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Abstract: A method was established to determination of Na, Mg, Al, K; Ca, Cr, Mn, Fe, Cu, Zn, Co, Ni, As, Se, Sr, Mo, Cd, Sh, Ba andPb
in bee pollens. After microwave digestion, the samples were determined directly by inductively coupled plasma mass spectrometry. Under the
optimal conditions, the calibration curves for 21 trace elementswere linear in the range of 0~10 po/mL with correlation coefficients more than 0.
999. The quantization limit of the method were ranged from 0.029 ng/gto 148.3 ng/g with RSD of 0.6%~4.6% (n=6). The mean recoveries of
21 trace elements from spiked samp les-at the spiking levels of 0.002~3000 /g were ranged from 91.7% to 110%. Results showed that the 21
trace elements values detected were in good agreement with the corresponding certified reference values inbee pollen (GSB-17), the degree of
consistency were 91.2% to 115.3%. The proposed method is fast, simple, sensitive and accurate, which can meet the demand for determining 21
trace elements in bee pollens.
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WAIE, RWJTERA RAFIHER FEATRE S B, N T
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1.1 FEEAEFEG

Agilent 7500cx Y F RS & 4 7 MR TS A
(Agilent A 7], 3€[E); Ethos Touch Control 43 iH fift
%4 (Milestone A7), £ED: Milli-Q #4i/KZRS
(Millipore 7], SEED; HITHEARERHK: Na. Mg,
Al. K. Ca. Cr. Mn. Fe. Cu. Zn. Co. Ni. As,
Se. Sr. Mo. Cd. Sb. Baf#il Pb &/} >N 1000 mg/L
CHE AN A BRI O BRI TR B D S AsitEiE
AR 2 500 mg/L CEE SRR R N kIt 51
SBE): RIS : Li (7). Co(59). Y (89). Ce(140).
TI(205)E 4 0.01 g/L (Agilent A&, FEED; W
FRIAWCAN OLi. “5Sc. %Ge. 80Y. 5|n, 19Th, 209Bj
R 0.001 g/L (Agilent A ], SE£[ED; g (HNOs,
g at); XEEIK (H0z, 30%); 4K (18.2 MQ);
DRSS E M

ASZIS T FHI R A B SR VUSRI AR R £
R DR (1+1, VHV). R (1+1, VHV)
2 1 h, P FB A KR Y18

ARSI TAE K SR AT 7S A B i
DEE = G
1.2 FEanEr e

FREUKIAE A i 1.000 g fuBa i, hns mL
WRAHERI2 mL 30% AR IR, 4% SRl fRdE
ARG AN Z12 mLsalizK, 751000 WHIIHE RBEA Tl
W BCOHEE R R A 5 min N =R T F
120 °C, FFEIIREEARHES min, SR JETES minpy 4k&: Tt
31220 °C, HAEMRE FMARFLS minZ HMAE R . i
FEHALTE 2T, HIRA 1 . FlZKFEF24225 mLE &I
TEAR . [FPAH S SR 5
1.3 s

2% HNOs 1 Huby i VRIC ] SR & br i 2R 51V
W, H: Na. Mg. Al. K. Ca. Fe. Zn ¥ Jy 0. 0.05.
0.1. 1. 5. 10 pg/mL, Cr. Mn. Cu. Co. Ni. As.
Se. Sr. Mo. Cd. Sn. Ba. Sh. Pb k&N 0. 2. 5.
10, 20. 50. 100 ng/mL. VBAHRER FIEBRIFER 1%
F 1 FFAFRINEATIE, RAHEZ e &, H
TR AR IE R T AT -

2 HR5iTe

1077

2.1 AT R AR Ve SN ARIC R
£ ICP-MS i fEF R R 2R T T

MRS, FELEFEIE B R A3 N R B4
M FERMFELER. FN, 5IN Scv Ges Iny Y Al
Bi AR 7 2R R I AR T s e A o A KA
B, IR T IR A R AR RN AT HE
JIT e A AU o6 2R A TR O b e R A 1.
2.2 J7ikR R K

R1FENEMEXR. RERMBEEE
Table 1 Detection limit, correlationand RSD for trace elements

in bee pollens by ICP-MS
Wi AMER X | AWk RSD

R & I(ug/L) FHE . Ing) 1%
ZNa  “Ssc  0~10000 0.9996 1193 15
Mg %sc 0~10000 - /1.0000 74.0 2.1
Al %se 0~1000 ~ 0.9998  4.68 0.7
¥ g 0~10000 0.9999 1483 2.7
“ca  %sc  0~10000 0.9996 1104 15
2Cr. “sc 0~100 1.0000  0.73 0.9
BMn *sc 0~100 0.9997  0.95 4.1
®Fe  *sc 0~1000 0.9998  9.83 4.6
¥Co . *sc 0~100 0.9999  0.45 1.3
ONj ~#5se 0~100 0.9999  0.68 3.7
8BCu  “sc 0~100 1.0000  2.03 1.1
%zn  ™Ge  0~1000  0.9997  1.85 0.7
®As  Ge 0~100 0.9999 155 3.4
85e  TGe 0~100 1.0000  2.65 37
8gy By 0~100 0.9999  0.88 1.5
®Mo  In 0~100 0.9990  0.60 1.7
Med  Min 0~100 1.0000  0.95 0.6
Mgy My 0~100 0.9992  1.28 3.4
gy Wy 0~100 0.9996  1.33 2.9
¥Ba Wy 0~100 0.9997  1.10 2.2
W8pp  209B; 0~100 09995 0.029 16

RIE AR FE MR S e Rm S, EHEEN T
O X A 2 A A vl de, A MM R RN
0.9990~1.0000, £tk FR Rif. AR E FREIR AL
A2 (UPAC) HIRLE, N CL=3 THHER IR, 1
PR PR R A A TR 1L R A AR vEZE I 3 15 T
X LA, i HE RO A AS B H R 3 LARE it i
MPRRIRRER AL, S5 RILE 1o B3R L AT%, 1%
HICRHIRG HBRYE 0.029~148.3 nglg, RHIZTVERH
B R BE . X E—AEESIE 6 Ik, tHETIE
FIFRST bR ZE (RSD) , % JCE KA X brvEf 2 1F
0.6~4.6% i, RIITIFEHE MR HE, EIPEL .
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2.3 JiEm g

T BAETTVE RERPE AT AT SEVE, PR AT N
PRIEICSESS o B A S I — 72 B 5 T R RV
BAEIAKF, SuerBIENE 2) , AE %A
1.2, WEER P& oRmm e, HEREE. W& 2
AL % TCER KINARIE SR AE 91.7%~110%, KT
SLHITRERERS. FIEE,  BEDE R0k T 21 MUCERIE
BT K

R 2 FERBYINAREYER
Table 2 Recoveriesof spiked samples for trace elements in bee
pollens by ICP-MS
MEAL  HodrgE EDEL AeifE BDE eirE =K
uge) Ilpge) F% lugy F/1% luge) F/%

b

Na  146.8 75 91.7 150 948 300 96.0
Mg 996.8 500 103 1000 98.8 2000 101
Al 15.16 80 96.7 15 99.5 30 97.4
K 1457 700 101 1500 103 3000 97.8
Ca 1576 700 98.0 1500 108 3000 99.8
Cr  0.237 0.1 934 0.2 103 04 105
Mn  70.17 35 96.8 70 96.2 140 99.6
Fe  89.13 45 102 90 98.1 180 993
Co 0.456 02 99.2 0.5 108 1.0 97.5
Ni 0.307 015 101 0.3 103 0.6 98.4
Cu 17.78 10 95.8 20 104 40 97.2
Zn 4234 20 105 40 97.6 80 103
As 0007 0.003 981 0.005 994 @ 0.01 103
Se 0034 0015 105 0.03 102 © 0.06 109
Sr 5.166 25 927 5.0 104 10 99.6
Mo  0.235 0.15 903 0.3 98.1 0.6 97.6
Cd  0.055 0.03 958 "0.06 105 012 983
Sn 0.003 0:.002 104 0.004 110 0.008 106
Sb 0.003.~ 0.002 929 0.004 951 0.008 99.6

Ba 10.17 5.0 101 10 108 20 105
Pb  0.687 03 = 932 0.6 942 12 98.1

2.4 PRI N E

NI IUEATT IR IAERA T, X A8k B 5K s
P (GSB-17) AT 7 IE, e RIE 3, M
R 3 AT DU R S5 AR AL P EARAT .
2.5  SEBRFERIIIE

W 6 MIEIERRE S, SR BT SLI M i x
21 BT TN, 4RILEK 4. 6 FlgIER R (fif
TEsEA ek BORTEIEAEn)  FRACIEAER) . FAEIEIER: |
TAE IO ST ST D) A, B, B A55E
2QLFT R AR (R4 o SRR, RS AF

BB B, B MRSEEICR, FNEA —EER
AR R, L B, MARETRE. RS R
i, PrCAsgEAEry & —MAER I BE IR i . A AR
TR HICER S B A ARE, BRI R, 45,
BOUHRAE 6 Fhglekrh SRR, LS TN 1
W, PR TR S R ek E. B, ARTER
R Z NRER ARG B SR ik 5 & st m g e &
M, A ReiE B CREE .
&3 EMAREMIR (6SB-17) 21 heBREMNELER
Table 3 The resultsof 21 elementsin certified reference material
(GSB-17) (n=4)

JEF{E ) 2 AR A
_ RSD/%
ug/e) Nuge) | El%

Na 9.2 8.7 94.6 1.3
Mg 1630270 1641 100.7 16
Al 440 41 93.4 0.7
K 5850#150 = 5392 92.2 36
Ca 30804130 = 3156 102.5 12
Cr 0514010  0.48 94.1 31
Mn ~ 22.840.6 20.8 91.2 2.1
Fe 213411 204 95.8 38
Co.  010+0.02  0.11 110.0 14
Ni° 0502010  0.48 96.0 42
Cu 7.740.6 7.9 102.6 11
Zn 324 34 106.3 0.8
As 023003 021 91.3 1.9
Se 0.033 0038 1152 36
Sr 13.240.7 13.9 105.3 12
Mo 0424007  0.39 92.9 46
Cd  0.03740.004 0.036 97.3 13
Sh 0144001 0.5 107.1 18
Sn 0.02 0.019 95.0 36
Ba  11.040.8 11.9 108.2 25
Pb 0254004  0.24 96.0 2.1

3 #ip

AT R P R X I AR S AT b E S,
ICP- MS #4754, B Rl 5 1 R B 24 FE S AT Ab #E
WRIGYHITTRE, RN, KA TIRAEWAE:
AKTHBREAR T, A IEM R RS 0.029~148.3
ng/g, FEEEEMRT 5%, [FULEN 91.7%~110%, Frik
SR T 45 R SIEBAE AR . A7 15K R
ik, BMITRZ, BARENHERE. RBUSHRES
B, & T ek e o E i e .

1078



M EmBHL

Modern Food Science and Technology

2012, Vol.28, No.8

*® 4 B P HETRIMAER

Table 4 The results of trace elements in bee pollens

(ue/g)

L% BOLM F% MY ZRT 4XR

¥ 3
R H A Bh %tk %iEh
Na 1321 5437 10417 146.8 80.79 1023
Mg 3999 1235 1194 996.8 1033 2123
Al 5367 1420 2645 1516 19.12 41.12
K 1267 6560 1225 1457 1567 2775
Ca 2191 2759 1755 1576 1127 987.1
Cr 0297 0.148 0.154 0.237 0.779 0.005
Mn 8271 1434 2352 7017 2578 20.18
Fe 5046 7045 8211 89.13 80.12 60.01
Co 0.028 0279 0.627 0456 0.231 0.009
Ni 0299 1076 0159 0.307 0.278 0.768
Cu 6846 1055 1112 17.78 19.01 10.01
Zn 46.07 4208 40.18 4234 50.18 35.43
As 0.075 0076 0.016 0.007 0.013 0.009
Se  0.026 ND ND 0.034 0.027 0.019
Sr 3500 6.495 3.188 5166 4.117 3174
Mo 0.065 0458 0133 0.235 0.178 0.098
Cd 0.183 0.067 0.058 0.055 ND ND
Sn ND 0.035 0.001 0.003 0.002 0.000
Sb ND ND ND 0.003 0.000 0.013
Ba 3529 17275 5274 1017 7.892 8976
Pb ND 0310 0275 0.687 0.789 0.328

E: “ND ¥ A4k
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