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FEE WAE AT BAL FRE KEE Il
' R R IR S i AR S AT L S 266061 )
N(EHHHRFSHEARERLRE, GEES SHER R AR E | F 5 266071)

H B Ay T BAERIK(CE) SRS E RS (ICP-MS) B A B AN 2 45 B 1 (PhD) | = H JE 4%
(TML) F1 = Z 345 (TEL) 3 FOR RIS & Y 807 3: , LS R RS S L & WY R R SeBl T
T 3 FETE S G W E g i, 45 ER W] L) 70 mmol/L H;BO,-17. 5 mmol/L Na,B,0,(pH 8.
90) S 2 AR, fE e Ad: CE-ICP-MS 4544 F 3 R b &4 20 min P9 T SEIUA 85043 55, S5 B ML AL 0F 3T A4 I (]
RSD<4% , VT AR RSD<5% 5 1€ 10 ~200 pg/L {3 P b & W L5 Ar , #H5C RECK T 0. 90; Ph(ID),
TML 1 TEL % CE-ICP-MS Kz Hi FR (3S/N, LA Pb 11) 40514 0. 091, 0. 023 F10. 030 pe/L; KA 525 BRI 3
W Pb T, 4R UK 3k 80% LA b, LI K N JEJE Ph(ID), TML 1 TEL [B] i #4351 24 103. 6% , 95. 7% F
90. 6% ; B LA G AN A& &t 25 R WOR AR N Pb DL PhIDIEAAAE, AT EA TR sk,
B S T AR /D RO AT, BT R B e v 7 i B S i P R AR S R R S8

XEIF HUESONT, BAE BT, BEEE S TIRE, A Wk
1 51 §

ROCR Iz RS TEAE RN & B EHLHEBR 248 | AR W) e K 2 A S B PR Y 4 i PR 875
Bt RBEAMEE LS, S3 MG R G ARG AT R GR350 55 24 R G0 i
O, B — @ B RO MEUEYE . FEE Tl AP A J 134 R AR HRR B Rbe okt | r it A T
b = AR R BT B B AR IR R RS SRR R i R A R AR
G EA ERENE, ATTEAE T B AR IS 0], BN S B . T 4F K L, 1 43 B U 3R (W R PR G H Ak 2
AN EFEAE LS YT R T I A BT3B, DU IR = I AR 35 1
e, HER R TOHUETY 10 ~ 100 £51°) 0 BRI, SRR I Gk 73 VB A AR 0/ 3R BE Hh
WU A I TCHLER R AT AR R, Y 2 DI TR IR BE rh s 4, S TE IR N B B R AR 5 e A
VT Z2 R0 R DL LR Bl W EE R I8 GOk 4 | e 20K T 4 B B AR s AN NAAR W NS (R
PR — AV AE R fE o DRI 7 — i R DR | ot R A Vg i R H AR R i R A ML R C AL 1
TIEIC s,

R, AR 2520 B 5 i Bl i 52 e 1R 2 0F 0 3 B 22100 8 7 635 (1C) | 3 JORCHH (535
(HPLC) %534 | 5 B & 55 B IR T3S (1CP-MS) BUR T 26635 (AFS) - S5 e Rk #%
PRSI ES 45 Aok 22 4B TR AL AR RIS 100 R4 6 FH B AR BB A7 7 43 M it e < 351
Bk R SRR AE R S22, B HRIK (CE) WLEA I FERE & /D A3 HTd B R4
BRI ICP-MS 7ETCHE Ay T A RAUE & e kPt T/ NSO M B AT
WA — PR A FTHCEIE A T H 2 [ 1995 4F Olesik 252 R A& FR T CE-ICP-MS B AR
I LA | BEER B AR B B 3 )32 S v 2

ABFFEE L PEA ISR 53 5 H H SR il A BS54 JE ST T CE-ICP-MS 156 T AR I 7 v o v o
&R RIE S 7 W e T 5, AN RS G Y REA R 8, TR IR i VP R
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2.1 EBE5KH

CEi-SP20 E 4145 HL 3K AL ( H [ Reeko A ) ;5 Agilent 7500a HYBHH & 45 85 T Bt 3% (1CP-MS, 2 [
Agilent A F]) 3 RIFZIERAILELNE (85 cm, NAE 75 wm, FME 365 wm, AKAE BB g4 BR A
Al) ; MARS % P00 I A (5 [ CEM A H]) 5 TTL-DC &M AX (b3 R 28 BE R4 & R A BR A #])
FE20 SC80 % pH TF (MR E-FC R AU A AR, L) 5 Milli-Q #8 47K 4h B & 4t (36 [ Milipore 2y
Fl) s BT HHL(3EE Labeoneo 23 1)) 3 ALL04 HY TR (Fi+ Mettler-Toledo A H])

PbCl, (3£ H Strem Chemicials 24 F]) ; S fk = H 54T (TML) Flg{b = 4345 (TEL) (#%E Dr. Ehren-
storfer 23] ) 5 BAD (43#r 4l KE T K As32000 ) 5 BER (40 b2, Bl =ik diik TAHRA ) ;
NaOH (74l , Rt i fE 2% A~ 1ai i i A BRZA 7)) 3 CTAB (3G Sigma 23 7)) 3 EDTA (4846 T35
ONE) PR, B EAARIA BRA A 5 #k HNO, (H,0, (44, i Merck A ) 3 Y (418
99.999% ) ; 10 mg/L Li, Co, Y, TI Hl Ce HUPIE IR (SEE Agilent 227)) 5 SL56 FH/K ISR MIN-Q 4l
7K (18.2 MQ -+ em) %,

2.2 EWHE

2.2.1 FEMATALIE RN EEIE WAL Y (A0SR A ) BRI U O AT AR AR S AR
20 CHRHRG A E T, T RENLE I 80 H i, B BHMRAF A FH . (1) Bkl i stz i
BFRELZY 0. 2000 g THEHEN T 100 mL JHfERE T, A 6 mL HNO, 12 mL H,0, , %3}, # iR T HiH
fif 24 30 min, U, SRS HEER 1 IHARRR P AT OB A I R o e JUS DB SliK 2 H % 25.0 g, R
ICP-MST EFE M P HERA M S, (2) ARAHARRK UL, W% EmRKE
0. 5000 g FE4HT 100 mL [BEEHE T, A 10 mL 50% W ESAR 46 FERIB S BEAS 1 LR B EAT
TR Bl B AE IR, ZEREFERE 3 K 300 r/min R R 70 ~80°C THE K400 W R, AN S min, M43 7k,
FEYR A BE 2 min , ¥ 3028 35 05 WA BRI, AR T FH 0. 22 um ST M AL B A i 43 89, 42 R 4R UL
TR WA P U IS A MU PR U . TEHLA . KA BRI AR BY5R B Y 10 mL 0.5 mol/mL 4R
U A B A H, B PSS 3 K 300 1/ min R A 70 ~80 C IE K 400 W R, F NI 5 min, N 3 7Kk,
BRI 2 min; WEIER, SEHURH 0. 22 wm RNIETRFLIERTIE , 2 FRSRIBCE TR — K L IR
I UEAS BT SR OB . K P R AR ORI G B — R, AR E R T, A s 1722 oh AR R, REN, B
20 pL B, ITAGE B EDTA 54 10 min, M B 2 400 wL, #:47 CE-ICP-MS &,

2.2.2 UFESEM (1) ICP-MS &4 SHHTIR %1 mMobimes

1350 W; SREEHEMEAHE, REEE 6.5 mm; 5 Table 1 ~ Working parameters of microwave digestion

BTURORE 15.0 Liming SATHHE 121/ g QUK E T G
ming A0BCHLE 1.0 L/ming F e 0T 00 CO T e G
0°C; BUMIHE 1.0 s, (2)CE &4 SBHIE ; i s 3 ;
13 kV; BHEH (CRIEEHEM A EME) 3 1500 170 5 3
85 emx75 wm i. d.; Z% W W 70 mmol/L 4 1500 190 5 10

H,B0,-17.5 mmol/L Na,B,0,(pH 8.90) ; M3

HERERTEIA 12 55 23 100 wL/ming 43 &5 B [E] 20 min, B R MEHET, 435 B 457K (1 mol/L NaOH |
0.1 mol/L NaOH iz {72 AR e B AN 15 min, B PIRPEREZ 18], 20 51 AlK 5ia 1728 this i o
VEBAE 2 min, A ERGEAEZ /T, % 0. 45 wm JEETUE

2.2.3 WERKERE ALK 3 R I bR I8V BOE HO RE, 43 i RE i vk B2 R 10,20,
50,100 F1200 wg/L BRAIRER R I, 82K ERPRES H . RS8R 3 B4
VR TR R il i i 2k
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3 HRSHR

3.1 CE &#4mtiik

3.1.1 S BEBEESRENMRML HHRTHEHEE-10 ~-15 kV) X 3 MBS G280, 58
I AE IR B PR R A R I R T AR i R R] L R 5 v s G N B A 1 P R
FEAE KR IR EA o B VR AR BE SR A IR I AR A S RE-13 kV AR Ry B, [F
F,BE8 T CE AEHO 43 BRI SEA , 25 SRR W] 3 Y18 KA R T4 RS I a], e R AR (H A
AR —ERER, A EY S hiaRE, A2, RABERIRHE R 40 pL/min, Ph() , TML
TEL M B RCRET . S34h, BUA R ilad =4 OS2 T CE 5 1ICP-MS WY SR (& 1) , 3 ad fudk
TAETEN 5% W EEE IR, KARHR = 1ICP-MS M BERE RN 25 Aba5%, Si iR T CE SFAE AR BLEE

3.1.2 g pH EMMAL S286%% T H,BO,-Na,B,0, 2% W pH {H1E 8. 60 ~9. 10 78 Bl N XF
3 MRS VLG Y BEASCR AN | WG 2 i i pH (H BRI , AR 3 B R TR 0] I HE | R A58
Yo A (B 2) o 2 pH > 9.10 B, Pb(Il) TML 5 TEL B 4355 ,{H TML 5 TEL B5r B ROCR B2

CE 1CP-MS 207 pH=9.0 pb(11)
¥ Negative electrode 1oy ML
0.0
1 Make-up fluid [ 1.0 pH-89
z " M
&
QO“ 0.0
% 09p =
B B i S B S A B TR BT R A Z 06} pHESS
Fig. 1  Interface of capillary electrophoresis ( CE) and § 0.3
inductively coupled plasma-mass spectrometer (ICP-MS) 8(6) _
H=8.7
24 pH<9.00 A}, Ph(I), TML 5 TEL A L 52 9 Sk £k o3 /L
AYES: 4 pH=8.90 B, Pb(I), TML 5 TEL {945 0.0 No~—
ROR TR I ) R Y GAL ;2 pH <8. 90 %Lw
fF, Ph(I) \ TML 5 TEL ¥ H85¢ &0 &, (H &5 16T 5 0.0 : !
. / . . N 400 600 800 1000 1200
PfIAIAER: , B pH B/, TML 5 TEL 32 i 1] ((s)
FIEK L5575 18O B L AT R I ] | e fe A4 pH
C6.00 " - P 2 pH {3 FIEA LA PO, TML A TEL

- SEREI R
3.2 AEFER Fig. 2 Effect of pH on migration time of Pb(Il), trimethyl
o =
3.2.1 WEMAH AERE CE-ICP-MS KFET, 000 (TML) and triethyl lead (TEL)

HET R ESME, EEME 3 K 100 pe/L 4
WA VAR R, 3 FIESEIL S YT Rt
[a]f) RSD<4% , W T ALY RSD<5% (& 3) , 27
PO Vel e T N 5y

3.2.2 $RESHAEHEZREUER fHKiE CE-1CP-
MS 44 F , 52 (10,20,50, 100 1200 pg/L) 4%
RAPRUEA (2 2 FIE 4) ,7F 10 ~200 pe/L (1) - S —
W HE LRI |3 BB 25 AL A 1O 135 5 0 B8 ( 06 i 2o Ly e
) 5 Z ] By e A OC R A KT 0.90; 78

SRR T, Ph(I)  TML A1 TEL 9 CE-ICP-MS K3 AREIESE Yo B RE T
ISCES K R (3S/N) LAY 435318 0. 091 ,0. 023 I Fig.3  Separation stability of different lead species
0.030 wg/L,

Counts ( CPS)
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Table 2 Linear relationship and detection limits

, A 2PV &
waY Ly I R % AL B
Compounds Linear equation® Correlation coefficent Linearity range Detection limit
(re/L) (pe/L)
Ph(ID) y=1.10x10*x+1582.6 0.9210 10 ~200 0.091
TML y=2.87x10°x+2622.6 0.9931 10 ~200 0. 023
TEL y=2.84x10%x+6328.2 0. 9948 10 ~200 0. 030

a: x, ug/L; y, counts per second; b: Detection limit in Ph.

3.2.3 BEPHRIE T HKRBUIEN T 40001
SEME SR U B RS SERE (TR R 3600~

32001

PSR o A 28 S BB (5 I 4 BBUR ) 5 Ab RS i ~ 2800f
FIF TCP-MS T BE 5 b A0 b 4RI A o e fl 5 2400f
P AR I A, SR (B OA R 20T
b & B BCRER (£ 3) . < 1200F
B3 R L ol | ‘ .
:flgl:l; iin a(rll(;m:;i;s:trilozf the total amount of algae sample 400 00 ) ?00 1000
[ (S
FEd Pbpgiﬁfﬁon Phplé)xﬁéj%inn F%zz’" B
Samples (nere) (ne'e) (r?ol‘)) E 4 100 wg/L Pb(l) TML 1 TEL Fr#EIR-A WA CE-
AT Kelp 2.64 2.21 83.7 ICP-MS HL 7K ]
8 Seaweed 5.12 4.86 94.9 Fig. 4  CE-ICP-MS electrophoretogram of Pb(Il), TML
53 Laver 6.83 5.52 80.8 and TEL standards (100 wg/L )

[ A TR RE A SRS, 0 A 4 e/ 3 MREVE S Y, e BUS I E BHE S e, 45 R 3%
W( R 4) ARMFH WL TS T AV S & W FL BUR 05, Ph(ID, TMLAITEL B 735 9103 6%

95.7% #190. 6% . F4 TR A IR NS SR
3.3 EEhELSYNE Table 4 Recovery result of standard addition in dry kelp

samples

S5 SRS S RN 2 A, AT AR I — —
et Lo ay  MRRE RWAR o R
WP ok R AT TSP ol ke Fond (B0 Recovery

‘ : (hwl)  (pe/L) (%)

AR AR & B e S R 000 553
M5 FIEL 6 ] UL, 2825 Aty A A4k PhiD 4.00 6.67 5.6 103.6

A EZLL Ph (D) & A7 AE, W IE 435 29 N ML 0.00 <DL
3.0 wg/g( LA Ph it 3T 8) f 2.5 ng/g( LA 400 383 6-3 9.7
Pb i, M T ) JA R & A HLETR A TML Al w0 o e

TEL, #E—EB T SRR S A RKES T
B PHUDSS A 09 REMAT, i1 5 014 PhUDFE /42 Mk, 38 1 Ph™ 256 A Ml > 1A AL 840 S R T 20
Sarb ) B S HE RO — LA BT Y B AR P SR T T 5 X H AR ALK Y Ph(DFE Ak /b | S5 13
WK G R BTV A Y, vl AR R e A T e SR vh Ph(IDT5 G fbis 2 .

4 %8

LT CE-ICP-MS B R [F BN 2 3 FE &8-S9 Ph(D, TML 1 TEL (9%, £ 5 IS FE i
3 MRS LS YIRS B AR o B IS, LR MU &, SR ICP-MS #5528 T 4 /b ki
S Ph BIE 5 SRRSO AR S AW, ik A, MISCRER AT AE SRR R
i s R B JEALAEY Ph(ID), ARAGTNE] TML F1 TEL, A7 s it Ak 43 45 3 BUCRT AL 07 v, SR CE-
ICP-MS B¢ FHHE A, 280 T ¥ 3 DR A 0 8 1 5 0 s AT, SRl i 8 S VAR RS B 45 il $2 418 7 — b
SEHIT
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50001 o 50001 g
40001 40001
£ 3000 £ 3000
S 2000f £ 20000
e S
s TE S
0 | | | | 0_ L T h
0 5 10 15 20 0 5 10 15 20
t (min) t (min)
FI5  EESREAN (A) FUINER SE2RAE AL (B) RN Z5 R (AR L 25 ng/L)
Fig.5 Measured results of laver sample (A) and laver sample added with standard (25 wg/L) (B)
5000( A 5000 B
4000 4000
£ 3000 £ 3000
S 2000F £ 2000
S S
1000 1000
0 | 1 1 1 0
0 5 10 15 20 0
t (min)
Bl 6 HEIFREM (A) ARG IR (B) K025 2R CIMARVRJE 25 pe/L)
Fig. 6 Measured results of kelp sample (A) and kelp sample added with standard (25 pg/L) (B)
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Determination of Lead Species in Algae by Capillary
Electrophoresis-Inductively Coupled Plasma-Mass Spectrometry

LI Jing-Xi', SUN Cheng-Jun', ZHENG Li*'* | JIANG Feng-Hua', YIN Xiao-Fei', CHEN Jun-Hui' , WANG Xiao-Ru'
"(Marine Ecology Research Center, First Institute of Oceanography of State Oceanic Administration, Qingdao 266061, China)
*( Laboratory of Marine Ecology and Environmental Science

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract A method of capillary electrophoresis ( CE) combined with inductively coupled plasma-mass
spectrometry (ICP-MS) was established for the determination of lead ion (Ph(I)) , trimethyl lead (TML) and
triethyl lead (TEL). Meanwhile, the extraction technology of different species of lead in algae was established
and optimized for the qualitative and quantitative analysis. The results showed that three kinds of lead
compounds could be effectively separated within 20 min by CE-ICP-MS with 70 mmol/L H,BO,-17.5 mmol/L
Na,B,0,(pH 8.90) as a buffer solution. There was a good reproducibility of migration time ( RSD<4% ) and
peak area (RSD<5% ). Three kinds of lead compounds had good linear relationship within 10-200 pg/L with
the correlation coefficient larger than 0. 90. The detection limits of Pb (I), TML and TEL (S/N=3, Pb) were
0.091, 0.023 and 0.030 pg/L, respectively. The extraction rate of Pb reached more than 80% by using
fractional extraction, and the recovery rates of Pb (I), TML and TEL were 103.6% , 95.7% and 90.6% ,
respectively, with algae as the substrate. The lead content detection of laver and kelp showed that Pb in algae
mainly existed in the form of Pb (I). The method had the advantages of siplicity, high efficiency and low
sample consumption, which could provide technical support for the quality control of marine algae and other
marine products.
Keywords Lead species analysis; Capillary electrophoresis; Inductively coupled plasma-mass spectrometry ;
Lead; Marine algae
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