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EEBSES TR (ICP-MS) il E
FIKF66FHEFEETE

AR FXE FEF4a WM OF R 7%

(LETRELERBEAFRR, L 201114)

B E FIAMGE 190 CHRIBEMBIT R AR S #0E %, b B A& S8 71k R 3% (ICP-
MS) R EEAF TR FH B B R BVNEoHELBTIRSTE. FHMBERARFER AClLE
FXRET . i T OB B e (RPq) | Ailf 48 4 W 2 58 M 2k 4, 6 il om 38 AL 8% 4 i FRZE 0. 003~
0.02 mg/kg,7 EE MM X IR HER 2 (RSDYZE 1. 7% ~2. 6 % , 4> BIAERE 5 S AR 3 F1 7 mg/kg, [
#88.9%~107%., 6 XK F THREG DA AT E VBB TR . Jr ik b BRAK P R, &
AFERF TP 6 FiZe i E 48 TR FRTE .
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Determination of the 6 Impurity Metal Ions in
Handmade Paper by ICP-MS

LU Chungiang, LI Wenhui, ZHANG Ruohong, SUN Kan, LUO Chan, WAN Feng
(Shanghai Institute of Quality Inspection and Technical Research , Shanghai 201114, China)

Abstract Samples of handmade paper was pretreated by microwave assisted digestion, and the contents of
As, Pb, Cr, Ni, Sb and Cd in the handmade paper were determined by ICP-MS. Kinetic energy
discrimination (KED) were used to overcome disturbance of ions,such as ArCl. The parameters of the test
methods were optimized seriously, including RPq and affects of different Neb gas flow rate, etc. Detection
limits of the 6 elements were in the ranges of 0. 003—0. 02 mg/kg, 7 times the repeatability RSD were in
the range of 1. 7% to 2. 6%, 3.0 mg/kg and 7. 0 mg/kg mix standard solution were added in the samples
respectively. Values of recovery and RSD’s were found in the range of 88. 9% —107% and 1. 7%—2. 6 %.
As, Pb, Cr, Ni and Sb were detected in 6 samples. The method is fast, accurate and has a low detection
limit. It is suitable for determination of impurity metal ions in handmade paper.
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FTLHRAEHRRYBRE . FHEOEREERE Y
WY X EARCESEAERTBERMER ., H
TRy PEMEGEF TERE L, W BAREEY
F T YCHIME 7 8 B S A B R AR B ScAbsE ™= .

B A, 3 B Xt B VLR AR B9 M BB 2 B &8 1
T—EZLEN REAN ST SR A, FITHK
MEETEZEERZMEF OME, FTERTZ A
FEREG T T4 SRR MRS TSt A S
B, FRRELK LR T ERT LMK
kMEREA BB W, PV EEEE I RERA
HAEACVE R, 68 s 405k i &4, Bk, BT
THR&=HHRRRFEEBETESBEOIR T %,
A A FRUEF T407= & R 'Rt A A TR
G F THRBIESRZ.

HATR R ITE L n & RN 2005 B £ A R
T A B Tk & 5163 (ICP-OES) . i Bl & 2%
B (ICP-MS) 1%, ICP-MS 3 AR XAl [F
BN LA ESEICE, M HEAERAEHR.Z
il T Y0 B B S B TR

7% TAER F Al BR-1d Ak & B Dk % B T R A
it s SR ICP-MS “AﬂJﬁi%IéﬁEer BB VBB

WeoMAETLENSR., X — LRl F T 408 M
TTHHE.
1 L&
1.1 LE5RXH
PE 300D ZY H B A 45 B F AR B X (32 H 37

EBRIRBAHHAERAFD , Bl 8 5 R EE A TP 5 e
ME=; CEM MARS AU i il i Bh H A0 . SC3 H
KABL K CEEFEAR/NF 18.2 MQ + cm), B
Milli-Q 47K 25 1%

B R B AR RS AR (L g/ 1)
H B R YRR O .

B BE B BE N PR A U R (10 mg/L) . TR
A S E R H L, B EZRAABRA A .

6 Fp AL T 40 S ELE B H K%,
1.2 SERFH*E

WAL AE R BT R 4 mmX4 mm UL FHBER, R
E¥H5 . WEFFRRBURHE 0.5 gOFMZE 0.1 mg) TX
VU Z MmN, A 4 mL B4R, 2 mL & &1k
A 2 mL K, BE 15 min 58 TR HE BN,
5 minFiEZE 120 C, {4 F 5 min, - 5 min #F &

190 °C 4% 20 min, %58 BUR BUH R UK 2.5
W iEAE B AR | 135 ‘CZE 4, M 30 min, #F £
BRI, MTAEE, T 50 mL AR, b
VRWIR , & FF 0V, FI B 4liK 8 2%, AN 38 TR &1
BEATI E , B[R] A8 H SE T
1.3 UFHWEH

ICP-MS TAE &AM T % 1 300 W, 8RR
SO 0.9 L/min, B H R (ES) i & 18 L/min,
WA @ESOWE 1.2 L/min, B FEOFLEH;
AYFE R AR RBUE RIS (RO RE
0.7 mL/min, %€ Cr B RPq{E % 0.7 V,H4 5 fb
JLE RPq{H} 0.25 V,

OB I A TAE S5 44 25 min FF3] 135 C, {747
5 min;10 min F}&] 190 °C,{£¥F 20 min,

2 #REWe

2.1 REFHERE

ICP-MSH MR THEEAFRZFMET
WO EMAEFTHREZEFEFTH. —BRET
MRS TR IE T RETEER. RAN
PRIETE BR A S E R B, Y Sc.”” Ge, ' In,
OBWENIRITER , WAR TR R S 10 pg/L,

K R 2 (DRO) 8 B ArCl Xf Cr JTTE K
T, MK EKWEN 0.35 L/min, MoO B F
X Cd T H A T HALIE T #R THER .

2.2 RMHBE(RPq)HEL

SR AL T R B R (DRC) Fill Cr g RPq
{H,040.01 V BYIEEE, N 0. 10 V Z# 4T RPq &
L5 VAR &4 T W WA 1 pg/L brEss
WLERILE 1, A RPq B9 K, Cr tR HEB WA
ZHBBRESEEAERNBES,E0.5~1.0VZ
B A L0.7 VIR ER B E S MEZ ARG S X
SRS, HEEE RPqER 0.7V,

KED #=F W #f B, 9% 75 RPq {6, As 155
To i AR, R AN SR %2 RPq{E 0.25 V,

2.3 DRCHEXEMSERENIERE

%A DRC #E0 & Cr JnE, o LHERR AN,
ClO,ArO,ArC.SO } HCIO F#k, #5108 R &
E. RMAWEERESH LR SRS T
YEZAIE 1 pg/L AR rERS R 2 FL W, 43 0l 3B 4
0.10~0. 85 mL/min, 4 0. 05 mL/min HJIg 3 &3
RBLA & KRB RS ARG S HEE
SRR EE (BECE, 25 R LK 2,Cr By BEC {H 56
FEARJE F i, BEC (R AR , X 2% 7 803 B, At BR
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7% (ICP-MS) L3l & F T-4CH 6 Fl 42

RERITE 3

AL, 0. 35 mL/min B BEC {H £ ik, K It & £
0. 35 mL/minffE 8286 2 B S AR B 1E .
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Figure 1 Selection of RPq for Cr.
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Figure 2 Selection of DRC gas flow rate for Cr.

BEC/(pg * L)
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2.4 ftRAEER AN H R

LARHER (2+98) y S A b HE 7 2 0 B, TiE
#l 4 0.1.0.5.0,10.0,20. 0,40.0,80.0,100.0 pg/L
BRI B VB VBEFIER 6 ML R IR BRI R, 1R
KW TTIEBEATIE , 2 An HE M 28, 6 PO R L&
HWSHILE 1.

W 11 425 HEE W, A2 H I E (6 b w22
(OB =FEAERIT BRI R, LIFRFER 0.5 ¢, %
BEARER R 50 mL AT, 45 R ILER 1,

£1 KETE.LEEAFE.
3 R BN H R
Table 1 Linear ranges, Linear regression equations,

correlation coefficients and detection limits

5 %‘ﬁﬁiﬂ/ S I MEXRE ﬁﬂjl‘ﬁz
(pg* LD R? (mg « kg™1)
As 1~100 Y=10.048 1z—0.002 1.0000 0. 006
Pb 1~100 Y=0.074 0x 1. 000 0 0.003
Cr 1~100 Y=0.167 1x+0.028 7 0.999 5 0.02

Ni 1~100 Y=0.094 9x—0.006 0.999 8 0. 003
Sb 1~100 Y=0.024 8x—0.006 1.0000 0.01
Cd 1~100 Y=0.006 4x—0.001 0.999 9 0.003

2.5 AEBEE.EESHMEIKERIE

RS Ty W, BT T ARRE &, I A o VW,
SEAHAR 7 WM E 6 FhOTER & B, W E (8 R X IR 22
(RSD) L5 2,

Fe 5250 O B0 T T4RAE S (R B R AT AR [
WCSE 5, 3 S AERE S AR 3. 0 F1 7. 0 mg/kg, Z5 2R
L% 3,

K2 BEEIRER
Table 2 Results of the test for precision(n=7)

TR WEE/(mg » kg™ 1) FH{E/(mg » kg™ 1) RSD/ %
As 3. 80 3.63 3.75 3.76 3. 80 3.78 3.56 3.73 2.5
Pb 4. 49 4,25 4. 35 4. 35 4. 43 4. 38 4,25 4. 36 2.0
Cr 4.22 3.99 4. 07 4. 07 4. 06 3.99 3. 89 4. 04 2.5
Ni 4.42 4. 20 4. 35 4. 33 4. 48 4. 47 4. 20 4. 35 2.6
Sb 3.77 3.63 3.72 3.75 3.82 3.67 3.58 3.71 2.3
Cd 3.65 3.55 3.58 3.62 3. 64 3.57 3.47 3.58 1.7
B2 3 A, i B R AR 88. 9% ~107 %, 4F
BRBOPHER, BILE,HEEE B,
2.6 HERSWH
3 #it

N SEE T B 6 MEGE T T4UR b 6 R
SBITERERIATRI, R ILEK 4.

HRAAM,6 MEMPERITRIAERE, M,
BB VBRI BT R KR & 43 i A 0.27.0. 94,
2.10,1.20 #10.18 mg/kg,HILERKEH ., GERFE
B T T 40RE & P A2 TE 52 T 405K P BB A 4% L BR 2 TR 4

HAL T IR A S TS E N E A G F T
Krh o MR EBITES BT L., H AR,
P A BRAK & A T4 F TR 2 4 8 o
EBEWETIE, MEGF THRER T Z P54
FREEBRSRIEETSE T,
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Table 3 Results of the test for recovery

5 e 18/ Itz it/ e ME/ 5 i
" (mg-kg)) (mg-+kg™) (mg-ke) E/%
As - 3.0 3.19 106
7.0 6. 84 97.7
Pb - 3.0 2.69 89.7
7.0 7.27 104
Cr - 3.0 2.99 99.7
7.0 6. 55 93. 6
Ni 1.1 3.0 4.32 107
7.0 7.32 88.9
Sb - 3.0 2.83 94. 3
7.0 6. 81 97. 3
Cd - 3.0 2.76 92.0
7.0 6.49 92.7
R4 RBSNER
Table 4 Analytical results of samples
/(mg * kg')
&S HEmHBEK As Pb Cr Ni Sb Cd
1 HBR4E 0.15 0.82 0.96 1.10 - -
2 R 0.15 0.94 2.10 0.95 - -
3 TR - 0.28 0.11 0.34 - -
4 TR - 0.68 0.14 - - -
5 W4 0.27 0.28 0.98 1.20 0.18 -
6 WELK - - - 1. 10 - -
%% X
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