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Analysis of mercury and methylmercury in river sediment samples
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Abstract: In this study, the use of purge & trap GC-MS technique for determination of methylmercury in
sediment samples was described. The method detection limit of the method was determined as 0.06 ng/g and the
recovery of the method was 102+11.4%, with precisions better than 11.2%. The method was validated by analysis
of CRMs such as ERM CC580 (estuarine sediment) and IAEA 405 (sediment). Additionally, the performance
of the method was tested on river sediment samples and the analytical results were compared with those of

the GC-CVAFS, which has been widely used for methylmercury analysis.
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22, HEF2 AUy
HAE Fo WEdse dAxe WPe R w5 EPA
method 16300l AIAE /WS WA ste] AHE-3H3
on, ¥4 & EFY GC-MS AW HOZ vgdFe
< AFsAL""? HAE A 5(0.5~ 1g)oﬂ H,S0,
(1.5 mL), 20% KC1(0.6 mL)& 7} & HEF 37}
25 mL7F =S SHFFE H7Eskdh o §94&
135°Col 4] 50 mL/min N, purgedte] ZFHo] 20
mL7b € H7bA] SReAT. SHA L FH5~-10
mL)°] 0.2 M acetate buffer (0.5 mL)3} 2% Sodium
tetraethylborate [NaB(C,Hs),] (0.2 mL)YE 71343 ethylation
Al & HA & EPO| FY3FL GC-MS SIM Mode
Z B39t GC-MS £47]7]1= AgilentA} (CA,
USA)?] 6890N, 5973N GC-MS Model& AH&-3}%.&
W, HAX&KEYH FA A= TekmarAl (Ohio, USA)Q]
Tekmar-Dohrmann velocity purge-trap 2.2 E 3 &2
& Tenax A (Suppelco, MO, USA)E AF&-&F T} 7]
NBNZAL Table 19] AX 2™, SIM mode=
£24938 GC-MS chromatogram= Fig. 191 A A8} T}
A8 F9] Y422 sodium tetraethylborateol] ]3]
ethylation¥]©], CH;HgC,Hs9] Fe|Z H = o] A&
Hm, A7 Foll EAsh= Hg™'el 49, Hg (CHs),®l
PR AgE o] AEHY, F8g A Fo] o] FoiA

Table 1. Operating parameter of Purge & Trap GC-MS

Condition

Purge & Trap operating condition
40 °C

40 mL/min, 15 min
200 mL/min, 3 min

Absorb Trap Temp.
Purge flow and time
Dry Flow and time

Desorb Trap Temp. 200 °C
Flow and time 300 mL/min, 3 min
Bake Trap Temp. 230 °C

Bake flow and time 300 mL/min, 5 min

GC operating condition

Injector Temp and mode 220 °C, splitless

Column DB-5MS (30 mx250 umx0.25 pm)
Carrier gas and flow He, 1 mL/min

GC temperature 40 °C—(15°C/min)—280 °C
programme (5 min)

MS operating condition

Ionization energy 70 eV

Transfer line and source 200 °C, 230 °C
Temp

SIM  CH;Hg": m/z 202,217,246

Hg?": m/z 202,231,260

Detection mode :
mode
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Fig. 1. GC chromatogram obtained from CRM by the purge
& trap GC-MS method.
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W ol whe} wlo] A2 9 o] B(ETHOSI, Milestone Srl,
Italy)® 73] 2] 8}32 ICP-OES (Optimer 5000DV, Perkin
elmen= A #F319t}. QA/QC Al E2X4 ERA Soil CRM
(ERA, USAYS 243} Th
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= v} Ak Tuble 26 AAE vle} o] ZF A F}
Aol Bu7} 25 mLel 27 30M, AZFFY] ¥
97t FFHA 2] 39 80%2 20 mL7} HEE
SHRT AT, NPT =& 35 U AUEE YERY
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A P& 0.9970191.2, calibration factor (CF)2] <
RSDE 5.44%%Z UEh} dwrzoz @ F5E 5% ©)
Ylo] RSDE EAth WHAEA Y &S 95k
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Table 2. Comparisons of CRM recoveries by various distillation conditions

Distillation Rate

Distillation condition by Final volume

ERM CC 580 (n=6) IAEA 405 (n=6)

Condition 1 70~74%
Condition 1 80~86%
Condition 2 75%
Condition 3 80%

56% (+4.9%)
80% (£5.8%)
77% (+9.0%)
94% (+5.8%)

51.0% (+7.8%)
119.0% (+23.0%)
81.7% (+7.5%)
91.8% (+11.3%)

Condition 1 : Distilled water 9.2 mL., 0.6 mL of 8M H,SO,, 0.2 mL of 20% KCI
Condition 2 : Distilled water 25 mL, 1.2 mL of 8M H,SO,, 0.6 mL of 20% KCl
Condition 3 : Distilled water 22.9 mlL., 1.5 mL of 8M H,SO,, 0.6 mL of 20% KCl
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Table 3. Determination of methylmercury concentrations in sediment CRMs (n=7)

CRMs Certified value Determined valuexSD RSD (%) Recovery(%)
ERM CC 580 75.0+4.5 ng/g 74.5+1.0 ng/g 142 85~108
IAEA 405 5.49+0.53 ng/g 5.27+0.28 ng/g 55 89~102
11.4%2 JEpstT HeFe T2 FAAF RS 04124 {9
FA3E AT 7 AJ 2 (p<0.05), Fig. 2004 &}
32. I SIHENE Jo &r2 ¥ HES2S o] HAE QXA wE A3 YA &
S5 ZAb stk dutd oz HAE T WEsd 5 7Y
U SHEHES F52 U uEFe T FF He 52 4 o] dE AR dEA JdLe
o] MY ZAFE 918l 4 ool e, TA L, o]joll = WEe A AHE ot A=
I, R, 34 - AR 9] sk HAES 46 (2=, A, nAEe] A&, FHEde &,
WHTable 4). $5& FEE BT 98.542.32x10% ng/g 3= 2] % 5)o] ecosystemol] w}a} g #gste
(243 ~1.56x10° ng/g)o. 2 Fhulg, EA T, 31, 2 F35eY fFY#ETeEE HEF2Y RS 4
34 AFAR 02 Aasision, 71Ee A7 =3 5= glths §ARSE A3 A7t AAIE vt '
H2ZRE AAE P HAE T4 TR 3.24x10 HAE T F529 o e sE2v =

+2.86x10% ng/g (70~1.32x10° ng/g)ell Bl e
Fo2 ZAELES 422 81/ HAE AlS
% 687119 Al Bl A W HESHAI(0.06 ng/g) €12

2 AZHNeH, AFE AR MEFE B 5
= 1.16£1.17 ng/g (N.D.~5.95 ng/g)o] Ath. Zekul <,

38, 52 - A5A 5ol HAE AAAH] G v
YL & Aololi, $520) A99 92 EAH

0% AT Ael7t gl Ao ehdrhp-035>
0.05). 94 & EY GC-MS Wge A%< 94 GC-
CVAFSO| 2|3 247430} v walglon 24437k
o] H] [MeHg]cvars/[MeHgloems = 098, Ha HAF=
0.16 ng/g, AAAF, RE 0.79 (p>0.05)% FAHCZ
frelst 2pol 7t gle AR vElytt
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Fig. 2. Plot of correlation between total mercury and methyl-
mercury concentrations in sediment.

Table 4. Comparisons of total mercury and methylmercury concentrations (ng/g) in river sediments

No of T-Hg MeHg [GC-MS] MeHg[GC-CVAFS]
Sampling sites

samples Average Range Average Range Average Range
Plant effluent 8 433x10°+5.68x10>  10.18~1.56x10°  1.78+1.97 N.D.~595 1.71+2.08 N.D.~6.38
Urban stream 5 92.8+114.5 7.18~282.6 1.06£1.20 N.D.~2.78 0.78+0.91 N.D.~2.38
River 1 (BOD<3) 23 53.6£62.4 2.76~251.6 1.3741.15 N.D.~434 1.03+£1.05 N.D.~4.53
River 2 (BOD>3) 23 57.4+74.8 3.63~299.0 0.90+£0.81 N.D.~3.44 0.76£0.79 N.D.-3.55
Lake & Reservoir 22 27.7421.0 2.43~70.9 0.94+0.99 N.D.~3.79 0.75£0.76 N.D.~-2.81
Total 81 98.542.32x10° 243~1.56x10°  1.16x1.17 N.D~5.95 0.96£1.11 N.D.~6.38

N.D. = Not detected
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Fig. 3. Comparison of total mercury, methylmercury and %MeHg for studied site.
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& (Cu, Cr, Fe, Mn, Ni, Pb, Zn)S #4339t} &
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z}ﬂ% Holz] Ut ARAES] FF
AFS AL 7, &, ofd, UR <]
T > BEATF > 6}i4(3~61)> P(1,2H5) > 34 -
AFA A E £O 2 FUHtE AoE YEyT
(p<0.05). e} Azke] PANZ 2, Wrke) A%,

AR v w5 vehd Zi?zlé— Aol 3 &
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Table 5. Correlation table for the sediment dataset; values listed are correlation coefficients obtained from a multivariate analysis

Parameter T-Hg MeHg Organic content, % %S
T-Hg 1.00 0.41 0.41 0.48
MeHg 0.41 1.00 0.28 NC
Organic content, % 0.41 0.28 1.00 0.67
%S 0.48 NC 0.67 1.00
Cr 0.39 NC 0.50 0.77
Ni 0.46 NC 0.62 0.89
7Zn 0.67 NC 0.59 0.72
Pb 0.51 NC 0.65 091
Fe NC 0.29 NC NC
Mn NC NC NC NC

a. NC = no correlation

100 — dFgoz <8l £71%, BT L @, A8, UL 5
o0 B e rn o) 7% TEoh foI% 4ugol Yeptont, g

o oo Feo) A, F5eg AE T AAEHY {9
1200 - Sk g o] AR gttt HES 2 A4 ol A

=
2

=4 31 HAE F9 methylation ratio7} 7]F <)
A7A el vls =A vehd, mEsee] 2 A4
z]x-lo] Q/ﬂ 01]1\14 ] :‘,:% 7455/\-1 UJ Uﬂ‘:/]i}-
Mg B AR td 2 AT Aed 2
o2 At

[Metal] (mg/Kg)
o«
=]

@
E

5
E

5]
2

0

Cr Ni Cu Zn Pb  Fe(x100) Mn

Fig. 5. Mean sediment metal concentrations (1s) by sampling

site.
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