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BEEHI B B BT 9T I, BORIUAS T — 5 B R
IR (E A2 ] T W B2 B ) 25 A K, A T
S A B 7 W, TE TP BREE WY 456 T
YE R M AZ 2 TR . Bli NOBIAS g #4
BHIFFE ) B, J T2 e IR 9 B 353 25
8 seaFAST [AIHE' | i — 75 AL T 1 Jig 1
Sy BB EET A SRR, o — T i o IR ATT
7 A AT A ik R T AT
g, AN SCTE E N AMIF T R LAl |, 78 seaFAST %%
A ICP-MS A B B TP R BIFSE, 14k 1CP-MS
B TAE A, vt B 3 b2 B X B ARt & (Cu,
Pb Zn F Cd) W B AL 53 85 & S 450, PR UE H AR oo
ZAMHTINE MR VE R L R85 A T 0 %
AT ST R B ¥ KA B BRI 20T, 2 S T A T
11X S 30T e Y F 95 k4 SR TT I AT 0 s

U bR ik

L1 35 Fasr

Al HYER : Optima Grade, ) H ThermoFisher,
PEE I : 10% fiFf R (HNO;, ) o i Uk : 2% i BR
(HNO, ), #7K%5 H:Elemental Scientific, 10. 5%
fREE 20 NaCl 59, W B ESI,

HAFREZA T : GBW (E) 080122 ,100 me/L, Ity
AP ETFRRBAOTE B, BYARHER I GBW (E)
080129,100 mg/L, W [ wh [ 31 & B} 27 0F 58 Bie
BEFRUER W : GBW (E ) 080130, 100 mg/L, g [
FEITE B W5 Be o 5 bn ME 7 W GBW (E)
080119,100 mg/L, I F [ TR RHEHFFEBE o

ALY BE R TR G AR R W A 1%
HNO, VE0R 4 Tl B TC R AR E VAR WOR B 2 B
VLRSI R T EE RO A S AN R R R A TR S
B E T W, 5 BEVR B 3 00 0 0. 100 pe/L,
1.00 pg/L,5.00 wg/L,10.0 ng/1.,20.0 pg/L,5H
He 437 0.010 wg/L,0. 100 pg/L,0.500 pg/
L,1.00 pg/L,2.00 pg/L,

MR JC R IR G W (10 pg/L): FI ] 1%
HNO, ¥ B0 Se '™ In ™ Bi BT 3 A I V8 TR
(1 000 mg/L) Z 5 B, A7 T 5 DU 3 & M
W B EZARER BT O

K B 2. Suprapur, W H Merck, & JK:
Suprapur,25% , ) H Merck, [t f2 &% 2% vp VA WK
5.0£0.1,6.0+0.1.7.0 0. 1, H vk ES R K
BATEHIMA. K8F/K:mHE=18.2 MQ -

em W EE K, WK IR EICRARMER IR (%
i VEY R BE) - GBW (E) 080040, 1y [ [ 5¢ i 1
Jry o MR ST
1.2 (UEE&

seaFAST . Elemental Scientific 2\ &) #fF ] (1) 4
SA400V A5 PEAT ZE AL WA I 70 B 55 g /K Tk
AR K250 200 L, WS 41 NOBIAS chelate-
PA1, ICP-MS: ThermoFisher XII g, JBFH & 45 B T
PRI . Milli-Q 47K L : Millipore 23 F]
1.3 HmES

TREZKAE A IR T 1 B LT 2 TR, SRR A
22018 455 H 12 HE 18 H, /KFHRERZ
0.45 wm BEFREFAEDE L8 , £ 250 mL JEBMA
0.5 mL WARHERE E , (FHE KRS pH <2, RAF
SR ™RS4 B Qg IS ) (GB 17378—
2007) ",
1.4 HmWESE

Kl 1 4 seaFAST RS0 R B K, WKl 1a iR,
REALHE H s HE S (SC4 DX) \EH R4S
(S400V, % S1.,S2.,S3 .S4 UML) 3 N2
i (N T2 E43 510 VILV2 V3 /), Bl Tk
RN T s KR IR ES B IR &
B T2 2 o I 1 e % b S W P ) IR A 4
J&ICE BRI 25 5 1 60 B S 36 7R A i 11
PRI AT B A E AR 4 P
.

(1) B N EREEF IR IR, 282 V3 78
A V275 (H V2P ow, T E) fil V2P10 H
[ 3 mL s Eh, 55,78 S1 454 N L &K
ik 3mL @ A AL FIER VIPLL, S2 #i
T HEL B I R B % v R A R PR A S B Gk
VIPS, #5185 Ja e VIPA HE AKE 5t 79k 40+
(I 1b fros, s 0 2R ERAE o, SR 4
RELEEFK, ROEERBRZ B, REM
RELRAC LR SRR WA IR A o

(2) Bk S2 43 6 IS R e 2 b s
WEEL ZBRAE S 2135 VIPS, iy VIP4 3E AFE i il
WAERETE T, IRk Z 5t VIPL VIP10 3 A K K
s ST F=4H F LB 77K i V2P9 iE A VIPL1, 7
VIPS FIZE i IR A J5 B VIPA 3E AKE 5 ik
ARFEVEVE, JF i VIPL VIPIO i AR WA o

(3) S mi gt - S3 4 T HER VR i VIPI
AT AT, SR 5 B VIP4 Jii il , 28 VIP3 gEA
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1.5.2  [AfiZRMESE

JoTi A3 A ok AR o W AE A B TR AR W R
2t A XA ] AR it S5 R e B 1 0 T 2K 114 [ 37
2R RE I TR BE MR T 2 B 2ok B b i 2 B B T
o, P E T A R e T . 5 IR K S A
ARERHI(Na) BE(Mg) 55 (Ca) B ¥, FAL 3
e af L aRE, ot #h, 55 F K
CAPNa” A Mgt TR, W Cu (R
69.17% ) F1* Zn(£FE N 48.89% ) [l 5 41 A T
P, UHAS SCTE B AR JG 2 (Rl 3R e 45 0 T S840 1
P/ NI RAE e (4 S, AN 2 (A 62 2R 2 R Y
JELUU) , 45 R8I G 28 ) BT R4 26 R L2 B 43 31 o
Cu(30.91% ) ®7Zn(27.81% ) "' Cd (12.86% ) .**Ph
(52.38%) .

&1 ICP-MS HyiRIERMG
Tab.1 Operating conditions of ICP-MS

TSR Bl
Tuning parameter Value
PEBGHE L . Extraction/V ~110.0
&5 1 Lens 1/V 1180
B2 Lens 2/V ~80.0
W FEFE Focus/V 12.0
%555 DI/V _43.1
% %45 D2/V ~14.0
HAT#ME Pole bias/V -1.0
INYAT M2 Hexapole bias/V -1.5
Ak 4RI Nebuliser/ (1/min) 0.98
&3 Lens 3/V ~195.3
)2 Forward power/ W 1300
ICP 7K~F-{ii # Horizontal 65
ICP e F{ i, & Vertical 425
KAERE Sampling depth 120

1.5.3  WFRoRmESE

JCRE R 18] 00 R 25 5 E0RF I T &R A AL
P RIURL A HE A OB FCHE FL N AR 78 /D, AR
T DN S - ) A B SR A 0 e 2 o £
BRAEERS, PR SRR . ARIT R
AATLGE 73 B R S AR E M. INAR T &R 1 1
PN Fr i 0 2 A A AT Y AR RE AR Y o T
i T 9 A S ORI G A B L, X R AT L
ML S A S RO A SR T
TR AR R RN 28 A AT R, DR 22 o0 K R
RE T ZEEFE 22 ARG EOR Y BT A 1 DGR A5

AT o T LA R, R T RN )
Bt B 5 H AR T 2 A7 E AL 9" Se " In 1™ Bi
HIRAWIRITER .

2 gER5i1Ne

2.1 HRWMEEEH
2.1.1 JETRAWR pH

EAMFE " B, WS NOBIAS 7 & 51
IKH 42 JE TG % (Cu Zn Cd I Pb) I, £ 5 pH
NG S EVFMEZENR . Y pHAE4.0
B3I , 445 b AR Dl e 3k AT X H bR oo A0 I B e
KKEEAG, B br 4@ & 19 BIOR L 2 BG4
pH £ 7.0 Bt 3w i), ¥ 7K ok 43 JE 44 25 PR R B
%, WinfES A ramidl s A5 pH 7E 5.0 ~6.0
FITERIN ,, A& BA R M R, FEARRDTF
R 38 A 2 0 DXUT 0 T ZKORE i B 375 R 4 5 i [
FE 5 pH <2  FEMBRILIS , AR BB 8 5 K
Ph H,CO, Fyf#E CO, oh 3, IF HAESLPRAFTERY
TR R T, H,CO; FIERPE CO, B4R 5 K
SAHPAE Y [ EE, pH B TR . 1 S K
FE ST 25 22 h S WROIR A 5 A R 220 g A
LT B E A, N T RIEIR AR pH 755
TG A N, T SR ST S2 1) gk o 45 o T ZK A
A FIZE WP IR AR B LUl o T 3B S T K RE
FE pH > 2 B8 BOBEAA , DT 52 e S0 g 19 53 25
SRR TR B S KRE S pHL AR ] [
E S1 AR R A (2 600 pl/min) , 795 S2 i
T2 S2 i R AT, TR A R % vh A R L )
%, IR AW pH WA, 24 S2 Wi sk 3S KE IR 5 W
G OP S e G IR AW pH THE . AR IR
WFaEH B T pH 5.0+0.1.6.0+0.1.7.0 =
0.1 (Y 3 Fhgz wh i, 4 A 45 S2 Wi, IR
7 pH W3R 2,

AR SL I AT LU o TR IR A
W pH 7E 5.0 ~6.0 AU N, 2 b pH 5
BIEHITE 6.0 ~7. 05 [ 2% M W a8 2 AT 15 e
JE LRI b % B W 7K R 23 6 TR A A L, pHL 7 2
FEHITES. 0 ~6.0, 275 7% 185 92 th W) pH 75
BSRIAE 6. 0 BFIT, AT S2 f 97 5 B AT LAAE
400 ~1 000 wL/min 2 [a], HF 4 4K H F L5 4
PR S2 BN 400 wL/min,

http: //www. shhydxxb. com



666 (SR (T E NI S S 1 28 45

#2 FREE RS pH

Tab.2 pH value of mixed solution at different flow rates

JRAEW pH  Sample-buffer mix pH

S1 Ji#  S1 flow rate/ S2 FiH  S2 flow rate/

ZZAE Buffer

EWTTR Buffer ZMHEHE Buffer

(wl/min) (wl/min) pH=5.00.1 pH=6.0£0. 1 pH=7.020.1
100 4.00 4.57 5.38
200 4.17 4.82 5.74
300 4.25 4.94 5.9
400 4.30 5.02 6.06
) 600 500 4.35 5.07 6.16
600 4.38 5.11 6.23
700 4.41 5.15 6.30
800 4.44 5.18 6.33
900 4.46 5.21 6.37
1 000 4.48 5.23 6.41

2.1.2 JEUERIAR

HI TR K 1) o R 2R A U 23 1 B 5 2 X
1CP-MS ZpHrid B ™ 4, B R e h il &
SRR S ) Na® Mg®* (Ca”" ([ C1™ 45§ 43
o B T B B, DR AR A A R Y
FIbRa R T R B, i AT S F) 2 o i oB0of
B AEA IR AT e T B TR O R ok . FEA
UCHITFE A, 38 PR T Vi T R i (B8 224 20) 5
MR WER B 5 L AE R, AR5 LA AR B 22
M (300,500,600 ,800 .1 000 pL) X3 it it
FIIaUE SR TR U Ja I W (i T A S A 1Y
200 wL Ze47) , FHT 1CP-MS A7 2 5 5 41 4
WA 2 FrR . S5 SRR, 1R Ve lUR AR R
T800 wL i, iYL P TR & AR H AR
elE R R T 23R A 5 8, S b i )
THUERBIESE D 800 plL,

5X10°¢ 23
s —— 300l
4% 108 ——500uL
% ———600pL
S 3x10¢ —800uL
) —1000nL
& 2X10°
Ay Mg 39K
1X 108 \ /\ & Q
0 ‘ f\@a AA A ‘
20 25 30 35 40

H#ILE Analyte
B2 AREEBRFREHEER

Fig.2 Scan results of different volumes of

cleaning solution

2.1.3 PREBA AR 3
R C A BFF AT R 10% 1R IR Vs
WO, Al LOREAR IR A b I B A% bR B e R vk
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NS
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Tab.3 Recovery at different volumes and

flow rates of elution

AR R [B[ R Recovery/ %
Volume/pL. Flow rate/( wL/min)  Cu Pb 7n Cd
100 63 76 69 80
200 200 54 74 67 77
600 53 68 62 75
100 76 84 73 83
400 200 57 84 73 80
600 53 79 70 80
100 84 102 95 100
600 200 83 95 93 101
600 80 90 92 95
100 86 101 98 100
800 200 86 96 95 95
600 85 90 92 95
100 89 99 97 97
1 000 200 87 97 95 98
600 87 91 94 95

i SR RE T LA 4 A BAR R 2 %
LR 1) PR ARURITAL T8 119 2 0 752 2 A7 7 22 57, Cu Al
Zn {522 RE L AR, Ph A Cd 152 52 I R B 4
ZIN AR b R PR 14 1 B R ARR 14 370 B T L4
JCR IR . JTR Cu 1Y ICRIB LT H BT
R, KA I i LA LS, OTE Cu 1]
WA BT, 3 AT RE S TR K P A R A HILIR
5 Cu B ERA WL A B A A LA S
A, AU TS P AT T KR s AN IR T fip
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AT, T Ak 4 62 1 TR [ I ik 1
Fy K ST 2 D 2 9K AR (10%
YRR AR BUR AR T 600 L, i F s
7E100 ~200 wl/min, % EFIS2BRL % 4L T AR
FO R, 7 T 2 8 40 B 0 RE PR BRI BT R, 1
R R A L 40 ) 32
B (10% B % 35 W0 ) 13 1K Lk 600 ~ 2 000
L, WL 7E 200 WL/ min, A SCHVBEIR I T
BUE 600 L., 4 7E 200 wl/min,
2.2 FEMEEGRHRERERSEE

e S5 8 K 5 190 437017 (8 0%
S A AL R o 50 290 R 1 4300 (L, 6
(O FLABE 2 A b 2 ) 1045 0 R A8,
S R SRR G L 200 A O A
U R, 97 M B 2 BB 5 43 97 45 S8 of
WP RORE 0 R 3 B 7 0 025
TN R b S T AR 0 75 0, i
FEIEK 7S 1 CEREERR BER124 20) fUBERER) , SRR
IS 1 5 R A 3 AR — B0, 107K
o5 R S R A R A TR A

FEPE A AL o 1 0 T2 i 5 e
SRES BT R — B, SRR E pH /N T 2, 4
J5 B WA 3 pH G AT, VEIBHR AE A5 1k
IV 7P A A 0 5 R b P A i — B X
AR BEHEAT 11 YOEAT I A, iC 7% Cu, “Zn,
M CAFI Ph f B TR, NS R A R O 2
(¥ 3 5L TR I B RUE, IR & T &
FrEA R BRI 4, 4 AT RIS
F{ETE E 2 0. 001 ~0.559 Mg/L,Cu\Pb\Zn:ﬂ]Cd
AR FR 43512k 0. 014 we/L.0. 002 pe/L.0. 049
pe/L A 0. 001 pg/L, BEAK T 5700k 43 6 6 2
R Cu i 0.2 weg/L . Pb 5 0.03 ne/L . Zn
H 3.1 pg/L.Cd A 0. 01 wg/L R k%2
R FR Cu 2 0.6 wg/L.Pb 2k 0.3 pg/L.Zn
1.2 pg/L.Cd H 0.09 ng/L™ . FtRAERKKE
i GBW (E)080040 F B¢ 10 % J5 15 o B F2 b it oK
ST T 7 05 0 R A RO 85 B, AT 0 A 6 3K,
ZER L 4. TTLUA A& T0 A X524 P I 7E
5% AT, 4% 70 25 T 52 IS 10 A X A o AR 2% 2 4
HI7E 3% LA

R4 FAZHORHRERBENBZEEER

Tab.4 The detection limit, accuracy and precision of the new method pe/L

— s + bRuE w22 e JRN NN o .

o FHBREREC pamo mmesc) TSI B9 G

Element - DL Standard value Mean Relative error/% RSD/ %
Blanks + SD

Cu 0.122 £0. 005 0.014 5.12 £0.409 5.04 1.6 1.4
Pb 0.025 +0.001 0.002 10.20 +0.614 10. 60 3.9 2.0
Zn 0.559 +£0.016 0.049 71.60 £3.070 73.10 2.1 2.4
Cd 0.001 £0.000 2 0.001 1.02 +0.061 1.04 2.0 1.8

2.3 KIIORESPIE SR

DAASHIRSE T ST 1920 BT 05 3, 4F 2018 4E 5
KA B AR TR 1S A Wit 37 1y 3 J2 /K T
J& T4 B T % (Cu Pb Zn Fil Cd) W43 HT, 15
ANUEKRE S I ER BETE L 0. 156 ~20. 883, £ %)
TG — Gy KAE S R SR T T W i: (AAS)
ST Cu P Cd, IR %4 3 1 (ASV) 23 #7 oG
% In'™ LU A ] ICP-MS B30 F B 10 155
(A KR it JFG T 7 R DB 3 14 407 485 SR ¢
LS.

X 5 PEUEEIT AT AT AE L4 AT R
BIB9S L 5 s 3 P e A — 37 9
FLWIRN 7 2 [ B A TR B AP O 2R M 56 2R, R P
FMEH R T 0.900, Xt 0 2 W 4 B T 1

RPFEAR I T RS 1 B2 KT 0. 05 i,
AU P B B AT AR B 35 22 57 1K
Fah iR BEVEEIR), R U I 108 5 i A RS E 1
ANSZER BE RN 38 TR0 1 DX B 7 9 S )
JKRE R R TR B W

1CP-MS FL570 M B 10 75 )5 A TR KRR i
ARl 2 2 R F AR DT IE Ak, o BT 45 2R 3R
B« 52 B A0 MR RS2 M R 20 ¥ KA ik 114 H
PRICER(E S RARTC AT ; TR Cu B 4S5 1) 1
5 R R B IR A OGR4 R e
MRS RATAE W] 22 57, R I T B 7 1% 0
VEAT 3O T B3R R A X 0 5 5 SR T B T
KRS R E R o R, A ICP-MS #E47 )
iy, SR FHEEAA > B 5 AT A B LG 1A
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Tab.5 Detection results of metals in seawater by this method and AAS/ASV

B Cu/ (/L) 55 Pb/ (/1) 5 20/ (pg/L) i Cd/ (p/L)
Ff A Sample #hBE Salinity Bk R B R ok Rk Bork Rk
Method AAS Method AAS Method AAS Method AAS
1 0.156 1.43 1.57 0.263 0.231 3.15 3.25 0.034 0.037
2 0.159 2.15 2.07 0.316 0.378 2.99 2.76 0.039 0.033
3 0.162 2.34 2.06 0.789 0.849 6.31 6.62 0.059 0.062
4 0.179 0.086 ® 0.373 0.426 5.82 6.28 0.058 0.059
5 0.388 1.21 1.22 0.352 0.331 5.10 5.00 0.058 0.063
6 0.757 2.78 2.30 0.587 0.602 1.14 1.43 0.062 0.072
7 0.803 0.752 0.789 0.457 0.390 2.32 2.10 0.015 0.016
8 0.976 2.81 2.50 0.249 0.290 1.71 1.82 0.049 0.044
9 6.344 1.56 1.65 0.286 0.234 3.16 3.30 0.073 0.077
10 6.599 1.02 1.11 0.452 0.485 1.96 2.02 0.031 0.040
11 10.370 0.226 0.235 0.285 0.218 4.21 4.14 0.025 0.020
12 15.131 0.224 0.242 0.798 0.792 3.42 3.36 0.053 0.076
13 15.995 0.623 0.539 0.575 0.589 1.52 1.73 0.054 0.048
14 19.803 2.26 2.39 0.286 0.330 1.46 1.32 0.063 0.067
15 20.883 0.145 ® 0.657 0. 667 6.22 6.23 0.075 0.073
MK RE(n=15) 0.986 0.976 0.99%4 0.929

T = AR

Notes; #* below the detection limits

3 45
gh4 ICP-MS TAE S, X B sh ik Y

R 3 B
T

(1) 7E B3k & W 71, 24 pH <2 (11
IKFE A S SR BL G2 v W (pH = 6.0 £ 0. 1) 433
L2 600 wI/min 1400 ~1 000 wlL/min 55 218
B TR AT LA FE A i e B %) B A pH 4508 5
PR B Gz s VAR IR VRV, R RO AIR T 800 L
B, AT DAGRIE T s AR AT i LB 4 )R L B
B AR R VR A AR FRURN B 8 2 52 ) H A
JCER WIS, ZE VR IRAA BB 43 600 wL | &
it RN B 4 200 I/ min B, A DA R E 3R A4
4 1T SR i R B A AT R K

(2) A3l fbde B 5 1CP-MS 3 8 7 18 7
7, HFRIJCZE Cu,Pb.Zn Fl Cd AYHS H R4 31 A
0.014 pg/L.0.002 wg/L.0.049 pg/L Fl 0. 001
g/ L, 0T SR MR A3 't B o P AR % AR &
DK R o 38 X BRE Y B AT AT, B
FEIN A v RS B RO B B B AR R LA
AL I U ) W T 235 R 3R W, 5 18 3 W D 3
HBRUE T A s SR B 2 R, RIX

FEITIE T BB, 32458
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Determination of trace metals in seawater by Inductively Coupled Plasma
Mass Spectrometry after pre-concentration using an automated system

TAN Saizhang'*, ZHANG Haofei'”, WU Kangkang'”*, KE Yu'?, LIU Caicai'"’
(1. East China Sea Environment Monitoring Center, State Oceanic Administration, Shanghai 200206, China; 2. Key Laboratory
of Integrated Marine Monitoring and Applied Technologies for Harmful Algal Blooms, Shanghai 200206, China)

Abstract: In this study, we present an analytical approach which uses an automated pre-concentration device
(seaFAST) with accurate volume loading and in-line pH buffering of the sample prior to loading onto the
chelating resin (NOBIAS chelate-PA1) and subsequent simultaneous analysis of copper (Cu), lead (Pb),
zinc (Zn) and cadmium (Cd) by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The available
system extracts the trace metals from the seawater onto a chelation resin column, when the seawater sample
pH <2, mixed with the buffer solution of ammonium acetate with pH (6.0 £0.1) in a certain volume ratio
(13:2 ~13:5). And the resin can be washed with the buffer solution of ammonium acetate no less than
800uL, which can effectively remove alkali metals, alkaline-earth metals, anions, etc. The four target
elements can achieve high recovery at the same time when the resin eluted by 10% nitric acid which is no less
than 600 L at the rate of 200 wl/min. The detection limits of this method were 0. 014 wg/L(Cu ), 0.002
pg/L(Pb), 0.049 pg/L(Zn), 0. 001 pg/L(Cd). The analytical technique has advantages of high
automation and small volume of reagents and samples. There is no significant difference of the analytical
results, which is the trace metals in seawater of Changjiang Estuary and its adjacent areas, between this
method and the one of the specification for marine monitoring. It shows that this method is stable and not
affected by salinity. It is suitable for the analysis of trace metals in the estuary and its adjacent areas.

Key words: resin; Inductively Coupled Plasma Mass Spectrometer; seawater; trace metal
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