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The application of contamination index method to evaluate heavy
metal contaminations in dairy products
SUN Yan-bin, SUN Ting, DONG Shu-xiang, LI Shi-kai, ZHONG Qing, ZHANG Jun
(Jinan Center for Disease Control and Prevention, Shandong Jinan 250021, China)

Abstract: Objective To understand the distribution characteristics of heavy metal contamination in dairy products, and
to evaluate the status and the extent of heavy metal contamination. Methods The contents of Pb, total-Hg, Cd, Cr and
total-As in raw milk, fermented milk, sterilized milk, infant formula and milk powder during 2012-2013 were detected.
Single factor contamination index method and comprehensive contamination index method of Nemerow were used to evaluate
the contamination level according to the grading standard of agriculture product quality. Results The detection rate of Ph,
total-As, total-Hg, Cd and Cr were 14.0% (21/150), 24.7% (37/150), 82.0% (109/133), 26.3% (35/133)
and 72.9% (43/59) in dairy products, respectively. Pb in raw milk and Cd in sterilized milk were not detected. The
mean, P75 and P95 of total-Hg in raw milk were higher than the limit. The P95 of total-Hg in fermented milk and sterilized
milk and Cd in milk powder were higher than the limit. The detection rate and single factor contamination index of total-Hg
were the highest in raw milk, fermented milk and sterilized milk, which indicated there was severe contamination in the raw
milk (P, >1) and mild contamination in fermented milk (P, >0.6). The detection rate of Cr was the highest in infant
formula and milk powder, while single factor contamination index of Cd was the highest. The heavy metal contamination in
raw milk ranked the first with P, =0. 754, reaching mild level of contamination. The heavy metal contamination in dairy
products could be lined in a decreasing order of raw milk, fermented milk, sterilized milk, milk powder and infant formula.
Conclusion Four kinds of dairy products were at the safe level of heavy metal contamination. Total-Hg was the dominant
heavy metal contamination in liquid milk, while Cd in solid milk. Single factor contamination index and comprehensive

contamination index of total-Hg in raw milk indicated that measures should be taken to prevent the contamination.
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Table 1 Maximum allowable limit standards of
heavy metal pollutants in dairy products
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Table 2 Quality classification standards of dairy products
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Table 3
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Monitoring results of heavy metal contents in dairy products of different types

o K RES BAT R A VA /k
T ?ri/ugj\ﬁ TQ/L(I;L? &/z? — ij;;':uﬂi (ui%g) STEAT
Pb 20 0.0(0/20) 0.0(0/20) 1.50 0. 00 1.50 1.50 ND
- M As 20 10.0(2/20) 0.0(0/20) 1.35 +0.38 0. 80 6.93 ND ~7.00
M Hg 20 100.0(20/20) 30.0(6/20) 10.30 1. 33 11. 63 31.70 7.00 ~32.50
cd 20 5.0(1/20) 0.0(0/20) 0.12 +0.07 0.05 1.36 ND ~1.42
Pb 42 2.4(1/42) 0.0(0/42) 2.11 £0.61 1.50 1.50 ND ~27. 10
M As 42 4.8(2/42) 0.0(0/42) 0.84 +0.03 0. 80 1.57 ND ~1.70
K EEFL M Hg 34 73.5(25/34) 17.6(6/34) 6.64 +1.09 8. 00 21.25 ND ~25. 00
cd 34 14.7(5/34) 0.0(0/42) 0.31 +0.12 0.05 2.46 ND ~2.99
Cr 31 64.5(20/31) 0.0(0/42) 17.47 +3.67 30. 00 65. 88 ND ~74.70
Pb 15 0.0(0/15) 0.0(0/15) 1.50 £0. 00 1.50 1.50 ND
B As 15 20.0(3/15) 0.0(0/15) 1.40 £0. 42 0. 80 7.00 ND ~7.00
KT M Hg 6 83.3(5/6) 16.7(1/6) 5.85 +2.00 7.50 15. 00 ND ~15. 00
cd 6 0.0(0/6) 0.0(0/6) 0.05 +0. 00 0.05 0.05 ND
Cr 17 76.5(13/17) 0.0(0/17) 27.52 +5.92 46. 00 71.00 ND ~71. 00
Pb 33 21.2(7/33) 0.0(0/33) 7.64 2,41 3.50 42. 44 ND ~67. 50
M As 33 36.4(12/33) 0.0(0/33) 10.39 £2.92 30. 50 43.00 ND ~ 64. 00
fic 77 3L A M Hg 33 81.8(27/33) 0.0(0/33) 4.80 0. 38 5.50 8. 00 ND ~8. 00
cd 33 39.4(13/33) 0.0(0/33) 0.95 +0.33 0. 66 6.18 ND ~7. 40
Cr 4 100. 0(4/4) 0.0(0/4) 65.25 +8.53 83.25 90. 00 53.00 ~90. 00
Pb 40 32.5(13/40) 0.0(0/40) 10.71 +2.34 21. 60 36.21 ND ~61.20
M As 40 45.0(18/40) 0.0(0/40) 30.82 £5.32 68. 00 70. 00 ND ~70. 00
i 3L M Hg 40 80.0(32/40) 0.0(0/40) 7.33 +1.98 9.88 18.25 ND ~80. 00
cd 40 40.0(16/40) 10.0(4/40) 5.43 £2.28 4.57 59.37 ND ~ 68. 40
Cr 7 85.7(6/7) 0.0(0/7) 54.37 £2.28 83. 00 90. 00 ND ~90. 00

T ND 7R R A H 5 AL Cr T H RAGI , S A 510 1 B 5 PR 96 38 vl At [7] — 28 5310 2L o ot A 4 50T BB AR [

F4 AW EEE AR TGRSR GG R RO AR

Table 4  Single factor pollution index and comprehensive pollution index of heavy metal pollutants in dairy products

FLA A2 Py, Py, Py Pe, P,
HFL 0. 030 ~0.030 0. 008 ~0.070 0.700 ~3.250 0.010 ~0. 284 — 0.512 ~2.386
(0.030) (0.014) (1.030) (0.024) (0.754)
KR 0.030 ~0. 542 0.008 ~0.017 0.008 ~2.500 0.010 ~0.598 0.005 ~0. 249 0.023 ~1. 852
(0.042) (0.008) (0. 664) (0.062) (0.058) (0.484)
K FL 0. 030 ~0.030 0. 008 ~0.070 0. 008 ~1.500 0.010 ~0.010 0. 005 ~0. 237 0.023 ~1.092
(0.030) (0.014) (0.585) (0.010) (0.092) (0.426)
Jic 5 LK 0.010 ~0. 450 0.002 ~0.128 0.001 ~0. 100 0. 005 ~0. 740 0.027 ~0. 045 0.020 ~0.563
(0.051) (0.021) (0.060) (0.095) (0.033) (0.077)
3 LA 0.003 ~0. 122 0.002 ~0. 140 0.001 ~1.000 0. 005 ~6. 840 0.001 ~0. 045 0.022 ~4.972
(0.021) (0.062) (0.092) (0.543) (0.027) (0.398)
T — R R Cr BH RGN, TC Po, 385U 355 9 % 50 H B R 795 Je 48 SO
5 AMSMESBITRED SHAELER (%)
Table 5 Share rate of heavy metal pollutants in dairy products
FL A Rl 2 Ky, He Kea Ke,
A3 ( 4.01,0.83)2.73 (1.07,1.93)1.23 (93.58,89.43)93.85 (1.34,7.81)2.19 —
KT (49.18,13.88)5.05 (13.11,0.44)1.01 (13.11,64.00)79. 54 (16.40,15.31)7.43 ( 8.20,6.37)6.97
K (49.18,1.63)4.11 (13.11,3.79)1.91 (13.11,81.21)80.06 (16.40,0.54)1.37 ( 8.20,12.83)12.55
fic 5 FL (22.22,30.76)19. 63 (4.45,8.75)8.02 (2.22,6.83)23.14 (11.11,50.58)36. 64 (60.00,3.08)12.57
38 L (25.00,1.50)2. 87 (16.67,1.72)8.27 ( 8.33,12.27)12.30 (41.67,83.96)72.91 ( 8.33,0.55)3.65
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