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Determination of Heavy Metal Elements in Wooden Packing Materials by
Microwave Digestion and ICP-MS

HAN Jing—wei, WANG Zheng—guo, YANG Juan, ZHANG Li, SUN Jing—zhong
(Linyi Entry—Exit Inspection and Quarantine Bureau, Linyi 276034, China)

ABSTRACT: To establish a method for the determination of Cr, Co, Ni, Cu, As, Se, Cd, Sb, Ba, Hg, Tl and Pb in wooden
packing materials by inductively coupled plasma—mass (ICP-MS) with microwave digestion. HNO+H.O. were used to com-
pletely digest the sample by microwave. *°Sc, “Ge, '’In and *”Bi were used as internal standard elements to compensate ma-
trix effect and signal drift. Octpole collision and reaction cell system (ORS) was used to compensate mass effect. The work-
ing parameters of the instrument were optimized. For all elements, the correlation coefficient was between 0.9997 and
1.0000. The detection limits were between 0.01 w g/L and 0.28 w g/L. The recoveries of the method were between 89.4%
and 112.5%. The relative standard deviations were between 0.75% and 3.81%. The method was simple, quick and accurate.
It was suitable for the determination of the contents of heavy metal elements in wooden packing materials.
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1.1 EE5EF

AR+ 75000 HL R & 55 B TR B AN, 58
Agilent 22 7] 5 MARS 6 %5 PR I A4, 56 [ CEM 22
A5 Milli-Q B 2l/K R 58, 2 [ Millipore 23 7]

ES R IR I TR NI A I A T
TCERIRAPRAEGS I, BT R B R 10 mg/L, 32 [E Agilent
3], Part#5183-4688 ; AR bR ME WK , JiT Vi £ *hy 1000
mg/L, B4 8k BIF 58 BB 5 N AR B W (°Li, ¥Se, "Ge, Y,
""Rh, "*In, Th, "“*Ho, Bi 1R , TR R 100
mg/L, 9 [E Agilent 2 F] , Part#5188-6525, i F i} ]
HNO; (R FR3 80 5% ) R BN 1 mg/L; PRIV (R VB |
B 2 Sl B IR AR BT EE A 1 mg/L, SR [E
Agilent 23 ] , Part#5185-5959 ; HNO, i 15 73 B0 H 65%
P4l , FEE Merck 23 Al 5 13 S8 A0 25 &0 80N 30%
g4t , 52 15 Merck 2~ w5 i 86 H K o 47K, i

Milli-Q #E4li/K &4 i1 .
1.2 ICP-MS T{E& 4L

FH RV TR S A A X TAES Bt A Ak, 4l
IR 2 B SRR O e L R UE PR A E
SIMTER . ARG ) 22 TAESE S0 1500
W, 38 K 0.80 L/min, % B 7 4 0.35 L/min,
SRFEGRE A 8 mm, 3 ] 6 r/s, He W WA=, He S Jfi
HJE 4.5 mL/min.
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T R A1 35 TSRO T A S A 3 2 I 2 1 AT
fil, W1, M RIEAH R SR, MBS
100 mL 25 i, S sk G Ve 35 S RE3 IR, &
IR, HACGESR . [FIRHgEs e
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Tab. 1 Program of microwave digestion

IR FORINER/W THER ] /min BEE TR EE/C H IR ] /min

1 1600 12 120 2
2 1600 5 150 5
3 1600 6 190 20
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WE A, SR S =, i e Al 43 Ak 1 5 s R
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W Z T RIR G PRERI, T 5 08O 5% IR %
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Tab.2 Selection of the internal standard elements

JLR i WARICER
Cr 53 “Sc
Co 59 "Ge
Ni 60 "Ge
Cu 63 "Ge
As 75 "Ge
Se 77 "Ge
Cd 111 "In
Sh 121 "In
Ba 137 "In
Hg 202 *¥Bi
Tl 205 *¥Bi
Pb 208 *“Bi

FCERN, PR S e R I BT Wk B R B BT 3R RV
WEVS U, b M B N 0~5 oo/Lo TEVEE AL HS THES
T RGIBR A T A ER 2 A 2k
IR AR RAF AR BII KT 09997, KH
25 FIRE AR TR S I E 1R, H bR 22 , B3 5
P00 2 BT XoF 7 174 JB 5 R A 4% T 2% ARGt BR L Az PR
70.01~0.28 pg/Lo TEOULALSENET & TCRIENER]
AR A R B B L% 3

*3 BILEMZKMELTHEMAXREREHR
Tab.3 Linear regression equations, correlation coefficients

and detection limits of elements

JLE i Pt XK KRR

14 HhZk FHR (pg-L)
Cr 53 y=0.8625x+0.1048 1.0000 0.04
Co 59 y=16.43x-1.106 0.9999 0.04
Ni 60 y=4.266x+0.9871 0.9999 0.03
Cu 63 y=11.12x+4.196 0.9998 0.08
As 75 vy=0.9735x+5.643 x 10~ 1.0000 0.08
Se 77 y=2.397 x 107°x+3.561 x 107 0.9997 0.28
Cd 111 y=0.1068x-2.662 x 10~ 1.0000 0.01
Sh 121 v=0.4904x+1.474 0.9999 0.09
Ba 137 vy=0.1052x+4.944 x 107 1.0000 0.02
Hg 202 y=0.1601x+2.269 x 10~ 0.9999 0.01
Tl 205 y=1.71x+5.703 x 107 0.9999 0.01
Pb 208 y=2.205x+5.803 x 107 1.0000 0.05
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Tab.4 Recoveries and precision

JUE JbRi/ g I3 /% AEXTHRIE A 25/%
Cr 1.0 103.0 1.08
Co 1.0 104.3 123
Ni 1.0 105.6 3.55
Cu 1.0 103.9 1.70
As 1.0 104.7 1.61
Se 1.0 103.4 3.81
Cd 1.0 99.5 0.84
sh 1.0 89.4 1.64
Ba 1.0 108.7 3.18
He 0.1 112.5 2.02
Tl 1.0 104.1 0.75
Ph 1.0 95.6 1.05
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Tab.5 Heavy metal contents in samples

nelg
JGE FRM T FER2 O REE3 BEM 4 BERLS FRANG
Cr 9312 3540 0669 0394 0357 3.654
Co  0.081 0.106 — — — 0.046
Ni  0.093 0519 0261 0.627 0424 1.666
Cu 15304 21012 31705 2122 1593 2458
As — 0.796  0.008 0023 0010 0.088
Se 0042 0035 0084 0068 0.053 0.052
cd  0.089 — 0.051 0258 0615 0.053
Sh — 0.038 — 0.062 — —
Ba  10.153 24360 4.955 21.685 19.780 11.075
Hg — 0.016 — 0.074 0083 0.118
Tl — — — — — —
Ph 2221 2659 0324 1146 1.113 1424
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