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Determination of alkyl mercury in environmental water samples by the GC/MS method and phenyl

derivatization
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JIS K 0102 THPEAKRBR S EITEBMENTZT N IVKEBO 7 = = Vi EERIL-GC/MSIEZ BREKICHEAT 2 2 & %
BiyE LT, KR OMEKRE W 7 = = V8 R{b-GC/MSTE DRRFT 21T o 72, ME#RIEZ50~1000 ng/mL D i
THEMBEPER SN, A TFUKER PR T LKBOMRE FRE ML) (XZ21h+h0.1 wg/L, 0.1 ug/L, E&ET
FRAE (MQL) 1X0.3 ng/L, 0.4 pg/LTohoT, WIKKOWAKE HOWTZRMENGER CTIL, A FAKER P F
NKER TR REIENGE LN, 2D ORENSAREE, TAFAKE (AFAEKRTTAKER) OHHTIC
BWTEREEENAE(0.5 pg/L) DA —F —DREIKDOERICHAAETH S,

F—J—FK: 7IFILKEE, GC/MS, 7z = )LFEKIE, FREEK

1. [FLHIC

KEREKI DR S 4L, S 1%, KB DOILFTERER,
REZXBOFFMPFAENE 2 52 LN TREND,
KB BRI VESLPE K B IZ 1T 2 &R IERTIS
K 0102 THHHEAKRRERGE (LU TJIS K 0102) )
T, 7AFVKEOGHFHEL L TRESCE
VIR ICL- AT A W L, Sy 7 R
7 LGC—ECDERFEH I 2 HiENM I SN T& 7,
JIS K 010200201953 HGETIC L 0, T/ L KER
(I {kEMZET +F I 7=V RUlET FU 7 A
R FEMEL (7 ==01k) %, Fx o THE
ML, #A7va~ 77 78&0E (GC/MS) %
HAWTERT S H1E (JIS K 0102 66.2.2) 258
SNz, ZOHEFTLEIKRKEFRIILTND T
W, BEAKTOBEMBIZOWTIZFSICHRIFENT
WS, BREEKIZE W T b EAR{L-GC/MSIE &
WHTHZLIckoT, LVBRIEORWEEN
FRE L R D,

% 2T, ABFFETIZIIS K 0102 66. 2. 21278 S 4
TV D HFENREKFOT VX L KEROE RIS
ATE D mataiTo O THET D,
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2.1 RERVEREBRDRAR

Ak A F OV KER K (11) B Ok = 5 L /K68 (11)
DIEHEFIR & LT, &7 A /L ARSI fE 7
VKSR AR AERR (4510 pwg/mL, N E R
e, KERBRM) AL, E-NEEYE L
LT, 874 NAFNHZERD2,4,6-FU 7 1
ny =Y —/-d OKERBRH) K07 =) b
L o-dy, (RESHITH) ZHWZ, ZoOfhoi3k
& UCHERE (LC/MSH) , A% /7 —v (IEHEFRE
K - PCBRABR ) , hvxm o (500015 A 7% &
3K - PCBRABR ) & O'PEG300 (Fnst—#%) 13
L7 A FOEMER A, T FT 7 ==k
U RY v A (GC/MSH) , MR (Fpfk) , K
Bt b U v s (FFRAER) XBEERMAEREZH
W7o, FERLK I IMerck Milliporefifili/k ik 4t &
(A-10) THERL L 7=k & VW 72,

TR LK ERAE NG 1T, UG A A X ) — )b
THEHEAR LD OERKRAKICIRML, 2.4 B4E
(2> T7 = = Va8 AR L T50~1000 ng/mL
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(Hg& LCORE, LUTE L) OOk &
IR A AER U 7o, &M Eft R MEIR I, AR
EME L L T2,4,6- ) r/mnr=Y—)L-d%
40 ng/mL, FOXT7 =F > F L v-d%50 ng/mLiZ
L EOHmMLUE, #i#FE, 2,4,6-F) 7 mnm
T =Y —)b—=d, 10 mg& A X ) — VTR L T10
mL& L T1000 ng/mLOWIEHERIK & L, Z OWIK
BAK ) — )L TABFICHRL T40 pg/ml D
2,4,6-hV a7 =Y —)b-d WEHER: L1,
%HEIL, 7=F 2 hlLr—do 10 mgx b T
AR LC10 mL & L CT1000 ng/mL o> PNAE % JFi &
L, 2OWEZ o THRLTL pg/ml ©
Tz bl r-d, WIEHERE LT

WERRFR X, FERIK500 mLICHERR11. 5 mL & Y
3 mol/L/AKEE{tT b U 7 A¥SHRA2.5 nLZ MR, K
fAKTL LE LTz,

ThRIZ T 2= VAR UEET NY U AR (20 g/L)
X, 7RI 7 2= AR TS Y U A2.0 gk
BAKTL00 mL& L, fEARFICHHRL 7=,
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I IZADVANTECHL ~ 7 % T f v 7 A X —F —
(SR-506) & AV 7=, F3 B 4 i 1 3 5 HE B T S GC/MS
(GC : GC-2010P1lus, MS : QP-2010Ultra) & MV 7=,
GC/MSTITE S 1 IR T,

2.3 H¥
FBHZIE, 2019412 BB L7237k (5 R
) RONMEAK (HIRHEE) % Huviz,

2.4 %

Hlzotr7e —o#E %2 x7, JIS K 0102
66.2. 27 b DEH R, BEEEZ EF 570120
AUEHE100 mL % fc#RIRES mL (201584 &5
LT AH%200 mLEx2 nl (100654 & L7z, @
iK% D> hL o g ARG LT, ©2,4,6- 1Y
rmanay =Y —/b-d WIEHEDEIEZ RS D
7= F b r-d NEEEZ B LR TH
%, Tk, AEEEZHESCLZZ STy, &R
bFERM LTz, BIEFIEOMEZ L TIZRT,

AREFEF200 mL4 o4 P JE 7 F A =250 mLIZHR
v, KEE(ET B U U AR (3mol/L) FHREE (1
+1) THPEL L7, WERRREET#R10 nL A U2, 4, 6-
MU ZmayT =Y —)b-d WAEHEWK (40 pg/mL) 2
p L&z, BWIZKEEIT MY U LK (3mol/L)
XTMERE (1+1) TpH&E5.0£0.1& L7z, 7 b7
Tx=WEOmT MU U AR (20 g/L) 2 mLE
Mz TELICIR D IRE 2%, ~=210nLz 0
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3.1 RERELRER

JIS K 0102 66. 2. 2IZ5# SN TV HCCHRMEE S
BIZE okl EIToT, Y ET U —H T A
WXJISFER O (A Frva X+ XiE7 = =v
AFNRY vaxHr) 2252, M), Wik
7 A TYLHME O & v Agilent B DB-5ms (30
mX0.25 mm, 0.256 pum, (B7 x=/L)—RXAF LK
VyaxHh oMy 2HWERE—207—Y v
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#F1 GC/MS&HH
GC/MS #% 25 R ESUERTSRL (GC : GC-2010Plus, MS : QP-2010Ultra)
fER A Z 2 : Agilent . DB-17ms (30 m x 0.25 mm, 0.15 pum)
BT NEE : 100°C (3 min) — 20°C/min — 280°C — 30°C/min — 300°C (5 min)
EAORE : 250°C
EANFE : 2L A RAZ Y » F LA (450.0 kPa, 1 min)
VAV IVE/A = : 2 min
POBHE AR 5 1L
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A B —T 2 —RRE 1 270°C
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J=h-d; 2 pL
FHER b Fh S
20 g/L7 M7 = VT BENaVis ik SRS EYYY S FERK 2 AL,
2mL 160 SRR L < g MavEEL A b Tt
bz 10 mL 910 43R e ABRE BT
ik b3\ PAEYERIN GC/MS-SIM
HOKRHFENa N2t T 1 pg/mL 7547 hv—dio 100 pL
PSRN - pg/mL /= 0 H
brzy T A 2mLETERM 100 /L PEG300 ¥4 uL
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15 15
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2,4,6-FN) 7oy =Y—-d, 40 ng/mL)



K2 BREK~DOHFIMEILERRBR AR

2,4,6-117
=% >0
. . b8/ F 25 )
e POEHE WwINE DL ABR [F1IY " VYA
wEs R T TR e T e TR g

L) (ng) (L) % (gL (%) %) -d; Al 4%

e R )

\ 0.20 0 2 1 0.0 - - 97

oK

. 0.20 400 2 3 2.0 100 8.5 87

B ok 0.20 0 2 1 0.0 - - 86

0.20 400 2 3 2.1 100 35 84

\ 0.20 0 2 1 0.0 - - 97

oK

= kR 0.20 400 2 3 2.1 110 7.8 87

- ik 0.20 0 2 1 0.0 - - 86

0.20 400 2 3 2.2 110 2.7 84
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Me-Hg : 7 ==/ F/LKER, E-Hg: 7 ==/ F/LKER)



RN SGE LTz, B 7 AFIRICEWTIE, WBRK
WZIRINT 2PECA 1 T LR T 52 L 2B <
72O T AREEZ30CETCHEIELIZ LE
EBELT, MBIEON 7 LEEIR LI, £z,
7 = = UALKER MR T H D72, IEEAS
THZEIWLELVEELTCH T AIZIEATH &
MARE L 72572,

K22 A FILKER & = F L KEBIERETR D 7 = =
NHEBAM O EREZRT, ATFAKELZTF L
KER &+ 1250~1000 ng/mL o> #&FH C B AF 7 BRI
(R?=0.999LL k) MBSz, RoWHric v
GC/MS D HE & i N BRAF (IDL) 1%, 7 ==L A F L
JKERAN10 pg, 7 ==L FLKERD10 pgTdh -
7o

3.2 B¥ARBORME

JIS K 0102 66. 2 T/RE ATV D 7 /L F /L KERD
E R ITHg 0.2~10 pg/L GREHARE) Th
v, Fio, TAXIVKBOBREILET TR L2
W2 & (EERA 0.5 peg/L) | Thd, KW
(CBREE R 2 72 TRER E A2 BT 7290121
FRREDORENLETH -0, ARFHZH W
GC/MS TIHIME N AR LT\, £ T, Bii%xs
JIS K 0102 66. 2. 20020f%7> 51006512 BT 572,
REIREZ2FICHOT & & & bICRERBIK 2 B
T DI LICKVIEREREEM D Z LB ATREDMR
FEITo T,

20, 50, 100 ng/mLOKREMVELER 2 T Zh
2 mLoyHL L, EHRRIE T CRE ERTE TRME%,
BEMM T2 oL@ LTHIEL, MEHRE
B L1z, 2B, ZZClE7=Fr bbb r-d, N
FEECHIIE Lo i 2 Vo, i s A e iR
DPEAE O W L D EMR O — R EFR 2 FK3IC
AT, HEROFER, A F KR, =FIKERE G
T DA BT X D REHR OB E AN RN &
5, RMEEEO T VX LIKBOBEKITRNEEZ DL
Nice TNEZT T, ARFTOHH 7 v —ITHh
HR % 515 A 32 TRE 2800 L 7o, e R 3R
RLTWDLERIVEBETHRFELENE EiX
BAEEEZBINT 2 2 L NARETH D,

#3 REBRAEZEEROBHEOEEIZLS

BRE AR D [ D Lk
o i R ARt A
i AFAKE Tk
A g YT S0 YT AR
%(20, 50, 100 y=1.61x y=122x
ng/mL) H -0.30 -0.12

¥ 7 xF bl r-d, NERETHIE

3.3 RIBHEMA S DOEUNED T & ST AEDR
Hi T BR{E (MDL) B UF3E & T BR{E (MOL)

1K B OV 7K ~ O W AN RN BB A S & 22, WS
IEGRERF D 7 v~ k7T K& B3I RT, )l
KB ONEARIZ T L L KERK 400 ngZ AL, 2.4
B> TR 21T WE LS, 2 F L
KER, =F KL I K ONEAK T REAF 72
B (100~110%) G o7z, £72,2,4,6- R~V
rsan7y =Y —)\-d WIEAEDRITZEE84~97%
ERIFRBINETH - 72, JIS K 0102 66.27TlL
TS v bbb r—dy WIEEZIRML TWRWA,
SEIEMT L2 EiIckv24,6-hY7mnr7 =
YV —b—dy WIEHED RN R A2 iR T 5 Z L3 Al he
Lo,

i HEoOBFOOESE LT, 2Z—F—H
MoV IZHR L 5 23w FTRE T L7z &
Z A (304 X 1[EHhH) , 60~80%FLE & K\ [EY
RTCEFB RE D o7, JREIZOWTIIAHTH
L3, MM GEEEET L5 IXEERSLET
b, mE, REHTH WK & KD B I,
WG TV FAIKER (A FLKRERKE = F /LK
) I S hoTo, Fo, WINEIGER T
B BRI & S M RS FT R AT L 7 RS
HE U7z ab B, SR B o3 D AR F R 1394~
110% D TH Y, FRE3MEFRRE THIVIRF
ARECHDH Z L EMER LT,

ALy HT 7 I F 1 DMDL K& OMQL % 5 H L 7= (MDL
=t (n-1, 0.05) X ¢,, X2, MQL =¢,,%X10) ,
TV L KEREAE 100 ngZ& AN L 7= J1[ K 200 mL
(n=7, PEHARIEEE0.5 ue/L) %2.4 BFEICHKE
S CTHIALEE ZFTUVE L7253, A F LK EROMDL
1X0.1 pg/L, MQLIX0.3 pg/LTHo=, 1=, =



FILIKEEDMDLIZO. 1 1 g/L, MQLIZ0.4 pg/LTH

> 7,

4. &

JIS K 0102 LHHEARBR FIEITBMESZT v
TR D 7 = = VBRI -GC/MSTE & BB K 1T
WHT2Z 2B E LT, WJIKEOYMEKE H
W 7 = = VB EARIE-GC/MSIE DR 21T - T2,
1ﬂ%%ﬂ:iﬂié#“gf?ng&Lx(avaoongML
OFFH CHEHMRMENHER I NIz, A FAKER O
FILIKERDOMDLIZZ L EI0.1 pwg/LKTR0. 1 pug/L,
MQLIE0.3 1 g/LKXTR0.4 pug/LTH -7, )IIKE
W= TRANEERBR I DWW TR, A FAKER O
T F LK TZE N ZEFLEILER100% % OV 110%, 1K
Z W T2 ERANEIGRBR I D WD TR ER100% K& O
110%Td o 7o, ROHTIEZE VTR R OMEK %
HELEZEZA, WTILh A MLELT) Th -
72o F72, JIS K 0102 66. 2. 2ICHLE S AL TUWLRN

EREEEAZ BINT 5 Z LI BEE LT DN AR R
LTWWé&%%iDrmJ*Tmﬁmwﬂﬁ Lo
77

PLEDORERNBAREL, TIXFAAKE (X F 1
B O FILIKER) DIV TEREEHUE (0.5
wg/L) DA — X — OB RO E &2 H FTRE T
bo L END, 5%, BREADT LR KE

SHTICBIT 5 7 = =V FE R -GC/MSTE D K 75
HrEsh s,

[ 3CiR]
1) BESFETE 59 B 33
2) JIS K 0102 : 2019 T3HEAKEER ik

Summary
This

determination of methyl and ethyl mercury in water

method  provides procedures for the
samples by gas chromatography/mass spectrometry

with selected ion monitoring (GC/MS -SIM)
following phenyl derivatization.

A 500-mL sample of water was mixed with 10 mL of
acetate buffer and 80 ng of 2,4,6-trichloroanisole-ds as

internal standard. The sample is phenylated using

sodium tetraphenylborate and extracted with 10 mL of
toluene. The toluene extracts were dehydrated with
anhydrous sodium sulfate. Then the toluene solution
was concentrated to 2-mL under a nitrogen stream,
mixed with 100 ng of phenanthrene-d;y and 4 puL of
PEG300(100 g/L), and finally analyzed by GC/MS.
The instrument detection limit (IDL) of methyl
(phenyl) mercury and ethyl (phenyl) mercury are 10
pg for both the chemical series. The method detection
limits (MDL) of both methyl and ethyl mercury for a
water sample are

0.1 pg/L. The method quantification limit (MQL) of
methyl and ethyl mercury for a water sample are 0.3
and 0.4 pg/L, respectively. The average of recoveries
(n = 3) from 400-ng methyl and ethyl mercury added
to water samples were 100% (CV = 3.5%-8.5%) and
110% (CV = 2.7%-7.8 %), respectively.



