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[Abstract] Objective To assess the exposure levels of heavy metals, including lead, arsenic, mercury, and
cadmium, in the local population in Sichuan and Chonggqing, China, to compare and analyze the differences in reference
intervals (RIs) obtained from direct and indirect sampling methods, and to explore the interchangeability and limitations
of these two sampling methods. Methods RIs were obtained by the direct sampling method and the indirect sampling
method. In the direct sample method, the levels of blood arsenic, urinary cadmium, urinary mercury, and blood lead levels
of 5562 healthy participants aged 22-50 years in Sichuan and Chongqing, China were measured by atomic absorption
spectrometry and inductively coupled plasma-mass spectrometry. Using the human biomonitoring (HBM) data, we
established RIs for the population by a nonparametric method. On the other hand, in the indirect sampling method, RIs
were established via a nonparametric method based on data from the laboratory information system (LIS) of a local
hospital after stratifying healthy individuals using a Gaussian mixture model (GMM). Comparative analysis of the RIs
derived from the two sampling methods were then conducted. Results The RI for blood arsenic was 0.11-1.3 pmol/L.
The RI for urinary cadmium was 0.51-2.80 pumol/mol creatine for adults aged 22 to under 43 years and 0.66-
2.96 umol/mol creatine for adults aged 43-50 years. The RI for urinary mercury was 0.12-1.10 pmol/mol creatine. The RI
for blood lead was 14.00-47.00 ug/L for adults aged 22 to under 41 year, 16.00-53.38 ug/L for males aged 41-50 year, and
15.00-51.02 ug/L for females aged 41-50 year. Most of the Rls established by the direct sampling method had a narrower
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range compared to those established by the indirect sampling method, and the RIs established by both sampling methods

were partially biased. Conclusions The RIs for blood arsenic, urine cadmium, urine mercury, and blood lead in healthy

individuals aged 22-50 years in Sichuan and Chongqing, China were established using both direct and indirect sampling

methods, which contributes to a better understanding of environmental exposure to metals in the general population and

provides a reference for metal poisoning. For data from the same lab, the GMM-based indirect sampling method

demonstrated relatively consistent performance in establishing RIs compared with the direct sampling method.
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The HBM data

7 930 Total

(1 406 Excluded for having 1
unhealthy conditions
6 524 Healthy
individuals
962 Excluded

Age <22yr.or>50yr.

5562 Age = 22 yr.
and < 50 yr.

317 Outliers excluded
8 Blood Pb

178 Urine Cd

26 Urine Hg

105 Blood Pb

h

Data after cleaning
1356 Blood As
1314 Urine Cd
1219 Urine Hg
4907 Blood Pb

The LIS data

17 126 Total

(3368 Excluded for having missing )
data or extreme values

vl

13 758 Valid data

3659 Excluded
Age <22 yr.or > 50 yr.

10 099 Age = 22 yr.
and < 50 yr.

264 Outliers excluded
23 Blood Pb

202 Urine Cd

20 Urine Hg

19 Blood Pb

A

Data after cleaning
1937 Blood As
1563 Urine Cd
2946 Urine Hg
9 244 Blood Pb

1 B EREE (A) MEEE (B) BISEXENRE

Fig 1 Process for establishing reference intervals through direct (A) and indirect (B) sampling methods
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Table1 Original distributions of As, Cd, Hg, and Pb in the blood and urine
Group LIS sample size Mean SD HBM sample size Mean SD
Blood As/(pmol/L)
22-50 yr. 1937 0.47 0.32 1356 0.46 0.29
Urine Cd/(umol/mol creatine)
22-< 43 yr. 1280 1.43 0.71 1126 1.40 0.66
43-50 yr. 283 1.73 0.89 188 1.61 0.70
Urine Hg/(umol/mol creatine)
22-50 yr. 2946 4.36 12.22 1219 0.43 0.24
Blood Pb/(ug/L)
22-<41yr. 6671 58.13 85.48 4545 26.99 8.47
41-50 yr. (male) 1413 157.28 142.78 472 31.42 9.96
41-50 yr. (female) 1160 106.70 108.95 440 29.97 10.26
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Fig 2 The distributions of As, Cd, Hg, and Pb

The distributions of As, Cd, Hg, and Pb are shown separately for males (blue) and females (red).
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Table2 Distribution parameters of heavy metals in the Gaussian

mixture model

Group A 12 g
Blood As/(pmol/L)
22-50 yr. 0.791 0.354 0.166

Urine Cd/(umol/mol creatine)

22-<43yr. 0.865 1.240 0.416

43-50 yr. 0.793 1.380 0.439
Urine Hg/(umol/mol creatine)

22-50 yr. 0.766 0.418 0.253
Blood Pd/(pg/L)

22-<41yr. 0.848 30.900 13.600

41-50 yr. (male) 0.403 34.800 13.800

41-50 yr. (female) 0.513 33.900 14.600

A: the mixed coefficient; y: the mean; o: the standard deviation.
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Sampling method Direct method Indirect method
i i
Hg/(pumol/L): 20 - 50 yr. - :
| |
Cd/(umol/L): 22 - < 43 yr. i :
I
| |
Cd/(umol/L): 43 - 50 yr. ' :
| |
1 I
As/(umol/L): 22 - 50 yr. : :
1 I
1 1 1 1 1 1
0 0.2 0.4 0.6 0 1 2 3
i i
1 1
Pd/(umol/L): 22 - < 41 yr. ! !
i |
] I
1 I
Pb/(umol/L): Male 41 - 50 yr. : '
i :
1 1
1 I
Pb/(pumol/L): Female 41 - 50 yr. - '
i |
1 L L L ] L L L
0 5 10 15 45 50 55 60
Lower limit (95% CI) Upper limit (95% CI)

B 3 @i EEE ERERGHILRIRE R 8K BHSEXERN L. TREE0%ERFXE
Fig 3 Reference intervals of As and Pb in the blood and Cd and Hg in the urine acquired by direct and indirect sampling methods

x3 BUEBRENEEREIEINM. B R IBSEXENRELE
Table 3 Bias ratio of reference intervals of As, Cd, Hg, Pb established by

direct and indirect sampling methods

Group BR;. BRy,
Blood As/(umol/L)
22-50 yr. —0.26 —2.04

Urine Cd/(pumol/mol creatine)

22-< 43 yr. —0.15 —1.27

43-50 yr. —0.24 —1.23
Urine Hg/(umol/mol creatine)

22-50 yr. —0.80 —0.76
Blood Pb/(ug/L)

22-<41yr. —1.16 1.25

41-50 yr. (male) —0.87 0.89

41-50 yr. (female) —1.06 1.25

BR: bias ratio; LL: lower limit; UP: upper limit.
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