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Application of Pearson and partial correlation coefficient model in the research of
heavy metal pollution in rice
WANG Shan'?, SU Liang”®, LIU Yuanli', WANG Xiaowan’
(1. School of Public Health, Peking Union Medical College, Beijing 100730, China;
2. China National Center for Food Safety Risk Assessment, Beijing 100022, China;
3. Institute of Medical Information, Chinese Academy of Medical Sciences, Beijing 100020, China)

Abstract; Objective To construct and compare the methods for correlation analysis of different elements in rice,
including barium, vanadium, cadmium, lithium, aluminum, manganese, lead, thallium, antimony, copper, selenium,
ehromium, mercury and arsenic. Methods Analyze the correlation among the fourteen elements in rice by two methods:
Pearson correlation coefficient and partial correlation coefficient, and compare the two methods. Results Both of the
methods can find the correlations among various pollutants from the data and have their own characteristics on computational
complexity, information abundancy and other aspects: Pearson correlation coefficient method has less computation, but also

provides less information; Partial correlation coefficient provides more information but needs more samples and computing

resources.

The Pearson correlation coefficient method showed the positive correlation elements including barium-vanadium ,

barium-lead, vanadium-lithium, aluminum-antimony and copper-thallium. There was no significant correlation between the

remaining elements.

The partial correlation coefficient method showed strong positive correlation including vanadium-

barium, lead-barium, total mercury-barium and antimony-aluminum. There was no significant correlation between the

remaining elements.

partial correlation coefficient is recommended.

Key words: Rice; element; correlation analyze

Wi E
EE€WHE

EER N

BEEE:

:2020-09-28
ETEFYPRNRRZENRTEHXERARAREEA

I B (2015BAK36B04)

IM Kk PR HATAANEEAFLER
E-mail : wangshan@ cfsa. net. cn

Mz F OHE MR TEAETLABRKEZ LR
IR e F R4 E-mail:liuyuanli_pumc@ 163. com
I B #HE AT EHALEZFLEARRER

&3  E-mail ; wangxwan@ gmail. com

Conclusion Under the current data and software, hardware conditions, the correlation analysis of the
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Table 1  Pearson correlation coefficients of elements of the paddies

JLHE o M b i il i i e B kil i} s $55 S SR
o 1.00 0.67™ 0.30 0.32 0.07 0.19 0.63" -0.08 -0.21 0.14 0. 46 -0.12 0.07 0.42
#l 0.67™ 1.00 0.30 0.63" 0.35 0.41 0.28 -0.07 -0.07 -0.13 0.10 0.05 -0.14 0.01
[ 0. 30 0. 30 1. 00 0.15 -0.16 0.04 -0.14 -0.23  -0.32 -0.02 0.16 -0.24 0.21 0.19
i 0.32 0.63" 0.15 1. 00 0.10 0.26 0.28 -0.21 -0.15 -0.12 -0.17 0.21 -0.20 0.03
bl 0.07 0.35 -0.16 0.10 1.00 0.43 -0.05 -0.05 0.85"™ -0.08 -0.21 0.27 -0.19 -0.21
i 0.19 0. 41 0. 04 0.26 0.43 1.00 -0.17 -0.30 0.21 0.32  -0.25 -0.15 -0.22 0. 06
it 0.63™ 0.28 -0.14 0.28 -0.05 -0.17 1. 00 0.18 -0.18 0.12 0.25 0.25 -0.23 0.11
g -0.08 -0.07 -0.23  -0.21 -0.05 -0.30 0.18 .00 -0.10 -0.54" -0.17 -0.29 -0.12 -0.06
B -0.21 -0.07 -0.32  -0.15 0.85™ 0.21 -0.18 -0.10 1.00 -0.07 -0.22 0.23 -0.12 -0.29
k| 0.14 -0.13 -0.02 -0.12 -0.08 0.32 0.12 -0.54" -0.07 1.00 0.05 0.15 -0.07 0.32
bl 0.46 0.10 0.16 -0.17 -0.21 -0.25 0.25 -0.17  -0.22 0. 05 1. 00 -0.26 0.17 0. 05
pog=d -0.12 0.05 -0.24 0.21 0.27 -0.15 0.25 -0.29 0.23 0.15 -0.26 1.00 0.15 -0.26
R 0.07 -0.14 0.21 -0.20 -0.19 -0.22 -0.23 -0.12 -0.12 -0.07 0.17 0.15 1.00 0. 04
w 0. 42 0.01 0.19 0.03 -0.21 0. 06 0.11 -0.06 -0.29 0.32 0.05 -0.26 0.04 1.00

T RR X MR Y P AN T 0,055 RS R W YR 1 P E/NT 0. 01
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Table 2 T-values of significance test of the Pearson correlation coefficients

TR m L % # i} i # k4 B i il S ROk A
m Inf 3.53 1.19 1.09 0.26 0.78 3.20 0.03 -0.77  0.57 2.01 -0.48  0.69 1.85
#l 3.53 Inf 1.16 2.98 1.69 2.05 1.03 -0.22 -0.16 -0.45 0.25 0.10 -0.62  0.15
i) 1.19 1.16 Inf 0.51 -0.58 0.20 -0.59 -0.74 -1.23 -0.05 0.54 -0.94 1.30 0.88
1 1.09 2.98 0.51 Inf 0.54 1.22 0.86 -0.61 -0.54 -0.53 -0.74 0.80 -1.24  0.10
i 0.26 1.69 -0.58 0.54 Inf 1.88 -0.16 -0.31 6.60 -0.31 -0.95 1.14 -1.09 -0.88
i 0.78 2.05 0.20 1.22 1.88 Inf  -0.63 -1.24 0.89 1.32 -1.06 -0.60 ~-1.33  0.22
A 3.20 1.03  -0.59 0.86 -0.16 -0.63 Inf .13 -0.63 0.52 1.01 0.99 -0.63  0.44
24 0.03 -0.22 -0.74 -0.61 -0.31 —1.24 1.13 Inf -0.58 -2.23 -0.67 -1.47 -0.30  0.20
B -0.77 -0.16 -1.23 -0.54 6. 60 0.89 -0.63 -0.58 Inf -0.11  -0.95 1.07 -0.67 -1.17
4l 0.57 -0.45 -0.05 -0.53 -0.31 1.32 0.52 -2.23  -0.11 Inf 0.23 0.65 -0.46 1.31
i 2.01 0.25 0.54 -0.74 -0.95 -1.06 1.01 -0.67 -0.95 0.23 Inf -1.07 1.62  0.19
B -0.48 0.10 -0.94 0. 80 1.14  -0.60 0.99 -1.47 1.07  0.65 -1.07 Inf 0.06 -1.08
BR 0.69 -0.62 1.30 -1.24 -1.09 -1.33 -0.63 -0.30 -0.67 -0.46 1.62 0. 06 Inf 0.27
peRcit 1.85 0.15 0.88 0.10 -0.88 0.22 0.44 0.20 -1.17 1.31 0.19 -1.08  0.27 Inf

V. Inf £n LRI E X
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Table 3 P-values of significance test of the Pearson correlation coefficients

LR kil i ki i B Hil i 4 B i i pagii HOR O A
il Inf 0. 00 0.25 0.29 0. 80 0.45 0.01 0.98 0.45 0.58 0. 06 0. 64 0. 50 0.08
i 0. 00 Inf 0.26 0.01 0.11 0. 06 0.32 0.83 0.87 0. 66 0.81 0.92 0.54 0.88
i 0.25 0.26 Inf 0. 62 0.57 0. 84 0. 56 0. 47 0.24 0.96 0. 60 0.36 0.21 0. 39
1 0.29 0.01 0. 62 Inf 0. 60 0.24 0. 40 0.55 0. 60 0. 60 0. 47 0. 44 0.23 0.92
il 0. 80 0.11 0.57 0. 60 Inf 0.08 0. 87 0.76 0.00 0.76 0.36 0.27 0.29 0.39
i 0.45 0. 06 0. 84 0.24 0.08 Inf 0. 54 0.23 0. 39 0.21 0.30 0.56 0.20 0.83
) 0.01 0.32 0.56 0.40 0.87 0.54 Inf 0.28 0.54 0. 61 0.33 0.34 0.54 0.67
24 0.98 0.83 0. 47 0.55 0.76 0.23 0.28 Inf 0.57 0.04 0.51 0.16 0.77 0. 84
B 0.45 0.87 0.24 0. 60 0. 00 0.39 0.54 0.57 Inf 0.91 0.36 0.30 0.51 0.26
il 0.58 0. 66 0.96 0. 60 0.76 0.21 0. 61 0.04 0.91 Inf 0. 82 0.52 0. 65 0.21
it 0. 06 0. 81 0. 60 0. 47 0. 36 0.30 0.33 0.51 0.36 0.82 Inf 0.30 0.12 0.85
ey s 0. 64 0.92 0.36 0. 44 0.27 0.56 0.34 0.16 0.30 0.52 0.30 Inf 0.95 0.30
RR 0.50 0.54 0.21 0.23 0.29 0.20 0. 54 0.77 0.51 0.65 0.12 0.95 Inf 0.79
L 0.08 0.88 0. 39 0.92 0. 39 0.83 0. 67 0. 84 0.26 0.21 0.85 0.30 0.79 Inf

L Inf 2R TR X
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Radar map of the correlation of the amounts of elements of the paddies
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Table 4  Partial correlation coefficients of elements of the paddies

JLHE o i ki i el i ki # B ki i} ¥t Bok o R
Ll 1.00 0. 86 -0.01 -0.52 0.18 -0.02 0.93 -0.53 -0.02 -0.05 0.03 -0.68 0.83 0.76
i 0. 86 1.00 0.07 0. 60 0.09 0.08 -0.76 0.41 -0.21 -0.06 0.03 0.55 -0.70 -0.69
L -0.01 0.07 1.00  -0.20 0. 47 -0.50 0.10 -0.50 -0.51 -0.11 -0.48 -0.43 0.22 -0.11
1 -0.52 0. 60 -0.20 1.00 0.21 -0.13 0.61 -0.64 -0.22 -0.39 -0.37 -0. 46 0. 42 0.39
il 0.18 0.09 0. 47 0.21 1.00 0.61 -0.32 0. 64 0.94 0.11 0.52 0.62 -0.35 0.11
fif -0.02 0.08 -0.50 -0.13 0. 61 1. 00 0.12 -0.51 -0.54 0.23  -0.66 -0.56 0.20 -0.23
[ 0.93  -0.76 0.10 0.61 -0.32 0.12 1.00 0.70 0.17 0.18 0.21 0.80 -0.86 —-0.63
i -0.53 0.41 -0.50 -0.64 0. 64 -0.51 0.70 1.00 -0.59 -0.40 -0.64 -0.82 0.59 0.24
B -0.02 -0.21 -0.51 -0.22 0.94 -0.54 0.17 -0.59 1.00  -0.20 -0.53 -0.47 0.19 -0.23
kil -0.05 -0.06 -0.11 -0.39 0.11 0.23 0.18 -0.40 -0.20 1.00 -0.12 -0.02 -0.02 0.21
il 0.03 0.03 -0.48  -0.37 0.52 -0. 66 0.21 -0.64 -0.53 -0.12 1. 00 -0.55 0.22  -0.27
pagecd -0.68 0.55 -0.43  -0.46 0. 62 -0.56 0. 80 -0.82 -0.47 -0.02 -0.55 1.00 0. 80 0.27
Bk 0.83 -0.70 0.22 0.42 -0.35 0.20 -0.86 0.59 0.19 -0.02 0.22 0. 80 1.00 -0.51
= 0.76  -0.69 -0.11 0.39 0.11 -0.23 -0.63 0.24 -0.23 0.21 -0.27 0.27 -0.51 1.00
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Table 5 T-values of significance test of the partial correlation coefficients
TLH o il i i il i kit 4 B L] il R BOR
Al Inf 3.37 -0.02 -1.22 0.37 -0.04 5.06 -1.25 -0.04 -0.10 0. 06 -1.85 2.98 2.34
#l 3.37 Inf 0.14 1.50 0.18 0.16 -2.34 0.90 -0.43 -0.12 0. 06 1.32 -1.96 -1.91
i -0.02 0.14 Inf -0.41 1. 06 -1.15 0.20 -1.15 -1.19 -0.22 -1.09 -0.95 0.45 -0.22
2 -1.22 1.50 -0.41 Inf 0.43 -0.26 1. 54 -1.67 —-0.45 -0.85 -0.80 -1.04 0.93 0.85
il 0.37 0.18 1. 06 0.43 Inf 1.54 -0.68 1.67 5.51 0.22 1.22 1.58 -0.75 0.22
Hh -0.04 0.16 -1.15 -0.26 1.54 Inf 0.24 -1.19 -1.28 0.47 -1.76 -1.35 0.41 -0.47
B 5.06 -2.34 0.20 1.54 -0.68 0.24 Inf 1.96 0.35 0.37 0.43 2.67 -3.37 -1.62
& -1.25 0.90 -1.15 -1.67 1.67 -1.19 1.96 Inf -1.46 -0.87 -1.67 -2.87 1. 46 0. 49
h -0.04 -0.43 -1.19 —-0.45 5.51 -1.28 0.35 -1.46 Inf -0.41 -1.25 -1.06 0.39 -0.47
| -0.10 -0.12 -0.22 -0.85 0.22 0.47 0.37 -0.87 -0.41 Inf -0.24 -0.04 -0.04 0.43
i 0. 06 0.06 -1.09 -0.80 1.22 -1.76 0.43 -1.67 -1.25 -0.24 Inf -1.32 0.45 -0.56
g -1.85 1.32 -0.95 -1.04 1.58 -1.35 2.67 -2.87 -1.06 -0.04 -1.32 Inf 2.67 0.56
IR 2.98 -1.96 0.45 0.93 -0.75 0.41 -3.37 1. 46 0.39 -0.04 0.45 2.67 Inf -1.19
SR 2.34 -1.91 -0.22 0.85 0.22 -0.47 -1.62 0.49 -0.47 0.43 -0.56 0.56 -1.19 Inf
T Inf R UK 30 78 X
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