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A A A B AR I (ICP-MS) ik ik 6 &)@ s R & ik . 1K Cu.Pb.Co,Ni.Cr.Mo
SR T 5 W RS LR TIE G WY LA G W, 42 1A 2R L SR JBE 52 4 B AT K P i
HHE, RIS 5 5k 0 R X AR DR 22 (RSD) R 1. 7% ~ 3. 6 %0, g L%k 82. 6 %0 ~
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Determination of Six Metal Elements in Seawater by Inductively
Coupled Plasma Mass Spectrometry with Solid Phase Extraction

JIA Liangliang' , FAN Peidong' ,ZHANG Yonghui' ,DONG Lingyun®”
(1. Institute of Hydrology and Engineering Geological Prospecting Hebei Province ,Shijiazhuang, Hebei 050021 ,China
2. Baoding University s Baoding , Hebei 071000 , China)

Abstract In order to achieve green separation and rapid detection of metal elements in seawater,a method
for the determination of six heavy metals in seawater by solid phase extraction inductively coupled plasma
mass spectrometry (ICP-MS) with a new chelating resin as filler was established. Cu,Pb,Co, Ni, Cr, Mo
metal ions in seawater form chelates with iminodiacetic acid chelating resin. After solid-phase extraction
and elution, metal ions can be quantitatively separated and enriched from seawater. Under the optimum
experimental conditions,the relative standard deviation of the method was 1. 7% —3. 6% , the recovery was
82.6%—102% with the detection limit of 0.03—1.5 pg/L. In this study,a green sample pretreatment
method for seawater analysis was realized by solid phase extraction with iminodiacetic acid chelating resin
as filler. This method was combined with ICP-MS to analyze seawater standard samples and actual samples, and
satisfactory results were obtained.
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T 7K 43 JE Jo R W 4 Al O i AE i 2 20
AP P A R I T L (L AEURS o D S L o R A AR
AEE KPR . EERH K284 )R
JLE T AL TR K 808 IR K B S ik
FE. I K Na,Ca Mg S e Z 47, 0K
KRR AE (GB 3097—1997) HL5E » — 28 ¥ /K vh H% iy
& AN L 0.001 mg/L, 4 FIEL Y & RN O
0.005 mg/L, 8 &t A 50 pg/L. WL, H2 &
TR SRS PR A 43 A B R D T K R Y 4 R
JLEN,

R W 7K 4 o0 2 R 32 2 DL I
D i V2 R L BRI B A S AR B i o L IR
S 0 TR BAT 1Y [ 5K o 5 vk O A R
IS S Y & 8 TR ANE 2y & IV O T
%5 1 A T B A ) A LSS T B R AT
Hi AL B, SEEE H bR 0 B B AR Y g3 B . B
PR BB A S 15 Y HJGVE 52 8 £ o6 1Y [R) il
SEST LB A A B TR T (ICP-MS) 3 1T 52 3
Z R OT R M [F R, B RO R BRAT L £
PE G L B8 40 A B PR S 22 W T AR 2 40
R K AR /R T R A T A i E
BN R K Y R SRR D)
FURFEHE BT, S8 R R G ZE A5 I, (W] B
FER SRR W 2 R T BT, i ArO" L ACLY
ArNa' (ClO" 4§ /= A= F Ak T4 il K PR T &R
H 42 H ICP-MS ] 52 A5 15 R #E

BT b (], A 58 R G IR 8 4 68 A AT 1Y
[E6] K 28 B A 0T 9 7K A it 4 A7 Ak B ) S 2
TORBEE AR S K R &R B T R E A
Yy W TE — 4 0 B0 VBRI R 0 I
VEF 28 [ AR 26 B L 2 V0 W0t 55 20 3R 0 o S8 9 A 73 B
Ko Bhr i) B . A 2R R R A ) 2Lk,
FEHTRAE. BHRBEAGND N HEE
L R T IE AL BT v B 4 i A T A 5 i
R AR S5 37 1Y [ AH A BC-ICP-MS i i
SEMEK 6 Fh 4 JE IR O i R 5 G
G ) (GB 17378. 4—2007) " #0219 )5 ¥ 40 1, B
A PR T B PR 5 gD S IR AR R A RS
S B K 4 TR ) Ak € 43 B R A L A TR I AL
TR RS AR 2 IF ST 4 A 4 AR T R B

1 SCIGERS

L1 |/ 5EH
iCAP RQ HL RS & 45 B 1 4 o 3% X (3¢ &

Thermo Scientific B4 F R/~ 7)), PHS-3C #I g &
TR B2 RS B AT R A | ELGA # 40
IR gl Sz A # B BR A 71D 5 TAS-990 Jit -+ W i 43
JEGEE T (b 5 3 B il AL &% A BR 52 AT 28 v L 24 i
[ AH A A (£ 35 8} Supeleo A 284 FRZA F]D - SHB-II
RUIE I K 28 5 O IRE TALSS AT R A ED .

B CET RN ER LB B PR BN AR ME A AR IR R
(1 000 mg/L) . NARICEREEPRUESE #5775 (100 mg/L)
Wt B E SRR BTG iR (MOS 2, bt e 1), &
Rtk (GR, IR T, KSR (AR, FIERTHE T, 20K
(GR, HA LR AR B2k (8.2 MQ » cm) .,

it 1 - Tt 1R e 28 vh i (pH =6. 0) . Bt 100 g BE iR
B M 300 mL KA Z B, in 7 mL pKESER L FE A .
1.2 {UHFE&EH

SEBTFRTI 1500 WL HIZ i 14.0 L/min,
B 0. 8 L/min, 54k 8% i it 1. 0 L/min, ¢
40 r/min, RFERE 5 mm, RfdE /i STD
B
1.3 EHEFRTRE

WAL AR A 10 mL iR (5%) .10 mL B4R &;
W (2 mol/L,pH=6.0).10 mL % & F K,
P51 LL 1T mL/min B3 2236 46 /P MS-M [ 4 %<
A 4 A

AR H 20 mL REIAE W (pH=19.0£0.2) i
L0 Ak A [ AH 26 BOHE , R #4172 1 mL/min, 3% &
it

WRUE : 10 mIL 285 7K rh ke [ AH 26 U 5B T
Yoy, b 1 [ AH 22 U

PEWE 10 mL YR (15 %0) f# W 42 & 85 1, i i 4
H7E L mL/min, WA W1 OITE 45 2 10 mL, FF
1.4 HRUE

Fie BV 0 DU R v 4 Je O 3R A SRR AR
TLUE ARAEI KRR B E S H 0. 45 pm i
PR AE R Uk, TR QIR ¥ 9. B 20 mL oK
B T hetR b, FEUK IR (20 20 T pH (H . (75
W pH=9.0£0. 2, SR 5 4% BR [ AH 2 B F2 36 47
KRS T HAR TR A 0 8 VW 2 R VR IR
Bl #47 ICP-MS 3 Bl i .
2 HER5iE
2.1 ICP-MS &4

iCAP RQ #I ICP-MS A Standard 1 KED P ff

AT E. B a0 B 2R BT /N 9 AT E 4% Standard
B KED AR T He A4 filf 48 52 0 < B AR R
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W
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ST 0 T3 B3 1 A 1 5 T B 24k e 23l A I T
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A ) 23 e o ASC s 1 B T 3 A R S . 2 S
R VS VAR T R il S 56 B ok S S A ) 3 L L
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Figure 1 Effects of different extraction columns on

the extraction effects of six metal elements.
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NI R ICE  ICR 7R 8320 L 1 s MS-M RLES

GBI REIE A B w4 Cu.Co Ni,Pb.Cr 1 Mo 75 F
L, H IR R 7E 82% DL b, PR, ¥ FH W A
T TRFEA-M RUEE G R RE S JEURE A [ R 2 EORE
T e w KSR 6 FiaETE.

2.3 A% pHEMNZM

A [7] AH 2 0T A v R TR B L R A
R E bR 1 T, PO, AR S5 A AT A
A HUIS 5 58T I K RE R BE XS MS-ML Y [ A %8 1L
IR BRI 5200 pH (B 5. 0~10. 0 B, ¥ 2K AE i 7R
6 B4R T RIG L E G B TR B AR R Y ]
W ILE 2,

M2 /] LA L 3 pH A 5. 0 LRI,
EEAWREX &8 B TR B A W RE s Bt pH E
T B A IR X 4w BT 0 W B B T 5 5 Y
pH=09. 0 i}, iX 6 Fh 4 J& 7 2 1 B8 FKAS 44 11 [ i
R ULHIE pH=9. 0 By & T R I ARIE ik & 8 &
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Figure 2 Effect of pH value of solution on extraction

effect of six metal elements.

KERWE K pH {H— M fE 7.5~8.3, Hih T
SR 3 A v 2 6 T A R A AT R U KRR A R AT IR
Pl Ak BOR AR A7 FE o PR IR R AR AR BT 1 o
FHZ 22 phis WO 15 pH AR A5 K W52 58 Bl Pk 52
PEE A W RE XTI K AR S & T8 T R 4 B W 4L ik
FXEE AR R RN TR 5 RAR B H W .
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TCP-MS 7 15 0 A i V5 V38 85 O il R A I
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g KA ity 24T I AR 28 I 25 58S ) B 4 i 1R 18 Ak 1207 —m-sotime = 1598
S U A AR A URE 1 4 J 78 % 19 DB LR » 5050 ol g
LRI 1 R 3.
HRAN Cu B Mo MBI HIXESS — 26 5 w0
B (5 VO MEA P 52 4. 34 4 Fh 4 B 70 2 BRI £
e Hd 8 A B ) T v o [l e R W T v 5 Y Uk R g
1506 Y RH RIS » ISR AR RFTE 8500 LA Lo SHPRIIE 6 Fb 40
G IR TEH A IR B L VR 5K 0 L SUA B ] .
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Table 1 Effects of different concentrations B3 mHEHKEBRREX 6
of nitric acid on elution efficiency /% SETEERIRBE M
1 : : 'IEUKZ%% : Figure 3 Effect of concentration of nitric acid leaching
Cu Co Ni Cr Pb Mo solution on elution of six metal elements.
5 91.9 56.5 54.0 58.0 45.2 94.8
10 95.7 70.8 78.8 76.7 63.8 96. 9 m;%gﬁ%mu%m7%%ﬁﬁﬂgﬁmww%%m
15 103 87.1 98.0 93.2 91.4 103 . > . e A e .
B AR AL 8 TSI B s A
2.5 EfFMoBERR KBRS R AT v R B BB N R T A s R
H R & 5 B IR OISR e i K h i A R T IR R R bR N A N b L DA T S B
B APEE RS ARG 2 T\, SR NaCl #9238 BRERRCRIE 99. 9%,
NIRRT AW L BREE D ROCR L UK RS 2.6 R RINE
S 9] o i R IR 2 IO AR S SR D OO 1 1 2331 e BN BT A0 SR IBCRY 5 20 A7 AR 3R A T KA

D5E EREMOM eI R B A I K IR STER T ik S Ol R I R LR ) (HY/T
RN B SE B 430 207. 9.5 752. 8 mg/Ls BAE 147, 12013) "RHLRE (9 77 5 20 I E L i 6
P R AN B A B2 191, 4.5 468. 7 mg/Ls e JEICER , PIARA J5 ik BT S 1 2 R AR B )

JIGE R N A 0 4l 0. 1,20 8 mg/ L Mras s 734 2.
F2 SABKERMNRER
Table 2 Test results of 5 groups of seawater samples /(pg+L7")
o ICP-MS HY/T 147.1—2013
" Cu Co Ni Cr Pbh Mo Cu Co Ni Cr Pb Mo
CFD-1 2.50 0. 47 3.75 0.48 0. 87 4.12 2.71 0.52 3.94 0. 44 0. 95 4.28
CFD-2 2. 81 0. 27 3.53 0.42 0.75 4. 31 2.70 0. 21 3.24 0. 38 0. 84 4. 77
CFD-3 2.79 0. 14 3.32 0. 89 0. 81 3.76 2. 64 0.19 3.58 0.74 0. 90 3. 40
CFD-4 2.19 0.07 3. 35 0. 45 0. 80 3. 90 2.32 0. 06 3.42 0. 37 0. 89 4. 11
CFD-5 2.45 0. 05 2.77 0. 45 0.78 4. 43 2.37 0.08 2.91 0. 40 0. 82 4. 68
2.7 FEWHBRINIE TR 2.8 BEEMAEBEIR
DU 2l K Fe A 2s 1, 4 BRCSRE 5 40 B R ) 1Y) 52 49 Xof — 5 W B B R KV A TE bR ) BT/ B R
ABRMATE TR ERIE 7 AR 22 AT WO ATINE | DL AR S0 Ty 1 1 RG AN U
S, HENT MDL=1t(, 1.0.900 XS T K HBR (t5.0.99 = MR . AR Cu.Cr.Pb R ix 8 KR B A
3. 143), DL 4 Al At BRAE il 2 TR (3R 3). FRLZ W) 00 20 B8 A A o KSR I /K 4 8 R IR b
53 Lk IR A E TR (TMQC0129) . Co, Ni, Mo 3 FJ A T 45400 B ) 18 /K

Table 3 Method LOD and LOQ /(ng+ L") B UEAE R 25 G0 G R AT A 5 T FOE A B8 S 6, I

5 [ Cu Co Ni Gt Pb Mo BERANFK 4 P WA RS EAE R VR IR ZE L E N

MR LOD  0.15  0.03  0.06 0.10 0.15  0.05 T 2 AH X bR E A 22 RSDAE A 1. 7% ~3. 6%,
METRLOQ 0.60 0.12  0.24  0.40  0.60  0.20 L RERESS ., DA BRI E .
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Table 4 Test of precision and accuracy (n=26)
HiH Cu Co Ni Cr Pb Mo
5.8 9.5 9.5 4.4 9.4 9.9
5.6 9.5 9.9 4.6 9.6 10.1
. X 5.5 9.6 9.6 4.5 9.7 9.8
WM/ (g + 1D 5.8 10.0 9.8 4.7 9.4 10.1
5.4 9.5 10.1 4.4 9.5 10. 0
5.7 9.4 9.5 1.8 9.8 9.6
YA/ (pg e LD 5.6 9.6 9.7 4.6 9.6 9.9
FRUEME/ (pg « L1 5.7+0.5 10. 0£0. 6 10. 0£0. 6 4.7£0.5 10. 0£0. 6 10. 0£0. 6
RSD/% 2.9 2.2 2.5 3.6 1.7 2.0
2.9 Jn#&RE Y SLIE WANG Yuhong, WANG Yanfeng, CHEN Hua et al.
W — A 15 K EE 5 (CFD-O ¥ 10 Mg/L B b5 VE Detect methods of heavy metals in seawater and
VWL H ST T AT AT A e SE B . Se I 45 L treatment technology exploration [ J]. Environmental
£ 5 FiR, 6 Fh 4 0 2 AR [ UK N 82. 6% ~ Science & Technology,2014,37(6N) :237-241.
1029 1 4 J2L AT 56 B0 40 B 35 (3] XUBL. wof 8 2 ). K IR B AR T 3R 1 A E & &%
BN B HEW I HE ST ). R TIAE 352 4, 2017, 28(10) «
F5 MERERERNELSER 3424-3432.
Table 5 Spiked recovery test results LIU Kai,GAO Xuelu, LI Li. Advances in trace platinum
A Cu Co Ni Cr Pb Mo group elements speciation and preconcentration of chelate
ﬁggiiii iili f()lz ?00(7) ‘]503(5) ?012 ?082 TOQZ resins in seawater[ J ]. Chinese Journal of Applied Ecology,
WEM/ (g L7 12,1 9.23  13.5  9.27  9.06 12.9 2017,28(10) :3424-3432.
Il e/ %% 99.1 91.6 102 88.2 82.6 89.5 (4] XUBE RGO, S5 B L IE AR AL I & w5 00 -
ICP-MS Wl g ik iy o &R [ ], e RE 4, 2017,
3 -Q-:In:i/l’_\, 41(9) :34-40.
LIU Yao,SONG Jinming, LIN Qiang, et al. Determination
AT Tﬂﬁ%:&@iﬂ%&%ﬁﬁﬁiﬂiﬁﬂ 1 [ 48 of trace rare earth elements in seawater by ICP-MS
FEHL, W RS 55 B TR 1 (ICP-MS) ¥ 1l 72 1 /K with solid-phase extraction treatment off-line[ J ]. Marine
71 Cu.Co.Ni.Pb.Cr.-Mo 6 & B I E 5817 Sciences,2017,41(9) :34-40.
e SRR W EE T Y P gy AR L, A Y R [5] LAGERSTROM M E,FIELD M P,SEGURET M,et al.
FH 455 (0, K8 5 B9 B A0 38 R, 0 B RS A U L N Se T Automated on-line flow-injection ICP-MS determination of
AR N 24 W7 4 57 10 07 1 B 52 B T UK RE tracemetals (Mn, Fe,Co,Ni,Cu and Zn) in open ocean
S 10 LB 22 10 407 5 9 SURE 65 9 2 9k o 2 e o
I H NS == 25l 3% 2% b 5 S ’ ’ : (1-60.,
ﬁzgﬁ;ﬁ;}iﬁiﬁiggﬁﬁ [61 M E VR 6 R K L
) D W s ' i v s i K R 5 AR E R R LT A
i o 4 B T 0T S R 6 T 9 K BE G A T 5 01790 1 350 56
A 3 M S WANG Zenghuan, WANG Xunuo, GU Yangguang.
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(1] Z=9 .00 A3 5 K& R o E AT 7 3 i WF 5% extraction of hydrophobic chelate[ J]. Rock and Mineral
HERELT] WV IF R 5 4 3, 2016,33(6) :43-50. Analysis,2017,36(4) :360-366.
LI Xiao, LU Wenhai, YANG Yi, et al. Advances in (7] Ese, EVF . A8 OO B I WOl 3 3k 0 2 1K
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Development and Management,2016,33(6) :43-50.
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