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Comparison of Methods for Detecting Mercury in Drinking Water Using
ICP-MS and AFS
TONG Zhi-qing, QIANG Guang-hui, LI Jing, LI Xin
(Xi’ an Water Supply Corporation Limited, Xi’ an 710000, China)

Abstract: Mercury contamination in drinking water poses a significant threat to human health,
necessitating the urgent development of accurate and reliable detection methods. For mercury
determination, atomic fluorescence spectrometry (AFS) involves complex pretreatment procedures and is
susceptible to contamination, while inductively coupled plasma mass spectrometry (ICP-MS) exhibits
limitations such as memory effects and instability. In this study, the issues of mercury adsorption and
volatilization were effectively addressed by optimizing experimental conditions and introducing gold
solution as a stabilizing agent. The performance of the two methods for detecting mercury in drinking
water was systematically assessed and compared. Both ICP-MS and AFS demonstrated excellent linear
correlations (r=0.999 5). The detection limits for mercury using these two methods were 0.02 g/l and
0.05 pg/L, respectively. The recovery ranged from 90% to 100%, with relative standard deviations (RSD)
between 1.25% and 4.55%. The measured values of the standard quality control samples were all within
the limits specified in the standard. After comprehensive consideration, if the determination is solely
focused on mercury, AFS is recommended due to its ease of instrument operation and relatively low cost.
On the other hand, ICP=MS is more appropriate for complex samples requiring the simultaneous detection

of multiple heavy metal elements, as it possesses the capability to analyze multiple elements concurrently.
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coupled plasma mass spectrometry (ICP-MS)
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M TEKEROR JEZE I rh AR ] T Tz N HE
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YT 1CP-MS R AFS 76 5 4 J& &6y 1 45 1
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B HIRIY H B AR P B PR B i = AR A e A2
SRRV TE) L, A A5 2R JH TCP-MS il % 5K 0 & 1Y i 72
o BT PR e R BRI B R L e
A SR EE R, SRR AT 1CP-MS 7 52 B I 7k
JCE 145 5 SE 00 = A T B L SR B
i AFS F1 ICP-MS P 7 32 Az 0 ik FH 7K Hh oK 6 28 isf
0 RO R B RS AR M AR R B TR A s
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1 MH#H5F*E
1.1 X5

AFS-9230 XUl i i 7 Y It 5 iCAP RQ
ICP-MS HJEGHE G 45 25 IR BT 1% 4% 5 Milli-Q i 27K
IR G

R TG bR UE T WA 100 pg/mL; K HP 4 bn
YEW) T B A 1 000 mg/L; R AT WA ) 5 e 5 4y
A (8.21+0.75) wg/L Al (1. 64+0. 19) pg/L; Jf i

VW (Ba.Bi.Ce.Co.In Li) ; 1R A& N PRI W (Li.
Sc.Ge.Y.Rh.In.Th .Re .Bi) , FrifE{t Jy 10. 0 wg/mL;
R HER SRR IS A R R A L
FHIK g H BH% 18. 2 MQ - em FAEBZIK .
1.2 EWHE
1.2, {Uas stk

AFS: Ph 5% HCI 3 A b8 -2 S L iR
BRI TR 38 5 RGBT XA W AT
o AR LA SRR 705 R 270 VL KT HLI 30 mA,
I 400 mL/min, B #E#R I 5 800 mL/min, JiL T
A28 B 8 mm, FEELHTR] 7 s, ER B[R] 0. 5 s, K
g T AR A T

ICP-MS: K 1 /L A4 T3 I T X S 2 45 30
ST B AL, 8 5 ICP-MS XA BT I A2
LG A ES S B R 1.

x1 MERYICP-MS LSS
Tab.1 Parameters of ICP-MS after optimized
i H WE(E i H BOEE
SR W 1548.6 | A HIR i /(L-min™) | 13.98
25 HL RV 1021 |FEASFRE/(L-min™) | 1.06
RFEVREE /mm 5 |[5BYR R/ (Lomin™) | 0.80
FE A2 T [A] /s 90 A OB 3
RFEHE ARG | NifE Z#/(r-min™) 40
FALY(CeO/Ce) /% | <1.0 | THLFT(Ce*/Ce)/% | <3.0
FAEIREEC 2.6 || WEMESHAKIREE/C | 20

1.2.2  frifEZ 26l

AFS: fERfHE I 10 we/L B9 RARER FI 0.1. 0,
2.0.4.0.6.0.8.0.10. 0 mL, 73 5 & F 100 mL 7 &
A5 mL R R 5l AliK e 5 R 20, AT 1
FIW 43534 0.0.1.0.2.0.4.0.6.0.8.1. 0 pe/L )
RIRE RIS WL AR FEALIE 1 h 5 8 iR e
e P T e RO 2 Pl AR 1) M K T U 2 O b
HEZR B B R T 56 65 B, LA T 28 i B S 9L A
P ORICER B e B AR AR, 2 il AR 4k

ICP-MS: R B 10 we/L 1 R b v (5 FHIR 0
1.0.2.0.4.0.6.0.8.0.10.0 mL, 23 %] & T 100 mL
AR, MA T mLASRR A 2 mL ¥ JEh 50 pg/L 1Y
SR E A RV, A T 2K e 25 = 20 B8, w4 30 ok i
23979 0.0.1.0.2.0.4.0.6.0.8.1. 0 we/L 1R FR
ROV W ALBRTFAL, 25 KB AT IR, R o 1 3
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2.1 SIS RERHTHRER

TERIM R K FP SR JC & B, SR FH ICP-MS Fll AFS
AT 8 18 2 — 2o T4, vT LA S TR AG  3 LATH
Bio AFSH 1T 2 Y BT ffb 14k,
HI AT DL O A A A S BRIl IS S 2 Lo i
VA /D 5 J5 T LAGE 2 el R A S
pH) B FH I8 Y R R T B . 1ICP-MS Th g+
P53 Ry B AR B T i AT DA E
e 1E 5 A% AER Ak LA R Rl 158 2 7 it A 45 Ty v
T, J5 AT DLGE o AR TR AR A5 O A s bR o
AR AFERE T B
2.1.1 1CP-MS HRs iR e F%

il 2 1 A TCP-MS Hf b BRRE & A9 3 771) , ek 4
JU RS S EEAS R RIS R 23 7™ H 52 ) e 4 A I
gEL . X AE O 3 R A R R T T A A
e R 1,
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Fig.1 Blank scanning results of nitric acid from different

Cd In Pb Bi

manufacturers
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DL b 4B oo 2 i 5 BRI, B B AR AR HE C A
b B 5 B AR 22 AN K, BT A A i 2 2 B vh e PR ] A
AP L AR -
2.1.2 1CP-MS " NFRICE 1 HE£E

WFREE S — B I ROEBOR , T AMEETE Sy
Br ik A% b AT e L A A RIS AR N R i
A AR A S PR R, AE R ] 1CP-MS M 22
IRICFR I, PEFEA 15 1 N AR IC R R T 42 = 2 A A v

WAPEFIAG % B E 2, Ll 2L, R BifE
e SRITER NARICER o
2.1.3  1CP-MSIicIZR0 B TH BR

BEXTEE A B BN R ELIC 0N 58 11 7]
R YR, FEX R TC R BT /AR I s, T DA
SR R R 33 g2 IR 4 FUOR AT LR iR 2
(4 K 55, X285 A RB S 112 55 SR AE R 1 A It
TR A AR T ELA B s OR B &, NI ZEE
VSRR E Pk o DRI > 2R T TCP-MS W S Bt fiff
50 pg/L I 4 OIS HEA T I UE , Rl 5] A 42K L
20 1 AR AR E ], BRI I $2 = 45 A
HERPE R AT S5

T 1CP-MS AT LA [A] i %iF 22 Fh ot 2 E 47 4347
ZALIR TR TORITTR S0 R AR 23 R AR Y
IR GARER I, % 0.2.0.4.0.6.0.8.1. 0 pg/L L
R E AR SRR TR AR S VR 0 ol A 0 5 P A 7 I

SUHCEIE) , 45 5 W IR 2, 3 o ok bl i 45 1 o B
AT, AN R BE 1 77 75 X6 5K T0 2R (I A I TC 2 )
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bR miRkR
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B2 AEZRERAER RS 75 &%
Fig.2 Influence of different preparation methods of

mercury standard solution
2.2 ICP-MS#1 AFS HIFR£E th e 70 77 7546 H IR
TE45 SR BRI 25 4F T, % ICP-MS FiI
AFS I bR T £k 2 1A OC 2R Bk A T 20 #r , 45
W2, al LA Y, PR 7 % 09 R O AR B r B 7
0.999 5 LA b &R
F 2 ICP-MS #a AFS i 7E B £ B 2%
Tab.2 Standard curves determined by ICP-MS

and AFS
Tk PR & R B (R (g L")
ICP-MS|Y=5 353.865 5X+28.000 2| 0.999 6 0~1.0
AFS |Y=1768.658 1X-20.693 3| 0.999 7 0~1.0

TiiEK R (MDL) A8 FE R S 75, H
PR M 7 A 45 5 (ELRE LA — E /Y 45 B2 DX
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25 AR Sl T AR U ok Y B AR 2 o DB o b ik
A LAIE i I /N e 45 5 X 3 MDL, 358 K
e
(1)
=g (2)

2o X, RS Tl R Y N TR S X
R 23 22 U P A 5 KA AR — 1 A KT
SE R E, Y B KT2990% I, K=3:5, W= A £
U B AR HE D 22 5 8" O 77 125 A4 R A0 CRIVAG ofi il 2%
IR

VEAG X, RS, 28 O YOBON R 2, B
DF 200K . 43R FH ICP-MS Hl AFS Xt 21 43 25 1
FEM AT E AR 2L 3,

#3 ICP-MSFnAFS M= A# millEE
Tab.3 Blank sample measured values of ICP-MS
and AFS

AFS%¢
B ot
P /a.u.
72.14
59.49
67.18
75.80
53.54
60.89
82.96

2418, ICP-MS 5 AFS % K I6 £ 146 i BR 4351
0. 02F10. 05 pg/Lo
2.3 ICP-MS#NAFS HIEZ EMEHE
2.3.1 HEE

D2 45 SR ARG 2 B2 W FH AR Ot 22 () SOR G A
MR 22 (RSD) R, —H I EAT

AFS%¢
B0
S /a.u.
69.55 | 1
71.73
68.45
67.12
67.59
54.51
61.33

AFS%
B i
JF /a.u.
56.89
59.02
54.84
63.01
53.39
66.28
64.30

ICP-MS
iy
CPS

120.00
100.00
110.00
120.00
110.00
110.00
100.00

ICP-MS
S/
CPS

110.00
140.00
150.00
120.00
130.00
110.00
140.00

ICP-MS
5/
CPS

140.00
150.00
100.00
120.00
130.00
140.00
130.00

do purr
an

e}

9

10
11
12
13
14

NN | R W N =

— n . _=)2
5—,/n_12<xi %) (3)
S
RSD = Z % 100% (4)
A n RN RE REL, 12 S5 n=T s x, N e — T 2 E

SRR =1, nsx 2 E S5 R0 T HI(E

K ICP-MS Fll AFS Xt R T & & K 3 Fpik
JE B AR AR S AT I, 43 ) 3 A T e s R
JE SRR APTR . Al AL, WA T B RSD ¥ 7E
1. 25%~4. 55% , A% % 4 e i 2 CAE TR AR K AR

FrifE) (GB 5749—2022) , {HAH#L T & , ICP-MS F K
B AL

4 ICP-MSFIAFS B Z E
Tab.4 Precisions of ICP-MS and AFS
iH AFS ICP-MS
1 |0.10 | 040 | 0.83 | 0.10 | 0.40 | 0.81
2 10.10]0.39]0.82]0.10 | 0.39 | 0.82
— 3 10.10 (039 | 0.83|0.10 | 0.41 | 0.79
4 |0.11]0.37]080|0.10 | 0.41 | 0.81
(pg-L™)
5 10.10 [ 0.39 | 0.80 | 0.10 | 0.40 | 0.81
6 | 0.10 | 0.41 | 0.83 | 0.09 | 0.41 | 0.80
7 1011037084 |0.10 | 0.40 | 0.79
Frifie s/ (ng-L7) | 0.10 | 0.40 | 0.80 | 0.10 | 0.40 | 0.80
SEHEME/ (ug-L7") | 0.11 | 0.39 | 0.82 | 0.10 | 0.40 | 0.80
Slg-L™) 0.005{0.015|0.016 | 0.004 | 0.005 | 0.010
RSD/% 455384195 |4.00 125|125

2.3.2  JmbREBCR

214 DA T 0503 T A o A B I, 5 ) 28 KRR
HOIN A — 2 B I BR VA T, SR 5 AT 256, [l
AT LT =

p=H"M 5 100% (5)

m

I PO RS s SR IR ZACRE I 45 2R 5,
N JEOKBEIE G5 2R 5 m A IR E

ST, PR DT IR 2 EVRE A AR (DR 2 7R
90%~100% (UL 5) .45 GB 5749—2022 23K .

5 ICP-MSF1 AFS iR BY == B 4 dm I A [ g 22

Tab.5 Recovery rates of black samples determined
by ICP-MS and AFS

. ZSEWE | dRE | ESES | ks RNk

itk i i .

fE/(pg- L) | (pg-L™") | (pg-L™) /%

0.10 0.10 90.0

ICP-MS <0.02 0.40 0.40 98.1

0.80 0.80 99.3

0.10 0.11 95.0

AFS <0.05 0.40 0.39 91.2

0.80 0.82 97.0

FERTIN SRR, PSEBRAE i B B R SRR T I
T A B 5 R A s M, R X S PR i A i [Tl R
AT E o B K T K K 3 FE S, &
HIALI S 3 AT 3 YA T I AE R4 =X (5) 1157
FhOT A InAR ISR G5 5R WA 6. WAL, PR 5 1
(9 1 A 181 0 R 44 7E 90%~100% , 45 45 GB 5749—
2022 E3R
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Tab.6 Recovery rates of actual samples determined
by ICP-MS and AFS

AFS ICP-MS

WE S | ks
(pg-L) |+
ks kg | (re:
| F [ LY

B IES | kg
(pg'L™) | &
ks | ks | (g
| E | L

ks
Al
/%

Jnkx
[F] i
/%

K

MK | <0.05|0.11 | 0.10 | 95.0 | 0.03 [ 0.12| 0.10 | 90.0

H)77K <0.05/0.39 | 0.40 | 91.2|0.02 | 0.41 | 0.40 | 97.5

MK |<0.05]0.79 | 0.80 | 95.6 | 0.02|0.80 | 0.80 | 97.5

2.4 1ICP-MS#AAFSEIRERIEHFME RITEL
Sk it — 25 T IE S 30 2 L A R I T S
SR H 1CP-MS F1 AFS X3 B I 1) R A UEAR ) o
SEATINAE 3R, G5 26 7, WAL, AP O VE A
TEETERL A BAR A R
R7 RAEREHEONERE

Tab.7 Measured values of standard quality control

samples gL
. FRERE i - I ¥ {E
LR G2 PR ehTus [ ks
i 202255 | 8.21+0.75 8.20 8.03
i 202256 | 1.64+0.19 1.59 153
3 4
@ 3 A A S 50 5 AR A G VR DR
ICP-MS i 5 7K 7€ 2 B 1 12 12 800 B N it i [l
R, FLEAUbR 5 VR AR BC XA 25 SR TS e, S PR

BB A RN 2 TR R .

@ R ICP-MS FI AFS 78 5 1k FH 7K v R e
IS4 R B B A A 2R MR e O AR R K
2% 5 T T 12 BB T ARSI ks I R

@ ICP-MS HAT Z o R FIEH kA aE T, 2
R AL B B 2B TR R, BRI
Y BT AR (A RCR A A, AT
Rl B N BT A ot W R L N = R RO &

AT AR, X F O LR R I AT A | $2 v A I R L
A HE BB Lo

@ AR FE AT LA iE— 2 R R AN
[ AR A4 AN [R) e B2 7K PR 3k R, DA R an o] gk —
AR e AN AR R NG R AR E MRS

B2k
(1] 4% PEWT, sRAKAR 55 . ¥ 7= i rb i (4 DR A Y
[J]. R K241, 2011, 21(1):24-32.

FAN Xiang, PANG Fang, ZHANG Jidong, et al. The
study of rapid method for determination of mercury in
seafoods [J].
Technology, 2011,21( 1):24-32(in Chinese).

PRIk . Sl & AR T T 9O I S K PR B AR
[J]. BRAEAG S (20 ME) L 2003, 39(2): 83-84.
CHEN Xiaomei.

Chinese Journal of Health Laboratory

HG-AFS determination of trace
amounts of arsenic and mercury in water [J]. Physical
Testing and Chemical Analysis (Part B: Chemical
Analysis), 2003, 39(2): 83-84(in Chinese).

B A C, AR AF L R R A B A R OR
i AR ] A S E SRR, 2017, 6(3):
181-187.

FENG  Lei,

[3]

PU Chaowen, LI Heng, et al.

Determination of total mercury in food by direct mercury
analyzer[J]. Food and Nutrition Science, 2017, 6(3) :
181-187(in Chinese).
[4] TAWFIK A S, GANJAR F, ENDANG C, et al.
Analytical methods for mercury speciation, detection,

and measurement in water, oil, and gas [J]. Trends in

Analytical Chemistry, 2020, 132(1):116016.

EE B R (1989— ), 2o BRVGHE A, A+, T
TR, 25T 7 ) R o Ak
E-mail :461636579@qq.com
Y5 HHA :2024-06-25
&= B #5:2024-08-02
(i’ LG 1R)

+ 136 -



