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2. Materials and Methods

2.1 Sampling Sites

The town of Kabwe is located at about 28o26’ E and 14o27’ S, and is the provincial capital of Zambia’s Central Province. It is the fourth largest town in Zambia, with a population about 230,000 inhabitants and an area of 1547 km2. In Kabwe, metal scraps from abandoned tailings and waste stored in the mine have continued to serve as potential sources of metal pollution even after the closure of the mine. Dust emanates from the mine dumps, and residents in townships close to the mine may be exposed to high levels of Pb in contaminated dust and soil. The present study was conducted at health centers in four sites near the mine (Kasanda, Makululu, Chowa and Katondo) and one site far from the mine (Bwacha) in the period from January to March of 2017 (Fig. 1). Kasanda, Makululu, Chowa, Katondo, and Bwacha health centers were located about 0.9, 2.6, 1.4, 4.5, and 6.1 km from the mine, respectively.
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Fig. 1. Map of the sampling sites in Kabwe, Zambia (image modified from Google Earth). 

2.2 Sampling

This study was approved by the University of Zambia Research Ethics Committee (UNZAREC; REF. No. 012-04-16). Further approvals were granted by the Ministry of Health through the Zambia National Health Research Ethics Board and the Kabwe District Health Office.

A sensitization campaign about the research activities was conducted by community health workers before sampling in their catchment areas around the health centers. Mothers and guardians were encouraged to participate in the study, and were asked to take their breastfed infants under the age of 1 year and 6 months to the selected health centers for sample collection. Only infants with mothers/guardians that willingly agreed to participate and signed the informed consent were included in the present study. After informed and written consent were obtained from the mothers/guardians, blood samples were collected as described by Yabe et al. (2015). The mothers/guardians were also interviewed to obtain necessary personal details about themselves and their infants, such as age and sex. Sample collection and questionnaire administration were undertaken by certified local nurses. In accordance with ethical requirements, confidentiality was upheld in the study.

Blood samples up to 2 mL and 5 mL were collected from the cephalic veins of each infant and mother, respectively, and were placed into heparinized blood collection tubes for laboratory analysis. The venipuncture site was carefully cleaned and sanitized with an ethanol swab to avoid contamination before blood sample collection. Breastmilk samples from mothers were collected in clean sample cups and transferred to 2 mL sample tubes for storage and transportation. To avoid sample contamination, all sample collection supplies were stored in plastic Ziploc® storage bags before sampling. Plasma samples were separated only from the mothers’ blood after centrifugation. For infants’ fecal samples, mothers/guardians were handed 30 mL stool containers equipped with scoops and were instructed to scoop feces into the container from a used diaper in the morning of the following day. Household soil samples were collected in June 2016 from Kasanda (n = 12) and Makululu (n = 20) as a reference of environmental samples for Pb stable isotope analysis, as described previously (Nakayama et al., 2011).

The processed samples were transported to the laboratory of The University of Zambia, School of Veterinary Medicine, Zambia, and stored at −20 °C. The material transfer agreement (MTA) for human samples from the Zambia National Health Research Ethics Committee (approval No. E00417) was obtained before transportation. Similarly, the phytosanitary certificate from plant quarantine and phytosanitary service, Zambia Ministry of Agriculture, and import permission by plant protection station, Japanese Ministry of Agriculture, Forestry and Fisheries (approval No. 28–313) was also granted for soil samples. The human samples were transported in temperature-controlled boxes with ice packs, and the soil samples in temperature-controlled boxes, for further analysis at the Toxicology Laboratory at the Faculty of Veterinary Medicine, Hokkaido University, Japan.

2.3 Pb and Metal Concentration Analysis

Pb and other metals (iron (Fe), copper (Cu), zinc (Zn), and silver (Ag)) were extracted from the samples. Thawed fecal and bulk soil samples were weighed on heat-resistant tissue drying plates and dried for 48 h in a tissue drying oven at 60 °C, whereas whole blood and breastmilk samples were only thawed. In brief, 1 mL of each blood and breastmilk sample and 50 mg of each dried fecal and soil sample were placed separately in prewashed digestion vessels with 5 mL of two-fold diluted ultrapure nitric acid (Cica reagent, Specific gravity of 1.38, 60%; Kanto Chemical Corp., Tokyo, Japan) and 1 mL of ultrapure hydrogen peroxide (Cica reagent, 30%; Kanto Chemical Corp.). Microwave digestion was performed using a Speedwave MWS-2 (Berghof, Eningen, Germany) according to the instructions of the manufacturer, as previously described (Supplementary Table S1; Nakata et al., 2016; Yabe et al., 2015). The concentrations of Pb and other metals were analyzed by inductively coupled plasma mass spectrometry (ICP-MS, 7700 series; Agilent Technologies, Tokyo, Japan). Analytical quality control was conducted using Seronorm™ Trace Elements Whole Blood L-2 (Sero, Billingstad, Norway), SRM 1944 (New York/New Jersey Waterway Sediment), and DOLT-4 (dogfish liver; National Research Council of Canada) certified reference materials. Replicate analyses of these reference materials showed good recovery rates (Seronorm™ Trace Elements Whole Blood L-2 and DOLT-4: 95–105% and SRM 1944: 80–110%). A detection limit of 0.04 µg/L was obtained using standard solutions.

2.4 Calculation of Daily Intake of Pb in Infants through Breastfeeding and Soil Ingestion

Daily intake of Pb in infants through breastfeeding and soil ingestion was calculated. The calculation was conducted using the maximum, mean, and minimum Pb concentrations in breastmilk and soil samples in the present study using the formulas below. The amounts of daily breastmilk intake and soil ingestion in infants were set as 0.78 L/day and 30 mg/day reported by Costa et al. (2010) and United States Environmental Protection Agency (US EPA, 2011), respectively.

Daily intake of Pb = (Pb concentrations in breastmilk × Amount of daily breastmilk intake) + (Pb concentrations in soil × amount of daily soil ingestion)

In the present study, 0.5 μg/kg bw/day was used as the reference value as the limit of daily intake of Pb for infants (EFSA, 2010).

2.5 Stable Pb Isotope Analysis

Only 26 sample sets with high Pb concentrations of infants’ and mothers’ blood, breastmilk, and infants’ feces from Kasanda and Makululu, were chosen and analyzed during Pb isotope analysis as well as 32 soil samples. The following procedures were performed in the class 100 clean room. The blank Pb levels in this room was approximately 30 pg only. The sample dissolution procedure was similar to previously described methods (Kuritani and Nakamura, 2002; Nakayama et al., 2019). One drop (~ 30 µL) of 0.05 N phosphoric acid (Orthophosphoric acid 85%, Merck KGaA, Darmstadt, Germany) was added to the tubes to avoid complete dryness prior to evaporation. The mixed solution was dried for 15 hours in an oven at 100°C. After evaporation, three drops (~ 90 µL) of 8 N hydrogen bromide (once-distilled, Analytical Grade 48%, Kanto Chemical Corp.) was added into the tubes. The tubes were placed in an oven at 120°C for 1 hour for re-drying. At the final step of pre-treatment before applying to the column, 0.3 mL of 0.5 N hydrogen bromide was introduced into the tube to dissolve residues. 0.1 mL of an anion exchange resin (AG1-X8, analytical grade, 200-400 mesh, chloride form; Bio-Rad, Hercules, USA) was charged into a polyethylene column. The cleaning of the resin bed was conducted by flushing the column with 1.0 ml of 0.5 N nitric acid followed by 1.0 mL of double distilled deionized water, at a rate of ~0.03 mL/min. 0.2 mL of 0.5 N hydrogen bromide was then used for the column conditioning. The sample dissolved in 0.3 mL of 0.5 N hydrogen bromide was loaded onto the column. With the intent to wash out residual organic compounds which were originally from blood samples, 0.3 mL of 0.5 N hydrogen bromide was introduced twice. Subsequently, 0.8 mL of 0.25 N hydrogen bromide-0.5 N nitric acid mixed acid was applied to the column to remove the elements except for Pb. Finally, the column was again washed with 0.1 mL of double distilled deionized water. After all cleaning procedures, 1.3 mL of 3% nitric acid was introduced to drop out Pb from resin. 30 µL of 5 mg/L thallium (Tl) was added to Pb eluted solution as an external standard of analytical procedure. The beam intensities of 203Tl and 205Tl are typically 5V and 12V, respectively. The extracted solutions of samples were transferred into Teflon tubes after the Pb concentrations were analyzed. The ratios of 208Pb/206Pb, 207Pb/206Pb, 208Pb/204Pb, 207Pb/204Pb, and 206Pb/204Pb were determined using a multiple collector (MC)-ICP-MS (Neptune Plus, Thermo Finnigan, California, USA) in static mode with Faraday cup configuration (Nakayama et al., 2019). Other general parameters are provided in Supplementary Table S2. Mass fractionation factors were corrected using Tl as an external standard. Additional external corrections were performed by applying a standard bracketing method using NIST981, and normalizing to 206Pb/204Pb = 16.9424, 207Pb/204Pb = 15.5003, and 208Pb/204Pb = 36.7266 (Kuritani and Nakamura, 2003). More details about external correction for isotopic ratios involving 204Pb ratios are described below.
Supplementary Figure S1 shows the results of replicate analyses on NIST981 for variable sample sizes (n = 5 for each sample size). As the beam intensity of 208Pb decreases from ~5V, the 206Pb/204Pb ratios tend to deviate significantly from the recommended ratio, and the analytical reproducibility also tends to worsen. We found that the variations of the isotopic ratios and the analytical errors (2) with the 208Pb beam intensity can be approximated using power functions as follows: 
For isotopic ratios:

206Pb/204Pb：　16.9424-{0.010785×(208Pb intensity, V)-1.1134}

207Pb/204Pb：　15.5003-{0.010801×(208Pb intensity, V)-1.1228}

208Pb/204Pb：　36.7266-{0.023533×(208Pb intensity, V)-1.2089}

For analytical errors:

206Pb/204Pb：　0.0102110×(208Pb intensity, V)-1.0765

207Pb/204Pb：　0.0093576×(208Pb intensity, V)-1.0463

208Pb/204Pb：　0.0225340×(208Pb intensity, V)-1.0722

Therefore, for unknown samples with 208Pb intensity < 5 V, additional corrections were performed on the externally-corrected isotopic ratios using the above equations (e.g., 206Pb/204Pb = (206Pb/204Pb) externally corrected / [16.9424-{0.010785×(208Pb intensity, V)-1.1134}] × 16.9424), and the analytical errors were also estimated using the above equations. 

2.6 Plasma Biochemical Analysis and Metallothionein ELISA

A conventional blood biochemical analyzer (FUJI DRICHEM 7000V; FUJIFILM corporation, Tokyo, Japan) was used to analyze the concentrations of alanine aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), gamma glutamyl transpeptidase (GGT), lactase dehydrogenase (LDH), total bilirubin (T-Bil), total protein (TP), albumin (Alb), blood urea nitrogen (BUN), creatinine (Cre), and urea acid (UA) in mothers’ plasma samples. Metallothionein in mothers’ plasma samples was measured by ELISA using an antibody against iso-Metallothionein I and II (Metallothionein ELISA kit; Frontier Institute Co., Ltd., Hokkaido, Japan). The standard reference ranges for each parameter in humans were provided by the kit manufacturers.

2.7 Statistical Analysis

All data from the experiments and questionnaires were combined into a single electronic database and checked for accuracy and outliers. All statistical analyses were performed at a significance level of p < 0.05 using JMP 13.1.0 (SAS Institute, USA). Mean values were indicated in addition to standard deviation (SD) values. The collinearity between factors was analyzed using Spearman’s rank correlation test. A Steel–Dwass multiple comparisons test was used to compare the differences between the factors among areas and samples.
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Supplementary Fig. S1. The results of replicate analyses on NIST981 for variable sample sizes, showing the average 206Pb/204Pb ratios with error bars (2) as a function of the 208Pb beam intensity (V).
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Supplementary Fig. S2. Relationship between blood lead levels (BLLs) in infants and mothers (S2a), BLLs in infants and Pb concentrations in breastmilk (S2b), BLLs in infants and Pb concentrations in infants’ feces (S2c), and BLLs in mothers and Pb concentrations in breastmilk (S2d). The blue, red, orange, violet, and green circles indicate samples from Kasanda, Makululu, Chowa, Katondo, and Bwacha, respectively.
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Supplementary Fig. S3. Relationship between blood lead levels (BLLs) in infants and age of infants (months). The blue, red, orange, violet, and green circles indicate samples from Kasanda, Makululu, Chowa, Katondo, and Bwacha, respectively.
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Supplementary Fig. S4. Relationship between Pb concentrations and Pb isotope ratios of 208/204 (S4a), 207/204 (S4b), and 206/204 (S4c). The blue circle, red triangle, green square, and orange rhombus markers indicate infants’ blood, mothers’ blood, breastmilk, and infants’ fecal samples, respectively.
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Supplementary Fig. S5. Pb isotope ratios (S5a: 208Pb/206Pb and 207Pb/206Pb and S5b: 208Pb/204Pb, and 207Pb/204Pb) in different samples from Kasanda and Makululu. The mean values are shown with error bars indicating the SD. The triangle, square, circle, rhombus, and cross markers indicate infants’ blood, mothers’ blood, breastmilk, infants’ fecal, and soil samples from Kasanda and Makululu, respectively. The reference value of Kabwe galena was obtained from a report by Kamona et al. (1999) and is indicated by a plus sign.
Supplementary Table S1. Microwave operating conditions for blood, breastmilk, infants’ feces, and soil digestions.

	Blood and breastmilk
	Infants’ feces and soil

	Temperature (°C)
	Time (min)
	Temperature (°C)
	Time (min)

	160
	5
	150
	5

	190
	10
	175
	5

	75
	10
	200
	20

	
	
	180
	10


Supplementary Table S2. MC-ICP-MS operating conditions for Pb stable isotope analysis.

	Detector
	Mass

	  L3
	202Hg

	  L2
	203Tl

	  L1
	204Pb

	  Center or axial
	205Tl

	  H1
	206Pb

	  H2
	207Pb

	  H3
	208Pb

	Frontend parameters
	

	  Resolution
	Low

	  Cool gas (L/min)
	16

	  Auxiliary gas
	0.7

	  Typical sample gas flow (L/min)
	1.1-1.2

	  PFA nebulizer uptake rates (µL/min)
	~200

	  Typical forward power (W)
	1200

	Note: L = low mass side, H = high mass side


Supplementary Table S3. Differences in characteristics between boys and girls in the present study in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).

	Area

(N)
	Age of infants, months
	Height, cm
	Weight, kg
	Age of mothers, years

	
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls

	Overall

(418)
	7.3 ± 3.9

(221, 0.1–16.8)
	7.0 ± 3.8

(196, 0.1–16.7)
	65.6 ± 7.9**

(186, 45.0–95.0)
	62.3 ± 7.2

(175, 47.0–86.0)
	7.6 ± 1.7 **

(216, 3.5–11.9)
	7.0 ± 1.6

(195, 1.9–12.1)
	26.2 ± 6.5

(218, 16.6–45.9)
	26.1 ± 6.4

(194, 16.3–46.1)

	Near the mine

(333)
	7.4 ± 4.1

(171, 0.1–16.8)
	7.0 ± 3.9

(161, 0.1–16.7)
	66.3 ± 8.5 **

(138, 45.0–95.0)
	62.7 ± 7.1

(142, 47.0–84.0)
	7.5 ± 1.7 **

(168, 3.5–11.9)
	6.9 ± 1.6

(161, 1.9–12.1)
	26.2 ± 6.6

(169, 16.8–45.9)
	26.1 ± 6.6

(160, 16.3–46.1)

	   Kasanda

   (82)
	7.4 ± 3.8

(43, 1.2–16.7)
	7.2 ± 3.9

(39, 0.6–15.8)
	65.9 ± 8.8

(38, 53.0–95.0)
	62.9 ± 7.9

(36, 49.0–84.0)
	7.9 ± 1.3 *

(40, 5.0–10.0)
	7.3 ± 1.7

(39, 4.0–12.1)
	27.2 ± 6.8

(43, 17.4–41.0)
	27.0 ± 6.8

(39, 18.1–45.4)

	   Makululu

   (102)
	8.2 ± 3.9

(44, 1.5–15.0)
	7.3 ± 3.5

(58, 1.5–16.7)
	65.5 ± 8.0 **

(44, 45.0–85.0)
	61.4 ± 5.4

(58, 47.0–71.0)
	7.8 ± 1.5 **

(44, 4.4–11.9)
	7.1 ± 1.2

(57, 4.1–9.0)
	26.5 ± 7.5

(44, 17.1–45.9)
	26.0 ± 6.7

(58, 16.6–45.2)

	   Chowa

   (58)
	 5.3 ± 3.8

(35, 0.1–15.2)
	5.3 ± 4.1

(23, 0.1–14.5)
	56.4 ± 8.4

(7, 49.0–67.0)
	56.0 ± 6.0

(6, 50.0–66.0)
	5.6 ± 1.2

(35, 3.5–8.1)
	5.6 ± 1.6

(23, 3.6–8.7)
	27.4 ± 6.4

(35, 18.0–39.8)
	26.2 ± 6.2

(23, 17.6–41.8)

	   Katondo

   (91)
	8.1 ± 4.3

(49, 1.4–16.8)
	7.2 ± 4.1

(41, 0.9–14.7)
	68.8 ± 7.8

(49, 52.0–94.0)
	65.9 ± 7.3

(42, 48.0–77.0)
	8.3 ± 1.6 **

(49, 5.1–11.1)
	7.2 ± 1.7

(42, 1.9–9.9)
	24.1 ± 5.4

(47, 16.8–43.1)
	25.3 ± 6.5

(40, 16.3–46.1)

	Bwacha

(85)
	7.0 ± 3.1

(50, 1.6–12.8)
	6.8 ± 3.5

(35, 1.8–13.5)
	63.4 ± 5.5

(48, 53.0–76.0)
	62.4 ± 8.1

(33, 51.0–86.0)
	7.9 ± 1.4 *

(48, 4.6–11.4)
	7.2 ± 1.7

(34, 4.6–10.8)
	26.3 ± 6.3 

(49, 16.6–43.3)
	26.0 ± 5.5

(34, 17.0–38.9)


Note: * and ** indicate p < 0.05 and p < 0.01 between boys and girls, respectively.
Supplementary Table S4. Pb concentration ratios among samples.

	Area
	Pb in infants’ blood/mothers’ blood (times higher)
	Pb in infants’ blood/breastmilk 

(times higher)
	Pb in infants’ blood/infants’ feces (%)
	Pb in breastmilk/mothers’ blood (%)

	Overall
	1.8 ± 1.5

(405, 0.2–11.2)
	60.2 ± 67.6

(395, 1.1–623.2)
	5.3 ± 7.4

(210, 0.01–68.7)
	5.6 ± 8.0

(406, 0.3–67.8)

	Near the mine
	1.9 ± 1.6

(321, 0.2–11.2)
	65.8 ± 72.8

(312, 1.1–623.2)
	4.6 ± 6.4

(160, 0.01–39.5)
	5.4 ± 7.6

(324, 0.3–67.0)

	Bwacha
	1.3 ± 1.1

(84, 0.2–5.3)
	38.8 ± 36.1

(83, 1.9–246.0)
	7.7 ± 9.8

(50, 0.03–68.7)
	6.5 ± 9.5

(82, 1.1–67.8)


Supplementary Table S5. Differences in Pb concentrations in samples (μg/dL) between boys and girls in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).

	Area

(N)
	BLLs in infants, μg/dL
	BLLs in mothers, μg/dL
	Pb in breastmilk, μg/L
	Pb in infant’s feces, mg/kg dry weight

	
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls

	Overall

(418)
	19.1 ± 20.6

(213, 1.0–93.4)
	16.9 ± 14.9

(193, 0.8–83.8)
	11.1 ± 9.0

(220, 2.0–82.6)
	11.6 ± 9.4

(197, 1.5–67.3)
	5.6 ± 7.7

(215, 0.4–51.9)
	4.9 ± 6.2

(192, 0.5–50.4)
	23.0 ± 61.9

(113, 0.08–451.0)
	57.7 ± 311.5

(99, 0.1–3002.7)

	Near the mine

(333)
	23.3 ± 21.9

(163, 1.6–93.4)
	19.5 ± 15.1

(158, 1.7–83.8)
	12.9 ± 9.3

(171, 2.3–82.6)
	13.1 ± 9.6

(162, 1.9–67.3)
	6.5 ± 8.3

(167, 0.4–51.9)
	5.5 ± 6.6

(157, 0.5–50.4)
	30.4 ± 71.1

(82, 0.09–451.0)
	68.4 ± 345.5

(80, 0.1–3002.7)

	   Kasanda

   (82)
	27.7 ± 24.5

(41, 5.6–93.4)
	21.7 ± 16.1

(39, 3.7–83.8)
	17.1 ± 12.7

(43, 2.3–82.6)
	14.2 ± 7.4

(39, 4.8–51.2)
	9.5 ± 8.6

(41, 1.9–41.3)
	8.9 ± 9.3

(38, 1.9–50.4)
	53.2 ± 117.9

(14, 0.6–451.0)
	24.4 ± 45.3

(14, 1.2–174.2)

	   Makululu

   (102)
	37.5 ± 23.8 *

(44, 7.9–82.7)
	25.8 ± 13.2

(58, 5.6–70.9)
	16.7 ± 7.5

(44, 7.8–39.6)
	18.3 ± 11.7

(58, 3.3–67.3)
	8.0 ± 8.0

(44, 1.1–40.2)
	6.4 ± 6.3

(56, 1.3–36.2)
	53.1 ± 78.3

(30, 2.3–375.9)
	105.0 ± 479.1

(39, 1.1–3002.7)

	   Chowa

   (58)
	15.7 ± 14.6

(30, 3.5–62.3)
	15.7 ± 17.1

(19, 3.2–57.1)
	11.6 ± 6.3

(35, 3.3–36.2)
	10.6 ± 5.9

(23, 3.0–25.9)
	6.3 ± 8.0

(34, 1.4–42.1)
	4.5 ± 3.5

(23, 1.3–13.3)
	3.6 ± 6.5 *

(17, 0.09–27.6)
	70.3 ± 205.3

(14, 0.1–780.4)

	   Katondo

   (91)
	11.1 ± 9.4

(48, 1.6–39.0)
	10.6 ± 10.6

(42, 1.7–51.0)
	6.6 ± 3.9

(49, 2.4–21.6)
	6.0 ± 3.0

(42, 1.9–13.5)
	2.8 ± 7.4

(48, 0.4–51.9)
	1.6 ± 1.3

(40, 0.5–6.5)
	4.6 ± 4.9

(21, 0.1–14.8)
	4.1 ± 5.5

(13, 0.3–19.4)

	Bwacha

(85)
	5.5 ± 4.1

(50, 1.0–22.0)
	4.7 ± 4.2

(35, 0.8–17.3)
	4.8 ± 3.1

(49, 2.0–21.1)
	4.7 ± 3.8

(35, 1.5–23.1)
	2.5 ± 3.6

(48, 0.6–17.9)
	1.9 ± 1.7

(35, 0.5–6.7)
	3.5 ± 12.3

(31, 0.08–68.7)
	12.5 ± 42.1

(19, 0.1–184.0)


Note: * and ** indicate p < 0.05 and p < 0.01 between boys and girls, respectively. BLL, blood lead level. 

Supplementary Table S6.  Fe concentrations in blood, breastmilk and fecal samples in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).
	Area

(N)


	Fe in infants’ blood, mg/L
	Fe in mothers’ blood, mg/L
	Fe in breastmilk, μg/L
	Fe in infants’ feces,

mg/kg dry weight

	Overall

(418)
	356.3 ± 61.9 A
(406, 125.1–585.1)
	464.4 ± 59.1 B
(417, 213.3–648.6)
	425.0 ± 315.2 C
(407, 52.9–3549.7)
	1755.3 ± 4834.8 AB
(212, 23.2–57287.7)

	Near the mine

(333)
	350.4 ± 62.7 **, A
(321, 125.1–585.1)
	456.5 ± 56.4 **, B
(333, 213.3–602.2)
	433.4 ± 321.0 *, C
(327, 67.3–3550.0)
	2012.4 ± 5393.9 AB
(162, 23.3–57287.7)

	   Kasanda

   (82)
	336.3 ± 69.4 a, A
(80, 125.0–585.0)
	443.0 ± 64.1 a, B
(82, 226.3–588.9)
	467.2 ± 428.2 C
(79, 67.3–3549.7)
	928.4 ± 1229.2 abc, AB
(28, 71.8–4751.0)

	   Makululu

   (102)
	348.0 ± 47.8 ac, A
(102, 188.4–471.2)
	466.4 ± 55.2 a, B
(102, 268.7–567.3)
	440.6 ± 276.4 C
(100, 117.5–2060.0)
	2990.8 ± 7544.1 a, B
(70, 50.6–57287.7)

	   Chowa

   (58)
	355.0 ± 74.1 abc, A
(49, 196.6–552.2)
	458.5 ± 60.5 a, B
(58, 213.2–602.0)
	433.1 ± 299.1 C
(57, 80.4–1307.0)
	1213.5 ± 3764.2 b, D
(31, 23.2–20327.5)

	   Katondo

   (91)
	363.1 ± 62.8 bc, A
(90, 210.8–547.4)
	456.2 ± 50.0 a, B
(91, 353.0–555.1)
	395.0 ± 266.2 C
(88, 77.1–1872.1)
	1607.3 ± 2279.0 ac, AB
(33, 63.4–9461.8)

	Bwacha

(85)
	378.8 ± 53.2 b, A
(85, 225.8–484.0)
	495.6 ± 59.6 b, B
(84, 259.5–648.6)
	392.1 ± 290.8 C
(83, 52.9–1439.5)
	922.2 ± 2033.3 bc, A
(50, 49.1–13337.9)


Note: ** indicates a significant difference (p < 0.01) between sites near the mine and Bwacha. Various small letters indicate a significant difference among areas (p < 0.05). Various capital letters indicate a significant difference among infants’ and mothers’ blood, breastmilk, and infants’ feces (p < 0.05).

Supplementary Table S7.  Cu concentrations in blood, breastmilk and fecal samples in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).

	Area

(N)


	Cu in infants’ blood, mg/L
	Cu in mothers’ blood, mg/L
	Cu in breastmilk, μg/L
	Cu in infants’ feces,

mg/kg dry weight

	Overall

(418)
	 1.4 ± 0.3 A
(406, 0.5–2.3)
	1.3 ± 0.3 B
(417, 0.6–2.4)
	272.2 ± 139.0 C
(407, 40.6–951.1)
	37.0 ± 27.4 D
(212, 2.3–185.0)

	Near the mine

(333)
	1.4 ± 0.3 A
(321, 0.5–2.3)
	1.1 ± 0.2 **, B
(333, 0.6–2.4)
	272.4 ± 146.8 C
(324, 40.6–951.1)
	35.7 ± 26.4 D
(162, 2.3–185.0)

	   Kasanda

   (82)
	1.4 ± 0.3 ac, A
(80, 0.6–2.2)
	1.2 ± 0.2 a, B
(82, 0.8–2.4)
	279.0 ± 137.4 C
(79, 40.6–716.3)
	35.2 ± 37.3 D
(28, 2.3–185.0)

	   Makululu

   (102)
	1.5 ± 0.3 b, A
(102, 0.8–2.3)
	1.2 ± 0.2 ac, B
(102, 0.8–2.0)
	255.0 ± 107.1 C
(100, 79.7–544.6)
	33.6 ± 20.4 D
(69, 8.1–100.3)

	   Chowa

   (58)
	1.2 ± 0.4 c, A
(49, 0.5–2.3)
	1.2 ± 0.3 ac, A
(58, 0.6–2.3)
	333.3 ± 228.5 B
(57, 76.1–951.1)
	44.1 ± 27.4 C
(31, 9.3–136.6)

	   Katondo

   (91)
	1.3 ± 0.3 ac, A
(90, 0.8–1.9)
	1.0 ± 0.2 b, B
(91, 0.7-1.8)
	246.8 ± 113.5  C
(88, 47.2–630.3)
	32.9 ± 25.2 D
(34, 12.3–126.8)

	Bwacha

(85)
	1.5 ± 0.3 ab1, A
(85, 0.9–2.3)
	1.2 ± 0.2 c, B
(84, 0.7–1.7)
	271.3 ± 103.9 C
(83, 85.2–670.3)
	41.2 ± 30.3 D
(50, 8.0–179.3)


Note: ** indicates a significant difference (p < 0.01) between sites near the mine and Bwacha. Various small letters indicate a significant difference among areas (p < 0.05). Various capital letters indicate a significant difference among infants’ and mothers’ blood, breastmilk, and infants’ feces (p < 0.05).

Supplementary Table S8.  Zn concentrations in blood, breastmilk and fecal samples in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).
	Area

(N)


	Zn in infants’ blood, mg/L
	Zn in mothers’ blood, mg/L
	Zn in breastmilk, mg/L
	Zn in infants’ feces,

mg/kg dry weight

	Overall

(418)
	2.9 ± 1.0 A
(406, 1.3–7.1)
	5.7 ± 1.1 B
(417, 2.4–8.7)
	1.6 ± 1.1 C
(407, 0.2–7.5)
	330.3 ± 562.2 D
(212, 20.2–7276.5)

	Near the mine

(333)
	3.0 ± 1.1 A
(321, 1.3–7.1)
	5.6 ± 1.1 **, B
(333, 2.4–8.6)
	1.6 ± 1.1 C
(324, 0.2–7.5)
	348.6 ± 626.8 D
(162, 20.9–7276.5)

	   Kasanda

   (82)
	2.8 ± 1.1 ab, A
(80, 1.4–7.1)
	5.4 ± 1.2 a, B
(82, 2.4–7.8)
	1.4 ± 0.9 a, C
(79, 0.2–4.2)
	637.3 ± 1387.6 ab, D
(28, 20.9–7276.5)

	   Makululu

   (102)
	3.1 ± 1.0 ac, A
(102, 1.3–6.3)
	5.6 ± 1.2 a, B
(102, 2.7–8.6)
	1.5 ± 0.8 a, C
(100, 0.3–3.6)
	263.6 ± 168.0 a, D
(69, 30.8-970.2)

	   Chowa

   (58)
	2.5 ± 0.7 b, A
(49, 1.4–4.1)
	5.9 ± 1.1 ab, B
(58, 3.6–8.1)
	2.4 ± 1.9 b, A
(57, 0.3–7.5)
	414.5 ± 347.9 a, C
(31, 96.8–1678.3)

	   Katondo

   (91)
	3.3 ± 1.3 c, A
(90, 1.5–7.1)
	5.6 ± 1.0 ab, B
(91, 3.4–8.2)
	1.5 ± 0.8 ab, C
(88, 0.3–3.6)
	224.4 ± 259.9 b, D
(34, 23.2–1204.4)

	Bwacha

(85)
	2.8 ± 0.8 abc, A
(85, 1.7–6.1)
	6.1 ± 1.2 b, B
(84, 3.5–8.7)
	1.6 ± 1.0 ab, C
(83, 0.2–5.1)
	270.2 ± 255.6 ab, D
(50, 20.2–1383.7)


Note: ** indicates a significant difference (p < 0.01) between sites near the mine and Bwacha. Various small letters indicate a significant difference among areas (p < 0.05). Various capital letters indicate a significant difference among infants’ and mothers’ blood, breastmilk, and infants’ feces (p < 0.05).

Supplementary Table S9.  Ag concentrations in blood, breastmilk and fecal samples in Kabwe, Zambia; mean ± SD values (sample size, minimum–maximum).

	Area

(N)


	Ag in infants’ blood, μg/L
	Ag in mothers’ blood, μg/L
	Ag in breastmilk, μg/L
	Ag in infants’ feces,

μg/kg dry weight

	Overall

(418)
	0.3 ± 1.0 A
(406, 0–18.1)
	0.3 ± 1.8 B
(417, 0–34.3)
	0.3 ± 2.6 C
(407, 0–51.0)
	34.3 ± 80.6 D
(212, 0.4–1030.3)

	Near the mine

(333)
	0.3 ± 0.6 A
(321, 0–5.7)
	0.3 ± 1.9 **, A
(333, 0-34.3)
	0.3 ± 2.9 B
(324, 0–51.0)
	31.2 ± 41.1 C
(162, 0–312.2)

	   Kasanda

   (82)
	0.3 ± 0.5 a, A
(80, 0.002–2.5)
	0.3 ± 0.3 a, A
(82, 0.03–1.5)
	0.9 ± 5.8 abc, B
(79, 0–51.0)
	43.5 ± 62.5 C
(28, 0.4–312.2)

	   Makululu

   (102)
	0.2 ± 0.2 a, A
(102, 0–1.9)
	0.3 ± 0.8 b, A
(102, 0.02–8.2)
	0.09 ± 0.08 b, B
(100, 0–0.4)
	33.2 ± 40.5 C
(69, 0.6–226.2)

	   Chowa

   (58)
	0.3 ± 0.3 a, A
(49, 0–1.3)
	0.3 ± 0.2 ab, A
(58, 0–0.9)
	0.1 ± 0.2 b, B
(57, 0–1.0)
	33.9 ± 35.4 C
(31, 6.5–182.5)

	   Katondo

   (91)
	0.3 ± 0.9 b, A
(90, 0–5.7)
	0.5 ± 3.6 c, AB
(91, 0–34.3)
	0.07 ± 0.09 c, B
(88, 0–0.6)
	15.2 ± 8.5 C
(34, 3.0–34.4)

	Bwacha

(85)
	0.5 ± 2.0 a, A
(85, 0–18.1)
	0.3 ± 0.7 ab, A
(84, 0.03–5.6)
	0.2 ± 1.3 abc, B
(83, 0–12.1)
	43.2 ± 145.1 C
(50, 1.6–1030.3)


Note: ** indicates a significant difference (p < 0.01) between sites near the mine and Bwacha. Various small letters indicate a significant difference among areas (p < 0.05). Various capital letters indicate a significant difference among infants’ and mothers’ blood, breastmilk, and infants’ feces (p < 0.05).

Supplementary Table S10. Correlation coefficients (R2) among factors and Pb concentrations in samples in all infants and mothers from sites near the mine.

	
	Age of infants
	Height
	Weight
	Age of mothers
	BLLs in infants
	BLLs in mothers
	Pb in breastmilk
	Pb in infant’s feces

	Age of infants
	
	0.65***
	0.61***
	NS
	0.51***
	NS
	NS
	0.48***

	Height
	
	
	0.79***
	NS
	0.36***
	-0.19**
	-0.13*
	0.25**

	Weight
	
	
	
	NS
	0.42***
	NS
	NS
	0.35***

	Age of mothers
	
	
	
	
	NS
	NS
	NS
	NS

	BLLs in infants
	
	
	
	
	
	0.58***
	0.43***
	0.82***

	BLLs in mothers
	
	
	
	
	
	
	0.53***
	0.48***

	Pb in breastmilk
	
	
	
	
	
	
	
	0.38***

	Pb in infant’s feces
	
	
	
	
	
	
	
	


Note: *, **, and ** indicate p < 0.05, p < 0.01, and p < 0.001, respectively. BLL, blood lead level; NS, not significant

Supplementary Table S11. Correlation coefficients (R2) among factors and Pb concentrations in samples in infants and mothers from Bwacha in the present study.

	
	Age of infants
	Height
	Weight
	Age of mothers
	BLLs in infants
	BLLs in mothers
	Pb in breastmilk
	Pb in infant’s feces

	Age of infants
	
	0.57***
	0.47***
	NS
	0.65***
	NS
	NS
	0.48***

	Height
	
	
	0.65***
	NS
	0.48***
	NS
	NS
	0.36*

	Weight
	
	
	
	NS
	0.42***
	NS
	NS
	0.40**

	Age of mothers
	
	
	
	
	NS
	-0.31**
	NS
	NS

	BLLs in infants
	
	
	
	
	
	0.29**
	NS
	0.68***

	BLLs in mothers
	
	
	
	
	
	
	NS
	NS

	Pb in breastmilk
	
	
	
	
	
	
	
	NS

	Pb in infant’s feces
	
	
	
	
	
	
	
	


Note: *, **, and ** indicate p < 0.05, p < 0.01, and p < 0.001, respectively. BLL, blood lead level; NS, not significant

Supplementary Table S12. Correlation coefficients (R2) among Pb, Fe, Cu, Zn, and Ag concentrations in samples in all infants and mothers in the present study.

	
	Pb in I
	Pb in M
	Pb in BM
	Pb in F
	Fe in I
	Fe in M
	Fe in BM
	Fe in F
	Cu in I
	Cu in M
	Cu in BM
	Cu in F
	Zn in I
	Zn in M
	Zn in BM
	Zn in F
	Ag in I
	Ag in M
	Ag in BM
	Ag in F

	Pb in I
	
	0.68***
	0.52***
	0.83***
	-0.33

***
	NS
	NS
	0.54***
	0.34***
	NS
	-0.23

***
	-0.34

***
	0.35***
	-0.13**
	-0.32
***
	NS
	0.28***
	NS
	NS
	0.19**

	Pb in M
	
	
	0.58***
	0.57***
	-0.21

*
	-0.17

***
	NS
	0.18**
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.16*
	0.14***
	0.10*
	0.12*
	0.25***

	Pb in BM
	
	
	
	0.46***
	-0.11

*
	NS
	0.46***
	NS
	NS
	NS
	0.14**
	NS
	NS
	NS
	NS
	0.27***
	0.17***
	0.10*
	020***
	0.25***

	Pb in F
	
	
	
	
	-0.34
***
	NS
	NS
	0.71***
	0.30***
	NS
	-0.25

***
	-0.28

**
	0.37***
	-0.16

*
	-0.26
***
	NS
	0.24***
	NS
	NS
	0.28***

	Fe in I
	
	
	
	
	
	0.32***
	NS
	-0.31

***
	-0.11

*
	0.15**
	0.26***
	0.24***
	0.15**
	0.20***
	0.24***
	NS
	-0.28
***
	NS
	0.11*
	NS

	Fe in M
	
	
	
	
	
	
	0.10*
	NS
	0.21***
	0.10*
	NS
	NS
	0.16**
	0.37***
	NS
	NS
	NS
	NS
	NS
	NS

	Fe in BM
	
	
	
	
	
	
	
	NS
	NS
	NS
	0.37***
	NS
	NS
	NS
	NS
	0.21**
	NS
	NS
	0.20***
	NS

	Fe in F
	
	
	
	
	
	
	
	
	0.38***
	NS
	-0.28

***
	-0.32

***
	0.44***
	NS
	-0.37
***
	NS
	0.19**
	NS
	-0.23
***
	NS

	Cu in I
	
	
	
	
	
	
	
	
	
	0.20***
	-0.23

***
	-0.14
*
	0.34***
	NS
	-0.25
***
	NS
	0.12*
	NS
	-0.13
**
	NS

	Cu in M
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	NS
	0.21***
	NS
	NS
	0.12*
	0.23***
	NS
	NS

	Cu　in　BM
	
	
	
	
	
	
	
	
	
	
	
	0.40***
	-0.22

***
	NS
	0.44***
	0.24***
	0.12*
	NS
	0.41***
	NS

	Cu in F
	
	
	
	
	
	
	
	
	
	
	
	
	-0.45

***
	0.17*
	0.43***
	0.53***
	-0.24

***
	NS
	0.38***
	0.44***

	Zn in I
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	-0.35

***
	-0.34

***
	NS
	-0.20

***
	-0.25
***
	NS

	Zn in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0..11*
	0.17*
	-0.10

*
	NS
	NS
	NS

	Zn in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.40***
	-0.17

***
	NS
	0.30***
	0.14*

	Zn in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	0.28***
	0.41***

	Ag in I
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.49***
	NS
	NS

	Ag in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.28***
	0.16*

	Ag in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.30***

	Ag in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: I, M, BM, and F indicate infants’ blood, mothers’ blood, breastmilk, and infants’ feces, respectively. *, **, and ** indicate p < 0.05, p < 0.01, and p < 0.001, respectively. BLL, blood lead level; NS, not significant

Supplementary Table S13. Correlation coefficients (R2) among Pb, Fe, Cu, Zn, and Ag concentrations in samples in infants and mothers from Near the mine in the present study.

	
	Pb in I
	Pb in M
	Pb in BM
	Pb in F
	Fe in I
	Fe in M
	Fe in BM
	Fe in F
	Cu in I
	Cu in M
	Cu in BM
	Cu in F
	Zn in I
	Zn in M
	Zn in BM
	Zn in F
	Ag in I
	Ag in M
	Ag in BM
	Ag in F

	Pb in I
	
	0.58***
	0.43***
	0.82***
	-0.27
***
	NS
	NS
	0.61***
	0.49***
	0.12*
	-0.25
***
	-0.35
***
	0.41***
	NS
	-0.42
***
	NS
	0.35***
	NS
	-0.17
**
	0.22***

	Pb in M
	
	
	0.53***
	0.48***
	-0.12
*
	NS
	NS
	NS
	0.16**
	0.13*
	NS
	NS
	NS
	NS
	NS
	NS
	0.20***
	0.21***
	NS
	0.29***

	Pb in BM
	
	
	
	0.38***
	NS
	NS
	0.44***
	NS
	NS
	0.18**
	0.17**
	NS
	NS
	NS
	NS
	0.29***
	0.22***
	0.21***
	0.12*
	0.31***

	Pb in F
	
	
	
	
	-0.34
***
	NS
	NS
	0.77***
	0.40***
	NS
	-0.24
**
	-0.25
**
	0.38***
	NS
	-0.37
***
	NS
	0.29***
	NS
	NS
	0.32***

	Fe in I
	
	
	
	
	
	0.24***
	NS
	-0.34
***
	-0.18
**
	NS
	0.26***
	0.17*
	0.15**
	0.12*
	0.23***
	NS
	-0.31
***
	NS
	NS
	-0.19
*

	Fe in M
	
	
	
	
	
	
	0.12*
	NS
	0.18**
	NS
	NS
	NS
	0.18**
	0.33***
	NS
	NS
	NS
	-0.12
*
	NS
	NS

	Fe in BM
	
	
	
	
	
	
	
	NS
	NS
	NS
	0.38***
	NS
	NS
	NS
	NS
	0.20*
	NS
	NS
	0.19***
	NS

	Fe in F
	
	
	
	
	
	
	
	
	0.42***
	NS
	-0.29
***
	-0.30
***
	0.43***
	NS
	-0.39
***
	NS
	0.17*
	NS
	-0.28
***
	NS

	Cu in I
	
	
	
	
	
	
	
	
	
	0.16**
	-0.25
***
	-0.24
**
	0.33***
	NS
	-0.32
***
	NS
	0.11*
	NS
	-0.17
**
	NS

	Cu in M
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	NS
	0.21***
	NS
	NS
	0.12*
	0.21***
	NS
	NS

	Cu　in　BM
	
	
	
	
	
	
	
	
	
	
	
	0.37***
	-0.24
***
	NS
	0.43***
	0.21**
	-0.11
*
	NS
	0.41***
	NS

	Cu in F
	
	
	
	
	
	
	
	
	
	
	
	
	-0.49
***
	0.21**
	0.43***
	0.49***
	-0.20
*
	NS
	0.28***
	0.38***

	Zn in I
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	-0.39
***
	-0.33
***
	NS
	-0.24
***
	-0.30
***
	NS

	Zn in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	0.21**
	NS
	NS
	NS
	NS

	Zn in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.38***
	0.20***
	NS
	0.30***
	NS

	Zn in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	0.26***
	0.39***

	Ag in I
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.52***
	NS
	NS

	Ag in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.29***
	NS

	Ag in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.21*

	Ag in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: I, M, BM, and F indicate infants’ blood, mothers’ blood, breastmilk, and infants’ feces, respectively. *, **, and ** indicate p < 0.05, p < 0.01, and p < 0.001, respectively. BLL, blood lead level; NS, not significant

Supplementary Table S14. Correlation coefficients (R2) among Pb, Fe, Cu, Zn, and Ag concentrations in samples in infants and mothers from Bwacha in the present study.

	
	Pb in C
	Pb in M
	Pb in BM
	Pb in F
	Fe in C
	Fe in M
	Fe in BM
	Fe in F
	Cu in C
	Cu in M
	Cu in BM
	Cu in F
	Zn in C
	Zn in M
	Zn in BM
	Zn in F
	Ag in C
	Ag in M
	Ag in BM
	Ag in F

	Pb in C
	
	0.29**
	NS
	0.68***
	-0.25
*
	NS
	-0.26
*
	0.51***


	0.30**
	NS
	-0.25
*
	-0.33
*
	0.34**
	NS
	NS
	-0.32
*
	0.36***
	NS
	NS
	NS

	Pb in M
	
	
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.22*
	NS

	Pb in BM
	
	
	
	NS
	NS
	NS
	0.46***
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.49***
	NS

	Pb in F
	
	
	
	
	0.25*
	NS
	NS
	0.70***
	0.45**
	NS
	NS
	NS
	0.55***
	NS
	NS
	NS
	0.31***
	NS
	NS
	NS

	Fe in C
	
	
	
	
	
	0.47***
	NS
	NS
	NS
	0.33**
	NS
	0.44**
	NS
	0.35**
	0.35**
	NS
	NS
	NS
	0.31**
	NS

	Fe in M
	
	
	
	
	
	
	0.22*
	NS
	0.28**
	NS
	NS
	NS
	NS
	0.38***
	NS
	NS
	NS
	NS
	NS
	NS

	Fe in BM
	
	
	
	
	
	
	
	NS
	NS
	NS
	0.38***
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.23*
	NS

	Fe in F
	
	
	
	
	
	
	
	
	NS
	NS
	NS
	-0.40
**
	0.45**
	NS
	-0.32
*
	NS
	0.28*
	NS
	NS
	NS

	Cu in C
	
	
	
	
	
	
	
	
	
	0.28*
	NS
	NS
	0.35**
	NS
	NS
	NS
	NS
	NS
	NS
	0.39**

	Cu in M
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Cu in BM
	
	
	
	
	
	
	
	
	
	
	
	0.39**
	NS
	NS
	0.46***
	0.37**
	NS
	NS
	0.42***
	0.30*

	Cu in F
	
	
	
	
	
	
	
	
	
	
	
	
	-0.35**
	NS
	0.42**
	0.69***
	-0.34
*
	NS
	0.42**
	0.62***

	Zn in C
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	-0.37
**
	0.23*
	NS
	NS
	NS

	Zn in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	NS
	NS
	NS
	NS
	NS
	NS

	Zn in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.48***
	NS
	NS
	0.26*
	0.32*

	Zn in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-0.38
**
	NS
	0.33*
	0.46***

	Ag in C
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.32**
	NS
	NS

	Ag in M
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.29**
	0.36*

	Ag in BM
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.56***

	Ag in F
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: I, M, BM, and F indicate infants’ blood, mothers’ blood, breastmilk, and infants’ feces, respectively. *, **, and ** indicate p < 0.05, p < 0.01, and p < 0.001, respectively. BLL, blood lead level; NS, not significant

Supplementary Table S15. Mean ± SD values (minimum-maximum) of the plasma biochemical analysis of the mothers.
	 Parameter
	Overall (194)
	Near the mine (155)
	Bwacha (39)
	Reference range

	ALT, U/L*
	11.3 ± 4.4

(7–38)
	11.5 ± 4.5

(7–38)
	10.3 ± 3.6

(7–28)
	4–44

	ALP, U/L*
	198.3 ± 54.1

(69–366)
	202.1 ± 55.9

(69–366)
	183.3 ± 43.9

(119–333)
	104–138

	AST, U/L
	19.8 ± 6.0

(0.2–54)
	20.0 ± 6.0

(0.2–54)
	19.2 ± 5.7

(15–47)
	8–38

	GGT, U/L
	20.9 ± 16.7

(2–139)
	21.8 ± 17.9

(2–139)
	17.3 ± 10.2

(4–61)
	16–73

	LDH, U/L*
	124.3 ± 44.7

(43–301)
	121.7 ± 45.6

(43–301)
	134.3 ± 39.7

(51–229)
	106–221

	T-Bil, mg/dL
	0.3 ± 0.5

(0.1–7.0)
	0.3 ± 0.6

(0.1–7.0)
	0.3 ± 0.2

(0.1–0.9)
	0.1–1.2

	TP, g/dL
	7.7 ± 0.7

(0.9–10.6)
	7.7 ± 0.8

(0.9–10.6)
	7.7 ± 0.4

(6.7–8.6)
	6.7–8.3

	Alb, g/dL*
	4.3 ± 0.3

(3.5–5.1)
	4.3 ± 0.3

(3.5–5.1)
	4.4 ± 0.3

(3.9–4.9)
	3.8–5.0

	BUN, mg/dL
	9.8 ± 2.6

(4.0–18.6)
	9.8 ± 2.7

(4.0–18.6)
	9.7 ± 2.4

(5.9–15.4)
	8–23

	Cre, mg/dL
	0.8 ± 1.0

(0.4–13.9)
	0.8 ± 1.1

(0.4–13.9)
	0.7 ± 0.1

(0.6–1.0)
	0.46–0.79

	UA, mg/dL
	4.3 ± 0.9

(1.8–7.7)
	4.3 ± 0.9

(1.8–6.5)
	4.4 ± 1.0

(2.8–7.7)
	3.0–5.5

	Metallothionein, μg/L***
	28.0 ± 36.0

(0.6–374.6)
	19.1 ± 15.4

(0.6–126.1)
	61.7 ± 62.8

(6.7–374.6)
	18.4–27.6


Note: * and *** indicate p < 0.05 and p < 0.001 between sites near the mine and Bwacha, respectively.

Supplementary Table S16. Correlation coefficients (R2) between Pb and plasma biochemical parameters in mothers.

	 
	BLLs in all mothers
	BLLs in mothers 
from sites near the mine
	BLLs in mothers from Bwacha

	ALT
	NS
	NS
	NS

	ALP
	NS
	NS
	NS

	AST
	0.16*
	0.17*
	NS

	GGT
	NS
	NS
	NS

	LDH
	NS
	0.19*
	NS

	T-Bil
	NS
	NS
	NS

	TP
	NS
	NS
	NS

	Alb
	-0.14*
	NS
	NS

	BUN
	NS
	−0.26*
	NS

	Cre
	NS
	NS
	NS

	UA
	NS
	NS
	NS


Note: * and *** indicate p < 0.05 and p < 0.001, respectively. BLL, blood lead level; NS, not significant
Supplementary Table S17. Correlation coefficients (R2) between metallothionein and metals in mothers.

	 
	Metallothionein in all mothers
	Metallothionein in mothers 
from sites near the mine
	Metallothionein in mothers from Bwacha

	Pb
	-0.53***
	-0.43***
	NS

	Fe
	0.17*
	NS
	NS

	Cu
	NS
	-0.21*
	NS

	Zn
	NS
	NS
	NS

	Ag
	NS
	NS
	NS


Note: * and *** indicate p < 0.05 and p < 0.001, respectively. BLL, blood lead level; NS, not significant
