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In order to evaluate the degree of heavy metal (Cd, Cr,
Pb, As) pollution in different meat products and different regions

comprehensively and quantitatively, a comprehensive evaluation
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method of heavy metal pollution in meat products based on the
best-worst method ( BWM)-entropy (E) model was proposed.
Firstly, Building a comprehensive evaluation index system based
on heavy metal toxicity and content. Then, the best-worst
method was applied to evaluate the degree of heavy metal
pollution in various meat products. Finally, the entropy method
was used to comprehensively evaluate the degree of heavy metal
pollution in different regions. The case study used in this study
was from the results of heavy metal detection results on four
meat products in five cities of a province. For the degree of heavy
metal pollution in the different meats products, the ranking of re-
sults from higher to lower by two methods, the Nemero index
method and over-standard rate, were dried cooked meat pro-
ducts>cured meat products>sauced meat products™>smoked and
boiled sausage and ham products, and cured meat products >
sauced meat products™>dried cooked meat products>>dried cooked
meat products, respectively., However, the ranking of results
from higher to lower by the comprehensive evaluation value pro-
posed by this study was sauced meat products™cured meat prod-
ucts=>dried cooked meat products™dried cooked meat products.
For the degree of heavy metal pollution over different regions,
the ranking of results from higher to lower by two methods, the
Nemero index method and over-standard rate, were city A>>city
C>city B>city E>>city D, and the ranking of result is consistent
with that of the method of this study. Comparing above ranking
results by the two methods, and the comprehensive evaluation
method of this paper, the same and different aspects were found.
The reason for the discrepancy was that the comparison methods
had limitations in terms of the completeness of evaluation. Our e-
valuation model in this study can evaluate the degree of heavy
and can

metal pollution more comprehensively and effectively,

highlight the difference in degree of heavy metal pollution among
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different regions.
Keywords: comprehensive evaluation method; heavy metal pollu-

tion; meat products; best-worst method; entropy method
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Table 1  The evaluation factors
15 YL S5 it i % S
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Table 2 Original table of sampling inspection data of meat products(Part)
Hiy X e 2 5 e KR H KR/ (mg - kg™ HAAFRE?/(mg -+ kg™
ATl PP18420500470430316 W 5 A e ND 0.5
ATl PP18420500470430316 ¥ TR o 0.001 87 0.1
B il PP18422800471804008 T 1 A il [ ND 0.5
B i PP18422800471804008 ¥ 5 A i ND 0.1
C X(C19421181349030264 5 W KRR g ND 0.5
Cli XC19421181349030264 B A W KR psy it ND 0.5
C XC19421181349030263 i A ) o ND 0.5
Cii XC19421181349030263 it i85 PR o eyt ND 0.5
D PP18420000003339668 PR T 4 ND 0.5
D PP18420000003339668 A T el 0.052 0.5
E i PP18420000003333728 ET N KBRS 4 0.23 1.0
E i DC19420100003431599 2P T 5 0.003 1 0.1
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Table 3 Evaluation factors’ statistics %
B AT B CTl
Hi FHW MAEN EEEWHIR RARAT FERW BN EEFHAR ART FHEW BN BEEFTHAAR ARNT
Pbl 14.0 24.7 15.4 6.7 0.0 21.7 8.3 20.7 7.6 4.0 9.1 9.1
Pb2 48.8 24.7 7.7 30.0 0.0 4.3 0.0 6.9 30.4 20.0 27.3 36.4
Pb3 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 5.1 4.0 0.0 0.0
Pb4 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.1 0.0
Cd1 41.9 74.0 30.8 21.4 20.8 34.8 25.0 15.4 12.7 21.1 0.0 40.0
Cd2 32.6 4.1 0.0 3.6 0.0 0.0 0.0 0.0 22.8 0.0 10.0 0.0
Cd3 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.27 0.0 0.0 0.0
Cd4 4.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crl 40.8 28.3 0.0 26.7 12.5 28.3 25.0 0.0 12.3 13.0 10.0 20.0
Cr2 28.6 28.3 27.2 33.3 4.2 13.0 16.7 15.4 28.8 21.7 10.0 10.0
Cr3 0.0 4.3 0.0 16.7 4.2 2.2 16.7 0.0 9.0 0.0 0.0 0.0
Crd 0.0 6.5 0.0 0.0 0.0 0.0 0.0 0.0 1.37 4.3 0.0 0.0
Asl 60.5 45.2 7.7 34.4 45.9 65.2 50.0 50.0 25.8 41.7 0.0 0.0
As2 9.3 4.1 0.0 12.5 0.0 0.0 0.0 12.5 9.1 45.8 0.0 28.6
As3 0.0 0.0 0.0 3.1 0.0 0.0 0.0 0.0 1.5 4.2 0.0 0.0
Asd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EiE il i
FHW RN EEEHAR RAT FERN BN EEAFHAR ART
Pbl 0.0 12.5 4.5 0.0 21.7 35.3 5.6 0.0
Pb2 0.0 21.9 22.7 0.0 0.0 5.9 5.6 0.0
Pb3 0.0 3.1 0.0 5.6 0.0 0.0 0.0 0.0
Pb4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cdl  15.6 0.0 0.0 0.0 10.5 18.2 11.1 11.1
Cd2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cd3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cd4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crl 0.0 6.9 4.3 0.0 13.6 5.9 0.0 31.3
Cr2 0.0 27.6 13.0 0.0 0.0 5.9 5.6 25.0
Cr3 0.0 0.0 0.0 0.0 0.0 0.0 5.6 6.3
Cr4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Asl  25.0 15.0 0.0 57.1 9.1 23.5 5.6 16.7
As2 0.0 0.0 6.2 7.1 0.0 0.0 0.0 16.7
As3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Asd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T A R A TR AR AR TN N A R AR 5 2 A TR L A e A T R L A AT a R P TS RLENAELC AT a
Pbd 1 %5 AT a b PhAGIILE KAy LLfE .

x4 FMERNE
Table 4 Evaluation factor weight
M IERRE Pbl Ph2 Pb3 Pb4 Cdl Cd2 Cd3 Cd4
& 0.009  0.019  0.037  0.096  0.031  0.066  0.133  0.341
M FERR Crl Cr2 Cr3 Crd Asl As2 As3 Asd
WE 0.003  0.006  0.013  0.033  0.012  0.025  0.049  0.127
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Table 5 Single pollution index of heavy metals in  Table 7 Weights of heavy metal pollution evaluation fac-
different kinds of meat products in city A tors for meat products in different regions
AL it ol Pb Cd Cr As PR e o TR B A B A A T BB R R T
F 5 1A il 0.126  0.139  0.091 0.047 A E 0.560 0.190 0.142 0.108
IS PAD A it 0.071  0.036  0.206 0.023
R EE A 00t oolr 003 0009 F o ORI P &R E S R B T5 R IE
S T 0.112  0.030  0.260 0.063 Table 8 Single pollution index of heavy metals in meat

Fx6 FAAFETESLXAFNRPELE
BRITFNER(AT)
Table 6 Evaluation results of heavy metal pollution in

meat products by different methods (city A)

P il it e 2K WHB HEEGE  BARE/ % BWM
F 5 PR T 0.121 4.08 7.661
i Ji PR A 0.157 5.48 4.548
A T KR 0.038 0.00 1.513
PR 0.201 0.00 2.907

VA PR o o S G AR L ATE B TN B RS Y P A
mn > R 75 A Gt (H S 4 B PR e TR I A T A 4
KARMESEEREN IR EEGREENER. T
B R ALRE I — J7 T B e P 1] b B < TS e R
A5 3 v 5 36 T 45 20 PR ol o < 9 e AR R I L 45
BHEIET RGP EER R N E AT .
2.2 WEEMARAMRAFNREEESREATNERRE
Xt bE 53 4

2.2.1 HWARMHESEITREGEMER L&l
i 45 R TR A [l 31X 2% 28 1A W o ) 4 9 e 45 AL
A IH Aty R TR B0 X6 AN ] 3 DX PR ok o 6 9 % 1
DLHEATER B PR o KA [A] b X 4% 2K Y ol o T 2 U 9 e 25
BN EERACA R (5) ~ 3 (&), 15 B 45 2 P ol 76 A T
HIX B G w1 e LA AT A S R TR B AR, ISR T TR
R T S AT A A SN R M XA SR R
JB TG B AR B AT ISR A L 45 21 4% 4 M XA Pl b o T
SR REEEEME . IR 8 IR 7EBeh ks B g v,
A PR T i B R T e AR o v BAIRAR U AT LC T
B .EWi.Di,

2.2.2 XFHCAMAT KT SCHP R R T O R AT B B
2018 4F 5 ASIRTT A T v B R U L AR SR T A Al B
FE RO O i B W22 8) AR A4 B 0 8 4 Jm 15 Je i 5
BEATXT G . 3 FhOr R IE M AR AN 9 BT AR 4 A A 2 R
B0 N AR A0 A [ L IX R S e S AT R . R
BUAT B 52 AR [5] 1) HE 7 45 51 L 4% M IX 22 [) N g % 4 A
FEAR A 22 A B/ o 3l SO HR B T A B O B A B 1 A%
i PR e Y R R 5 2R 0 L 5 T

products in different regions

Hb X Pb Cd Cr As
ATl 0.089 0.054 0.148 0.034
Bili 0.022 0.013 0.097 0.032
Ci 0.119 0.029 0.070 0.064
Dl 0.053 0.003 0.025 0.013
E i 0.022 0.007 0.067 0.012
x9 AAAFHESHAFSNRPEEESTLIENER
Table 9  Evaluation results of heavy metal pollution in
meat products by different methods
X WIGE FeH0E BARE/ % BWM-E
AT 0.119 2.84 5.683
Bl 0.074 0.00 1.647
C 0.098 2.11 3.376
Dl 0.041 0.00 0.845
Efi 0.051 0.00 0.862

B2 AL C g e s RO R T Al XL O
HAE AT . X2mT AT .C P & E SRR
2 5 Al DX EL A 7B B 17 0 5 B Ah s AT R BE PR fR R
4B <5 R B A R AR R

55 A 2 45 Bk A A 2 PR PE A D B AT L R
SCHR R A T AL AT 4% L DX R P R R i e AR
X EC I S 3 2 A 2 Jm AR PR A . DL B EL B A 2 P o o
G R TS5 YR A [ 31X 8] 19 72 A0 1 20 - BE 95 3 352K A
SR 22k O NLUE PR R - PN R L& i g N
VB .
3 i

Ly AT A B0 B B JR R T B R 2 AR L R T
T B DG B 2 AV LT 09 DY o o TR JR T L £ PR A AL
T BWM-E, X 25 28 A i i P B 4 J 75 e 1 DL R AT 2 Y
A FEM RN E A5 B R 3 X AY A R TS g 2
VPSSR . SR D Bk I B R A GV Ay s
AH LG o AR T 25 2 iR P AT R DA R R AT A 4
A e TR U M R T < U 9T e OO L R A AR N TR
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