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LI E PR W : Pb . Cd, 10 mg/L ( Agilent, Part
# 8500-6940 ) ; b fE JH IS A Wi Li. Y, Ge Tl Co, 1
we/L( Agilent,Part # 5188-6564) ; NHRIE K : In, Lu,
10 mg/L( Agilent, Part # 5185-5959 ) ; #f #% M 1 ¥
Jii GBW10020 1 2 b 5 #E4#) Jii GBW 10047 (i Bk 4
T 3K Ak 55 ) A5 AF 5K B ) s HNO, (GR, 78 [ Merck ) ;
H,0, (GR, 75N S Ji ) s #62 (GR, [ 251205 ) 5 18 3
R (HnammAaEFHL AT
1.2 U#F5E&

7900 A H AN A 5 B AR BTIE AL, 56 [E Agilent
v ) VB24 up EERR AN, SEAA B8 B A R0 0 E A,
FR A Mileston 23 W) 3 AS Z2 41 8 75 T Ve AL, K HER
FRFE BT B8 /A F] s SHA-CA KB HIRIR G 48, & &
TR AL 2% 23 W) TDL-40B fm # 5 XXB 0l , il
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1.3.1 #@ua

WBLE A R AR R RR AL R R L i 80 H W
i, A4 0 A I MR B R R BT TR A b
1.3.1.1 MGk

FRIBUIRE AL 0.3 (#1122 0.000 1 g) , & T
50 mL U5 & M MRS B0 8 T, AR R 23 2
1% HNO,- 1% HCl IR AMREWRTHEE 50 mL, & F
WHER A% LIRS, 8 A 20 min, #8257, B 0O
(4 000 r/min) 10 min, B W, A 0.22 pm /K R4EF
DB URI S SUR/ Y =R TR TN IR sl = DO B < S a1
B FEZ) 1 b,
1.3.1.2 KRG Bk

PRIBOBTE #EAE S 0.3 g(F5H1 22 0.000 1 g) , & T
50 mL VUG & M MR B0, AR R 23 2
1% HNO,- 1% HCl R &R %W 2 A ZE 50 mL, iR jig
1R51,60 CKIEHRY 45 min J5425), L) 4 000 r/min
B0 10 min , B EIE W, 0.22 pm K R &k i U8 4R
U, RIS IR A BRI R 1.5 b,
1.3.1.3  flOim ik

PRIBURE A 0.3 g¢(HH 22 0.000 1 g) , & T
80 mL ik T M FE S, i A 5.0 mL HNO, A1 2.0 mL
H,0,, insz i e 2 h, e B M 55, % (W& 1) WE 7
HEAT I T VR H S D B Al K YRR RE R A 0T R
rh R T AR A 140 °C EERR , R PN 1% YRR
KO.5 mL AL TAHEZER, B E 50 mL LA
Brp, FHalik Db 2 R R IERE | 2 25 2 20 B [m] B4
2R BN FEY 8 h,
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Table 1 The working conditions for microwave
digestion system
THi PRAF il B
L i 8] / min i [8] / min R E/C w
1 10 5 150 1 800
2 10 15 180 1 800

1.3.2 A7 o 22 84 M) 2

B O o 8 2 9, AR BU B0 1% HINO,
B 5 B Bl 1% 0.0.,2.0.4.0.6.0.8.0.,10.0 pg/L
HEY FOCR IR AR R R 5. LABUR e O 10

SRS

weg/L ' In " Lu 43 S04 R Cd T Ph i R 2R Y A
JLRHATRE .
1.3.3 ICP-MS T &4

ZRHWEN 1 pg/L(LiY Ge Tl Co) Hy ¥4
VWO A3 S R AT A B AL, L SRR R R AR
U /ISR S =d SR GOk W ik s G X & v |
AR . S BT IARBEACh = RO, He 512043
BT, A S A 0 e A AR AR 3R 2 R .
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Table 2 Optimized parameter of ICP-MS system

28 BEE
ST R /W 1 550
LB F S/ (L min™h) 15.0
He % /(mL » min~") 4.3
EALEEE/C 2
Omega & Hi/V 9.4
INBAT I e ¥/ V -18.0
(XN VAY 2 164
Jok e, J i/ V 986

2 #R5it

2.1 BUALIE L MFIEE

2.1.1 BERBGELMH

P2 A 55 AN S A B0, 43 3 AR B 2 B0
1% HNO, 1% HCl.1% HNO,-1% HCI J& 4 M %
A Z P B AR e o rh A Y LB L, K B 1% HNO,-
1% HCI IR £ T2 5 W 75 1 A 381 1% [l ol o5 o £, 348
B HNO, -HCL R R 3 i, 1ol il 3201 T8 22 5 (B
25 FE B HNO,-HCI A F5 43 5004 35 it 8 K, itk 51,
7 IR ] A 20 min J5 DGR TCE B2 R ik
PEH 1% HNO,-1% HCL IR A BR 7 W AE b 52 BUA W,
F A HEHC 20 min,
2.1.2 RBFEHRIBGELEH

KV IR 355 B O TR VS WS 3R R R 12 VAR AR R 43 %
{1 2 28 00 X5 S R P R Bk — B, Y LR Y el R
Wi 5 1 SB[ 0 7K I 4 95 T B2 1 B i B R, AFUK v
T L 60 °C BRI ()R 1 45 min J5 9]0 5 JE B
25 Wk FA B 73 80 1% HNO4-1% HCl R &
P2 5 LA A R BB W, 7K A iR T R BB B oy 60 °C 42
HUmstE] & 45 ming
2.1.3  BOKH MRS

B A FEENEAR, &k 60% ~70% ,
ANEE Ty 8 e, WK B S AR A M BOCR FH A R - SR
IR AT 1%
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ICP-MS ()t 7] 43y Jot 3% 1 4 Fn 3E 5 3% + = 0.46 mm {9 # BCHE A T 3L 4K B $2 5, Omega ¥R
(FERZN) g T EEERRERME 2R T 90 ° fih % 1 IS 118 Bk v 1k PR AR Y S Mt B AN AEZR N bR e R
BT OWUCHL T A B, Se e P R R R HEATROIE S5 07 v e IR R R L
("Cd P Ph) AR A B A E (ALY 156/140 < 2.3 ZMXRSKHHR
0.923% , BLHL faf 70/140 < 1.060% ) . /\ %% ¥ 4 < il SRR A1) 7 AR A R 3 3 BT R, X 3 FROR
J8 507t Y R T B R U AT BT i A AT A DB R R [F) T Ak B 7y 9 A ) 28 U VR R AT AR 11 RO
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Table 3 The linear regression equation and detection limit

K R/ (g - kg 'in=11)

ST% 2 [ ) o ] X 71 LR LLt

TR 2wl A 5 2 LEESES LA/ (g ) T KV R 5 I T Ok
ed Y=0.076 7x +0.010 4 1.000 0 0~10 1.17 1.09 3.38
208 ppy Y=0.176 5x +0.032 2 0.999 5 0~10 2.56 2.54 6.25

2.4 NEHERREENHRR RE 4R B B — EbE R GE ORI R 1R

I3 B[R] A H AL BT i WP IRBE SRR AL A E IR RO SR S O R ik 25 e R S e i X (p >
116 By FATAR SR, 20 i E BT ROT R IH S SR & 0.05) . iR RSD fEAE 1.2% ~4.8% ,3 FiR[A
HXSFRESR 22 (RSD) o 559 (K 4) KB ,3 M7k 8 T A B 77 9 I A5 ) 25 SRS A B A

R4 ZHARBABELAEZERNENERREEE (n=6)

Table 4 The determination results of samples and precision by three different preparation methods(n =6)

_— T AR B IR 5 B Bk Bl T e ik

e VR (mg - kg ') RSD/% P/ (mg - kg ') RSD/% TR/ (mg - ke ') RSD/%

"cd 0.052 3.8 0.051 2.6 0.054 4.8

208 ppy 0.49 1.2 0.51 1.9 0.53 2.0
2.5  hnERE KR I 97.2% ~98.4% , Wi 1 M 5 AR B R AE 91.0% ~

3 S BB R R R Ay, EAT BT B T R INAR el 102.3% o 2R F1 3 S A [a] 9 Rif A B85 325 00 7 28 e 3 v
Woial 56, 45 R WL S, B A B BOTE B9 B [E] iR AR T % 70 3R 3 A B B Il R
91.7% ~ 99. 4% , /K ¥ 4% 5 $2& Bk AR [0 Wi 5 7
x5 ZWMAEMAEGEZEROMREKE(n=4)

Table 5 Recovery rate of samples by three different preparation methods(n =4)

JLHR i b 87 ¥ AR/ (pg - L) AR/ (pg - L) MEME/ (pg - L) -1 [ i R/ % RSD/%

R B IR 0.317 0.5 0.799 ~0.824 99.4 2.0
ed  KIBIR Y R EGE 0.306 0.5 0.776 ~0.799 97.2 1.8

TR T e 0.324 0.5 0.754 ~0.808 91.0 3.5

7 7 I 2.956 3.0 5.655 ~5.817 91.7 2.2
8ph IKVAR T R G 3.071 3.0 5.997 ~6.104 98.4 1.2

T I fige 1% 3.177 3.0 6.117 ~6.321 102.3 1.4

2.6 IRAEYREIE AT E A5 R WoR (3R 6) .3 il 4k 38y ik I 2 A=

g Bk — A 0 UL J7 5 W HERR R, XE GBW10020 A WAoo b A 5 R B R G D0 SE (3 7E S 5 R
At .GBW10047 §1 % b 2 MpAW iy A e B o
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Table 6 Analytical results for standard material (n =4)
GBW10020 GBW10047
JLFE A By b UEAE/ W2 A8/ FrifEAE/ W& {5/
RSD/% RSD/ %
(mg-kg™') (mg-kg™") (mg-kg™") (mg-kg™')
R 0.17 £0.02 0.18 1.2 0.034 £0.004 0.030 3.7
ed KA PR ER IR 0.17 £0.02 0.17 2.4 0.034 £0.004 0.031 3.4
Tk T 0.17 £0.02 0.17 3.4 0.034 £0.004 0.033 3.5
U 9.7+0.9 9.2 1.2 0.43 £0.07 0.41 2.2
8ph KV IR T SR B 9.7+0.9 9. 1.8 0.43 +0.07 0.37 3.9
TR T iR 9.7 £0.9 10.0 1.6 0.43 £0.07 0.44 4.4
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Comparison of the different preparation methods for determination of lead and
cadmium in Spirulina by inductively coupled plasma mass spectrometry

ZHOU Mei-li, YANG Zi-qiu, YANG Wei, YANG Chun-hua, FAN Xiao-xu,
LIU Ze-hong

(Food Inspection and Testing Institute of Dali, Dali 671000, China)

ABSTRACT The content of elements (lead, cadmium) in Spirulina was determined using inductively coupled plas-
ma mass spectrometry (ICP-MS). Ultrasonic extraction and water bath oscillation extraction were compared by micro-
wave digestion as a possible alternative to conventional pretreatment methods. The three methods were evaluated by
comparing the accuracy, detection limit, repeatability, recovery, processing time, the reagent consumption, et al.
Analytical results of the three methods showed a good agreement, were found to have satisfactory accuracy and preci-
sion. The content of lead and cadmium in national standard material (GBW10020, GBW10047) were in the ranges of
reference values by the three methods. Compared with traditional microwave digestion, ultrasonic extraction and water
bath oscillation extraction were found to have lower detection limits, are characterized by covenient procedure, less
processing time, less reagent consumption, energy-saving, and environmentally friendly. Ultrasonic extraction and
water bath oscillation extraction are suitable for the rapid determination of lead and cadmium in Spirulina.

Key words ulirasonic extraction; water bath oscillation extraction; microwave digestion; inductively coupled plasma

mass spectrometry (ICP-MS) ; Spirulina; lead; cadmium

260 | 2018 Vol 44 No. 12 (Total 372)






