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plasma-mass spectrometry, [CP-MS)illl =& P4 & 4 b1 & ™~ 5 #1#9 Na. Mg, K. Ca. Mn. Fe. Sr. Cu. Zn. Se.
Cd. Pb. Cr. As. Hg ISP e E &, AHARMXEHHho o mmERtt. R SFTEd
B RAFARIERR, MRREIE 0.9968~0.9999, &)™ ahh 15 B T & A M 5 i i A6 B 0.0047~
0.5871 ng/mL. &j=fh i HICEM &5 K. Na, Mg 4, Ca, Zn, Fe, CuikZ, HA WA M EEER &
4J@ Cd. Pb, Cr. As, Hg &HHAK. MR AE AR Cd H WA E ™ ot B A
As; PIEEHIHENE 5 Cd. & Hg WHAR. o5 & i i F oo R 2 K, SR s i o R e
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Determination and comparative analysis of mineral elements in animal
products in different areas of Tibet
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Lhasa 850032, China)

ABSTRACT: Objective To analyze the enrichment of mineral elements in animal products in different areas of
Tibet. Methods In this study, 162 animal products from 4 cities in Tibet (Lhasa, Linzhi, Rikaze and Shannan) were
selected as the research objects. The content of 15 kinds of mineral elements (Na, Mg, K, Ca, Mn, Fe, Sr, Cu, Zn, Se,
Cd, Pb, Cr, As, and Hg) in animal products from 4 cities in Tibet were determined by microwave digestion
inductively coupled plasma-mass spectrometry (ICP-MS). The content of heavy metal elements were determined and
analyzed, and the differences of mineral elements in animal products from different regions were analyzed. Results
All the elements had a good linear relationship, the correlation coefficients were 0.9968-0.9999. The limits of
detection of 15 kinds of mineral elements in animal products were 0.0047—0.5871 ng/mL. The content of K, Na and

Mg in animal products from different areas were higher than those of Ca, Zn, Fe and Cu, and the content of Cd, Pb,
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Cr, as and Hg with potential physiological toxicity were lower. According to the detection results of heavy metal

elements in animal products of 4 cities, Cd was not detected in animal products of Linzhi and Shannan. Total As was

not detected in animal products of Shigatse. Cd and total Hg in animal products of Lhasa and Shigatse exceeded the

standard. According to the detection of mineral element content, the highest content of major element was K, which

was significantly higher than other mineral elements, and the highest content of trace element was Fe. Conclusion

There are some differences in the content of mineral elements in animal products in different regions of Tibe.

KEY WORDS: animal products; inductively coupled plasma-mass spectrometry; mineral elements; content

determination; comparative analysis
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Table 1 Table of livestock products

s FEGh %R A i) H i ) 2
A 52 12 12 12 16
4R 35 12 6 15 2
F 35 10 11 7 7
XA 40 7 9 11 13
A1t 162 41 38 45 38
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Table 3 Parameters of inductively coupled plasma mass
Na, Mg, K, Ca, Mn, Fe, Sr, Cu, Zn, Se, Cd, spectrometer
Pb, Cr. As, Hg HIFRME (1000 png/mL, FEZA G4 B A ¥

Ja K B RE I BT I AR ), R I A A R A R

) . 1 eI EA 1550
(M geal, LR FRFARAF); L8 HKAE -
%?‘ﬂ(, (ﬁ/ﬁ(ggrgaggggg%’ E‘Z%ﬁiﬁ% lik/*:nﬁiﬁﬁﬁ 2 ff%ﬂ?ﬁk%/}ﬁi/@/mm) 15
NI 3 <3 2 /(L/min) 1.0
1.3 UFE5E% 4 FALEIRHEC 2
Multiwave 7000 f ii 14 A (B AL R B L TR DU & 07 5 MR KED/STD
T REE, PR ZEZRMA A ), 350NX B = 5 PUARL AT H JBHE 6 R b 3 TR /(1) 0.3
AB204 B T RO, 1432 —, Hit: Mettler A F)); —
Milli-Q 4l 7k 4536 Millipore 43 ). 8 AHRIRTE /mm 20
. 9 TAERI Bk
14 B o
141 Mo 10 HERE Py a] /s 20
4. we Bl AL
JEEINE S % GB 5009.268—2016 (i 4% 11 EEE(/ S 12/ 30
FrvfE b 20K INE ). HEFRFRIBON R 10 5 7= bR &b 12 ALK 3
0.1~0.5 ¢ T s, InA 7 mL ARR, 6l TR0 3 I A 32TV (/i) 18
SBGHEATRE T . 225 B AT T A A N A T " P —— 0
€7 7/1(_! . SFE
PR A, AL TROR, IO O T, TR AR L e ’
150 °CH R IR T ALY 1 mL, XH), FI 1% 41k
WHELRZE 50 mL, AR, RIBMSZS A5E5 . MkE F4 RANEHZTERTIRE mg/L)
ﬁ?ﬂ“?ﬁﬁ%f? W2, Table 4 Concentration of different series mixed standard curve
(mg/L)

TR R RA2 RH3 R4 FRHs File

®2 WORHBUIHERERF

Table 2 Heating program of microwave digestion instrument K 0 20 40 60 80 100
gy JVIRINEDNERREE BERME BoER Na 0 1 2 3 4 5
/min /°C /min /W Ca 0 | 5 3 4 5

! 750 120 3.00 1800 Pb 0 001 002 003 004 005

2 7.50 150 10.00 1800 Cr 0 0.01 0.02  0.03 0.04 0.5

3 7.50 190 20.00 1800 Mg 0 0.01 0.02 0.03 0.04  0.05

Zn 0 0.01 0.02 0.03 0.04 0.5

142 HBME D ARG Fe 0 0.002  0.004  0.006 0.008  0.01

IRV AR PO - AR E I CE AT ) As 0 0.002 0.004  0.006  0.008 0.0

1 b 5 3 (select standard mode, STD) Al A fi 5 2 Se 0 0.001  0.002 0.003 0.004  0.005

(collision mode, KED)RMZEILE, MFFHRA: FaLH, Ji cd 0 0.001  0.002  0.003 0.004 0.005

PE JHIE AR (575 N8145051)JH1 ICP-MS Y #3445 x,

TS P45 SRR A B0 5 R, (XA Rk B bk S Btk Mn 0 0001 0002 0003 0.004 0.005
A, ICP-MS 188 TAESHE L3 3, Cu 0 0.001  0.002  0.003  0.004  0.005
143 Arfiwn 4 Sr 0 0.001  0.002 0.003 0.004  0.005

1000 mg/L JTCEARMEREFCW, T 1% R IA B

W, WEAR R R AR . W 4. He 0 0001 0002 0003 0.004 0005
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FIH EXCEL #4185t i1, R SPSS #4145 74T

2 HER5SH

21 H£MXFR

LMEE A E S, DUTRDR S R AR AR, e (R
BOAWPALER, BRI AOCE TAEZE N 5. 15 FlOGRTE
KPR 2R MBI IR AT IERPE R R, & on AR e

FHr {H R 0.9968~0.9999, K5t FRK 0.0047~0.5871 ng/mL.
22 ERESHEEE

Fiz FRAF 53 5 36 X A vE 4 5 1S A (GBW 10018 . GSB-9)
06 YOTATINGE, XA v 420 I 1 ARG 235 SR (n=6) TS AR %
P 2 (relative standard deviation, RSD), H13% 6 Al LIH
1S FRRRIN T 2 B I 2 45 R 4 7E S 2 (I N, RSD 7¢
0.7%~16.2%Z [i1], &5 J 3 B 0y T v off B 0 . RG 3 8 o,
TE A AR S IORE S I E ST -

£S5 REHEMEXEREH

Table 5 Element equations and correlation coefficients

JLHR Jr g LB ey #6: Hi BR/(ng/mL) T 5 SR BE /(ng/mL)
K Y=0.010X+0.000 0.9968 0.0638 0.3812
Na Y=0.061X+0.000 0.9996 0.0047 0.0172
Ca Y=0.007X+0.000 0.9998 0.0370 0.0186
Pb Y=0.041X+0.00 0.9999 0.0471 0.2086
Cr Y=0.001X+0.000 0.9998 0.0280 0.4858
Mg Y=0.073X+0.000 0.9988 0.5871 13.3410
Zn Y=0.001X+0.000 0.9997 0.1753 0.1992
Fe Y=0.009X+0.000 0.9992 0.0103 0.0700
As Y=0.019X+0.000 0.9998 0.0334 0.2782
Se Y=0.002X+0.000 0.9985 0.5234 0.0739
Cd Y=0.011X+0.000 0.9999 0.0206 0.0942
Mn Y=0.167X+0.000 0.9995 0.0143 0.5385
Cu Y=0.001X+0.000 0.9997 0.1040 0.3856
Sr Y=0.192X+0.000 0.9999 0.0067 0.1047
Hg Y=0.015X+0.000 0.9997 0.0094 0.0612
xR 6 REMRSIER(=6) Fz 6(8)
Table 6 Results of certified reference materials analysis (n=6)
X8 A (GBW10018)
- X3 A (GBW10018) JLE — - RSD/%
LR —— . RSD/% PREECFEEY)  WERALCH ) E+SD)
RHEECEELY) RGP {E£SD)
As 0.109+0.013 0.11£0.02 14.4
K 1460+70 1459+74 5.1
Se 0.49+0.06 0.47+0.08 16.2
Na 1440+9 14.42+14 1.0
Cd (0.005) 0.005+0.0001 2.9
Ca 220+2 221+3.03 1.3
Mn 1.65+0.07 1.63+0.12 7.4
Pb 0.11+0.02 0.11£0.02 14.5
Cu 1.46+0.12 1.47+0.15 10
Cr 0.59+0.11 0.59+0.09 14.5
Sr 0.64+0.08 0.64+0.07 11.2
Mg 1280+10 1281+£9 0.7
Hg 0.0036+0.0015 0.0044+0.0005 11.9
Zn 26+1 25.50+1.87 7.3 - —
T BUHAL mg/kg, U AR, SD: Ariifhizs, $55 P9 R9EE
Fe 3143 29.834+2.48 8.3

NEHEH.
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23.1 1620 % F e sbbEn T HlLit &

%% GB 2762—2017 { &M ZEEFRHE &RPi5
PP ), WREEBMABREE N 0.10 mg/ke, HHAIRR
BN 0.20 mg/kg, EMMAYRREE N 0.50 mg/kg, e AR
AN 0.05 mg/ke, HAYREMEHR 1.00 mg/kgo

JNFE 7 AT, 4 HTT 162 3 B SRR, AR T
SR A FRASEAR R 90.2% , 81.5% . 88.3%. 98.8%.
91.4%, F R0 N 16.6%. 55.6%. 19.1%. 22.8%. 86.4%,
RN 9.8%. 18.5%. 11.7%. 1.2%. 8.6%. FH:A¥EA .
L FER BRESEBEEE 90.4%. 88.6%. 91.4%.
90.0%; & A R AN TS 4B ET A% 84.6% .74.3%
85.7%.80.0%; #& A A R IS 4R R A% 86.5%
82.9%. 88.6%. 95.0%; J&W . AW . FN. BRESEME

M 98.1%. 97.4%. 100.0%. 100.0%; %&P. 4K, LA,
A ELBEAHER 88.5%. 97.2%. 94.3%. 87.5%.
232 FREBBEENFELEALESESN

JAFE 8 FTHI, THRA I HLIX A8 P i B4 JE LR
ME Cd, HEM As, 1 Cd, Hg ¥R . fiE® Cd.
Hg. Pb, #Z Hg, Pb, HIEN| Cr, Cd. Hg. Pb &t
EZKbrfE. HipE Cr. As, /K2 Cr. As, IIF Cr. As. Pb
TR A E R
233 FRABRFATELEBLESESHN

M9 BT, VERCA R AL R A E 4 @ e R
FIB=FI HEN] As, MEZEFILEG Cd HRKH . FiE* Cd. Hg,
2 Hg. Pb, HWEN| Cr. Cd. Hg. Pb, ILIFd Hg &t
EZKbrdE. HLp” Cr. Pb, /2 Cr. As, IIF Cr. As. Pb
F B E R AR

£ 12 MEFREERSERNBERSEITR

Table 7 Statistical table for detection of heavy metals in 162 animal products

JLHE AEES AT K A5 K H /% FERERBARAN R AR % BRI Y%
A 52 8 15.4 5 9.6 90.4
R 35 7 20.0 4 11.4 88.6
Cd B 35 7 20.0 3 8.6 91.4
XA 40 5 12.5 4 10.0 90.0
At 162 27 16.6 16 9.8 90.2
K& 52 28 53.8 8 15.4 84.6
4R 35 23 65.7 9 25.7 74.3
Pb F 35 22 62.9 5 143 85.7
XA 40 17 42.5 8 20.0 80.0
At 162 90 55.6 30 18.5 81.5
K& 52 15 28.8 7 135 86.5
4R 35 7 20.0 6 17.1 82.9
Hg eS| 35 6 17.1 4 11.4 88.6
XA 40 3 7.5 2 5.0 95.0
A1t 162 31 19.1 19 117 88.3
K& 52 12 23.1 1 1.9 98.1
4R 35 7 20.0 1 2.8 97.2
As *I 35 11 31.4 0 0.0 100.0
X5 40 7 17.5 0 0.0 100.0
A1t 162 37 22.8 2 12 98.8
K& 52 46 88.5 6 115 88.5
4R 35 30 85.7 1 2.8 97.2
Cr * 35 30 85.7 2 5.7 94.3
XA 40 34 85.0 5 125 87.5
A1t 162 140 86.4 14 8.6 91.4
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A 10 AT, PERCAS R HLIX A5 A P 4R e R
H, HEEN As, MREFIILES Cd ¥R . $5% Cd. Hg.
Pb, #k2 Hg. Pb, HWN| Cr. Cd. Hg. Pb, LI Hg. Pb
R EZERE, BIgE Cr. As, K2 Cr. As, IIF Cr.
As F R IFFE E GRS
235 FRBERFAFTELBALEEELSHN

AFE 11 AT, PR [ X A 4 A i 4 e e R
i, ME As.Cd, HIEI As; IhFF Cd ¥RMH . H15E Cd.
Hg, #2 Hg. Pb, H¥ | Cd. Hg, 1% Hg. Pb &8t
% bR, PipE Cr. As. Pb, A2 Cr, HWEN| Cr, Pb, 1l
M Cr. As & RHFE E AR,
24 HRAEZRSEEFMD
241 ARBLREMAFHFRAEZLEESEEFBESHN

H#E 12 o0, REMXGRAPT HTETEES
R KEE R, HEWE AP E., 55
[(725.39+33.88). (25.40+4.34) mg/kg]5 Hift 3 M X 2%
535 (P<0.01); LB 4G A % 1 [(0.33+0.11) mg/kg]

M Im 2 A IX 2E R B 3 (P<0.05); HiEEXG A H
. BE L M. AR Y & [(2.41£0.69) . (20.87£3.04) |
(1.71£0.89) . (2.23+1.10) mg/kg] 5 Hith 3 HbIX % F &
#(P<0.01).
242 FRBRFAFTHFRAEALESEEZFESHN
M 13 AL, R[] X P e R 25 ek
SRR, HEMERPE, 5, 8. 88
[(661.66+56.97) . (24.71£5.04) . (0.04+0.14) . (4.84+
2.16) mg/kgl5HAM 3 X 2% 5 B35 (P<0.01), ILHFERA
HE . BREEE[(3120.22+160.59) . (21.37+1.34) mg/kg]5HiE
B 22 57 . 3 (P<0.01).
243 ARHEHAFTHFRAELE ST EZ BN
M7 14 "0, ARG A TeE &Rk
RICBRR, HEWREAREE . 55, B & i[(697.92432.39).
(34.92+10.3) . (0.46£0.10) mg/kg] 5H A 3 HLIX 2257 B 3
(P<0.01), LUEGH% AN LA H[(10.32+1.19) me/keg] 5HigE,. H
MR 25 57 3 5 (P<0.01), HLBER% P4 & BE[(2.39£0.93) mg/kg]
SHA 3 AHLIX 257 B 25 (P<0.05).

%8 FRBEBATESRETESEmyke

Table 8 Content of heavy metals in chicken from different regions (mg/kg)

TR PipE Mz H ] I GB 2762—2017
Cr 0.69+0.31 0.11+0.01 1.61+0.40 0.10+0.02 1.00
As 0.01+0 0.04+0.03 ND 0.02+0 0.50
Cd 0.77+0.64 ND 0.92+0.55 ND 0.10
Hg 0.72+0.02 0.12+0.11 0.67+0.28 ND 0.05
Pb 0.27+0.11 0.36+0.09 1.24+0.76 0.12+0.06 0.20

TE: ND FRA k.
£9 TRABRENHESRTESEmyke
Content of heavy metals in mutton from different regions (mg/kg)

LR £ e H g i) GB 2762—2017
Cr 0.05+0.02 0.11+0.03 1.18+0.58 0.16+0.04 1.00
As ND 0.05+0.03 ND 0.01+£0 0.50
Cd 0.88+0.25 ND 0.33 ND 0.10
Hg 0.62+0.19 0.10+0 0.74+0.13 0.20+0.04 0.05
Pb 0.13+0.06 0.34+0.13 0.40+0.20 0.18+0.06 0.20

TH: ND FoRAR ki
#z10 FRMXEAFEEETES E(mgke)
Table 10 Content of heavy metals in pork from different regions (mg/kg)

TLHR Frp* M H gl i GB 27622017
Cr 0.51£0.22 0.11+0.02 1.1£0.23 0.11+0.02 1.00
As 0.17+£0.17 0.08+0.03 ND 0.01£0.01 0.50
Cd 0.59+0.34 ND 1.91+1 ND 0.10
Hg 0.48+0.18 0.11+0.05 0.62+0.12 0.07+0.05 0.05
Pb 0.25+0.07 0.32+0.08 0.2+0.08 0.2140.06 0.20

H:ND R KK
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Table 11 Content of heavy metals in beef from different regions (mg/kg)
JLE FrgE wE H e b 11/ GB 2762—2017
Cr 0.2+0.07 0.07+0.00 0.61+0.09 0.06+0.01 1.00
As 0.01%0 ND ND 0.04+0.02 0.50
cd 0.29+0.23 ND 1.33+0.23 ND 0.10
Hg 0.77£0.07 0.06+0 0.5140.11 0.06+0.03 0.05
Pb 0.08+0.02 0.83+0.2 0.13+0.06 0.28+0.02 0.20
H:ND RR KK H
#z12 TRMXBAFT RLRSEEFMHLE
Table 12 Comparison of mineral elements in chicken from different regions
B OGCE & 1 /(mg/kg)
Hh[X
Na Mg K Ca Mn Fe Cu Zn Se Sr
R 246.88+ 21320+  2367.98+ 2.82+ 0.33+ 4.56+ 241+ 20.87+ 1.71+ 2.23+
) 29.73 36.23" 292.44 0.67° 0.11° 1.04 0.69* 3.04% 0.89* 1.10*
e 296.88+ 176.68+  2553.22+ 7.79+ 0.09+ 8.03+ 0.59+ 6.74+ 0.12+ 0.02+
25.00 13.06° 108.77 2.288 0.02° 1.21 0.07% 1.438 0.04% 0.00®
H 297.39+ 72539+  2618.48+ 25.40+ 0.21+ 6.76+ 0.94+ 8.86+ 0.25+ 0.58+
) 38.56 33.884 214.44 4.344 0.06™ 1.12 0.18% 3.008 0.07% 0.49°
Wi 257.99+ 181.56+  2418.46+ 5.87+ 0.08+ 6.66+ 0.46+ 5.92+ 0.13+ 0.05+
21.93 15.148 99.78 1.16° 0.03° 0.66 0.03" 1.87° 0.03% 0.01%
e [F—FA RN FhE 3R 22 57 .25 (P<0.05), AMHIFIRE B3R 25 7k 0 2 (P<0.01), M IRIZRR 2 74 2 (P>0.05),
£ 13 FRIBXEART RTESEEFMHEEER
Table 13 Comparison of mineral elements in mutton from different regions
RO E & 5 /(mg/kg)
Hi X
Na Mg K Ca Mn Fe Cu Zn Se Sr
i 389.93+ 21533+  2198.90+ 3.51+ 0.011+ 11.65+ 1.54+ 21.59+ 0.72+ 1.54+
: 45.65 40.478 145.73" 0.53% 0.018 2.308 0.56 2.65 0.31 0.84°
e 363.01+ 142.16+  2888.88+ 5.18+ 0.10+ 17.18+ 1.05+ 3271+ 0.10+ 0.04+
49.15 16.97° 150.12% 1.208 0.02°% 1.76%" 0.08 5.04 0.03 0.01%
H 322.06x  661.66+  2713.97+ 24.71+ 0.04+ 8.64+ 1.20+ 28.91+ 0.79+ 4.84+
) 54.90 56.97* 247.88"8 5.04% 0.14% 2.438 0.18 5.75 0.33 2.16*
L 470.28+ 156.66+  3120.22+ 6.81+ 0.13+ 21.37+ 0.86+ 32.68+ 0.16+ 0.13+
) 4135 11.49" 160.59* 1.628 0.02°% 1.34% 0.05 2.88 0.05 0.05%

e [F—FA NG FhE3RR 22 57 .25 (P<0.05), AMHIFIRE FB:3 7R 25 7k i 2 (P<0.01), M IRIZRR 274 2 (P>0.05),

244 FRWBERFNFHFRAEZLREEEFESH
H13R 15 W] UL, R[] b X A= PR T 38 2 SR
RILBIR, HEEI 4 R85 5= [(678.99+39.28) mg/kglH
HAth 3 ANHEIX 2253 B (P<0.01), IIFEg2EpIhsr . &, BEdr
1 [(4067.66£95.02) . (33.41+2.01), (47.9+2.69) mg/kg]'5H:
fle 3 AL IX 2% 5 @3 (P<0.01), H w4 Py rp gk &
[(14.47+1.62) mg/kg] 5 HiAb 3 b IX 2257 .2 (P<0.01).

3 g
3 X PG RN [ ML X A 7 R 1S R TR B

A~
[&]

W E KA £, NRBRE S ILE K, Na,
Mg GBI, JTTE Zn, Fe. Cu. Ca R, AAWIE
AMBHNESE Cd. Pb. Cr. As, Hg FaiMk, H
4 T S R R R R R TR R K, R
EBEFHMY B, SERFEPMEITERE Feo %
REREW, 162 HE” MU HILE Na, Mg, K, Ca,
Mn. Fe. Cu. Zn. Se. Sr i°F-¥{E 55124 311.68. 269.15.,
2807.12,10.02,0.19,11.81,1.09,18.69.0.28.,0.91 mg/kg,
E4JE Pb, Cd. Cr, As. Hg B F¥MES 0 0.22, 0.12,
0.35. 0.01, 0.18 mg/kg. HF &= AFFRA K ILA A
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Table 14 Comparison of content of mineral elements in pork from different regions

WG E & &/ (mg/kg)
HiIX
Na Mg K Ca Mn Fe Cu Zn Se Sr
i 284.89+ 146.44+  2822.87+ 3.32+ 0.45+ 6.99+ 2.39+ 15.89+ 0.58+ 2.67+
) 30.24 18.498 257.74 1.01® 0.18%8 0.865¢ 0.93° 1.76 0.24 1.23
e 279.77+ 149.09+  2852.85+ 7.16+ 0.08+ 8.86+ 0.74+ 17.95+ 0.18+ 0.01+
17.46 12.918 114.29 1.77° 0.02° 0.5748 0.05° 2.04 0.03 0
i 296.52+ 697.92+ 3047.6+ 34.92+ 0.46+ 5.88+ 1.07+ 21.23+ 0.74+ 1.73+
& A A A c b
29.56 32.39 168.57 10.3 0.1 0.71 0.21 2.12 0.4 0.72
i 309.17+ 155.00+  3167.63+ 4.17+ 0.12+ 10.32+ 0.76x 16.45+ 0.07+ 0,000
) 20.64 11.4° 140.6 0.62°% 0.0348 1.19% 0.05° 2.19 0.02 ’
H: [FW—SAHR/NG PR FRR 22 5 1 25 (P<0.05), AAHF KRS FR:3 7R 22 R i3 (P<0.01), AHFIFRR 22548 1.2 (P>0.05).
#z15 FRMRFAFT RLRSEEFMELER
Table 15 Comparison of mineral element contents in beef from different regions
G & 7/ (mg/kg)
Hh X
Na Mg K Ca Mn Fe Cu Zn Se Sr
. 380.8+ 227.78+ 2836.05+ 13.42+ 0.34+ 18.65+ 1.67+ 22.63+ 0.18+
HrBe 58.04 29.10° 191.218 8.65 0.09 4.358C 0.41 2.83¢ 0.06 1.28£0.7
. 256.66+ 129.97+ 3571.33+ 3.51% 0.15+ 29.93+ 0.99+ 43.76%
= 56.37 2.378 219.07*8 0.98 0.04 4,588 0.17 7.3348 0.05 0.02£0.01
245.04+ 678.99+ 2619.92+ 16.25+ 0.35+ 14.47+ 1.27+ 32.22+ 0.48+
]
H 20.19 39.28* 218.17° 1.16 0.1 1.62¢ 0.1 2.788 0.15 1.89£0.7
1 253.58+ 137.25+ 4067.66+ 5.13+ 0.18+ 33.41+ 0.94+ 47.9+ 0.06+ 0.0320
12.17 3.14% 95.02* 1.29 0.03 2.01% 0.09 2.69% 0.04 :

T R —SIAMIE NG FRER IR 22 5 B35 (P<0.05), AT

FEEOCEFERHERT 5 gem’ &R, H LAY
FEoBIUE B As, Pb, Hg, Cd™, iZ#rst 4 R
B, MR - S PR Cd; H g 3 7
PRI L As; PLEERTH B E A Cd L B He ¥
bro BEAJEICR FEAWIRE . B AMFLFEEERR
BEEEN, G, EAR RS SR A B R
dh L BEECEDRE D H O RHK S A R,

AR X B P T RO R A g 2 e, Hop
ANl ML X G A R G 3R B2 SRS R R R, HIE
NG HEE | B5& 5 HA 3 X 2257 835 (P<0.01), i
BN R G A R AR L I 25 R B (P<0.05), BIEEASA
AR B, EES RS AL 3 M X 2 R (P<0.01),
AR ERFT TR SRS R R E R, B
MER AL, 5. 4. e SHM 3 MK EFBE
(P<0.01), INEFER S SHEE. HEN 27 5 #E
(P<0.01)o AN[FIHIX R R BGER & hl 28 RS R st i
N, HEEWERREE . 858w 5 A 3 MhX %5 B E
(P<0.01), IHFEEHE N P& 5Hp% . HEEN 2 7 02
(P<0.01), ™% i & &= 5 A 3 A HbIX 22 5 W3

5P RAR B (P<0.01), MIFZR/RZESA B2 (P>0.05).

(P<0.05), A[ElHLIX 4 AT Bic R & 22 m AR IR R
7N, HWE A P A g B i 5 A 3 b X 225 R 1 2 (P<0.01),
Hug 4= Pk & i SAR L LR 225 8 % (P<0.01), firk*
A AP R S HAD 3 M IX 25 5 B (P<0.01), PURCAIR
WX E T S T YL R R AR 22 R, T AR b X A Y
FHRERAEZSA L, Wl 5 R A K, @]
B R 2E A

A T A G HE T 15 TR M
TR, WONVEIE IR 0T & R R SR — e KR
FHIESEME

SE Mk
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