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Supplemental Material, Field Sampling Methods 

Grab samples of raw ore were obtained from miners at the Dutsen Gomma mine site and in villages. 
Samples of ore from each of the ore processing steps in Dareta and Yargalma were scooped from storage piles. 

Composite soil samples were composed of from 49 to > 100 representative subsamples collected across 
each area of interest, including: a) village-wide in each village, b) village outskirts (up to 100 m away from 
village boundaries), and c) areas of known ore processing. Soil subsamples were collected to a consistent depth 
(2 cm, the depth of non-compacted soil) using the CRREL Multi-Increment Soil Sampling Tool (EnviroStat, 
Fort Collins, Colorado, USA). Total soil sample weights were >100 grams. 

Sweeping was conducted by a resident of the home or family compound at the request of the sampler using 
the family’s broom. Dust from the dirt floor of the room or family compound sub-area was swept into a central 
pile and a minimum 5 aliquot composite was collected using a pre-cleaned stainless steel spoon. Sweeping 
samples weights ranged from 10-100 grams. See additional details in Dooyema et al. (2012). 

Plant foodstuff samples were collected both raw from storage bins and following home or market processing 
(e,g., grinding by mortar/pestle or flourmill) and food preparation.  

Ore, soil, sweep, and plant foodstuff samples were collected into resealable plastic bags. 
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Supplemental Material, Table S1. Laboratory sample preparation and analysis methods. Sample splits for 
different analyses were obtained by standard cone and quartering methods (Taggart, 2002). Appropriate QA/QC 
analyses of standard reference materials, duplicate sample splits, analytical duplicates, and blanks were 
performed for all methods. 
Analysis type and 
sample type analyzed 

Analytical method Sample preparation and method 
details 

References 

Spot chemical analyses of 
heterogeneous raw ore 
samples 

Handheld X-Ray Fluorescence in 
laboratory (Thermo Niton XLt 950, 
Billerica, MA, USA) 

No sample preparation needed. Lead 
bearing standard reference materials 
(NIST soils 2710a, 2711) were used to 
verify calibration 

EPA (2007) 

Quantitative particle size 
distribution of processed 
ores, soils, sweep 
samples 

Laser diffraction analysis of sample 
by settling through aqueous 
suspension 

Sample sieved to < 2 mm using stainless 
steel sieve. 

Ryżak and 
Bieganowski 
(2011) 

Mineralogy (qualitative Powder X-ray Diffraction Sample sieved to < 2 mm using stainless Jenkins and 
abundance) of steel sieve, ground to < 100 µm and Snyder (1996) 
processed ores, soils, homogenized using agate mortar and 
sweep samples pestle. 

Mineralogy, size, shape, Scanning Electron Microscopy Samples analyzed included 1) particles Meeker et al. 
and chemistry of adhered to an SEM mount via double- (2005) 
individual particles in sided tape, and 2) polished epoxy grain 
solids, plant samples mounts of representative particles. 

Total chemical 
composition of processed 
ores, soils, sweep 
samples 

Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS) for 42-
element suite 

Sample sieved to < 2 mm using stainless 
steel sieve, ground to < 100 µm and 
homogenized using agate mortar and 
(hydrochloric, nitric, perchloric, 
hydrofluoric). 

Briggs and 
Meier (2002) 

Continuous flow-cold Vapor-Atomic Sample sieved to < 2 mm using stainless Hageman 
Fluorescence Spectroscopy steel sieve, ground to < 100 µm and (2007a) 
(CVAFS) for total mercury homogenized using agate mortar and 

pestle, digested using nitric acid and 
sodium dichromate. 

Deionized water leach of USGS Field Leach Test. Leachate Sample sieved to < 2 mm using stainless Hageman 
processed ores, soils, analyzed by: ICP-MS for 44 steel sieve. 5 g solid added to 100 ml (2007b); 
sweep samples element suite; ion chromatography 

for sulfate, fluoride, nitrate, and 
chloride; CVAFS for mercury 

deionized water. Mixture agitated by 
hand for 5 minutes. Leachate filtered to < 
0.45 µm using nitrocellulose syringe filter 
prior to analysis. 

Lamothe et al. 
(2002) 

Gastric bioaccessibility In-Vitro Bioaccessibility Sample sieved to < 250 µm using Drexler and 
of elemental toxicants Assessment (IVBA). Simulated stainless steel sieve. 1 g solid added to Brattin (2007); 
from processed ores, gastric fluid leachate analyzed by: 100 ml simulated gastric fluid (pH 1.5, Morman et al. 
soils, sweep samples ICP-MS for 44 element suite; 

CVAFS for mercury. 
hydrochloric acid in deionized water, 
30.3 g/L glycine). Mixture agitated at 
37°C for 1 hour. Leachate filtered to < 
0.45 µm using nitrocellulose syringe filter 
prior to analysis. 

(2009); 
Lamothe et al. 
(2002) 

Total chemical 
composition of processed 
and unprocessed grain, 
spice and herb foodstuff 
samples 

Inductively Coupled Plasma-Atomic 
Emission Spectrometry (ICP-AES) 
for a 40-element suite. 

Plant materials homogenized using food 
processor then digested using nitric acid 
and hydrogen peroxide for 45 minutes 
each in a microwave digestion system 
(Multiwave 3000, Anton Paar, Grasz, 
Austria). 

Wolf et al. 
(2009); Briggs 
(2002) 

Continuous flow-cold Vapor-Atomic Wolf et al. 
Fluorescence Spectroscopy (2009); 
(CVAFS) for total mercury. Hageman 

(2007a) 
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Supplemental Material, Table S2. Qualitative summary of ore-related minerals found in unprocessed and 
processed “gold” and “lead” ore samples, soil samples, and eating area sweep samples collected by CDC/TG 
from Dareta, Yargalma, and the Dutsen Gomma mine. Formal mineral names (when identified with certainty) 
are listed in parentheses. A blank entry does not mean that the mineral is not present, only that it has not been 
identified. The results are from hand sample observation, powder X-ray diffraction analysis, and SEM analysis. 
Major: Greater than 40 % by weight. Moderate: 20-40 % by weight. Minor: 2-20% by weight. Trace: < 2% by 
weight. 

Sweep “Gold” ores “Lead” ores Soils samples 
Primary Vein Minerals 

Crystalline silica (quartz) Major Moderate Moderate Moderate 

Lead sulfide (galena) Minor Major Trace Trace 

Zinc sulfide (sphalerite) Trace Minor 

Iron sulfide (pyrite) Trace Minor Trace Trace 

Copper iron sulfide 
(chalcopyrite) 

Iron arsenic sulfide 
(arsenopyrite) 

Secondary Vein Minerals 
(formed by weathering of 
primary ores) 

Lead carbonate (cerussite) 

Trace 

Moderate 

Trace 

Trace 

Minor Moderate Moderate 

Lead oxide (massicot) Moderate Minor Moderate Moderate 

Lead phosphates 
(pyromorphite, 

plumbogummite) 
Lead sulfate (anglesite) 

Minor 

Minor 

Minor 

Major 

Minor 

Minor 

Minor 

Minor 

Lead vanadate Trace Trace 

Lead-copper-potassium-
aluminum sulfate (beaverite) 

Lead-bearing iron oxides 

Minor 

Moderate 

Trace 

Moderate 

Trace 

Moderate 

Lead-bearing manganese 
oxides 

Lead-rich tungstate 

Minor 

Trace 

Minor Minor 

Copper sulfate Trace Trace 

Arsenic oxide Trace 

Copper sulfide (covellite) Trace 
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Supplemental Material, Lead Uptake Calculations 

Lead uptake levels were calculated using soil consumption rates, our bioaccessibility results (journal article, 
Fig. 3), and the method described by Drexler and Brattin (2007) to convert bioaccessible lead into bioavailable 
lead for uptake modeling. 

The gastric-bioaccessible lead concentration we measured for each sample was first recalculated into ppm 
mass basis: 

[gastric bioaccessible Pb] (ppm mass basis, mg Pb leached/kg solid) = 

[mg Pb/kg leachate] · [100 kg leachate/1 kg solid] 

This gastric-bioaccessible lead concentration was then recalculated into bioavailable lead concentration (mg 
bioavailable Pb/kg solid) using the formulas of Drexler and Brattin (2007): 

[Bioavailable Pb] = 0.5 · ((0.878 · [Gastric bioaccessible Pb]) − 0.028) 

Estimated daily lead uptake (µg Pb/day) was then calculated using published daily soil consumption rates 
(mg/day) and appropriate mass conversion factors: 

Daily Pb uptake = [Bioavailable Pb] · Daily soil consumption · (1/1000) 

We used published soil consumption rates (e.g., US EPA 2011) of 10 and 500 mg/day, a range for children 
under clean (unlikely for the villages) to extremely dusty (more plausible) conditions. Results of uptake 
calculations are plotted in Figure 4 of the journal article. 
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