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Abstract: Khaidarkan, Batken Province, Kyrgyzstan is home to one of the world’s largest and last

primary mercury mines. Doctors without Borders (MSF) and the Ministry of Health (MOH) of

Kyrgyzstan have found that the Batken region has an elevated rate of non-communicable diseases

(NCD) within the country. NCD can be caused by environmental pollution. A human health

risk assessment was conducted to investigate heavy metal exposure. Using a hand-held X-ray

fluorescence (XRF) spectrometer for soil screening is faster and less expensive than reliance on bench-

scale methods. To establish a site-specific mercury conversion factor between XRF and the local

MOH lab’s Atomic Absorption Spectrometry (AAS) with a Pyrolyzer attachment, soil samples were

collected in Khaidarkan and surrounding villages. Samples were analyzed by XRF in three stages: in

situ, ex situ-bulk, and ex situ-sieved. The ex situ-sieved samples were analyzed by AAS. Analysis

results indicate that in situ readings can be used as a qualitative tool for screening, and a conversion

factor of 1.7 was most appropriate for converting ex situ-bulk/ex situ-sieved and AAS results. This

analysis enables the MOH laboratory and others to use XRF as a quick and cost-effective monitoring

tool for Hg contamination in soil.

Keywords: mercury; XRF technologies; environmental health; risk assessment; Atomic Absorption

Spectrometry; soil analysis; applied science; mining

1. Introduction

One of the world’s largest and last mercury mines is located in Khaidarkan, Batken
Province, Kyrgyzstan. Médecins sans Frontières (MSF, Doctors without Borders) and the
Kyrgyz Ministry of Health (MOH) have found that the Batken Province has elevated lev-
els of non-communicable diseases (NCD), confirming the findings of local physicians [1].
MOH, MSF, and TerraGraphics International Foundation (TIFO) partnered to assess envi-
ronmental factors that may contribute to elevated NCD rates, using the Human Health
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Risk Assessment (HHRA). As part of the project, a goal is to provide the Kadamjay Rayon
laboratory the ability to efficiently and cost-effectively screen areas for potentially harmful
mercury concentrations. This research aims to develop a methodology using an X-ray
fluorescence spectrometer (XRF) to characterize heavy metal exposure risks and meet
this goal.

Mercury is ubiquitously used in artisanal and small-scale gold mining (ASGM) [2].
Mercury is added to ore where it forms a stable amalgam with gold, allowing miners to iso-
late gold from other minerals [2]. An estimated 37% of global mercury emissions are due to
ASGM, accounting for 410 to 1400 tons of mercury released into the atmosphere [2]. ASGM
has increased dramatically in recent years with the steep rise in gold prices, which reached
1800 USD per ounce as of January 2022 [2,3]. ASGM is an important source of income,
in impoverished areas where other income sources are not available [2]. Simultaneously,
these communities face multiple social and health challenges, including higher rates of
NCD [2]. This research also aims to develop a rapid, cost-effective, and easily implemented
methodology to identify harmful Hg concentrations in communities with limited resources.

XRF technology has been proven to be an accurate mechanism for determining con-
centrations of various heavy metals [4]. According to the United States Environmental
Protection Agency (USEPA), a portable XRF can successfully measure Hg, with detection
limits typically ranging from 10–20 milligram per kg [4]. Other studies have found Hg
detection limits of 7.4 mg/kg or less than 5 mg/kg [5,6]. Some studies have found that XRF
has a poor correlation with Inductively Coupled Plasma Atomic Emission Spectroscopy
(ICP-AES) for measuring Hg [7]. When compared to Cold Vapor Atomic Absorption
(CVAA), studies have found variable correlations for XRF analysis of Hg [4,5,8]. However,
the unreliable correlation is believed to be caused by soil samples’ heterogeneity and mer-
cury beads within the samples in that particular study [5]. Good correlations between XRF
and CVAA methods have been found while accurately measuring 93% of soil samples in
one study [5]. No studies were found in the scientific literature comparing XRF to Atomic
Absorption Spectrometry (AAS) for Hg in soil. Studies comparing XRF and AAS for Hg
in other medias found good correlations between the two methods [9,10]. Additionally,
correlations have been found for other heavy metals in soil [10–13].

This study develops a relationship between XRF and an AAS with a Pyrolyzer attach-
ment for Hg. A Hg site-specific conversion factor was successfully found for ex situ-bulk
and ex situ-sieved soil samples. Although a conversion factor could not be established
for in situ soil samples, it was determined that XRF could still be used for qualitative
measurements of in situ soil. The Kadamjay Sanitary and Hygienic Laboratory (SHL) will
use XRF as a screening tool to identify potentially harmful mercury concentrations in soil.
With the ability to screen areas quickly and inexpensively for mercury contamination, SHL
will be able to prevent or reduce mercury exposures and associated adverse health effects.

2. Materials and Methods

2.1. Sampling

Soil sampling and site selection were designed to meet the project objectives of identi-
fying high risk locations and exposure potential; some modifications were made on-site
based on site conditions. Soil sampling procedures combined both United States Envi-
ronmental Protection Agency (USEPA) and Kyrgyz protocols. At each site, a map was
drawn identifying singular use areas, structures, and important landmarks. A Niton™ XL3t
hand-held X-ray fluorescence GOLDD+ analyzer was used to screen each area in situ and
results were recorded on the map. Each XRF measurement was collected for a minimum of
80 s through a low-density polyethylene (LDPE) material. Subareas for physical sampling
were established based on the following XRF criteria: (1) concentrations exceeding 20
mg/kg for the primary contaminants of concern (Hg, As, or Sb), (2) two or more high
concentrations in a singular use area, and (3) a minimum of three XRF readings within the
area. A low-concentration subarea was created for every ten high-concentration sites for
quality assurance and quality control (QA/QC).
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Subareas requiring ex situ sampling were divided into four quadrants and five aliquots
were collected: one from each quadrant (selected by randomly throwing a plastic disc)
and one from the center of the area. At each aliquot location, material was collected from
the organic (litter) layer, at 0–2 cm, an at 2–10 cm. If the subarea was agricultural tilled
soil, the aliquot extracted was 0–20 cm. Aliquots were homogenized in metal bowls and
spooned into WhirlPak bags. Samples were recorded in a sample log and placed in an ice
chest for transport. Sample holes were refilled with the remaining soil from excavation, all
sampling tools were decontaminated, and sample logs were completed prior to moving to
the next site.

2.2. Ex Situ

After being transported from the field, all samples were transferred to a chest freezer
at −18 ◦C. Prior to laboratory analysis, samples were analyzed by XRF in bulk through
the sampling bag. XRF measurements were collected three times from different locations
on the sampling bag. Each XRF measurement was collected for 80 s. In the case that one
of the three XRF results significantly differed (approximately ten or more mg/kg) from
the other results for Hg, As, or Sb, additional XRF measurements were taken. Frozen
samples were noted, as moisture can impact XRF results [6]. Once ex situ-bulk readings
were taken, samples were transferred to the freezer (−18 ◦C) until they were transported to
the local laboratory.

At the laboratory, samples were sieved to 0.15 mm unless there was high moisture
content or if ex situ-bulk measurements of Hg exceeded 40 mg/kg (to avoid laboratory
contamination). Un-sieved samples were analyzed in bulk. Each sample was analyzed
three or more times using a Lumex Versatile Atomic Absorption Spectrometry RA-915M
with Pyrolyzer PYRO-915+ attachment. Upon returning from the laboratory, the samples
underwent XRF ex situ-sieved analysis, using the same methodology as with ex situ-bulk
samples. Following these measurements, the samples were archived in a chest freezer
(−18 ◦C).

2.3. Statistical Analysis

XRF and AAS data were imported into RStudio ©. XRF tests shorter than 80 s were
excluded. R statistical software version 4.0.3 © was used for anomaly removal and data
management and analysis [14]. Sample results below XRF’s varying detection limit (LOD)
were assigned a value of half of the LOD. Summary statistics of XRF results for in situ,
ex situ-bulk, ex situ-sieved, and AAS results of each sample were calculated for Hg, Sb,
and As. Only mercury results are included in this analysis.

Histograms of XRF and AAS data were created to determine the normality of the
data. An upper triangular correlation matrix was developed comparing the Hg, As, and Sb
XRF readings to each other and to AAS results to determine which combinations had
the potential to be analyzed for further correlation. Based on these findings, unbalanced
analyses of variances (ANOVA) were conducted to ensure that the means of the data
sets were statistically different. Once ANOVAs were confirmed, linear, semi-log, and log-
log regressions were performed on the following pairs of data for Hg (unless otherwise
noted) [15]:

• AAS vs. in situ;
• AAS vs. ex situ-bulk;
• AAS vs. ex situ-sieved;
• ex situ-bulk vs. in situ;
• ex situ-sieved vs. ex situ-bulk;
• As ex situ-bulk vs. As in situ;
• As ex situ-sieved vs. As ex situ-bulk;
• Sb ex situ-bulk vs. Sb in situ;
• Sb ex situ-sieved vs. Sb ex situ-bulk.
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If the p-value of the intercept was not significant with a 90% confidence interval (CI),
a linear/semi-log/log-log regression was conducted without a Y-intercept.

2.4. QA/QC Analysis

QA/QC samples were dictated by the sampling criteria outlined in Section 2.1. Sam-
ples with an XRF in situ reading above 20 mg/kg and a AAS result above 20 mg/kg were
considered as an acceptable prediction by XRF. False negatives (Type II error) were samples
with a mean XRF in situ reading below 20 mg/kg and a mean AAS result above 20 mg/kg.
False-negative percentages were found using only QA/QC samples at 0–2 cm, 2–10 cm,
and a combination of all depths (excluding litter).

To determine the percentage of false positives (Type I error), samples were identified
with a mean XRF in situ reading (regardless of which XRF) above 20 mg/kg and mean
AAS result: below 20 mg/kg, below the United States Regional Screening Level (RSL) (23
mg/kg), or below the Kyrgyz standard (2.1 mg/kg). For this analysis, all samples were
used, divided by depths 0–2 cm, 2–10 cm, and a combination of all depths (excluding litter).

3. Results

3.1. Regression Results

Histograms for Hg, As, and Sb XRF results (in situ, ex situ-bulk, ex situ-sieved) and
for AAS results were not normally distributed, and had a long tail distribution. The cor-
relation fraction suggested the following correlations should be inspected further for Hg,
unless otherwise noted:

• AAS vs. in situ;
• AAS vs. ex situ-bulk;
• AAS vs. ex situ-sieved;
• ex situ-bulk vs. in situ;
• ex situ-sieved vs. ex situ-bulk;
• As ex situ-bulk vs. As in situ;
• As ex situ-sieved vs. As ex situ-bulk;
• Sb ex situ-bulk vs. Sb in situ;
• Sb ex situ-sieved vs. Sb ex situ-bulk.

Unbalanced ANOVAs performed on the above-mentioned pairs indicated significant
differences between pairs’ means. This validated performing regressions (linear, semi-log,
and log-log) on all nine pairs. Summary statistics of linear regressions comparing AAS
results to the different XRF types can be found in Table 1. Linear regressions were the
best correlations (p-values < 99% and coefficient of determination (R2) values > 0.70),
with conversion factors ranging from 0.8–1.9. Because ex situ-bulk and ex situ-sieved linear
regressions had statistically insignificant (>90% CI) intercepts, linear regressions through
the origin are presented in Table 1.

Table 1. Summary linear regression results comparing AAS to XRF. Conversion Factor (CF) is the

slope of the regression line.

XRF
Type

N p-Value R2 Intercept CF p-Value of
Intercept

Equation

In Situ 79 <0.0001 0.17 12 0.8 0.0013 y=0.8x + 12

Ex Situ-Bulk 154 <0.0001 0.88 01 1.9 NA y = 1.9x

Ex Situ-Sieved 135 <0.0001 0.87 01 1.6 NA y = 1.6x

p-value of intercept was insignificant.

Linear regressions comparing XRF results of different soil fractions (in situ, ex situ-
bulk, and ex situ-sieved) had the strongest correlations (Table 2). Ex situ-bulk was the
best predictor of ex situ-sieved across all three heavy metals of concern (Hg, As, and Sb),
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with R2 values ranging from 0.89–0.96 and p-values <0.0001. Linear regressions through
the origin were preformed on As ex situ-bulk vs. As in situ, and Hg ex situ-sieved vs. Hg
ex situ-bulk comparisons, as both had statistically insignificant (>90% CI) intercepts.

Table 2. Summary regression results comparing XRF soil fractions. Conversion Factor is the slope of

the regression line.

Element X-Axis Y-Axis N p-Value R2 Intercept Conversion
Factor

Intercept
p-Value

Equation

Hg In Situ Ex Situ-
Bulk

99
7.08 ×

10−5 0.15 8.8 0.3
6.10 ×

10−9
y = 0.3x +

8.8

Hg Ex Situ-
Bulk

Ex Situ-
Sieved

134 <0.0001 1 0.89 0.0 1.1 NA y = 1.1x

As Ex Situ-
Bulk

Ex Situ-
Sieved

133 <0.0001 0.96 −10.2 1.4 0.00154
y = 1.4x −

10.2

As In Situ Ex Situ-
Bulk

100 <0.0001 1 0.89 0.0 1.0 NA y = 1x

Sb In Situ Ex Situ-
Bulk

99 4.91E-12 0.39 140 0.2
4.67 ×

10−5
y = 0.2x +

140

Sb Ex Situ-
Bulk

Ex Situ-
Sieved

133 <0.0001 0.96 −24 1.4
7.19 ×

10−4
y = 1.4x −

24

1 p-value of intercept was insignificant.

3.2. QA/QC Results

Data from two Niton™ XL3t hand-held x-ray fluorescence GOLDD+ analyzers, man-
ufactured in 2011 and 2015, were used to determine false negative and positive rates.
Because the 2011 XRF had higher detection limits for Hg, soil samples were collected if any
Hg was detected with that XRF. At the completion of field activities, it was determined
that the average detection limits of the 2011 and 2015 XRF were 14.82 mg/kg and 7.26
mg/kg, respectively. Table 3 summarizes false-negative (Type II error) rate findings by
depth. The 0–2 cm depth had a false negative rate of 8.33%, whereas the2–10 cm depth had
a 0% rate. Combined depths (excluding litter) had a false-negative rate of 4.08%.

Table 3. False negative rate by depth. The combo depth is all depths excluding litter.

Depth (cm) Total Samples Count Percent (%) Notes

0–2 12 1 8.33 NA

2–10 24 0 0 NA

Combo 49 2 4.08 Excludes litter

Table 4 summarizes the number of false positives (Type I error) with different criteria
(in-field criterion, US RSL, and Kyrgyz standard for Hg in soil) for collecting a physical
sample. Using the Kyrgyz standard results in the highest rate of false positives for all three
depth categories. The US RSL had the lowest rate of false positives across all three depths,
matching the in-field criterion percentage for 0–2 cm.
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Table 4. Percentage of false positives for all depths compared to three criteria. The in-field criterion

column is the physical soil sampling criterion (Section 2.1). The Kyrgyz and US RSL columns refer to

the Kyrgyz standard and US RSL for Hg in soil, respectively.

Depth
Total

Samples

In-Field
Criterion
Percent

(20 mg/kg)

US RSL
Percent

(23 mg/kg)

Kyrgyz
Standard
Percent

(2.1 mg/kg)

Notes

0–2 97 2.1 2.1 9.3 NA

2–10 76 5.3 1.3 14.5 NA

Combo 212 2.8 1.4 10.4 Excludes Litter

4. Discussion

4.1. AAS vs. XRF

AAS vs. XRF regressions were interpreted in order to determine a conversion factor
between XRF and AAS for total mercury in Batken, Kyrgyzstan. Semi-log and log-log
regressions were performed to see if correlations improved, but it was found that linear
regressions had the strongest R2 and p-values (Table A1). The conversion factors can be
used to establish XRF as the primary screening instrument for SHL. Based on the p-values of
zero and the highest R2 values (0.88 and 0.87, respectively), the linear regressions of ex situ-
bulk and ex situ-sieved had the best correlations (Table 1). The in situ linear regression had
a p-value of zero, but a R2 value of 0.17, which is considered a poor fit to the data (Table 1).
The in situ R2 value did improve to 0.48 in the log-log regression (Table A1). Despite this
improvement, the linear regression of AAS vs. in situ was used for the conversion factor,
since the improvement was not significant enough to warrant the data manipulation in the
log-log regressions. No comparable research was found in the literature review to either
affirm or contradict the results of this study, making this study one of the first to find a
correlation between XRF and AAS for determining Hg in soil. The conversion factor was
determined to be 1.7 by finding the weighted mean between ex situ-bulk and ex situ-sieved.

4.2. False Readings

Although the in situ regressions poorly fit, false negative and positive error rates were
useful for comparing XRF in situ and AAS results. According to the USEPA Superfund soil
screening guidance, a study should aim for a false negative rate of 5% or below and a false
positive rate of 20% or below [16]. The 0–2 cm depth had the highest false-negative rate
(8.33%) (Table 3). Two samples were false negatives for all depths, both of which were along
waterways fed by mining wastewater and in areas prone to flooding. These samples were
taken at depths 0–20 cm and 0–2 cm. It is possible that both samples contained elevated
levels of Hg below 1 cm XRF in situ depth), but not on the surface, possibly due to being
located in a flood-prone area contaminated by water with elevated Hg concentrations. False
negatives can also be caused by different analytical techniques between XRF and AAS,
and because XRF in situ results were not at the same locations where ex situ samples were
collected for AAS analysis. XRF analyzes heavy metal concentrations for a point on the soil
(up to 1 cm deep), and multiple analyses are used to determine an average for the whole
subarea (Section 2.1). On the contrary, ex situ samples are randomly taken in a subarea
without any consideration of in situ analysis locations. Thus, the soil analyzed in situ is not
the same as the soil analyzed ex situ (Section 2.1).

Because the 0–2 cm depth false negative percentage is based on a low number of
samples (N = 12), the false negative rate of all depths (N = 49) was used. Using all depths,
the false negative rate was 4.08%, satisfying the USEPA Superfund recommendation.

False positive calculations were computed for three different criteria including the
in-field criterion (20 mg/kg), the US RSL (23 mg/kg), and the Kyrgyz Hg in soil standard
(2.1 mg/kg). Using all criteria for Hg in soil, all depths were less than the USEPA’s
Superfund false positive rate recommendation of 20%.
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4.3. XRF Soil Fractions Comparison

Linear regressions on the three heavy metals of concern (Hg, As, and Sb) showed
strong correlations, suggesting no need for semi-log and log-log regressions. Both Sb
and Hg XRF soil fraction comparisons showed that ex situ-sieved vs. ex situ-bulk had a
strong correlation, whereas ex situ-bulk vs. in situ had a poor correlation. Arsenic XRF soil
fraction comparisons showed that both regressions (ex situ-bulk vs. in situ, and ex situ-
sieved vs. ex situ-bulk) have strong correlations. The ex situ-bulk vs. in situ regressions
were most likely poor correlations for Hg and Sb because the soil analyzed in the XRF
in situ readings was not the same soil as the ex situ samples analyzed by XRF locations
(Section 4.2). The in situ results were randomly selected XRF surface readings on a sub-area,
while ex situ results are random soil aliquots of that same area. Arsenic’s ex situ-bulk
vs. in situ regression had a strong correlation, which has been demonstrated in previous
studies [17].

The ex situ-sieved vs. ex situ-bulk regressions had a strong correlation across all three
heavy metals (Hg, As, and Sb). This may be because the only difference in samples is the
selection of particle size, with ex situ-sieved more likely to have higher concentrations of
heavy metals [6]. Interestingly the Hg ex situ-sieved vs. ex situ-bulk had a conversion
factor of 1.09, nearly a one-to-one ratio. This contradicts findings in other studies [18,19].
Unlike Hg, ratios for As and Sb were not one-to-one. This may be because of the mining
process; both As and Sb are byproducts of the process in the form of particulates, whereas
Hg is emitted from the smelter stack as vapor molecules that can subsequently bind to fine
particulates. Because Hg is likely bound to fine soil particulates on a molecular level, it
does not increase in concentration due to sieving.

4.4. Limitations

XRF is known to underestimate concentrations when soil moisture content exceeds
40% [6]. We did not have an instrument that could provide rapid moisture content mea-
surements. As a result, XRF readings taken on damp soil were noted (N = 5 for in situ,
and N = 9 for ex situ-bulk). This may result in an underestimation of Hg in some samples.
Due to moisture content, SHL was unable to sieve 17 samples and instead analyzed the
bulk material. One solution to avoiding analyzing bulk material with the AAS could be to
allow more time for soil samples to air dry in cool areas. Mercury has an evaporation rate
of 0.33 µg/m2 per hour at 25 ◦C, which under the correct conditions, would allow enough
time for the soil to dry without losing significant amounts of Hg [20]. The same drying
method could be applied for ex situ-bulk XRF analyses. Future field activities could include
the use of a soil moisture sensor for in situ analysis, noting areas where soil moisture is
above the 40% threshold [6].

The number of QA/QC samples in the false negative analysis is low for both depths:
0–2 cm (N = 12), and 2–10 cm (N = 24). This low sample count possibly skewed the false
negative percentages. Collecting more QA/QC samples at this depth could reduce the false
negative rate.

4.5. Use and Application

Due to the poor fit of XRF in situ to AAS results, using XRF as a quantitative tool for
predicting in situ concentrations is limited. However, XRF can be used as a qualitative
screening tool for established risk criteria, and then the conversion factor of 1.7 can be
applied to samples analyzed ex situ to predict AAS results. This enables estimates of
mercury concentrations in sieved soil, which is more appropriate when estimating risk
related to human exposures. Any soils confirmed to exceed risk criteria can then be
considered for intervention and/or remediation. By using XRF to pre-screen, sampling
efforts can be focused on areas with elevated levels of mercury that are of high-risk to the
population. Focusing sampling efforts in this manner saves time and laboratory resources.

The cost of the Niton™ XL3t hand-held XRF GOLDD+ analyzer, which can analyze
nearly an unlimited number of soil samples, is roughly equivalent to an average laboratory
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analytical cost of 220 soil samples. By using XRF and the conversion factor, SHL and MOH
will have the ability to save both time and money, allowing more resources for screening
programs and human health intervention to address the elevated NCD rates in the Batken
region [21].

In addition, to providing SHL with an XRF mercury conversion factor, the presented
methodology can be used to determine mercury site-specific conversion factors at other
sites. Since conversion factors are site-specific, the methodology must be repeated for
each location. Soil sampling protocols may deviate from the presented methodology to
incorporate local sampling procedures.

4.6. Future Work

According to Kyrgyz researchers, the content of mercury in the soil in 81.6% of the
samples studied exceeded the MPC (2.1 mg/kg) five-fold, and the maximum excess of
mercury in the soil was 12.1-fold [22]. The highest concentrations of mercury in soil
were recorded in the central, northern, and southeastern parts of the residential zone [22].
The next steps for the overall project are to jointly analyze biomonitoring and HHRA
findings to inform a human health intervention program. The intervention program will be
a joint effort by TIFO, MSF, MOH, and the local stakeholders. Funding is being secured to
assist SHL in improving their laboratory and screening equipment.

Specific to this research, future work should include producing site-specific conversion
factors from As and Sb comparing XRF to other laboratory methods. This would allow
SHL to screen for all three heavy metals of concern (Hg, As, and Sb).

5. Conclusions

Due to the heavy exploitation of heavy metals by the USSR, Kyrgyzstan has been left
with a legacy of environmental contamination. Within the Batken region, Khaidarkan is
home to one of the world’s largest and last primary mercury mines, which is still operating
at low capacity at the time of writing. We successfully established a conversion factor
for SHL of 1.7 for ex situ samples. This study is one of the first to establish a site-specific
conversion factor between XRF and AAS for Hg in soil. Because of the continuous demand
for Hg, SHL will need to continue to monitor for harmful Hg concentrations. Using the
established conversion factor, SHL will be able to use XRF as a quick and cost-effective
screening and monitoring tool.
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Appendix A

Table A1. Summary statistics from the regressions on the nine pairs (Section 2.3). The regression type

“through origin” refers to a regression forced through the origin. Log of an axis is referred to as ln().

Conversion factor (CF) is the slope of the equation. “True” equation is the equation of the line after

the exponent of semi-log and log-log regression equations.

Regression
Type

Heavy
Metal

X Y N p-Value R Intercept CF
Intercept
p-Value

“True” Equation

Semi-Log Hg ln(in situ) AAS 79 <0.0001 0.36 −27.70 22.57 7.74 × 10−4 y = 22.572lnx −

27.695

Semi-Log Hg ln(Bulk) AAS 153 <0.0001 0.69 −46.18 30.89 0
y = 30.887lnx −

46.176

Semi-Log Hg ln(Sieved) AAS 134 <0.0001 0.75 −41.79 24.72 0
y = 24.722lnx −

41.788

Log-Log Hg ln(in situ) ln(AAS) 79 <0.0001 0.48 −0.76 1.41 0.048 y = 0.4662x1.4089

Log-Log Hg ln(Bulk) ln(AAS) 153 <0.0001 0.62 −1.06 1.53 4.29 × 10−6 y = 0.3476x1.5283

Log-Log Hg ln(Sieved) ln(AAS) 134 <0.0001 0.75 −41.79 27.72 0 y = 7 × 10−19x27.22

Log-Linear Hg Bulk ln(AAS) 153 <0.0001 0.36 1.54 0.06 0 y = 4.664e0.0588x

Linear Hg in situ AAS 79 <0.0001 0.17 12.21 0.76 0.0013 y = 0.762x + 12.2

Linear Hg Bulk AAS 153 <0.0001 0.76 0.46 1.65 0.75 y = 1.65x + 0.46

Linear Hg Sieved AAS 134 <0.0001 0.78 0.39 1.53 0.76 y = 1.53x + 0.39

Linear Hg in situ Bulk 99 <0.0001 0.15 8.77 0.30 6.10 × 10−9 y = 0.302x + 8.77

Linear Hg Bulk Sieved 133 <0.0001 0.79 −0.20 1.10 0.80 y = 1.10x − 0.20

Linear,
Through
Origin

Hg Bulk Sieved 134 <0.0001 0.89 0.00 1.09 NA y = 1.09x

Linear,
Through
Origin

Hg Bulk AAS 154 <0.0001 0.88 0.00 1.89 NA y = 1.89x

Linear,
Through
Origin

Hg Sieved AAS 135 <0.0001 0.87 0.00 1.55 NA y = 1.55x

Linear As in situ Bulk 99 <0.0001 0.88 11.16 1.02 0.18 y = 1.02x + 11.2

Linear As Bulk Sieved 133 <0.0001 0.96 −10.16 1.36 0.00154 y = 1.36x − 10.16

Linear,
Through
Origin

As in situ Bulk 100 <0.0001 0.89 0.00 1.04 NA y = 1.04x

Linear Sb in situ Bulk 99 <0.0001 0.39 135.32 0.22 4.67 × 10−5 y = 0.223x + 135

Linear Sb Bulk Sieved 133 <0.0001 0.96 −24.24 1.44 0.000719 y = 1.44x − 24.24
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