC W 0 52 5 % B 28 A
TE Ry 21 1) B LR v B A BG i, (BTG B S R 25
BTN AT R e B N L R vk Y TE P B
AR
FE 5 mol - L™k 92 V5 W M0 AT Ak B A, 5
B —HgS Xt B b, A TR A 4o e E T B -HgS
f 1 M [(1259.157 £ 52.641 )ug - L7, P<0.001 1, [
o o FFY 5 (A R J0 S 00 v, 045 FR B SR Uk E hy
WA A 2455 ((1.439£0.072 )ug - L7 ], B 3L 5% 5 Al
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Fig. 5 The effect of exogenous agents on the methylation of B -HgS
( mean + SD, n=6 )
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