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Abstract: Through investigating the contents of heavy metals arsenic (As), cadmium (Cd),
chromium (Cr), lead (Pb), and mercury (Hg) in tsamba produced by different grinding methods in
four cities in Tibet (Shannan, Shigatse, Nyingchi and Lhasa), and conducting a comprehensive
analysis and evaluation of pollution levels, reliable data support could be provided to enhance the

quality and safety level of tsampa production and strengthen quality and safety supervision. A total of

s B E . 2021-11-04

E£UWA:

I Rl A R BAR AR 77 Ml B AR A R & 100 5% 4 350 H (CARS-05-02A-05) .

EE R /MR (1992—) , 55, BB SE 51, EZENSER & 7™ i i T 20 BT 7S . E-mail : 956892326@qq.com

*

BIS1ESE . WM (1987—), B i+, BIAFE 0L, A58 A48 S0, 3528 SR & 7= B B/ T 98 . E—mail : zhangtangwei04@163.com

LRSt A SIL 2023 FE 42585

VU 37 DXV B 301 9% 4 101 H (XZNKYZBS-2021-C—001-2) ; 4V Jit i b o 5 46 D0 F 5 o A 48 3% 42 100 H (ZBSZC202102) 5



YANG Xiaojun,et al: Analysis of Heavy Metals Content and Pollution
Evaluation in Tsamba in Four Cities of Tibet

RESEARCH ARTICLE

101 samples of tsamba produced in different modes were collected from four cities in Tibet. And
inductively coupled plasma mass spectrometry was utilized to detect and analyze five heavy metals in
tsamba samples, and to evaluate their quality and safety. Among 101 tsamba samples evaluated using
the comprehensive pollution index of tsamba quality grading standard, both electric mill and water
mill methods yielded safe levels of heavy metals including As, Cd, Cr, Pb, and Hg in tsamba, based
on the evaluation results of single factor pollution index and comprehensive pollution index in the
production of tsamba prepared by different grinding methods. Based on the evaluation results of the
single factor pollution index and comprehensive pollution index in the production of tsamba in
different cities, it could be concluded that the heavy metal Pb in tsamba in Shannan city is basically
clean, and As, Cd, Cr, and Hg are all safe. The heavy metal As in tsamba in Shigatse city is basically
clean, and Cd, Cr, Pb, and Hg are all safe. The heavy metal Pb in tsamba in Nyingchi city is basically
clean, and As, Cd, Cr, and Hg are all safe. The heavy metals Pb, As, Cd, Cr, and Hg in tsamba in
Lhasa city are all safe. According to the Nemerow comprehensive pollution level evaluation, the

comprehensive pollution index levels of heavy metals in the four cities are all safe.

Keywords: Tibet, tsamba, heavy metal pollution, content analysis, pollution evaluation
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Table 2 Working parameters of the inductively coupled plasma mass spectrometer

swam | s | @y | Swak | 5H
1 e SR NY B 1550 W 9 SRR U R/
2 FEFRS R 15 L/min 10 AR 8.2 mm
3 SRR T 1.07 L/min 11 AR ki
4 A 1.0 L/min 12 HEAE PR ] 20 s
5 A 5.0 mL/min 13 FHREL 30 %
6 AL 2%C 14 BEE I 3
7 W Bl 3 R AR5 R 0.1 t/s 15 W e STD/KED
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Table 3 Internal standard elements, detection limit and quantitative limit of the elements to be tested

iR S () | bR HIC R e i
mg/L.) (mg/L)

Bl 0~50 y=0.005x 0.999 9 0.000 5 0.002 0
Cd "BIn 0~50 y=0.011x 0.999 9 0.000 5 0.002 0
Cr "Ge 0~50 y=0.072x 0.999 8 0.020 0 0.050 0
Pb “Bi 0~50 y=0.044x 0.999 8 0.005 0 0.020 0
Hg "Bi 0~2 y=0.015x 0.999 7 0.000 3 0.001 0
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Table 4 Standard for quality classification of tsamba
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Table 5 Contents of heavy metals in tsamba in different cities

A :mg/kg

T " I N A B

0.025 4+0.003 7* 0.004 2
H ﬂﬁmlﬁﬁ 0.395 2+0.006 5° —
M2l 0.341 6+0.005 6 0.000 9
PrgEi 0.020 6+0.003 4" —

0.134 0+£0.041 3*
0.175 8+0.017 8*

0.089 2+0.009 4*
0.075 1£0.014 4"

0.149 0+0.040 4
0.119 8+0.025 6
0.159 8+0.077 8
0.105 4+0.024 9

0.007 3+0.000 1"
0.008 0+0.000 1*
0.008 0+0*

0.007 9+0.000 2*

A R/NG TR IR 98 57 B35 (P<0.05) , AR /NG 7 B 7R 28 5208 35 (P>0.05) Bl 47 8% B 7k A A% o FR o 20 5310 0 0.50

0.10.1.00.0.20 .0.02 mg/kg.
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Table 6 Contents of heavy metals in tsamba prepared with different grinding methods
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Table 7 Heavy metal pollution index and contribution rate of tsamba in different cities
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Table 8 Pollution index and contribution rate of heavy metals in tsamba prepared with different grinding methods
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Table 9 Single factor analysis of variance and correlation analysis of heavy metal content in tsamba in different cities

0

ZH 1] 0.003 3 2.676 0.055
As 2N 0.025 61 0

ERe 0.028 64

2R 1] 0 1
cd AN 0 0

B 0 1

2] 1) 0.133 3 0.044 1.794 0.153
Cr HN 2.404 97 0.025

B 2.537 100

2 1) 0.018 3 0.006 0.143 0.933
Pb ZHN 1.904 46 0.041

ERe 1.922 49

2R 1) 0 3 6.116 0.001
Hg N 0 97

58 0 100

11 :P<0.01 225540 B % .

S DL R A TSR RS 1 17 8, PAT SRR v %) 3 T ]
REIR A RRA S AW KB, A G4 7
YA 25 KRG T - S rh dE G B 5 Y iy Al REE . 0
R E E R A s I AR AEH Y
KAV A A AT A i R, W NEY & & s & &
AR,

Fig MRS RS o1 5 03 bR HE HEAT VP, A [ B il 7
AR RS R b G Jm B P s QAR B LR A TS YR
O 45 R Bon, B FUK R P ) E 48 As,
Cd .Cr.Pb Hg V5 Y S R 5y J@ T2 4, AN Aty A
R rp LR 77 G 4 B S 25 B TS e 8 BOT 4 2R
s, e RS P A B 2 J® Ph . H D T RERE rh
AR As, MR TR RS 48 Pb 5 4559
J& HEA U W AR T A A A M T TS e R R R
4, HARYE Nemerow 275515 YL S5 G 4 HuTi vp
B R LR A TS P AR B I e 4

AR A 7 R A= 355 24 e dE B 23 P 380 0 il A
TR SEARORL , 0K T KA 1 TS e HETC R B AR FR
b BEERER S SAG MBS SO0 kA &
R T S K g 2R R T
MESRSHORE L A HEN L IEPELS RS
e, oA, A0SR A B R BT 0 4 R A, IR
2 HIERWESE RO S, BB AR

S5 T AN AR T A W i, T ELIE S AR R BE
i 2o KA 2 A A% el e A, T Al 3 X 3 )
i w2 2 R Y g Bk feH N
filt FEROSN RS R v < TR Y S AT AT RESR IR T R
JEORE R o AT RE ™ AR RSN T ke SRR

|3 2 i I

L A P 4 M T (LU RS T L R T bR
TRPLEETT) AR 4 R 5 YR, JEAR4E GB
2762—2017 (& @2 EFRfE &5 P i5 YR
PR A A R R, R A S EAT R AR
TP AR E NY/T 398—2000(4% & /K 7= i 15 4 W il
B AL YZ006F A b TSR 1) 22 4 RURS: 2R AT PP A%
5000, SRR M i R E 48 Pb I5 Y
SO B HE A WE B L As Cd (Cr Hg 75 Y % 9 1 Jg &
Gy HWENITH R A (5 4 )8 As V5 YL S5 98 FE AR
3% ,Cd Cr \Pb Hg V5 S5 4 J& 2 4 MR TTHS
H 48 Ph 5 Y SRR JEARTE 1, As (Cd (Cr,
Hg V5 Y SR 8 2 4 hi g i i b i FE 4 )8 Pb
As Cd Cr Hg 75 YL 55 3 J@ %2 4 s il 4lE Nemerow 25
GG AE Y 4 T b R A B 2R A TS YR 4K
SEYI I A BT T 4 HUTT RO P AR AT
A 4 1) T, o7 TR0 RE R A AR 7 JEORE AR R T AT

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 5 2023



i S A
MR, B 4 T e Y £ RS F oA 5 RN }I:j-l'u:jz

AOVRAE | IR ORI R A A i LA ) o Gl 2 TR A, AR e PBORS A 14 o 22 4Kk P
TS, R AR, ISR AN B AR AL

S % 3THk

[ 1] A%, acAorr, VR 55 35 B 32 B D) &R o3 B BT I 52 R e (7). AR ™ it Bt 5 2 42, 2020(2) : 82-89.

[ 2] 55, B, 5 R 32 2 B F M 58 JR U], AR ,2019(2) :43-47.

[3 ] JINJIN P,FENG Z,REN T,et al. Selectively screen the antibacterial peptide from the hydrolysates of highland barley [J].
Engineering in Life Sciences,2018,18(1) :48-54.

[4 ] YING B S,ZHANG H,CHENG L,et al. In vitro and in vivo antioxidant activity of polyphenols extracted from black highland
barley[J]. Food Chemistry,2016(3):1003-1012.

[5] 5, BN Sl R A LR RS L A (] = B A # 4R (2 B2 ) ,2016,10(5) - 111-114.

[6 1 HEINIO R L,NOORT M W J, KATINA K, et al. Sensory characteristics of wholegrain and bran-rich cereal foods:a review[J].
Trends in Food Science & Technology ,2016(7) :25-38.

[71LIJ,GARY G H,ZHENG X C,et al. Studying the effects of whole-wheat flour on the rheological properties and the quality
attributes of whole-wheat saltine cracker using SRC,alveograph,rheometer,and NMR technique[J]. LWT-Food Science and
Technology,2014,55(1) :43-50.

[8 ] AYLIN A. Effects of pretreatments and moisture content on microstructure and physical properties of microwave expanded
hull-less barley[J]. Food Research International ,2014,56(2):126-135.

[9 1 MARCIN M, AGNIESZKA W ,ONISZCZUK T,et al. Effect of processing conditions on microstructure and pasting properties of
extrusion-cooked starches[J]. International Journal of Food Engineering,2017,13(6):31-42.

[10] T fR . AT B M M B0 A8 2 JFC SO Ak PN TR D). 5 9 B 27 B " 41, 2003, 29 (1) : 61-65.

(117 P52, 5k T BH . 2= B &8 43 b XA 7= i T2 4 J@ 5 G B0tk 5 40 [0, o e A 2%l 412, 2017,33(20) : 83-89.

[12] KEITH L H, TELLIARD W A. Priority pollutants I:a perspective view[J]. Environmental Science and Technology,1979,13
(4):416-423.

[13] ey s | TR RS . AR o 35 i 43 r 0 ZE [T, AR ,2016(3) : 106-109.

[14] RT3, F 304, FAAS % #1 ICP-OES 2l 5 VG 8 6 FiE A v i oo 2 19 e [T]. AL FHEE ,2016(16) :239-240.

[L5] A0 6. 7 Bt 4k 8 % 0o o0 A 7 BRNE A i 4 2 A0 0], £ A S5 HLBK, 2020,36(7) :201-205.

[16] 5K 3. T BRHEHUB RRAE 7 S0 43 %00 K™ A AL B0 46 [D]. 74 37 - 7 1 K %%, 2020.

[17] Wi, I8, IS £ 45, VU HORS HE 2 2 AL 4 ip B Bt IR P58 [D]. DU RH 92,2011 (3) - 18-21.

[18] B £, X 2 , 4205, 55 M B L o ik R [J]. R B 54Dk 100k, 2017(3) :29-32.

[19] DERMIENCE M, LI X W,MATHIEU F,et al. Minerals and trace elements in traditional foods of rural areas of Lhasa Prefecture,
Tibet Autonomous Region(P.R. China)[J]. Journal of Food Composition and Analysis,2014,35(2):67-74.

[20] ¥ Fe 5L JET- 50 0 A I 5E A PR T HUREHE o G 5 1 25 SR BT [J]. P RCEE 25 ,2020,41(6) :135-136.

[21] A, R T W, 45 PG5 A A DRI KRR 3 R R AR R BT 22 e R B[], AR AR, 2011(2) :368-369.

[22] A ANRERMEERE DA UAETRN S, BEREHAMHEBEERLR. 8 h LB R &6 his LY R .GB
2762—2017[S]. b3 o AR AE 1 AAE, 2017,

[23] FR AR R SR Al 8. A4 B K TS Y W AR BV  NY/T 398—2000[S]. b5 . Hf A o H Rt , 2000.

[24] TR B KT Sf (0 f i ROK B 6 Ja8 ¥ B BAR A5 1 7 (e R XURS 3£ [J]. WAL ALAR ,2013(6) :53-57.

[257 BRI, X1, 5k Cole, 45, hr % b X R 4 5 2 4 1975 e I PN S5 0BT (0], AR R ARk KA 2F ), 2020,41(5) 1 115-123.

[26] . AR SE B 37 DX 43 i e R A AN K R IR A OGP A BT [D]. 3R e Rkl KA, 2008.

[27] U A, AR, XU A5 LA B 4 T i 8 TR UK R 1 Cu (Cd \Pb  Zn AR G 43 BT K2 75 Je PR A [T]. Al B8 5 3R 58 4 4l
2018,35(6):518-526.

(28] 7 5, ZE 4 . 5 B vl e o e DX 9 T 4 Ja B (KA 5 3 G AT [T]. BN IS R 2 (F AR B4 ) ,2013,31(6)
81-84.

[29] 5K 1 Jg. - S T < Jm 15 B 7 BRI SR A5 A A 0 52 0 B XS R[], Al B 545 B, 2016(2) :99-100.

[30] & K&, VUM E 2K R 4w 5 Y oE [J]. RHERH 5 8 ,2018(23) : 76-78.

[31] LE/NER. MRAT T 3 B 75 e MBI R R[], B3 IR 20 5 3R 4R, 2021(9) :36-37.

LRSt A SIL 2023 FE 42585



