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Abstract

Background—Environmental chemical exposures have been implicated in pediatric kidney
disease. No appraisal of the available evidence has been conducted on this topic.

Methods—We performed a systematic review of the epidemiologic studies that assessed
association of environmental exposures with measures of kidney function and disease in pediatric
populations. The search period went through July 2016.

Results—We found 50 studies that met the search criteria and were included in this systematic
review. Environmental exposures reviewed herein included lead, cadmium, mercury, arsenic,
fluoride, aflatoxin, melamine, environmental tobacco, bisphenol A, dental procedures, phthalates,
ferfluorooctanoic acid, triclosan, and thallium/uranium. Most studies assessed environmental
chemical exposure via biomarkers but four studies assessed exposure via proximity to emission
source. There was mixed evidence of association between metal exposures, and other non-metal
environmental exposures and pediatric kidney disease and other kidney disease biomarkers. The
evaluation of causality is hampered by the small numbers of studies for each type of environmental
exposure, as well as lack of study quality and limited prospective evidence.

Conclusion—There is a need for well-designed epidemiologic studies of environmental

chemical exposures and kidney disease outcomes.
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1. Introduction

Environmental chemical exposure remains a major global public health problem. The United

States Environmental Protection Agency (EPA) estimates that thousands of chemicals are in
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use, but only a fraction have detailed toxicological data. Over 200 environmental chemicals
can be detected in the blood and urine of the general population of the United States
(Centers for Disease Control and Prevention, 2017; Buser and Ingber, 2017). It is estimated
that nearly 25-33% of the global disease burden can be attributed to environmental risk
factors.(Smith et al, 1999) Globally, the World Health Organization calculated that pollution
is responsible for nearly 7 million deaths per year (World Health Organization, 2016).
Patterns of environmental exposure differ across countries geographically and by per capita
income levels, but environmental exposure remains a major cause of morbidity and mortality
worldwide (Landrigan et al, 2016).

Children are particularly susceptible to environmental exposures compared to adults
(Firestone and Amler, 2003). Firstly, children consume more food, water, and air per pound
of body weight compared to adults and therefore are proportionally exposed to more
environmental toxicants (Au, 2002, Firestone and Amler, 2003, Sly and Flack, 2008).
Moreover, an individual’s susceptibiliy to environmental chemical exposure is greatest
during “:windows of vulnerability,” the specific time periods when complex organs,
pathways, and connections are being established (i.e. prenatal and early life development)
(Selevan et al., 2000). Exposure to environmental chemicals during these periods can impact
cell signaling and alter development. Due to physiological differences between children and
adults, children more easily absorb toxicants such as lead, and have decreased elimination
abilities. The blood-brain barrier is not fully developed for the first 36 months of life,
leaving young children more susceptible to neruotoxicants (Sly and Flack, 2008). Taken
together, these facts suggest that environmental chemical exposure in childhood poses
substantial public health concern.

There is evidence to suggest that environmental exposures play a role in the development of
Chronic Kidney Disease (CKD), a disease defined by reduced glomerular filtration rate,
increased urinary albumin excretion, or both (Jha et al., 2013). CKD poses a significant and
worldwide public health problem, therefore identification of preventable risk factors for
CKD, including childhood environmental exposures, could contribute to a decrease in
worldwide CKD incidence. CKD has a global prevalence of approximately 10.4% in men
and 11.8% in women (Mills et al., 2015). Currently, CKD mortality is increasing worldwide.
(Rhee and Kovesdy, 2015; GBD 2013 Mortality and Causes of Death Collaborators, 2015).
As of 2005-2010, the prevalence of CKD in the United States is 13.1% (U.S. Renal Data
System, 2013). Various studies have estimated a CKD prevalence of 15-74.7 cases per
million children (Wong et al., 2012; Warady and Chadha, 2007). Children with CKD are at
risk for increased morbidity and mortality, and poorer quality of life (Wong et al., 2012).
The prevalence of End Stage Renal Disease (ESRD), a stage of chronic irreversible renal
failure, in children (aged 19 and younger) has increased by 10.1% since 2000 (U.S. Renal
Data System, 2013). ESRD in childhood carries a significant physical and emotional impact,
and all-cause hospitalizations in this population is increasing, as is ESRD mortality among
younger children (U.S. Renal Data System, 2013). The life expectancy for children with
ESRD with dialysis treatment is poor, and mortality rates are 30—150 times higher than the
general pediatric population (Warady and Chadha, 2007; McDonald et al., 2004). Kidney
transplantation is the treatment of choice for children with ESRD.
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Several environmental exposures, including metals such as lead and cadmium are known
nephrotoxicants with clear associations with kidney disease (Soderland et al., 2010). Some
metals such as cadmium and lead are associated with increased levels of biomarkers of poor
kidney function in adults (Navas-Acien et al., 2009; Buser et al., 2016). Early studies
demonstrated an association between increased levels of metals such as mercury in the
kidneys of stillborn children (Lutz et al., 1996). Environmental arsenic exposure is
associated with kidney disease outcomes in adults (Zheng et al., 2014) as well as in
adolescents and young adults (Weidemann et al., 2015a). A study from Bangladesh found
that maternal arsenic exposure was associated with a decrease in infant kidney function,
although this was not statistically significant (Hawkesworth et al., 2013). A study from Chile
found that adults with in utero and childhood exposure had a higher risk of chronic renal
disease (Smith et al., 2012). Studies in the United States have found that higher blood lead
levels are associated with a decrease in kidney function in children and teenagers (Fadrowski
etal., 2010).

However, there remains limited research regarding environmental exposures in children, as
most of the research into environmental risk factors for CKD has been conducted in adult
populations (Weidemann et al., 2015b). Several narrative reviews of environmental
exposures and pediatric renal disease (Chadha and Warady, 2005, Warady and Chadha,
2007, Soderland et al., 2010, Weidemann et al., 2015b, Kataria et al., 2015b) have been
recently published, but not yet as a systematic review.

To evaluate the potential relationship between environmental exposures and kidney function
outcomes in children, such as estimated glomerular filtration rate (GFR), proteinuria,
albuminuria, and urinary biomarkers of tubular damage such as p-2-microglobulin and N-
acetyl-p-D-glucosaminidase (NAG), we conducted a review of epidemiologic studies that
have previously investigated the association between any environmental exposure via
geography, environment, or biomarkers, and CKD endpoints. We also considered studies
featuring urinary markers of kidney damage, such as p-2-microglobulin (B2MG), N-acetyl-
B-D-glucosaminidase (NAG), a-1-microglobulin (A1M) and retinol binding protein (RBP),
as well as many other biomarkers.

2. Materials and methods

We searched the PubMed (http://www.nchi.nm.nih.gov/pubmed) database to find published
observational studies that evaluated the relationship between an environmental exposure and
CKOD status and/or kidney function markers. We used free text as well as Medical Subject
Heading (MeSH) terms (Fig. 1). The search period was through July 2016 with no language
restrictions. Eleven studies were identified manually (Gossner et al., 2009, Guan et al., 2009,
Hawkesworth et al., 2013, Hu, 1991, Kooijman et al., 2015, Loghman-Adham, 1998, Moel
and Sachs, 1992, Noonan et al., 2002, Ramirez-Rubio et al., 2015, Weidemann et al.,
2015a). Two investigators independently reviewed each publication identified through the
search and applied the study selection criteria. Epidemiologic studies with individual level or
community level data on environmental exposures were included. Reviews, case series and
case reports, animal and experimental studies, studies without an environmental exposure or
a kidney disease outcome, and studies in non-children populations were excluded.
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The two investigators (LZ and APS) independently abstracted the study data, including
design, location, age and gender distribution, sample size, biomarker assessment, outcome
ascertainment, exposure levels, study results, and adjustment factors. Studies were classified
as those conducted with metals or “other” as the environmental exposure (s) of interest. For
studies with multiple levels of adjustment, we abstracted and reported the measure of
association adjusted for the most covariates. Study quality was evaluated using criteria
reported by Longnecker et al. (1988) as performed in previous systematic reviews (Zheng et
al., 2014). We confirmed our criteria with the PRISMA checklist for completeness of
systematic review findings (Moher et al., 2010).

The authors concluded that the studies were of limited quality and too diverse in outcome
measures, exposure levels, and too diverse in exposures to allow for meaningful meta-
analysis of all studies (Pittler, 2002). Data were abstracted for summary tables and study
quality evaluation tables and categorized by exposure types.

3. Results

There were a total of 50 studies published between 1979 and 2016 that met our inclusion
criteria (Fig. 2). Most were published in English, four (4) were published in Russian and two
(2) were published in Chinese. These publications were translated by Russian or Chinese
speakers before inclusion. Some publications were considered together (Bellinger et al.,
2006; Geier et al, 2013; Hawkesworth et al., 2013; Barregard et al., 2008; DeRouen et al.,
2006; Skroder et al., 2015; Woods et al., 2008; Kooijman et al., 2015; Taal et al., 2011), as
they used the same study population and provided complementary information. Most studies
were from non-occupationally-exposed populations, one included children of occupationally
exposed parents (Khan et al., 2010). The studies were conducted in the United States,
Canada, Germany, Czech Republic, Poland, Kosovo, Pakistan, Senegal, Belgium, Morocco,
France, Portugal, Pakistan, China, Bangladesh, Mexico, Thailand, Egypt, and Netherlands.
The study designs included 32 cross-sectional, 6 prospective cohort, 2 retrospective cohort, 4
case-control, and 2 randomized clinical trials (representing 6 publications) (Tables 1-4).

3.1. Quality assessment

A majority of studies measured exposure at the individual level using blood or urine
biomarkers. Four (4) studies did not measure the exposure at an individual level, these
studies measured proximity to a high exposure source (Lagutina et al., 1979, Ignatova et al.,
1996, D’ Andrea and Reddy, 2014). Four (4) studies reported multiple exposures, such as
lead and cadmium (Chan et al., 2012, Pels et al., 1998), or cadmium and mercury (Laamech
et al., 2014, de Burbure et al., 2006). Outcome measure definitions were generally
consistent. Most studies measured urine protein, urine albumin levels, or other biomarkers
such as p2-microglobulin (B2MG), N-acetyl-p-D-glucosaminidase (NAG), a.-1-
microglobulin (A1M), and some other small low-molecular weight biomarkers. One study
used a dipstick to measure proteinuria (Factor-Litvak et al., 1999). Among the studies that
examined estimated glomerular filtration rate (eGFR), seven studies used creatinine based
estimating equations (Fadrowski et al., 2010, Farzan et al., 2016, Garcia-Esquinas et al.,
2013, Kataria et al., 2015a, Kooijman et al., 2015, Loghman-Adham, 1998, Watkins et al.,
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2013). Four studies used Cystatin C based estimating equations to determine eGFR
(Fadrowski et al., 2010, Skroder et al., 2015, Hawkesworth et al., 2013, Filler et al., 2012).
One study used an equation based on both creatinine and Cystatin C (Weaver et al., 2014).
One study (Fadrowski et al., 2013) used measured GFR by plasma disappearance of iohexol.
Not all studies adjusted for possible confounders such as age, gender, race/ethnicity, or BMI
Z-scores (Tables 5-8). Overall, we found studies of high quality (with adjustment for
possible confounders and standardized exposure and outcome assessment) as well as studies
of low quality (lack of adjustment for potential confounders, no individual-level exposure
assessment, and nonstandard outcome metrics).

3.2. Lead exposure and kidney disease outcomes

We found 16 studies that examined children’s lead exposure and kidney health. The studies
were published between 1985 and 2016 and were conducted in the United States, Canada,
Czech Republic, Poland, Hong Kong Germany, Romania, Kosovo, Belgium, Pakistan,
Senegal, and Morocco (Table 5). The study designs included 12 cross-sectional, 2
prospective cohort, and 2 case-control studies. The studies published before 1999 had small
sample sizes and did not adjust for possible confounders. Nearly all studies of lead exposure
used blood lead as a biomarker, although Scharer et al. (1991) used lead levels measured in
deciduous teeth. Reported mean blood lead levels ranged from 2.9 pg/dL in a United States
population (Fadrowski et al., 2010) to 34.2 pg/dL in Romania (Verberk et al., 1996).

Nine (9) studies reported significant associations between lead and kidney disease measures.
In a cross-sectional study of 195 children in the Czech Republic, urine retinol binding
protein (RBP) was associated with lead levels, but no other biomarkers (blood cadmium,
zinc protoporphyrin) were associated with RBP levels (Bernard et al., 1995). Otherwise, no
association was found between cadmium levels and RBP, B2MG, or albumin levels (Bernard
et al., 1995). A cross-sectional study of 112 children in Poland reported a higher level of
urine P2MG in exposed compared to unexposed participants but no other biomarkers were
different by exposure status (Fels et al., 1998). A cross-sectional study of 58 children in
Senegal found that children exposed to lead (via industrial exposure) had higher levels of
urine albumin and protein than unexposed children (Cabral et al., 2012). A cross-sectional
study of 2209 children from Hong Kong reported a positive correlation between urine lead
levels and urine albumin, but observed a negative correlation between blood lead and urine
albumin (Chan et al., 2012). A cross-sectional study from Canada reported a weak but
statistically significant association between increased blood lead levels and decreased eGFR
(Filler et al., 2012). A case-control study of 58 children in Germany found that levels of
tooth lead were higher in children with renal disease with pre-existing CKD including some
who were dialysis-dependent as compared to controls (Scharer et al., 1991). However, these
studies did not include adjustment for possible confounders. A cross-sectional study of 279
children in Kosovo also reported an increased odds of proteinuria in the industrial town of
Kosovoka Mitrovica, compared to the nonindustrial town of Pristina 25 miles away (Factor-
Litvak et al., 1999). In this study, pregnant women were initially recruited at government
clinics. Children were selected for follow-up based on umbilical cord lead, town of
residence, and location. This study is one of the few with significant positive associations
that adjusted for possible confounders. In a cross-sectional study of 200 children in Belgium,
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there was a 3.6 (95% CI: 1.5, 5.7) percent increase in serum cystatin C per unit increase in
blood lead and a 16.0 (95% CI: 2.7, 31) percent increase in urine B2MG per unit increase in
blood lead (Staessen et al., 2001). The findings were also adjusted for possible confounders.
Another cross-sectional study of 736 children in Belgium also found an increase in urine
B2MG levels with increased urine lead (Chaumont et al., 2012). However, the results were
adjusted for many interaction variables in addition to possible confounders, making a direct
comparison with other studies difficult.

Seven (7) studies of blood lead and kidney disease measures reported mostly null
associations, or lacked statistically significant evidence of a relationship with kidney disease
markers. A case-control study from the United States found no difference in creatinine
clearance in children with lead poisoning (exposure levels 100-471 pg/dl) compared to
sibling controls (Moel et al., 1985). A cross-sectional study of 196 children in Morocco
found no significant correlations between blood lead and urine RBP and albumin levels
(Laamech et al., 2014). A cross-sectional study of 246 children in Pakistan also found no
significant difference in serum urea or serum creatinine levels between exposed (children of
lead-exposed industrial workers) and unexposed (children of non-exposed workers) groups
(Khan et al., 2010). A cross-sectional study of 151 children in Romania found no significant
increases in biomarkers associated with blood lead, except for an increase in urine NAG
(\Verberk et al., 1996). A cross-sectional study of 134 children in the United States did not
find differences between eGFR in unexposed or exposed (exposure levels 48-471 pg/dl)
children (Loghman-Adham, 1998). However, these studies did not control for possible
confounders. A cross-sectional study of 769 children in the United States found a dose-
response decrease in eGFR with increasing blood lead levels, but their results were not
statistically significant (Fadrowski et al., 2010). This was a study in the general United
States population which used standardized definitions and controlled for possible
confounders (Fadrowski et al., 2010). The same authors also reported a decrease in
measured GFR in a prospective cohort study of 391 American and Canadian children with
CKD but this was also not significant (Fadrowski et al., 2013). Both studies by Fadrowski et
al. had larger study populations and adjusted for possible confounders, they are examples of
high quality studies in this systematic review. Overall, there is some evidence that lead
exposure is associated with various kidney disease outcomes.

3.3. Other metals and kidney disease outcomes

We found 15 publications representing 12 different studies on various other metals and
kidney disease outcomes, particularly those with arsenic (Skroder et al., 2015; Hawkesworth
et al., 2013), cadmium (Chan et al., 2012, de Burbure et al., 2006, Hossny et al., 2001,
Swaddiwudhipong et al., 2015; Weaver et al., 2014; Skroder et al., 2015; Noonan et al.,
2002). manganese (Nascimento et al., 2016), mercury (Barregard et al., 2008; de Burbure et
al., 2006; Woods et al., 2008; Geier et al., 2013; Bellinger et al., 2006; DeRouen et al.,
2006), selenium (Skroder et al., 2015), thallium (Weaver et al., 2014), or uranium (Weaver et
al., 2014) (Table 2). These studies covered Egypt, France, Poland, Czech Republic, Portugal,
China, Bangladesh, Mexico, Thailand, Brazil, and the United States. The study designs
included 8 cross-sectional, 1 prospective cohort, and 2 randomized clinical trials
(represented in 5 publications).
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Seven (7) studies examined the renal effects of cadmium exposures. Studies of cadmium
exposure reported both positive and mixed results. A cross-sectional study of 112 children in
Poland reported a higher level of urine B2MG in exposed compared to unexposed
participants but no other biomarkers were different by exposure status (Fels et al., 1998). A
cross-sectional study of 405 children in Egypt found that adolescents who were urine AIM
positive had higher blood cadmium levels than those who were not, but null associations
were identified between A1M and blood cadmium levels in school aged children (Hossny et
al., 2001). A cross-sectional study of 804 children from France, Poland, and the Czech
Republic reported statistically significant increases in urine RBP and NAG with increased
blood and urine cadmium. Their study population was large and the analysis used multiple
linear regression models that selected covariates with stepwise regression (de Burbure et al.,
2006). However, they adjusted for several interaction terms (such as with mercury levels),
making comparison with other studies difficult. A cross-sectional study of 2209 children
from Hong Kong reported a positive correlation between urine cadmium levels and urine
albumin, but observed a negative correlation between blood cadmium and urine albumin,
suggesting that blood levels of cadmium may not be suitable for estimating intrarenal
exposure (Chan et al., 2012). A cross-sectional study of 159 children from the United States
found positive correlations between urine cadmium and NAG, albumin, and alanine
aminopeptidase (AAP) levels, although these were not statistically significant (Noonan et
al., 2002). A cross-sectional study of 512 children in Mexico reported an increase in eGFR
per doubling of urine cadmium (Weaver et al., 2014). A cross-sectional study of 594
children in Thailand reported significantly increased odds of elevated 2MG among
individuals who experienced higher levels of urine and blood cadmium compared to those
with lower levels (Swaddiwudhipong et al., 2015). Notably, these two studies were of high
quality, and had a large number of study participants (> 500) and adjusted for possible
confounders. Overall, there is suggestive evidence of an effect of early life cadmium
exposure on renal health outcomes.

Six publications representing three separate studies assessed the effects of mercury
exposure. These include two randomized clinical trials: the New England Children’s
Amalgam Trial in the United States (Barregard et al., 2008; Bellinger et al., 2006), and the
Casa Pia study in Portugal (DeRouen et al., 2006; Geier et al., 2013; Woods et al., 2008).
The New England Children’s Amalgam Trial randomized children to either amalgam
(containing mercury) or composite (no mercury) dental treatments (Bellinger et al, 2006).
The Casa Pia study randomized children to either amalgam (containing mercury) or to resin
(no mercury) dental treatments (DeRouen et al., 2006). There was also a cross-sectional
study conducted in parts of France, Poland, and the Czech Republic (de Burbure et al.,
2006). The Casa Pia study of 507 children reported no significant difference in urine
albumin levels by treatment year (Derouen et al., 2006), but other investigators demonstrated
an increase in urine albumin per log-increase in the children’s urine mercury levels (Woods
et al., 2008). A secondary analysis reported a statistically significant increase in urine GST-
a and GST-r levels per increase in tooth restorations (Geier et al., 2013). However, the
methods and post-hoc design of this study are questionable for several reasons, including the
use of an exploratory method that uses the data to suggest how to configure the model, as
opposed to taking advantage of the Casa Pia’s randomized clinical trial design, and the use
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of GST-a and GST-w levels as a primary outcome (DeRouen et al., 2015). In the New
England Children’s Amalgam Trial of 534 (Bellinger et al., 2006) children comparing
amalgam (proxy for mercury exposure) versus composite dental treatments, the OR (95%
Cl) of albuminuria comparing amalgam versus composite was 1.8 (1.1, 2.9) (Barregard et
al., 2008). This was a large randomized clinical trial design, and the study adjusted for
potential confounders. A cross-sectional study of 804 children from France, Poland, and the
Czech Republic reported statistically significant increases in serum 2MG and urine NAG
with increased urine mercury. Their study population was large and the analysis used
multiple linear regression models that selected covariates with stepwise regression (de
Burbure et al., 2006). However, they adjusted for several interaction terms with other metals
(such as cadmium), making comparison with other studies difficult.

Two publications representing one study assessed the effects of arsenic. A prospective cohort
study of 1334 children in Bangladesh found that urine arsenic is associated with a decrease
in children’s eGFR per unit increase in maternal urine arsenic, although this was not
significant (Hawkesworth et al., 2013). There was also an association between the child’s
urine cadmium and decreased eGFR (Skroder et al., 2015). No change in children’s eGFR
was reported per unit increase in the child’s urine selenium or arsenic in a cross-sectional
analysis of the cohort (Skroder et al., 2015). One study reported on the effects of thallium
and uranium. A cross-sectional study of 512 children in Mexico reported an increase in
eGFR per doubling of urine thallium but not for urine uranium (Weaver et al., 2014). One
study reported on the effects of manganese. A cross-sectional study of 63 children in Brazil
found a significant increase in urine albumin and urine NAG levels between urban and rural
children, with rural children having higher levels of blood, hair, and drinking water
manganese (Nascimento et al., 2016). However, this study was comprised of a small number
of participants and did not control for potential confounders for kidney function biomarkers
(Nascimento et al., 2016).

3.4. Non-metal environmental exposures

We identified 17 studies that examined non-metal environmental exposures. These include
studies of fluoride levels(Xiong et al., 2007; Liu et al., 2005), aflatoxin (Hassan et al.,
2006a) and ochratoxin (Hassan et al, 2006b), maternal smoking levels (Taal et al., 2011,
Kooijman et al., 2015), secondhand smoking (Garcia-Esquinas et al., 2013), Bisphenol A,
Triclosan, Benzophenone-3 (Trasande et al., 2013), PFOA (Geiger et al., 2013; Watkins et
al., 2013; Kataria et al., 2015a), Bisphenol-A-glycidyl-dimethacrylate (bisGMA)
(Trachtenberg et al., 2014), melamine exposure (Lam et al., 2008; Guan et al., 2009),
polycyclic aromatic hydrocarbons (PAHSs) (Farzan et al., 2016) and various phthalate
compounds (Trasande et al., 2014, Tsai et al., 2016) (Table 3). The study designs included
12 cross-sectional, 1 case control, 2 prospective cohort, 1 retrospective cohort, and 1
randomized clinical trial.

Two studies investigated the association of fluoride exposure, including 1 cross-sectional
and 1 case-control. In a cross-sectional study of fluoride exposure in 210 children in China,
the investigators found increases of urine NAG and urine -y-GT levels (Liu et al., 2005). In
case-control study of fluoride levels in 210 children in China, slightly higher urine NAG
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levels were found in participants with higher serum fluoride levels (Xiong et al., 2007).
While both studies were from China, the first study did not offer adjustment for confounders
while the second study matched on age, sex, and nutritional status. One cross-sectional study
investigated the effects of Aflatoxin and Ochratoxin exposure. A cross-sectional study of 50
mother-child pairs in Egypt found no statistically significant differences in children’s urine
B2MG or urine albumin levels between individuals with negative and positive maternal
Aflatoxin exposure.(Hassan et al., 2006a). However, they found higher levels of urine p2MG
in children with maternal Ochratoxin A levels (Hassan et al., 2006b).

Three publications representing two studies, a cross-sectional and a prospective cohort,
investigated smoking exposures assessed via questionnaire. A prospective cohort study of
538 children in the Netherlands found that maternal smoking was associated with decreased
kidney volume at age 2, although this was not statistically significant (Taal et al., 2011). The
same prospective study followed the children to age 6 and found that maternal smoking was
associated with both decreased child eGFR and increased albumin-creatinine ratio (ACR)
when the mother continued to smoke = 5 cigarettes per day during preganancy (Kooijman et
al., 2015). This study also found an association between paternal smoking and smaller
combined Kidney volume at age 6, although there was not association with eGFR and ACR
(Kooijman et al., 2015).

A cross-sectional study of 7516 children in the United States found that serum cotinine
levels (a biomarker of smoking exposure) were associated with a decrease in eGFR. This
was present at the highest levels of cotinine indicate of secondhand smoke as well as the
higher levels of smoke exposure associated with active smoking (Garcia-Esquinas et al.,
2013). This study was conducted in he general US population and controlled for possible
confounders.

Two studies, a randomized trial and a cross-sectional study examined the exposure of
Bisphenol A. In a randomized trial of 410 children in the New England Children’s Amalgam
Trial in the United States, of dental interventions (as a proxy for bisphenol-A-glycidyl-
dimethacrylate (bisGMA) compounds), the use of preventive dental sealant was associated
with an increased odds ratio of microalbuminuria (urine albumin > 30 mg/g) and that
composite and copolymer treatments were associated with an increased OR of high urine
NAG levels (Trachtenberg et al., 2014), however, the results were not significant. A cross-
sectional study of 667 children in the United States found a slight increase in albumin/
creatinine ratio but no increased odds of micro/macroalbuminuria by Bisphenol A levels
(Trasande et al., 2013). This study also reported that triclosan and benzophenone-3 were not
associated with albumin/creatinine ratio (Trasande et al., 2013).

Two studies, both cross-sectional, examined phthalate exposure. A cross-sectional study of
667 children in the United States found that urine high molecular weight (HMW) phthalates
and the HMW phthalate di-2-ethylhexylphthalate (DEHP) were associated with increases in
urine albumin/creatinine ratio (Trasande et al., 2014). This study was also conducted in
general US populations and controlled for possible confounders. Meanwhile, a cross-
sectional study of 195 children in Taiwan found an association between the phthalate
metabolite DEHP and increased urine albumin/creatinine ratio as well as in increased
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prevalence of microalbuminuria in those exposed to higher levels of DEHP. However, they
did not find a significant difference in urine NAG levels (Tsai et al., 2016). This study also
controlled for possible confounders (Tsai et al., 2016).

Three studies, two cross-sectional and a retrospective cohort, investigated perfluorooctanoic
acid (PFOA) exposure. A cross-sectional study of 1772 children in the United States found
an association with serum PFOA and perfluorooctane sulfonate (PFOS) levels and odds of
hyperuricemia only at the highest levels of exposure (Geiger et al., 2013). Similarly, another
cross-sectional study of 1960 children in the United States found that serum PFOA was only
associated with decreased eGFR in the highest quartile of exposure and serum PFOS was
associated with a decrease in eGFR in all quartiles of exposure (Kataria et al., 2015a). The
investigators did not find an association between perfluorononanoic acid (PFNA) and
perfluorohexane sulfonate (PFHXS) and decreased eGFR (Kataria et al., 2015a). Meanwhile,
a retrospective cohort study of 9660 children in the United States found that blood PFOA,
PFOS, PFNA, PFHXS were associated with a decrease in eGFR (Watkins et al., 2013). All of
these studies utilized a large study population and controlled for possible confounders.
Taken together, these studies suggest that there is a possible association between PFOA
compounds and decreased kidney function in children.

Two studies examined melamine exposure. One cross-sectional study of 3170 children in
China examined the consumption of mela-mine-contaminated milk products. They found
that there was a 1.86% prevalence of proteinuria (Lam et al., 2008). However, this study did
not adjust for potential confounders. Another study of 589 children in China found a strong
association between kidney stones and melamine content in formula, with adjusted odds
ratios of 2.0 (0.6, 3.2) and 7.0 (2.1, 23.00) with comparing moderate and high melamine
content in formula to children with no melamine in their formula (Guan et al., 2009). For
children with suspected stones, they reported an adjusted odds ratio of 1.7 (0.9, 3.2) and 2.6
(1.2, 5.4) comparing moderate and high melamine content in formula to children with no
melamine in their formula (Guan et al., 2009).

One cross-sectional study examined PAH exposure. A cross-sectional study of 660 children
in the United States found that out of 10 PAH compounds, only 3-Hydroxyphenanthrene was
associated with a statistically significant decrease in eGFR in children (Farzan et al., 2016).
All other PAH metabolites were not significantly associated with a decrease in eGFR or an
increase in albumin/creatinine ratio (Farzan et al., 2016).

3.5. Proximity studies

There were four studies that examined kidney outcomes with respect to proximity to specific
area. Three of these studies are from Russia (and former Soviet Union) (Lagutina et al.,
1979, Ignatova et al., 1996, Rakhmain lu et al., 2004). The study designs included 2 cross-
sectional, 1 retrospective cohort, and 1 case-control. A cross-sectional study of 1790
children in the former Soviet Union found that the prevalence of kidney and other related
abnormalities was higher in polluted areas than non-polluted areas (Lagutina et al., 1979). A
cross-sectional study of 486 children in Russia found elevated kidney damage biomarkers
(proteins, NAG) were more frequently seen in children living closer to industrial plants
(Rakhmanin et al., 2004). A case-control study of 95 children in Russia found that urine
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heavy metal salt excretion increased in areas with heavy metal contamination compared to
control areas (Ignatova et al., 1996). On the other side of the world, a retrospective cohort
study of 312 children in the United States found similar levels of blood urea nitrogen (BUN)
and serum creatinine comparing children from areas with and without industrial
contamination (D’Andrea and Reddy, 2014) However, none of these studies included
adjustment for possible confounders.

4. Dscussion

CKD is a growing public health problem worldwide and its incidence is increasing (Jha et
al., 2013). Evidence of kidney effects of some environmental chemicals has been
investigated in other systematic analyses for both arsenic (Zheng et al., 2014) and cadmium
(Byber et al., 2016) in adult populations. The systematic review herein evaluated the current
body of literature regarding environmental chemical exposures and pediatric renal outcomes.
Some of the studies in this review provide evidence of an association with environmental
exposures and impaired children’s renal function. Since environmental exposures may to
some extent represent a modifiable risk factor for pediatric kidney disease, of which few
currently exist, the design and implementation of epidemiological studies may ultimately
contribute to the prevention of CKD progression. A systematic appraisal of the literature
showed mixed evidence of an association between lead exposure and pediatric kidney
disease markers, whether defined as eGFR, urine protein, urine albumin, or other kidney
damage biomarkers. We found nine studies that reported a positive association of blood lead
levels with kidney damage biomarkers such as REP, B2MG, and proteinuria status. However,
seven additional studies did not report an association of blood lead with renal biomarkers.
Current evidence is supportive of lead exposure contributing to an increased risk of kidney
disease; however, the lack of consistent findings suggests potential limitations among study
designs and the magnitude of this association is unclear.

Six of six studies reviewed reported an association between cadmium levels and A1M, RBP,
NAG, B2MG, urine albumin, urine protein, and eGFR. Overall, there is suggestive evidence
of an effect of early life cadmium exposure measured in urine or blood on a variety of renal
health outcomes.

Four of six studies reviewed reported an association between mercury levels and albumin,
B2MG, NAG, GST-a, and GST-rt levels. This evidence comes from randomized trials such
as the Casa Pia study and the New England Children’s Amalgam Trial. Another study found
an association between urine mercury and B2MG and NAG levels. Overall, there is evidence
suggestive of an effect of mercury exposure on renal health outcomes.

Three out of three studies reported an association of PFOA compounds with eGFR or serum
uric acid levels. All three studies were conducted in the United States and controlled for
possible confounders. This suggests that there may be an association between PFOA and
kidney function. However, the literature on PFOA and kidney function remains fairly
limited, and may be influenced by publication bias.

Environ Res. Author manuscript; available in PMC 2018 February 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng et al.

Page 12

We identified two studies that showed a positive association between fluoride levels and
urine NAG levels. This suggests that there is a possible association between fluoride and
kidney function. We identified 2 studies that showed an association between Bisphenol A
compounds and urine albumin levels. However, the literature on both fluoride and Bisphenol
A and kidney function remains limited. We identified two studies that investigated the health
effects of melamine exposure. Both found incidences of impaired kidney function and one
found an association between melamine consumption and kidney stones. However, one of
these studies came from a widely publicized case of melamine contamination of baby
formula where the exposures were orders of magnitude higher than the other study. In this
case, the link between the melamine exposure and the Kidney stones was very clear as the
stones were atypical in size and composition (composed of powdered melamine) compared
to other kidney stones. This acute exposure to melamine was very likely the cause of these
kidney stones.

We identified three publications representing two studies that investigated the health effects
of smoking exposure. One study found no difference in kidney volume by maternal smoking
levels, but found an association between maternal smoking and child eGFR levels. Another
study found that high levels of serum cotinine were associated with a decrease in eGFR.
This suggests a possible association between smoking exposures and kidney function,
however the literature remains limited.

Both studies of arsenic exposure found no association between urine arsenic and eGFR.
Additional environmental chemicals of concern have only been examined in single studies to
date. These include metals such as uranium, thallium, selenium, and manganese, as well as
non-metal compounds such as aflatoxin and ochratoxin, triclosan, and Benzophenone-3.
However, the literature is limited and more research with need to be conducted.

5. Gaps and limitations of existing research

Our review identified several gaps in scientific knowledge. These include a critical need for
additional studies of environment chemicals exposures and renal health, including but not
limited to lead, arsenic, manganese, cadmium, fluoride, Bisphenol A, PFOA, and PAH
compounds. There is also a need for research on other environmental exposure combinations
such as urbanization. A study in China found an association between urbanized and reduced
eGFR in adults (Inoue et al., 2017). However, few studies have examined this exposure and
this may be a potential risk factor for children. Additionally, it is clear that studies on
children’s renal health suffer from a lack of unified outcome measures. Diverse outcomes,
including albuminuria, eGFR, NAG, p2MG, RBP, GST-a, GST-m, serum creatinine, serum
urea, Kidney size, urine protein, and blood urea nitrogen levels are currently used as markers
of renal health. These markers themselves are imprecise, limiting analysis to larger effect
sizes or requiring very large cohorts. Appropriate exposure assessment and appropriate use
of adjustment for urine dilution remains controversial (adjustment for urinary concentration
in statistical modeling versus simple ratios, urine osmolality, urine flow rates are all used in
exposure assessment and have yet to be standardized). The pediatric setting, particularly the
use of different definitions/equations for estimated GFR in children remains challenging to
compare studies which define eGFR with different formulas. There is also complexity in
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using urinary concentration of toxins as measures of exposure in that the renal effects may
impact urinary concentrating ability and other renal tubular functions (Weaver et al., 2016;
Yeh et al., 2015; Weaver et al., 2014). In addition, the presence of so many different outcome
measures precluded the possibility of meta-analysis. The need for improved and validated
biomarkers (or combinations of biomarkers) is a priority of the NIDDK, and future studies
should strive to standardize renal function measures that will enable cross-study comparison.

This systematic review found limitations in the design of current epidemiologic studies of
environmental exposures and renal health. These limitations include a limited number of
prospective studies and randomized clinical trials, relatively small study populations, lack of
unified outcome measures, and a lack of adjustment for possible confounders. Other
limitations included poor exposure assessment (some studies used proxies such as dental
procedures or questionnaire, and others examined geographic areas as a proxy for exposure),
and lack of precision of exposure timing (few studies collected longitudinal exposure data).
No studies examined critical window methods as most exposures were assessed at baseline
study visit(s).

This review also found several strengths in the current epidemiologic literature. A strength
of the studies we reviewed was that most exposures were measured at the individual level
using validated biomarkers. As human exposure to environmental chemicals is ubiquitous,
understanding the effects on kidney disease and kidney function in children would contribute
to potentially preventable disease worldwide. Another strength was that most studies used
biomarkers to assess renal function, despite a lack of uniform outcome measures. Several of
the studies were conducted in the general US population, therefore allowing results to be
easily generalizable in the United States. Overall, due to the limitations of the existing
literature, such as small sample size, cross-sectional design, and lack of adjustment for
potential confounders, we were unable to make definitive inferences on these environmental
chemicals.

6. Future perspectives

Due to the gaps and limitations of the scientific literature on environmental chemical
exposure and childhood kidney disease and dysfunction, we propose that investigators
should conduct additional research in this area and suggest guidelines for future studies: (1)
conduct prospective studies, (2) collect longitudinal biomarkers to assess exposure, (3)
standardize renal biomarkers (e.g. albuminuria, eGFR, NAG, or p2MG) to facilitate
comparisons across study populations. The addition of studies meeting these guidelines will
help to further the scientific knowledge of environmental exposures and pediatric renal
health.
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Fig. 1.

(("Environmental Pollution"[Mesh] OR "Environmental Exposure/adverse
effects”"[Mesh] OR "Environmental Exposure/analysis”[Mesh] OR "Environmental
Exposure/statistics and numerical data"[Mesh] ) OR ("Environmental
Monitoring”[Mesh]) OR ("Environmental Pollutants"[Mesh]) OR ( "Food
Contamination/adverse effects"[Mesh] OR "Food Contamination/analysis"[Mesh)
) OR ( "Food Contamination/statistics and numerical data"[Mesh] ) OR ( "Water
Pollutants/adverse effects”[Mesh] OR "Water Pollutants/analysis"[Mesh] ) OR (
"Drinking Water/analysis"[Mesh] OR "Drinking Water/chemistry"[Mesh] ) (
"Drinking Water/analysis"[Mesh]) OR ("Drinking Water/chemistry"[Mesh] ) OR
(“environmental”) OR (“environment”) OR("“air pollution”))

AND
("Kidney Failure, Chronic"[Mesh] OR "Renal Insufficiency, Chronic"[Mesh] OR
"Renal Dialysis"[Mesh] OR "Glomerular Filtration Rate"[Mesh] OR
"Proteinuria”[Mesh] OR "Albuminuria”[Mesh] OR "Glomerular Filtration
Rate"[Mesh] OR "Albumins/urine”[Mesh] OR "Proteins/urine"[Mesh] OR
("Nephritis, Interstitial"[Mesh]) OR ("Acidosis, Renal Tubular”[Mesh]) OR
("Fanconi Syndrome"[Mesh]) OR ("Kidney Tubular Necrosis, Acute”[Mesh]) OR (
"Diabetes Insipidus”[Mesh] OR "Diabetes Insipidus, Nephrogenic"[Mesh] ) OR
“kidney” OR “renal”) AND("Child"[Mesh] OR "Young Adult"[Mesh] OR "Child,
Preschool”[Mesh] OR "Infant"[Mesh] OR "Infant, Newborn"[Mesh] OR
"Pediatrics”[Mesh] OR "Prenatal Exposure Delayed Effects/epidemiology"[Mesh]
OR "Prenatal Exposure Delayed Effects/statistics and numerical data"[Mesh] OR
“child” OR “children” OR “adolescents” OR “infant” OR “adolescent” OR “infant”
OR “prenatal” )

Search query in PubMed.
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Identification

References identified: 2040

Pubmed Search: 2021
Manual search: 11

l

Screening

Records after removing
duplicates: 2032

‘#

Excluded (based on initial exclusion criteria): 1976

Review, editorial, no original data

Animal or laboratory study

Case report, or no control group

No environmental exposure

No chronic kidney disease outcomes

Study population not composed of children

Eligbilty |

| Eligible for final review: 56 H

Included

Included in final review:50*

Lead exposures: 16

Other metal exposures: 15
Non-metal exposures: 17
Proximity to specific area:
4

Fig. 2. Summary of search and screening process
*Number may not sum to total since some studies examined multiple exposures

Excluded (based on secondary exclusion criteria): 6

Kidney disease not primary outcome
No measures of association reported

Environ Res. Author manuscript; available in PMC 2018 February 21.

Page 20



Page 21

Zheng et al.

B/6ri(6€ 0)
Sv'T ¢ |onuod
B/6ri(ee 0)
2L T:T |04ju0D Ajuo
6/61 (28'0) Ssjualyed ul
18°C ‘siuslred 9[ew %9°€9
pes| (SVV) pes| y1say SI0)0Y ‘sieak g8'6 4O Auewrs
aUON 3UON Y1001 Jo (aS)ueaiN SNoNPId3pP SNOLIBI-UON 3SU ain|Iey [euas JO JaquinN 8S 1041U02-858D abe uelpa|N T66T '[e 19 Ja1eYdS
(80°0)
20°0 :5]0J3u09 Ut
0114 BUIUIRID
Juisiold auun
(as) ueaiy
(£0°0)
20°0 :pasodxa ul
017eJ 3UIUITeaId
Juigloid aunn
(as) uesy
WELT
Juwyw (7°22)
89'92T :5]0J1U02
U1 3oURIR3|d
aulunean p/6r (9°2)
(as) uesiy 9'TT :S|0.QU0D
WEL'T Ul S|9A3] pes|
juw/w (z'eg)  pooyq (as) uesiy
8'/ZT :pasodxd p/6r (57)
u1 8dUBJE3|D S'pT :pasodxa B|nwIoy aew %S 6Y
auluIeald U1 S|ans| pes| Z1emyds Ag aoueres|d ‘sieak 19T $9181S pauuN
LN (as) uesin poojq (as) ues\ (SwV) pes| poojg aulueaId pue ulloid aun 56 1013U02-35eD) abe ues|\ G86T ‘I 19 [90N
(eL'rm)
g'gjoeunsd  eunstd ul Jp/br
pue eIINOIIN G pue BIIAOIIN umousjun
(dnoib "> Buredwod BY0N0SOd] ajew uoifau
a1uy3s Japuab ‘abe eunuiaoid ur p/brl oz J0 % ‘sleak G'g SnoOWouoINe 0AOSOM
awinsse) paisi| 10N 10} 01701 SPPO pes| poojq Uea|y pes| poolg sonsdip elaenuiglold 622 HOYod aAdadsold 1o paINseaN  666T ‘[e 19 MeAlT-1010e
wnjwped
poojq ‘orel
aulunealo/ulsioid
auln ‘sisoubelp
ayo ‘smes Ausnod  (8'1'0°9-) T'2- Tp/6ri
‘8100s-Z |ING :asealoul p/orl (8T'60)2T ajew epeue)d
‘Aoluys oluedsiH - T4ad (1D %56) 40 [9A9] ped] pooiq %T9 ‘sJeak pue se1e1s palun
‘a0l ‘Xas ‘abfy abueyo Jusdiad (401) ueipa (SINdDI) peaj poojg Y49 painseaw paseq-|0xayo| T6€  10YoD 8Andadsold 6T—T seby €T0Z “'Ie 18 DiSmoupe
(1D 9%56)
$4019.}) Juswisnipy 9zZ1S 19813 S|aAsT] a4nsodxg  1UBWISSAsSY Jaxdewolg 1UBWIUILIIBISY SW02INO N ubise@ Apn1S  9jewW o4 ‘afy  A4IUN0D pue ddUaIBLeY

Author Manuscript

‘sJayJewolq uonauny Asupiy pue sainsodxa pesj Jo saipnis [ealbojoiwapid3

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 22

Zheng et al.

(1spow uo
spuadap) guoneanpa

leauated ‘|G ‘XaS

uoIeINPA [eljie)
‘awodul ‘ANsaqo
‘alnsodxa ayows
‘90UapIsal |einl
SA UegIn ‘ANd1uyia
/adel ‘xas ‘aby

(¥€'0 'v1°0)
¥2°0 :pes| auun
pawliojsues)
-Boj ul asealoul
J1ad s|ans|
9Nz suun ul
0UBIAYIp UBBIN
(¥2'0'60°0) 9T'0
:wiNIWpes sun
pawiiojsues)
-Bo| ul aseasoul
JELRETE]]

dgy suun ut
80UBIAYIP UBSIN

(£'0'9'2T-)9°9-
(zz'eL-)oe-
(v 'v2-)vT-
(s0ualaya1) 0O'T
4499

ut (12 %G6)
QJUslayJIp ues|N

jueaiiubisuou
alam
S13Y10 20€°0

/61 (T°6T ‘9°'TT)
T'GT :pes| poolq
40 (401) uelpsy

/61
(82°0 'vT°0) 8T'0
‘wniwped poojq
40 (401) velpsiN

6'2<
6297

10T

01>

p/ori

,m_w>w_ pes| poo|g

(ovT ‘8y) 18 :shog

(SIWdoI)
pes| auLn pue poojg

(SVV) pes| pooig

sjens] OINZY
pue 'dgy ulwungre suln  9g.

H493 paseq
auluneaso pue D uneIsk) 69/

|euUOI}338S-SS0ID

|euUOI11338s-SS01D

3lew %T1'Gy
‘sieak #'GT JO
abe ueips

3lew %t°0G
‘sieak 0z—¢T
10 abues aby

wnifjag
2102 “[e 18 Juowneyd

se1els pauun
0TOZ “[e 18 DiSMmolpeS

40 1UB191)J909 (982
uoissalbal e ‘2%) 6'€8 S|
YuMm pesj| poojq ‘eaJe |0JIU02 Ul alew 9T 'GY
Uum pageroosse  (7/6r) pes) poojq (SVV) wniwpes ‘s1eak GT—¢T a1ignday yoezo
3UON SeM dgy auln 10 (abuel) ueay pue pes| poo|g s|ans] gy pue 9INZd suln G6T |eUO11985-SS01D abuel aby G66T “"|e 18 preusag
p/6r (1280
‘L¥%°0) G€9°0
:s|03u09 Ayieay
600 = ul peaj pooiq
anjend ‘26250~ (401) verpaiy
:S|ana| pue p/6ri (8G°T) umouyun
Y499 usamiaq TT'2 :Suaired sew
1UBI01}4800 ado ul pes| o ‘sleak 0z epeue)d
BUON uoissaifiey  poojq (As) uesn (SdOI) pes| poolg U490 paseq 0-0neISAD €81 [euonoss-ssory  —T abues aby 210z “[e 18 494
16T0
pes| auun
pue utwngje
aulIn UsaMiaq
JuUB101}J809
uoljelalion
12T°0- /10wy
‘pes| poolq  T'087—TS'LE :pes]
pue ulwnge poojq jo abuey
auLIN usaMiaq T/10wu 3lewW 946’8y
WoWRD  2JT-00°T > :pea| (SWdoI) ‘sieak 1z #(BU0M BuoH) BUILD
3UON uolye|aII0) auun Jo abuey pes| auun pue poo|g S|9Ad] ulwngfe suln 6022 |euonoss-ssol)  —T abues aby 2702 “Ie 18 UeyD
(10 %056)
$1039e} Juswisnipy 9715 10943 S[aneT] adnsodxg  JUBWISSASSY Jaydewolg JUBWIUIBIIBISY SWO0dINO N ubisag Apn1S 9w 95 ‘9fy  A1junoD pue adualaey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 23

Zheng et al.

(2'¢-)
2:(6/n) dvv
(8 'L1-)
g-:(6/6w) day
(zz 'v-)
8 :(6/6w) WTv
(st
'6-)¢ :(6/6w)
ulnqivy
(12 %06) peal 7/6n 9leW %gS
poojq /61 00t (rze)ere Jo pes| ‘WTV S[an3] OVN pue ‘dvv ‘sieak 9y eluewoy
3UON Jad asealoul o, poojq (as) uesin ‘(SVV) pes| poojg 'dg9d ‘INTV ‘ulwinge suln  TST |BUO11985-SS01D 10 abe uea|y 966T [e 10 M4agJan
1161 929'0
- 1900 :9buey
(¥90°0 161
pue 685'0  T¢¢'0 40 wnlwped
=d) ulwungpe poojq ues\
pue dgy auLn Tp/bri TT°EC
pue pesj| poojq —G/'0 :abuey 3[ewW %6'SYy
Uaamiaq punoy p/6r g5°g jJo (SINdDI) Andsaw pue (feanu 'sA uequn) ‘sieak g1 029040
BUON  SUOIR|3LI0d ON peaj poojq ueajN ‘pes] ‘wniwped auln ulnge pue 4g¥ aun 96T |euondas-ssol)  —9 abues aby ¥T0Z “'[e 18 yoawee]
/10wl (99 ‘6v)
25 :pasodxaun
ul auIueaId
wnJss Jo
(abueu) ueipa
T/own (2
‘IG) 95 :pasodxa
ul auluIeald
wnJss Jo
(abueu) ueipaiy
/10w
(87 '8¢€)
€'y :pasodxaun  TIp/Bri (€°€T '¥'T)
Ul galn wnJss Jo 0.9 :pasodxaun
(abueu) ueipan ul pes| poojq
J/loww o (sbuel) ueipaN
(g5'6€) 1p/Bri (602 ‘0'T)
G'y7 :pasodxa 01’8 :pasodxa (saus pasodxaun alewW 9495
U1 ealn wnss Jo ul pes| poojq uiro.d [e10) 'SA pasodxa) ‘sieak 7 40 ueisied
LN (aBurs) uelpay o (abBuel) uelpa| (ASV) pes| poojg ‘au1u1IeaId pue Baln Wnlss (Y4 |BUOI1D8S-SS01D) abe ueips\ 0TO0Z ‘"I 18 UByM
(te272)
0'9T :pes| poojq (6¥T 9TT)
ul asealoul ZET -Uus0qoH
uun sed oz (ot ‘0°52) a[ew
sajdwes  aulIn aseaIdUl 0% 0°28 MAMpmn %07 ‘NI
poojq ai043q (L6's1)9¢€ (06L ursieak g/ T
oam ainjesadwiay :pes| poojq ui ‘0°'59) 0'z/ :498d ‘UaoqoH
Ajrep ueaw  aseaJoul un Jad (1/10wu) (umoys pes| pue J1aad
‘3U0z0 ouaydsowre D uneIsAd WinJss pes| poojq poojq Ajuo Ing palsnod sjana] ONZY ursieak z'/1 wniBjag
ueaw ‘Bujows ‘xas Ul asealoul 9 10 (as) ues\ S1ay10) ‘pes| poolg auLIN pue D uneISAD wWNdS 002 |BUO11935-SS01D) 10 abe uea|y T00Z “[e 10 UassarlS
(10 %56)
s1019e} Juswisnipy az1S 19913 S|aA9T] a4nsodxg  JUBWISSASSY Jaxewolg 1UBWUIBIIBISY BW02INO N ubisag ApmIS  9JeW 94 ‘9fy  AJIUN0D pue 80UsIRRY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2018 February 21.

Environ Res. Author manuscript



Page 24

Zheng et al.

9UON

9UON

/1T :]01Uu0d
ur y499

jo (@s) uesy
WEL'T
Junwy/jw (8T)
GTT :UaIp|Iyd
pauosiod
-pes| ul Y4499
J0 (@s) uesiy

B/6w (Lv '€°0)
 :pasodxa ui
ulwngpe suun Jo
(abuey) uelpaN
B/Bw (g€ ‘1°0)

9 :pasodxaun ul
ulwnge auun Jo
(abuey) uelpay
B/bw (¢12

‘0) ¥€ :pasodxa
ur utsjoud

1e303 BULIN JO
(abuey) uelpay
/6w (LT ‘0)
7€ :pasodxaun
ur uisloud

[e101 dULIN JO
(abuey) ueipai
B/61 (€81

‘) 9 :pasodxa
ur 49y auun jo
(abuey) uelpay
6/61 (L0z ‘1T)
2t :pasodxaun
ul 4gy auln jo
(abuey) uelpay
6/6r (SyTT ‘)
68 :pasodxa ui
9Nzd suun jo
(abuey) ueipai
B/61 (voL 'v) L€
:pasodxaun ui
9Nzd suun jo
(abuey) uelpay
6/n (18 '9°0)
6'T :pasodxa

ut 9N aulin jo
(abuey) uelpay
/N (8% ‘6'0)
T'Z :pasodxaun
ur 9wN aulin jo
(abuey) ueipai

(02 '2)
1 :(6/n) OVN

p/Brl
(£'5) 98T pes|
poo|q (as) uesin

/61 (2'51)
9T :pasodxa
ul pes| auun
Jo0 (as) uesy
/61 (L°€)

0°/ :pasodxaun
ul pes| auun
J0 (Qs) uesy
/6n

(29) €€T :pasodxe
ul pes| poojq
Jo (as) uesiy
/61 (€T)

6€ :pasodxaun
ul pes| poojq
Jo0 (as) uesN

(Svv) pes| pooig

(SVV) wniwped pue
pes| auin pue poojg

(BINWLIOY ZLBMUYIS) Y499

S1ans] OINZY pue ‘'day ‘OvN
‘utwingye ‘uisiold [e101 auLIN

veT

Tt

[eU0108S-§501D)

[eU0108S-§501D)

UN
alew 9%(6°T)
7'€T abe
(as) uesy

deW %Z'¥9
‘pasodxa

U1 sieak 90T

‘pasodxaun
ursieah 6'6

10 abe ues|p|

S9)€]S palun
866T Weypy-uewyho

gPueIod
866T “[e 10 S|o4

10398y JusLISNIPY

(1D %56)
8z1s 19943

S|anaT ainsodx3

JUBWISSasSY JaxJewolg

JUsWUIelIBdSY awodNQO

N

ubise@ Apn1s

alew o4 ‘aby

A13UunoD pue souslsey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 25

Zheng et al.

*S)INSal WINIWPRD 10§ Z 3|qeL 88S — WNIWPED SaINsesw os[e Apnis :“866T e 19 w_m“_Q

"S)INS3J WNIWPRD 104 Z 3| 89S — WNIWPeD saInseaw osfe Apnis :z10z “1e 19 ueyo,

pauiodal JoN YN ‘Answonoads ssew ewsed pajdnod Ajaanonpul :SINDI ‘Adoasonioads uondiosge d1wole Sy ‘AllswweljoA Buidding sipouy

ASY ‘asepiuiwesodn|b-a-¢g -|A180e-N :OWN ‘U1ngoBosiw-T-v (A TY ‘uljngojBboioiw-z-g :9zg ‘eres uonea|ly Jejniawolb 1449 ‘alel uoie|iy Jejniswolb parewnss :¥49s ‘utsjold Buipulg jounas :dgy

982°0 :u1a104d
auLIn pue pes|
aULIN UsaMIaq
JUBI01}J30D
uonealiod
2€2°0 ursjoud
auLIn pue pes|
poojq ussmiaq
BUETRIITE ok)
uonealio)
6 (T'h)

' TT :pasodxa
u1 utgjoad suuin
Jo (Qs) uesiy
/6 (82)

8'g :pasodxaun
U1 utgyoad sunn
Jo (as) uesy

/6 (¢v) /61 (0°26)
0°¢ :pasodxa 1'6vT :pasodxa
U1 ulwnge suun U1 pes| poolq afew
Jo (as) uesy Jo0 (as) uesiy %g. ‘pasodxa
/6 (€71) /61 (9'1€) ursieak 6'g
9'T :pasodxaun 2'28 :pasodxaun (saus pasodxaun ‘pasodxaun
ur ulwingye aun ul pes| poojq (swdo1) s|ans| uidoad 'SA pasodxa) ursiesh g |ebauas
3UON 10 (QS) uesiN 10 (@s) uesN pes| auLIn pue poojg pue ‘ulwinge ‘'qgy suln 85 |eUOI108S-SS01D) 10 abe uea|y 21702 “'[e 19 [eiqeD
WELT
juiw/|u (971)
(10 %056)
s1010.) Juswisnipy az1S 19913 S|9A9T] 84Ns0dXg  JUSWISSASSY Jaydewolg 1UBWIUILLIBOSY aW02INO N ublsag ApMS  8jeW 04 ‘afy  A4IUN0D pue 2dUaIaleY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 26

poojq x AinaJaw u1 asealoul /61 (ov'T)
auun ‘AInaJaw uun Jad 9°0 :90URI4 Ul
auLIn X pes| dgysuun  ssjew pasodxaun afew
poojq ‘auluieald ut (anjen Ul wniwpes (svv) %2 61 ‘sieak a1gnday ysezo
auun :wniwped  -d) soussaylp poojq jo (as) AIndJaw pue wniwped s|ans] OVN £21-5'8 ‘puejod ‘aouedH
104 S|8poN uesN UBaW J1113WI099) auLIn pue poolg pue ‘9Nz 'dgd suun 08  [eUOI}D8S-SS0ID abuel aby 9002 “'[e 19 aingung ag

(12
-16'0) 6€'T
‘winiwpes
auLn
10 3[119)
MOJ/YBIH
(c6T
'28'0)G2'T
‘winiwpes
auLn
10 3119
MO /3IPPIIN
:6/6M
00T < utsrold
auLIn Jo YO
oy
‘82'T) 82°C
‘winiwpes
auLn
10 3|18}
MOJ/YBIH
(89
‘ST'T)90°C
‘winiwpes
auLn
10 3|18
MO|/3IPPIN auluesld alew 9%¢g'8Y puejieyl
:6/6M 00z = /61 v5°0 (Svv) wniwped S|ans| uigyo.d [e10) ‘sieak £'6 5102
pes| poojq ‘xas ‘el  9INZd 10 HO :uesl 01118039 poojq pue auln pue sjans] OINZY auln 65 [eUOID9S-SSOID Joabe uesyy  “[e 18 Buodiypnmippems
(ez'z0-)
T'T :wniuein
(e5'8'T)
9'¢ -wnijjeyL
(Br'v1)TE T 0)
:winiwpe) 10°0 :wniueIn
aUIUIIeaId BULIN ‘pea) :Jo Buijgnop (0z'0)
poojq ‘dd 01101sAS Jad Y499 GE'0 twnljjeyL (SWdDI) wniuein
‘BUIOLUS ‘aIodUl auluNealD (2£0) wnijjeyL JuBWaINSeaW alew %Z'TS
‘UOIIRINPS [T U1 8ouaJapIp $€°0 :Wniwpe) wniwped D uneisAd pue suiunesio ‘sieak 'y 091X
‘IING ‘Xas ‘aby ues\ /61 (@s) uesn auln wnuas Buisn Y499 Z2TS  [euo1198s-SS01D 10 abe uea|\ 7102 “'[e 19 Janeap\

seansodxa WniwpeD Jo saIpms

(10 %S6)
s10308} JuswIsnipy 9z1s 10943 S|oAeT] a4nsodxT  JUSWISSESSY JaXJewlolg  JUsWUIRLIadSY awodn0 N ubisag Apn1S  8jewW 94 ‘9fy  AJ3unoD pue adualaley

Zheng et al.

"SIayJewolq uonauny Asupiy pue (pes| uey) Jaylo) sfelaw 0] ainsodxa Jo saipnis [eaibojoiwapidl

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 27

Zheng et al.

66 (15°T)

90°0 -puejod ul
safew pasodxaun
B/61 (82°5)

6T'T :90uBI Ul
sajewsy pasodx3
6/6r (0z'S) 68°0
:90UeI Ul S9[ewa)
pasodxaun

6/61 (09°9)

26°0 :90ueI

U1 safew pasodx3
661 (€6')

66°0 :80UBI Ul

(€0°0) GTZ'0  sarew pasodxaun

:BH auun Ul 0 u1 AindJaw

asealoul Jad auun jo (as)

OVN 8uln uBaW J118WO08D

U 8ouaJsjIp /61 (29'1)

uealN ¥2'0 :o11gnday

(z0°0) €200~ Y23z9 ul

:BH auun sa|ewsy pasodx3

ul asealoul /61 (£7°1)

1nun Jad 020 :01gnday

9INZg wnias 429z Ul Safeway

ut (anfen pasodxaun

-d) soussayip /61 (£2°T) 62°0

uealN :o11qnday ysazd

(00 u1sajew pasodx3

>) 1100 /61 (217°T) 02°0

;poauun Ul dgnday ysszo ul

aseasoul Jlad  sajew pasodxaun

VN 8uLn /61 (85°2)

Ul 9oUBIaIp 6T°0 :puejOd Ul

uealN sa[ewsay pasodx3

(T00°0 /61 (52°2) 80°0

>) /60'0  :puejod Ul safewa)

pD BuLINn pasodxaun

u1 asealoul /61 (9g°2)

nun sad 6T°0 :puejod

dgyauun  ui safew pasodx3

ut (angen /61 (s8°1)

-d) soualayip 100 :puejod ul

uealN  Sajew pasodxaun

wniwped  (00°0) £50°0 /61 (52°1)

poojq ‘wniwped :pD poojq ut G'0 :99ueI4 Ul

poojq x Ainasaw asealoul Jad sajewsay pasodx3

auun ‘Aindsew OWN auun /61 (8e°1T) L0

auln x pea| poojq Ul 9JUBJBIp  :30UBI Ul SB[ewsy

‘auluIeald auln uealN pasodxaun

:AinaJaw 10} s|ppoiN (To00 /61 (ov'1)

Ainassw >) 900 2S°0 :9ouelH

auLIN ‘wniwped pO poojq Ul sajew pasodx3
(12 %56)

s4030e} Juswisnipy 9215199143 S[9A9T] a4nsodXg  JUBWUSSASSY JadJewolg  1UaWule}Iadsy awodInNO N ublsag Apn1S  ajew 94 ‘abyy  AJ3UN0D pue 3dUdIBLRY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 28

Zheng et al.

(syusasajope

urtoo>d
pue uaIp|Iyd /61 (5'1)
pabe |o0Yds  Z'T :SIUISBIOPY
urgoo<d) /61 (97) vE'T
INTV INOyIMm :Jooyas Arewild
asoy) ueyl po /61 (9'1)
poojq Jaybiy TT'T :|00y2sald
pey aamsod /61
INTV a1am  (G'T) €E'T :Sweyu]
oYM asoy} /61 (6°T)
‘SJuaasajope 26°0 :SajeuoaN
pue uaip|Iyd U1 wnjwped alew %g 6y
pabe jooyas poojq jo (as) sIeak gT-0 1dAB3
aby Arewnd uj ueaw J1118W099 (SwV) wniwpes poo|g TV auln GO  [eUOI199S-SS0ID :abuel aby T00Z “"|e 10 AussoH
6TT0
:winiwpes
auun pue
ulwinge auun
usamiaq TJ/10wu
JUBIDIHB0D ¥6'9€-L2°0
uonea1o) > 1SI9XOWS-UON
¥10°0- J/lowu L2°6E
winjwped  —/z'0 > Siajows
poojq pue ‘winjwpes
ulwngje auun poojq jo abuey
usamiaq 7/Iowu 9¢'6¢ 3lew %G8y 6 6
WBI0YJB00  —0g'0 > :wniwped  (SIIADI) Wniwped pue sieah Tz £(BUO BuoH) BUIYD
BUON uone|allo) auLn jo abuey pes| auiIn pue poojg S|aAs] ulwNge auln 602C  [euondss-ssoi)  —T abuel aby 2102 “[e 18 uByD
661t (05°2)
8T°0 :0ljgnday
yd29zd ul
sa[ewsay pasodx3
6/61 (7€)
€0 d11gnday
429z Ul Safeway
pasodxaun
B/6r (65°€) €T°0
:o11qnday ysazd
u1 sajew pasodx3
B/6r (18'2) 92°0
a1ignday yosz) ul
safew pasodxaun
B/6r (€5'1)
90°0 :pue|od Ul
sa[ewsay pasodx3
6/6 (65°T) 50°0
:pue|Od UI Sa[eway
pasodxaun
6/6M (19°T)
90°0 -puejod
u1 sajew pasodx3
(12 %56)
s4030e} Juswisnipy 9215199143 S[9A9T] a4nsodXg  JUBWUSSASSY JadJewolg  1UaWule}Iadsy awodInNO N ublsag Apn1S  ajew 94 ‘abyy  AJ3UN0D pue 3dUdIBLRY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 29

Zheng et al.

6/6w
(se'T0)9
:pasodxaun ul
ulwngje auun
10 (abuey)
uelpajiy

B/6w (zTz ‘0)
€ :pasodxa
ur uigoud
[e101 auLN

10 (abury)
ueIpaN

6/6w
(LeT'0) ve
:pasodxaun
ur uigjoud
[e103 aULIN

10 (abuey)
ueIpaN

B/6r (e8T ‘1)
9F :pasodxa
ul 4gy auun
10 (abury)
ueIpaN

6,61

(L0z '11) 2V
:pasodxaun
Ul 4gy auun
10 (abury)
ueIpaN

661

(SvTT ‘S) 68
:pasodxa ul
9zd aunn
10 (abury)
ueIpaN

6,61

(9L 'v) L
:pasodxaun ul
9OWzd suun
10 (abuey)
uelpajin

6/n (18 ‘9°0)
6'T :pasodxa
ur 9N 8uLn
10 (abuey)
UeIp3A

Bin
(8v'60)TC
:pasodxaun
Ul 9N auun
10 (abuey)

aUoN UBIpaIN

/61 (€°0)

6%°0 :pasodxa

ul wniwpeo auun
Jo (as) uesy
/61 (v2°0)

0°0 :pasodxaun
ul wniwped autn
J0 (Qs) uesiy
/61 (€2°0)

69°0 :pasodxa

ul wniwpes poojq
J0 (Qs) uesiy
/61 (87°0)

GG'0 :pasodxaun
ul wniwpes poojq
jo (as) uesy

(SVv) wniwped pue
pes| auun pue poo|g

sans] OINZY
pue ‘dgy ‘'OWN ‘ulwngpe
‘usroud [e101 BULIN

deW %Z'v9
‘pasodxa

U1 sieak 90T
‘pasodxaun
ursieah 6°6

ZIT  |euomnoss-ssoi)  Jo abe uesy

gPueIod
866T “[e 10 SIo4

(10 %856)

10398} JusLISNIPY 971S 10843

S|anaT ainsodx3

JUBWISSISSY/ JdaxJewolg

Juswiuleladsy awodlnQo

N ubissgApms  sjew 94 ey

A13UunoD pue souslsey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 30

Zheng et al.

(1/Bw)onzd
pue wnjwped
auun
usamiaq
(srentayul
90U3PYUOI
%G6)
SJUBIDIYB0D
uolye|a110d
uew.eads
(61°0 020
'00°0) ST'0
((/N) dvv
pue wniwped
auln
UsaMiaq
(srentayul
3Jusplyuod
%G6)
SJUBIDIYB0D
uolye|a110d
uew.eads
(61°02T°0-)
€0°0 :(1/6w)
ulwnge

pue wnjwped
auun
usamiaq
(srentayul
90U3PYUOI
%G6)
BIVET ]I TE o]
uolne|aliod
uew.eads
(¥z0

'10'0-) 600
:(/n) 9wN
pue wniwpes
auln
UsaMiaq
(rensmun
90U3PYUOI
%G6)
BIVE ] ITE o]
uolye|a110d
uew.eads

B/6w

(v '€0)

/ :pasodxa ul
ulwngye suun
10 (3buey)
UBIPSIN

Xas ‘abe
‘auIuneald suLn

aulueald
6/61 (80°0 ‘90°0)
10°0 :Sajewsa}

ul wniwpes
auun Jo (jeAlaul
30UBPHUOD %56)
ueawl J1118Wo9
aulunesld

6/61 (0T°0 ‘20°0)
80°0 :Sajewa}

ul wniwpes
aun Jo (Jeasaiul
30U3PIU0I %56)
uesw J1118W089

deW 9%g'SS
‘sreak /T—9
10 abues aby

S9)els payun

s[ana
foral onzd 22002 “'[e 18 UBUOON

(SVV) Wniwpea suLn  pue ‘uiungpe ‘dvy ‘OvN BGT  [BUOIDAS-SSOID

(10 %856)

10398} JusLISNIPY 971S 10843

S|anaT ainsodx3

JUSLUSS3SSY JaXJewolg  UaWurelIadsy awoonQ N ubisag ApmS  sjew o4 ‘afy  A1uno)d pue soualaley

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 31

Zheng et al.

dnoib
webjewe
u1 sew
aw abeliols %9 Ty pue
‘UO11eJIUBIU0D (800z “Ie aullaseq e sieak (y'T)
auluneald 19 plebaieg) dnoJb aysodwod 6°/ Jo abe
‘U01398]102 dULIN (62'TT) ur 6/61 (5:0)v°0 (as) uesy
10 8w ‘ssew Apoq g'T :dnoib 10 Ainasswi dnoib
ues| ‘pes| poojq a11sodwod Jey (@s) uesin webjewe
auljaseq ‘AunaJaw 0} webewe auljaseq (8002 ““Ie 10 pJebalreg) ul ajew
Jley aulfIseq ‘snyels Bunedwos  1e dnoif webjewe S|ans] OVN ‘INTV %6°0G pue
21WOU0J30190S ‘dJel eLINUIWNG[ER ut 661 (50)v0 ‘19-A ‘ulungje suun (ansodwiod sa sieah (£'T) S9)e1S pauun
‘xas ‘abe ‘wnyens 10 (10%56) 10 Ainasawi (SYv) (9002 “Ie 12 18bu1jj9g) webjewer) [eL 6°/ Jo abe 800z “'[e 18 pJebaireg
uoneziwopuey  JO pasnipy ey (Qs) uesiy AInaJaw Jrey pue suun S[aA8] ulWNge aulN €S paziwopuey (as) uesiy 9002 “[e 18 Jabuljeg
(200°0)
Zv00°0
:SuoITeI0ISal
u1 9sealaul
Jad u-1 59
aun ut (3s)
ERIEYETTT)
uealN
(c000)
L700°0
'SUOITRI01SAl
u1 8sealaul
Jad 0-1S9
auun u (3s)
90UBIBYIP
UB3IN 1319
(sopz e e
spoom) (Sv'T
‘STT) 62T
:AIndJsw
u1 8sealaul
-Boj Jad
ulwinge suun (56)
Ul 80UdJaIp 168 Jo AundJsew
EET] auun (@s)
NELE]] (9002 “Ie ueaW ‘e 18 18199
AU-] SO pue -] SO 18 UBnoyaQ) dnoib
pue ‘pes| poojq ‘adel Jeak  webfewe ul Jaybiy afew %85
‘1apuab ‘sainseaw juawiean Aq Apueayiubis pue (0°'T)
unAydiod ‘Aindssw  ulwngle auun s|ans] AIndIsN 60°0T abe
auLNn a9 paisnipe sleak Japuab (as) uesiy
(8002 ‘I 18 SPOOAN) auluesld Z laye b/fr z'e ‘abe ‘|Ng ‘swebewe S|and] U-1S9 ajew ebnuiod
auIuNeaId suLN Ul 80UaJayIp ‘auijaseq e B/6r  Jo Jaquunu wouy panLIap pue -] S auLN 18D (1s0dwod SA 94 ‘auljaseq €102 “'[e 10 43199
‘auIjaseq Je abe eoiubis 8'T 40 AInoJsw 21008 "|B 19 43199 (je1ospoopy)  pLiPIVYE 818D yebewe) jein e sieak ZT 8002 “'[e 18 SPOOM
‘a0eJ ‘Japuab ‘aby ON auLn ues|y (SVV) Anasa|n auln S[aA9] UlWNge auun 105 paziwopuey  —g abuel afy 900z ““[e 18 Uanoyaq
saansodxa AINdJa|A JO SaIpnis
(6T°0
'02'0-) T0°'0-
(12 %56)
s4030e} Juswisnipy 9215199143 S[9A9T] a4nsodXg  JUBWUSSASSY JadJewolg  1UaWule}Iadsy awodInNO N ublsag Apn1S  ajew 94 ‘abyy  AJ3UN0D pue 3dUdIBLRY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2018 February 21.

Environ Res. Author manuscript



Page 32

; available in PMC 2018 February 21.

Environ Res. Author manuscript

Zheng et al.

NENE]]
OWN auun
10 (3S) ueaw
Ul 92UBIBIp
eayIubls /61 (o€ ‘0'T)
S00>d 0T Jerem Buiyuup
uaIp[Iyd b/6r (86°0
uequn '60°0) G'T Jrey
ut B/6w 7/61 (0°Te
(r1)0Lpue  ‘0'YT) 0'6T :poOIq
ualpyo Jednl :uaIp[Iyo uegin
ut 6/6w(s'1) /61
€11 (291'07) 09
ualppyo 2Jajem Bujuup
uequn pue 6/6M (51T
JeJnJ usamiag ‘6T°0) G'T drey afew
SEIE]] /61 (0'vy %.°0§ ‘Uedun
ulngre suln - ‘0'8z) 0°Z€ :poolq ut (€°0) ¥'0T
ut (3s) ueaw :UBJP|IYD [eINJ UL (Sdol) pue [ein. ui
ul 30UdJIBYIP asauebue|\ (Xew asauebuew Jayem NELE] (feanu sa ueqgan) (¢0) 9'g abe l1zeag
BUON JuedlIubIS ‘ulw) ueipsiy Bursjuip ‘rey ‘poojg OWN PUe ulwngje suLin €9  [eUOID3S-SSOID (as) uesiy 9T0Z “'[e 18 0JUBWIdSEeN
saansodxa asauebue|\ 40 SaIpNIS
wnjua|as ul
asealoul /6
ot 4ed (v'1
'9L°0-) ¥€°0
498 S.pIIyd
U1 9oUBIBIp
uealN
wniwpes
u1 8sealaul
7/6r g0
Jad (12070~
‘v'e-) 81—
H499 s.piyd
Ul 9dUIaIp
ues|y /61 (92-0'9)eT
21UdsIe Ul :winjug|as aun
(japow  aseasoul T/br /61
uo Buipusdep) 00T Jad (820 (€90 '80°0) 220
wniuaas pue  ‘98'0-) 62°0— :winjwpe auun
WNJWpeD ‘J1ussie Y499 S, plIyd /61 (y9g
‘s3s ‘Aed ‘INg Ul 80UaJaIp ‘9T) TG :olussie
|eusarew ‘a109s-z ueaN aulNn pfiyd jo
abe 1oj ybram ‘yuiq ‘s eusarew  (yG6 ‘yS) LIPS
10 uosess ‘ybram u1 asealoul AoueuBaid (SW-d2I) (e 10 Japouays) A
yuiq ‘xas ‘aby nunJad (L' 10 Sy8am WwNIU3as ‘winjwped |eUOI}0as-SS04D  /°9Z SJaylowl
yulg  ‘zze-) TYT- 818 (€8¢ 'v2) ‘dlussIY BulN (sreak abe ues|y ysape|bueg
jouosess ‘Gyabere Y499 s.ppyd 08 (1/6M) sw auun (uondiosqe G'y7 Je passasse alew GTOZ “'[e 19 J3poINS
wBIay ‘Xepul yijeam Ul 8ouaIaIp [eusstew (4106 2lWOe UopeIsUah g®InulIo} 5 9017 :ST0Z ualpiyo) 9,z Sired €702
[eyuared ‘xas ‘aBy ues|n ‘UIOT) UBIPBIN  8PLPAH) OIUBSIY ULN  -UNEISAD BIA S|aA3] Y499 VEET :2T0T uoyod  piyo-IayloN “[e 19 YLoMsaMeH
$34nsodxa 91UasAy JO SaIpNIS
(12 %56)
s4030e} Juswisnipy 9215199143 S[9A9T] a4nsodXg  JUBWUSSASSY JadJewolg  1UaWule}Iadsy awodInNO N ublsag Apn1S  ajew 94 ‘abyy  AJ3UN0D pue 3dUdIBLRY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 33

Zheng et al.

“TE-02¥T:TS G002 WayD UllD . UaIp|Iyd Jo} suonenbs uonaipaid Nelleg-UeyeunoD sy} pue ZLemyds
aU) pue s} npe 1o} uoienba uonoIpaid 8seasip [eual Ul 191 JO UOIRIIIIPOW BUI YN pasedwod ajes uoles|ly Jejnawo)f 1os suonenbs uonoipaid paseq-J uneisko sjdwis,, “1e 18 qgnis woly EULEER

U] S I0Y LYy = N 'PLSD 10} pFE = zn

'sieak , T—9 pabe sjenplAlpul 1o} paliodal Ajuo synsal “Je 18 :mcooZu

'S)Insa. pes) 10} T 9|0eL 89S — pes)] saunseaw osfe Apnis :(866T) ‘|e 19 S|9 Inoge m:oEco“_Q
'S}Insal pea) 10} T 9|qeL 89S — pes] saunseaw osfe Apnis :(ZT0Z) [e 18 ueyD InNoge slouloog,

Answonoads ssew ewseld pajdnod Ajaanonpul :SINdDI ‘Adodsou1dads uondiosge d1wole Sy ‘Allswweljo Buiddiis sipouy ASY ‘esepnidadoulwe auiuele
dVV ‘asepiuiwesoan|B-g-g-1A189e-N :OWN ‘ulingofoloiw-T-o TV ‘ulingojfoloiw-z-g :9Nzd ‘arel uoen|iy sejniawold ;449 ‘ales uonen|iy Jejniawo|b parewnss ;4499 ‘uisiold Buipuig jounsl :dgy

S00>d
uaip|iyo
ueqin

ur 66w
(zo)ve

pue ualp[Iydo
Jeans ui B/6w
(¥o)es
uaipjiyo
uegin pue
leini usamiaq

(10 %856)
$1039e} Juswisnipy 9215 198443 S|aneT] adnsodxg  JUSWISSESSY JayJewolg  JUsWUIRIIdSY awodIn0 N ubisag Apn1S  8jew 94 ‘9fy  A1junoDd pue adualaey

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 34

Zheng et al.

(88°0) 16'T:2H
(£9°0) €8T TH
(00'T) Z8°T:ZN
(05°0) Zv'T:TN
(09°0) T¥'1T:21
(65°0) OF'T:T

(#0°0) zZ'0:(s1s0J0nyy
|elusp ou ‘ease
apuonyy uelpaw) TN
(€00) T2°0

Aw_mo_o:_» |eiusp yum
‘eale apuon|y Moj)z ]
(900) 61°0

(9€°0) ‘(stsosonyy [e3usp ou
8T :S|0U0D  ‘BaJe BPLION|L MO]) T
(sutuneasd  (90°0) 9T°0 :S|04UOD N 8w 9%
snyels uonuInu Joww/N) OVN (7/6w) spuonyy (apo.a1939]3 an1193]8S) s1eak z1-0T 'UIYD
‘xas ‘abe uo payore|N auun (gs)uesin wnJas (gs)uesin 9pLION[} WINIAS pue aulin S[aAs] OWN Bulin 012 |0Au02-3se)  Jo abuel aby 1002 “'Je 18 Buorx
(00'8)
Tv'/2 19 dnoi9
(¥e'p)
187 :G dnoi9
(see)
90'ST '¥ dnoi9
(€0v)
Ov'€T i€ dnoi9
(2£72)
80'TT :z dnoi9
(eep) /6w oe
00'¥T :T dnoio < :(:(s1soion|y [eIusp
(18°€) Unm ‘eare apLionjy
2Y'ZT is10u0D yby) g dnoio
(joww /6w Qg < :(sisosonyy
/N) 19-A suLn [elusp ou ‘eare
jo(as) uesy  apuionyy ybiy)g dnoio
(88°0) Jw/Bu o€
16'T:9dnolo  —0'g :(sisolonyy [ejusp
(29°0) Unm ‘eare apLionjy
€8T ;g dnoio wnipaw) ¢ dnolo
(00T) Jw/Bu o€
28T :wdnolo  —0'g :(sisolonyy [ejusp
(05°0) ou ‘eale aplion|y
Zy'T € dnolo wnipaw)g dnoio
(09°0) /6w
9¢'T :z dnoio 02-0'T :(sisosonyy
(65°0) [eusp YuMm ‘ease
J€'T:Tdnolo  apuonyy moj) z dnolo
(9€°0) /6w
8€'T :S|104U0D 0'2-0T :(stsoJonyy
(joww [elusp ou ‘eare snyels Juaned [ejusp HIA 3[eW o
/N) O¥N auLn  apuionfy moj) T dnoio pue apLIoN|} J181eM 0] [9A3] S|ana| PO sieah T 'UIYD
3UON Jo (as) uea /6w 0'T > :s]0U0D ainsodxa Aq paziiobared 19-A pue OyN auln 012 leuonoas-ssoi)  —g abues aby 5002 ‘e 1@ NI
saunsodxa ap1ion|4 Jo saipnis
(10

s1010ef JuBUNSNIPY  04G6) 921S 190443

Sjana] aansodxg

JUBLUSSASSY JayJewolg  JUaWUIR]LIZSY awWwodnNO N ubisag ApmS  afew 94 9By A1uno)d pue soualaley

Author Manuscript

"SIayJewolq uonauny Asupiy pue sainsodxa [eluaLUOIIAUS [elSW-UoU JO SaIpnis [ealbojolwapid3

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 35

Zheng et al.

pajsi| JoN

9UON

aInsodxa [eulalew
anireBau Ul sjana|
ulwinge auun

jo (as) uesy
Jw/Br (5°291)
1°09¢ :dnoib
aInsodxa Jeulalew
aninsod ui sjans|
9INZd suun

jo0 (as) uesy
Jwybr

(6°2) €°0€ :dnoub
aInsodxa Jeulalew
anireBau Ui sjana|
9INZd suun

jo0 (as) uesy

1/6w

(6'ST) G'9¢ :dnoub
aInsodxa Jeulalew
anisod ul sjang|
ulwnge suun

jo0 (as) uesy
T/Bw

(z'vT) G'gz :dnoub
aInsodxa Jeulalew
annebau ul sjang|
ulwnge suun

jo0 (as) uesy
Jw/Br (9°2.T)
1°6TZ :dnoib
aInsodxa Jeulalew
anisod ui sjang|
9INZd suun

jo0 (as) uesy
Jw/brl (8€LT)
€2.T :dnoib
aInsodxa Jeulalew
anebau ul sjang|
9INZd suun

jo (as) uesy

Jw/Bu (26°€)

82" :WINJss S, J8YI0N
Jwy/Bu

(T'T) 92°T :winuss
JUBJUI Ul W/ UIX0)RIY20
j0 (as) uesy

|w/bu (z'v)

6°8 :WnJss s, 18Yl1oN

Jw/Bu (6°0)

8'T :WnJss S,Juejul Ul
194V Jo (QS) uesn

G(€00)
92°0:(s1soJonyy
|eluap yum ‘ealse
apuionyy ybiy) zH
(#0°0) Gz 0:(s1soJonyy
|ejuap ou ‘eale
aprionyy ybiy) TH
(#0°0) Gz'0:(s1soJonyy
|eluap yum ‘eale
apuon|y uelpaw) W

(swdorn)
S|9Ad] W UIX01eIYd0

S|9nd] 194V

S|ana)

9INZd pue ulwngpe suln 0§ [eUO1103S-S501D)

S|ana)

9INZd pue ulwngfe suln 0§ [eUO1103S-S501D)

3leW %yS
‘syuowl 'g
10 abe ues|p

deW %S
‘stpuow ¥'g

10 abe ues|p

1dA63
4900z “'|e 18 UesseH

1dA63
©900Z ““|e 18 UesseH

$a4Nsodxa UIX0)eAYIO PUe UIX0JR[SY JO S8IpnIS

$10108) JusISNIpY

(fe}
96G6) 9218 103443

sjana] aansodxgy

JUBWISSISSY JayJewolg

JUSLIUIBLIZISY 3W02INO N ubisag Apms

3lew o4 ‘9bfy  A13unod pue s9ualayey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 36

Zheng et al.

saansodxa v jouaydsig 4o sa1pnis

70T <
(90-'9v-) 92— €01-2T
(00'8'e-) 6T~ 21500
(9z'ze-)zo Bunjows sAndY
(o-‘ov-)ze- 0T-550
(60'2'2-) 60~ ¥5'0-0T°0
(ZT'6T-) v'o- 0T'0-S0'0
1A SANVHN (ar) 00 G500 >
‘A1o1uye/aoel (et 9OWS pueypuodss dJew %6E $9]€]1S pslun
‘uolyednpa [eyuased  Julw/jw) Y499 ul Jw/bu alreuuonsanb auluIyeald ‘sreak /12T €102
‘|INgG ‘1apuab ‘aby 90UalaYIp UesN ‘3UIUNOD WNIBS  Bupjows pue aululod Wnias winJas uo paseq Y499 9IS/ [eUO011935-S501D) abuel aby ““e 19 seuinbs3-el01e9
(88'1'8,0) T2'T
(22'T'9L°0) 9T'T
(7’1 '08'0) 80'T
(T02's0°T) Sv'T
(1) 000
(6/6w) ¥Ow Ul
90UBIAYIP UeSIN
“eale 30eLINsS (81°0-
Apoq pooypjiyo ‘1S'7-) 8E2-
‘snyejs Buipaspisealq (60
‘yBram yuiqg ‘yuiq '€6°€-) LL'T-
1e aBe [euone)seh (620-
S.pIyo ‘aanssaid ‘0L°€-) ST
poojq ‘Xapul ssew (69T
Apoq AoueuBaida.d 'v6'T-) ET°0-
K118 ‘[oAa] (381) 000
[euoneanpa ‘Alred (pweLT sanalebo gz
‘abe [eusalew ‘abe  julw/w) Y499 ul saneseblo g >
JUBLIND ‘X3S PlIyD 90UaJBYIP UBSIN panunuo)
JsiA dn (0o  umouy usym paddols
-Mmoj|o} Je 1yBiay pue '59'8-) €£€°2- 8UON
‘ybiam ‘abe s,pjyo (TLv :s|ana| Bujows
‘awodul ‘uofeanpa '99'G-) 8%'0— Kep/ot <
‘el ouofed (8L ‘18°€-) 61°0 Kep/o1-§ afew
‘Aoueubaid Buinp  (£¥°€ ‘80°€-) 8T'0 Aep/sanarebio g > 906 ‘Sieak
ureb ybram [eutarew (19°2 ‘vzZ°0) 26°€ panunuo) aUIUIeaId WNJAS UO Paseq 09 abe uea|y
‘Aoueubaid aiogeq (3a1) 000 AJuo Ja1sawiLy 3414 d49 pue ulwinge auLn 110402 aA119adso.ld aeW 9%T'2S spuelJayIaN
wBiam pue ybiay  :awnjoA Asuppy ul 3UON alreuuonsanb punosesyn  zzos 1oyoagns ‘sieakz  GTOZ “Ie 18 uewli00]
[euJalew ‘xas [e1a4 a0UalaYIp Ues|N 'S|ang] BujowS  BIA S|aA3] BUjOWS [eUalR\  BIA paInseaw azIs Asupry  8ES 10y09d aAdadsold  Je painsesiy 1102 ““[e 18 |eel
sainsodxa Buiows pueypuoaas Jo saipns
1/6w
(6'€T) £'62 :dnoib
aInsodxa Jeulalew
ansod ul S|ana|
ulwnge auun
jo0 (as) uesy
1/6w
(£'2) 9'T1:dn0JB
(fe]
s1010e) JuswWSNIpY  94G6) 9ZIS 10943 sjansT aansodx3 1UBWISSASSY 49X Jewolg  JUaWule}adsy awodIng N ublsag Apn1S  afew 94 ‘9fy  A1lunoD pue soualasey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2018 February 21.

Environ Res. Author manuscript



Page 37

Zheng et al.

Aud1uy3a/adel pue
‘elwsjoJalsajoyasadAy
‘xapul ssew Apoq
‘90UB)SISal ulnsul
‘uoisuapadAyaid

‘abe ‘auluneasd

auLIN ‘auIunRod

wnJas ‘uoireanpa
JaniBaled ‘onel
awooul/Auanod ‘xas

salles
[e3uap Jo Jaquinu pue
uoneoo| a1ydelhoah
Aqg uoneounens
Ja)e uoneziwopuey

(61°0 'v1°0-) 200
:UesojoL

10 1un-foy

J3d Juswalou|

(060 '69°0-) T0°0
(2€1'19°0) S0°0
(52°0'v8°0-) TT0O
(s0uaJtaya1) 000
:(B/Bw)

OV 8bueyd
(T9T°220)TTT
‘wdd 40 nun-boj
J3d Juswalou|

(18%'92°0) 2T'T
(erz'vs0) et
(S8°T'€2°0) 99°0
(s0uas8)81) 00'T
elinulwngjeoJoew
/0J31W JO SPPO
(25°0'€0°0) 82°0
‘vdd J0 nun-boj
J3d Juswalou|
(€9°T'82°0) 160
(86°'T '9°0-) 020
(S7'T 'v8°0-) 6T°0
(s0uaJtaya1) 000
OljeJ aulueald
juiwnge

ul abueyd

(L0 '00°0)

200 ‘uejess
(s0z '15°0)

yz'€ JswAjodo)
(059 'vz'0)

¥2'T :ausodwo)
:sIeak-adepns
158M0] 03 1saybiy
Burredwos 6/N
€<OVN 0O HO
(5ze '62°0)

¥G'¢ Jueess
(9T'T 'LT°0)

G0 JewAjodod
(61T '80°0)

0€'0 :ausodwo)d
:s1eak

-3284INS 1S9MO| 0}
1s8ybiy Burredwod
B/6w og
<ulunglv o 40

TIr <
TTr-621
6C1-9'G

§G>

Juwy/bu
‘e-auousydozuag

Sy <
SLvr=L'6
L'6-L¢C

L'e>

Juwy/bu

‘S|ans| UeSOjoLI L

€<

ev-T¢

T¢T1

TT>

wy/bu

‘sjang) v Jouaydsig

eRas
[eIuap aAnUANaId
(VINOsIg %0T

-G yum)sswAjodo)
ansodwo)

:sadA) uonuaniau|

(S.L-dOI)
€-auouaydozuag ‘uesojoL |
‘v [ouaydsig auun

adfy
UOIUBAJBIUI BIA WYINOSI]

S]aAg] ulWngfe auln

S|ang|
OVN PUE UIWNg[e autin

199 |eUOI}08S-SS04D

oTv [eL poziLuopuey

—9 abues aby

10 abe uea|\

deW %/.'TS

‘sieak 6T S81els psuun

€702 ""[e 10 dpuesel L

aleW %9y
‘sieak ) S81els psuun

¥702 “"Ie 10 Buaquaiyoel L

$10108) JusISNIpY

(fe}
96G6) 9218 103443

sjana] aansodxgy

JUBWISSISSY JayJewolg

Juswiulelladsy swodnQ

N ubisag Apms

alewW o4 ‘aby

A13UN0D pue sousIByeYy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 38

Zheng et al.

SERE]]
OVN auLIn pue
dH3Q usamiag
UOIRIDOSSE ON
90 :pasodxaun

%T°2 :(Aep/Bx/Bw

$24nsodxa YO-d J0 salpns

20°0 >)moT
%28 :(Aep
/6x/6w G0'0—
20°0)3IPPIN
%6'2T
(Rep/B3/B 3[eW 9%S'85
50'0 <)ubiH 'sdnoJf
‘eLNUIWING[E0JIIW pasodxa
10 d0uUdeNBId ybiy pue
dain  (T20°LT°0) v7°0 Kep/Bsi/Buw ‘wnipaw ‘moj
dHO3W dHHAW (050 '50°0-) 220 G0°0 < :YbIH ‘pasodxaun
dHAW ‘dzan (L¥'0 '60°0-) 6T°0 AKep/B/6w ul sreak (€°2)
dgUN ‘daN dAIN (321) 00'T G0'0- 200 :3|PPIN §9'02)
‘pIoe J1N ‘|0Ja1s8|oy s|ana| (B/6w) Kep/6x/6w 26072
‘aoue)sIsal YOV pawIoysuest 20°0 > :MmoT S|and] OVN sy '(s2)
ulnsur ‘dv/iN -Boj ut pasodxaun auLIN ‘s|ans] OINZY suln 8't7 Jo abe uemie]
‘NG ‘1opush 8By soualayIp uBsIN @l dH3a  (SWL-1S3-071) dH3a auun ‘S|oAs] ulingre suln - S6T [eUO11085-55010 (as) uesy 9T0Z “1e 18 fes1
(950 '8T°0-)
8T°0 :dNIQ
(980 ‘€€°0-)
¥2'0:dAIq
Anoruyiayeoes pue (T0T'TT°0)
‘e1wajolalsajoyaladAy 650 :dH3a
‘xapul ssew Apoq (so't
‘souelsIsal UIINsUL  ‘20°0) 2G°0 :MIAIH AT (9€°0
‘uoisuspadAyaid  (59°0 '62°0-)9T°0 ‘01°0) 02°0 :dH3A
‘abe ‘auluneasd MINT A (220
auun ‘sulunod (M) arejeyiyd ur ‘12°0) 0%°0 “MINH
wnJas ‘uoieanpa asealoul un Boj AH(0T'T alewW 9%/ TS
JaniBased ‘ol Jad (6/6w) YoV ‘£2°0) TS0 :MINT ‘s1eak 67T se1e1s pauun
awoaul/Auanod ‘xas ul adualaylg (401 uelpay spunodwod arejeyiyd sulin S[aAs| ulwinge suln 199 |euoNoas-ssol)  —9 abues aby $T0Z “'|e 18 apueses |
arefeyiyd sainsodxa Jo Sa1pn1sS
(T2°0'¥T°0-) €00
”m.w:ocwsaowcwm
10 un-bo|
J3d Juswalou|
(Tz'T'95°0-) S2°0
(270 '16°0-) 220
(€9°T'16'0-) 220
(s0uaI3)31) 000
OljeJ aulu1eald
juiwinge
ur abueyd
(1o
s10308} Juswisnipy 94G6) 9ZIS 199143 S|aneT] aansodx3g JUBWISSASSY J9)Jewolg  JUSWUIB}I8ISY saWwodINO N ubisag Apm1S  sJew 94 ‘8fy  A1unoD pue adualaey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 39

Zheng et al.

(18°¢

‘Yyv-) 20—
(502 '9ee-) G8'T
(ve'9'65°€-) LE'T

saansodxa aulWe|a|Al JO SaIpNS

(1) 00T
(Le€ qw/bu ¥ =
'6%°G-) 90°'T— quwy/bu 56°€—¢
(0Z'L'89'T-) 9.2 wybu z-T
(829 '62'7-) qu/bu T >
vZ'T(31) 00'T SXH4d
(szv- qubugT =
'89'vT-) L6 qw/bu g T-0'T
(Tz°2- qw/bu 0’120
‘12°2T-) 1T L- qu/bu 20 >
(eL0-'5.'6-) “WN4d
Ao1uya/aoel pue v2'G- (42)00°T Jw/Bu 6T 2
‘elwsjoJalsajoyasadAy (81~ qw/bu 6T 8°2T
‘Xapul ssew Apog '6€'TT-) T9'9- w/bu 8ZT-6'L
‘goue)sISal ulnsul (190 Jw/bu 6, >
‘uoisuspadAyaid ‘Y TT-) 2Y'S— 'SO4d
‘aBe ‘sulunealo (18'T '20'2-) qw/bu Ly =
auLn ‘aulunod €92 (131) 00'T qw/bu 2 p-g'€ alew %gvg
wnJas ‘uoreanpa (gL't qw/bu g'e-G'2 ‘sieah (£2)
JanBoied ‘ones  uIwy/jw) Y498 ul qw/bu gz > (SINL-071dH) SXH4d autueasn G'GT Jo afe S81e1S PaNuN
awooul/Auanod ‘xas S0UBIBYIP UedN 'WVO4d pue ‘YNdd ‘SvVv4d wnias winJas uo paseq Y499 0961 |eUO1108S-SS01D (as) uesiy GTOZ ““|e 19 eueley
(6v'2'0T'T) S9'T /6 g'gz <
(28T'v20)8TT /61 §'G2-9°91
(z1'08°0) LTT /61 §'9T-2°0T
(321) 00'T /6 20T >
aulunod  (L€Z'0TT) 29T S[aA9] SO4d WnJes
wines ‘losdisaioyd  (€9°T '29°0) T0°T /g <
wnias ‘Auanoe (€91 '85°0) ¥6°0 /6 y'6-1°¢ 3w 9%6'TS
‘aLioaul pjoyasnoy (1) 00T /6 062 ‘s1eah (1°0)
‘INg “Aoruyia ‘eIwoLNIBdAY /66> (SIL-01dH) 0'ST Jo abe SOYe1S paNuN
Jadel ‘xas ‘aby 10 OI1eJ Sppo S|9A3] YO4d wniss SO4d pue YO4d wnias S[aA9| ppe duN wnids 2./ T |BUO1198S-SS04D (as) ueaiy €T0Z “'Ie 18 186199
(ov'0- '¥9'1-)
20°'T- :SXH4d
(9€°0- 'T¥'1-)
88°0- "WN4d
(2L0-16'T-)
¥€'T-:S04d
(80°0- '8€'T-)
€1°0- 'YO4d
$al0ds Ul 3nuadlad yigz
-Z |ING pue ‘asiolexa 01 UiG/ Bulredwod
JenBal ‘awodul (west alew 925
ployasnoy ‘Buiyows Juiw/|w)y499 Jwybu £'8z 40 sajewWw11se auluneald ‘s1eah y'ZT S31e1S pauun
‘aoel ‘xas ‘abe ul abueyd WVO-d wnuas ueipain [eau0ISIy pue \YO4d poolg WiNJas Uo paseq Y499 0996  1Hoyod aAoadsoiay 10 abe uea|\ €102 ""Ie 18 SUBjIepn
(1o
$4019e) ucmEum:.—_u< o\ommv 9ZIS 103}}3 NEACE| E:moaxm JUBWISSISSY JayJewolg Juswiulelladsy swodnQ N cm_mmh_ \A_usum 9lew 9p .mm< >.=c:oU pue aduaiajay

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 40

Zheng et al.

auluIeald
aULIN ‘aUIUN0J WNJss
‘90UB)SISal Ulnsul
‘ainssaid poojq

yby ‘e100s-z |ING
‘o1rel swodui-Auanod
‘|9A3] UoIeINPa
JaniBaled ‘Aloruyie
/39l ‘1apuab ‘aby

Mliw 1sealq

UMM UOIBUIQWIOD

Ul 4o auoje e|nwioy
10 3sn ‘g|NWLI0

U1 JUBJUO0D BuIWe[BW
‘adA) yuig ‘xas ‘aby

3UON

(6/6w) (40V)
Boj ut (12 %S6)
90UBIBYIP UedN
(€291

'506°2-) T¥9°'0—
(LLze

'€2'7-) L16°0-
(otz'T

‘950°'G-) £26'T-
(TT17°2

'898°2-) 8220~
(88T

'78G°€-) 209°0—
(¥59'T

‘0L6'%-) 8G9'T—
(Teeo-

‘6L 7-) G922
(Cjrard

‘8¥'2-) LIT0-
(0v9'T

‘8/9'2-) 6150
(089'T

‘1SL°2-) GES0—
10T

‘0vZ'2-) €19°0-
NELE]

HWd ul asealoul
Hun-T Joy:(;weL'T
Junwyju)
(4499)bo)

ut (12 %S6)
90UBIBYIP UedN

(rs'z1)9C
(ze's0) LT
(21) 00'T

:S|9Ag| aulwejaw
Aq sauols Areurn
payoadsns 10y (1D
%S6) 011l SpPO
(00€z'T2) 0L
(z9'90)0¢
(381) 00'T

'S|9A8] BulWweldW
Aq sauols
Areuun oy (10
9%G6) o1l Ssppo

erinuialold Jo
aouslenald 9498'T

1/6u

(0c9zT) Z'EvT'eT
SHVd-Ax0IpAY X
1/6u (0°€) 9°8€
auaiyueuaydAxolpAH

v

7/6u (5°8v) €697
aualon|yAxolpAH-6
1/Bu (2°2T) 9'802
aUaIAdAX0IpAH-T
1/6u (z°2) 0'€6
auaiyueuaydAxolpAH
-C

1/6u (5°¢T) £'8€2
auaiyueuaydAxolpAH
T

7/6u (8'%T) L'98T
auaiyueuaydAxolpAH
-€

1/6u (§°L€) O'ETS
aualon|yAXolpAH-2
/6u (£'22) 0'Sve
aualon|yAXolpAH-¢
/6u (0°08S) 0°CTLS
auseyydeuAxoipAH
-C

q/6u (L°LvL) T'6EYS
auseyydeuAxoipAH
T

spunodwo?

HVd 40 (3S) ueain

ybIH

9]eIapoN

3UON

e|nwioy

Ul JUBJUOD BUIWEIBIA

Aep yad 16°T
0} WGz wouy pabuel
uondwnsuod YIA

(SWyH
-09) spunodwod (SHVd)
a1rewoJe 2119424 0d auln

s1onpoud 1w pajure}
aulwejaw o uondwnsuo)

s1onpoud 1w pajure}
aulwejaw o uondwnsuo)

s|aAg] ulwngfe
auLIN pue suIUNEesId
WINJas Uo paseq Y499

S|ans] OWN BULIN ‘S[and]

INZ® ‘utwingfe autin

d11 1581 BIA BLINUIBOI]

099

685

0L1€

dleW %E'TS

‘s1eak (z'0)

G'GT 40 abe S91e1S pauun
|BUOI108S-SS04D (3s) ueaN 9702 "'|e 18 Uezie4

$84Ns0dxa HYd 40 SeIpMs

dleW %6°.LS
‘1abunok
10 syjuow 'UIYD
1euO11985-SS01D) 9¢ aby 6002 “'[e 18 uen9
aleW %T°'SS
‘sieak '9 'UIYD
|euonoas-ssol)  Jo abe ues|y 8002 “Ie 10 we

$10108) JusISNIpY

(fe}
96G6) 9218 103443

sjana] aansodxgy

JUBWISSISSY JayJewolg

Juswiulelladsy swodnQ

ubisag Apm1S  sJew 94 ‘8fy  A1unoD pue adualaey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2018 February 21.

Environ Res. Author manuscript



Page 41

Zheng et al.

paniodal 10N ‘YN ‘spunodwiod airewo.e 2119A2A10d :sSHwd ‘sarejeyiyd ybrem Jejnasjow ybiy :AMINH ‘erejeyiyd

1Aaing-u-ouow :4gun ‘erefeyyd jAingosi-ouow :dgiA ‘erefeyyd jAysw-ouow (dININ arejeyiyd |Aye-ouow 43N ‘Brefeyyd (JAxayoxo-g-j1Auyle-g)-ouow :dHOIIA ‘erefeyyd (1Axay1Ayie-z)-ouow
:dHAN ‘erejeyiyd (JAXayAxoIpAy-Gg-1Ay1e-z) ouow:dHHIIN ‘a1ereyiyd |Azuag-ouow:dzgiAl ‘satereyiyd ybiam Jeinasjow moj AMIAIT ‘@rejeyiyd jAxay1Ay1e-z-1p :dH3A ‘PIOV 21U0YINS auexXayolon|iiad
:SXHHd ‘P19V 210UBUOUOION|JIAd (YN-d ‘PIJE J1U0JNS 8ULII00ION|LIAd :SOHd ‘PIdk 210UBII00I0N|HBd :WO-d ‘PIoe |A[eosonjad \yy4d ‘011l aululzeasd/uiwnge 4V ‘A118wo.3oads ssew uoin|osal
-ybiy ynm pauiquiod Aydelforewolyoseh Alejjided :SINYH-D9O ‘Alldwiondads ssew wapue) uoleziuol Aeidsolnds)s/Aydelborewolyd pinbij :SINL-1S3-071 ‘Answondads ssew wapuey AydesBorewolyd
pinbi souewuopad ybiy :SINL1-D1dH ‘Alswoundads ssew ewseld pajdnod AjAnonpul :SINdD| ‘Adoasonoads uondiosge d1Woe :SYY ‘Td UIXOlRY 194V ‘@rejAioeyiawip-1Ap1oA|6-v-jouaydsig :WINOSI]
‘asepluIwesoan|h-g-g-14189e-N :OWN ‘ulngojboidiw-z-o (AZY ‘ulingolboldiw-z-g :9INzd ‘arel uonesly Jejniawolf 1449 ‘ayes uoielijy Jejniawolh parewnss :y49a ‘uisloid Buipuig jounss :dgy

(8692
‘GTS'€-) 601°0-
(eeg8
'€86°0T-) G¢2'T-
(zov's
'629'6-) ¥IT'2—
(v¥8'g
‘G81°'8-) ST
(vsL'8
‘L6T°6-) 22C0—
(1955
'982'21-) €9¢°€-
(es8'g
‘9TZ'21-) 18T°€-
(9teeT
'G/6'T-) TL9'S
(6578
'82L'G-) 99¢€'T
(2069
‘95t'v-) €22°T
(818'G
'6S1'2—) 089°T
(fe}

s10308} Juswisnipy 94G6) 9ZIS 199143 S|aneT] aansodx3g JUBWISSASSY J9)Jewolg  JUSWUIB}I8ISY saWwodINO N ubisag Apm1S  sJew 94 ‘8fy  A1unoD pue adualaey

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 42

Zheng et al.

3UON

3UON

3uoN

3uoN

siueld Jelsnpul
0} 1350]9

BuiAll uaippiyo ul
uaas Ajjuanbauy
aI0wW SJaJewolq
abewrep

Ksupny parens|a

uoifal

19 01 pasedwod
sdnoub feins

11e Ul pasealoul
sem SN|

10 80uUd[enald

.co_mm\_ AOJelesS
ul %7€ pue
A1D Aojeles ul
%€'ST 40 (3uln
ul sanijewJouqe
8]6uis) sn|

J0 doudeNald

"|o13u02
40 JeU) SaLUN
G—G'Z pasealoul
alam gs UD
'SV PO 40 SHes
lelow Aneay Jo
UO0I1819X3 3ULN

(e€)

G'2T :pasodxaun
(92)

1°27T :pasodxa ul
NNg (as) uesiy
(z0)90
:pasodxaun
Tp/Bw (2°0)

8°0 :pasodxa

ul S|ans)
auluneald wniss
(as) uesy

cW/Bw $z°0 01

0T°0 wo.y pabuel

suolleljusduod

1SNp urels

palsi| sUON

palsl] aUON

3uoN

SUOITRJIUIUOI ISNP uresd
pue SalIs [erisnpul 0}
Aiwnxoud pue eale Apnis

S|04JU09 10} Bale
ledns ‘syuerd [erLisnpui 0y
Anwixold pue eate Apmis

UOITRUILIBIUOI [BIBW
Aneay yum ease ul Buinig

Anwixoud Aq eale
pasodxaun pue pasodx3

NELE]
OWN pue uisioid suun

(swo.puAs

Aseunn pajejosi) ‘sn|
syjes wnpjed ‘sareydsoyd
‘sajeln ‘sajejexo

‘poojq ‘ursloud sunn

Snjels eLinjewsH

S|an8| BuILNEsID

wniss pue (NNG)
usBoayiu eain poojg

98y

061

56

4%

[eUON285-5501D) pajsi| 10N

8lew 9%/ 'GG
‘sieak GT-T

|eUO1108S-SS01D 10 abuel aby

S350
ul 9eW %8°.E
‘sIeah GT-¢

1013U02-35eD) 10 abuel aby

9Bl %¢g'89
‘sieak op'ET

110409 3A19ads0.119y abe ues|\

eissny
7002 “'[e 18 uluewyey

rISSNY AjJUalind
JUolun 181A0S JaWLI0H

6.6T “'[e 18 eunnbe

eissny
966T “[e 10 eAOYRUD)

S31eIS pauun
¥10¢
‘Appay pue ealpuy.q

sJ010e) 1UsWISNIpy

((fe)
%G6) 9215 10343

Sjana] aunsodxg

1UBLUSSISSY JaxJewolg

Juswiuleladsy awodlnQo

N

ubisag Apms alew 94 ‘aby

A11unoD pue souslaley

Author Manuscript

"sJayJewolq uonauny Asupiy pue a21nos ainso(bis 01 Alwixoad uo paseq saipnis |eaibojolwaspidg

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 43

Zheng et al.

‘asepIuIWesodn|B-q-g-1A190e-N :OWN ‘UIingo|BoI0IW-Z-D JNZY ‘UIINgo|Bosoiw-z-d 1Nz ‘a1el uones|iy Jejniawolb ;449 ‘erel uonea|y Jejniawolb parewnss ;4499 ‘uisloid Buipuiq jounss :dgy
dgy 10 ‘NZV ‘dVV ‘OVN ‘ONZd Se yons afiewep Asupiy Jo s1ax ewolq 10 "4499 ‘Y49 ‘013e 3UIUIR3Id/UILUNG[E JO SN :SIaxIewolq ABuply pazipiepuels

1X8] 8y} ul papodal Jou YN ‘ApNIS [041U00-3SBD (DD

dN - - - 4N ON 4N 4N SSA SOA SSA SSA 2102 “[e 18 [eigeD

4N - - - 4N ON 4N 4N SSA SSA SOA SSA 866T ‘Weypy-uewyhoT

4N - 4N - 4N ON 4N - SeA SSA SOA SOA 866T ""[e 18 S|4

dN - 4N - SSA SSA 4N 4N SSA SOA SSA SSA 966T “'[e 18 3J3qIaN

dN - - - HN/SSA ON 4N 4N SSA SSA SOA SSA 7102 e 38 ydoawee]

4N - - - 4N ON SSA dN SeA SSA SOA SOA 0T0Z “le 18 uey

SOA - - - 4N SAA 4N dN SOA SBA SAA SBA T00Z “[e 18 UssseelS

4N - - - 4N SOA 4N SSA SSA SSA SOA SSA 2702 “'[e 18 Juowneyd

SAA - - SAA SOA SAA 4N SAA SAA SOA SOA 0T0Z “"Ie 18 BismolpeS

dN ON 4N - 4N SSA - 4N SSA - SSA SSA G66T “'[e 18 pleussg

4N - 4N SSA ON 4N 4N SSA 4N SOA SSA 2102 "[e 18 M9

4N - - - 4N ON 4N 4N SSA SSA SOA SOA 2702 “[e 18 Uy

dN SOA 4N - ON ON 4N dN SOA SOA SOA SOA T66T “'[e 19 Jateyos

4N - 4N - 4N ON 4N 4N SSA SSA SOA SSA G86T “"[e 18 30N

SSA - - 4N SSA SOA ON ON SSA (>1onsdip) oN SOA SN 666T “[e 19 YeAlT-1030e

SOA - - - SOA SOA SOA dN ON SBA SBA SBA €T0Z "[e 18 Bismouped

(Ajuo 9D) aseasip pasodxaun

potaad awiy awes padojanap snyels aansodxa pue pasodxa syuedionaed uonejndod J83dewolq 19n9]
19/0 PaMBIAIBIUL Aay1 pey 1o ased 0] 10adsal aansodxa U99MISq  SIapunojuod I1e 01 324N0s pajussaud Buisn  [enpiaipul
pasodxa/s|043uod $35BD U3 aney ysm papullq Jo Juspuadapul  Jauuew Jejiwis juensjad  paijdde erisyao woJy 950/Z  suosiiedwod  pasn suaxdewolq passasse  Je passasse

pue saseD PINOM S3SBIUON J8MBIAJBIU]  dNn-Mojj0j 01 SSOTT Ul Paldsjooeled  J0j [04IUOD  UOISN[OXa awes  ajed asuodsay leusau| pazipepuels  ainsodx3  aunsodx3 Apnis
[22160]008 ‘[UOI}08S-SSOD ‘|043U0D 358D aA110adsoud saIpnIs |1V

"SJayewolq uonauny Asupiy pue ainsodxs pea| Jo saipns J1bojolwapida ul sisAjeue eiep pue ubisap JO uoIeN|RAS 8U) J0J BLIBYLIO Juswssasse Allfend)

G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 44

‘aseplulwesoon|6-a-g-1A190e-N :OWN ‘UlngojBoloiw-g-o (NZV ‘UlingojBoidiw-z-gd :oINzg ‘e1el uonen|i Jejniswo|f ;449 ‘ares uonen|y Jejniswolb parewnss ;4499 ‘uisioid Buipuiq jounal :4gy
dgy 10 ‘INZV 'dVV ‘OVN ‘OINZd se yans abeuwrep Asupiy J0 SIaxJewolq Jo ‘4499 ‘Y49 ‘Oliel aululeald/uILNg[e JO asn :S1axJewolq Asuply paziplepuels

panodal J0u ;YN ‘ApMs [01U00-358D (DD

4N - - - SBA  S9W02IN0 Adupiy 1oy ON dN SOA SOA SOA SAA SOA 9T0Z “'e 19 0JUBWIdSeN
asauebueN
- - - N N SSA 4N ON SSA SSA SSA SSA GTOZ “"[e 18 Japons
- - - 4N 4N SSA 4N ON SeA SSA SOA SeA €702 "[e 18 yHomsaymeH
RIESLV]
SaA - - dN SOA SOA SOA ON SOA SOA SaA SOA 8002 “'[e 12 pJefaireg
SaA - - 4N SOA SOA SOA ON SOA SOA SOA SOA 900z "I 10 Jabuljeg
dN - - dN SOA SOA SOA  JUSWISSASSE BUIjaseq I SOA SOA SOA SOA SOA €102 “[e 18 Jo199
N - - dN SOA SOA SOA  JUSWISSASSE BUIjaseq I SOA SOA SOA SAA SOA 8002 [ 18 SPOOM
4N - - 4N SOA SOA SOA  JUSLUSSASSE auljaseq 4 SaA SOA SOA SOA SOA 900z ““[e 18 Uanoyaq
IS TaRIET
dN - dN - N SSA 4N 4N SSA SSA SSA SSA 2002 "[e 18 ueUuoON
4N - 4N - 4N ON 4N - SeA SSA SOA SeA 866T ""[e 18 S|4
SOA - - - dN SOA SOA dN SOA SOA SOA SOA T00Z ‘“[e 18 AussoH
dN - - - N ON 4N dN SSA SSA SSA SSA ZT0Z |18 UBYD
4N - - - ON [ensnun Ing SaA 4N 4N SOA SAA SAA SOA 900z ““[e 18 ainging aQg
UN . - - SOA SoA uN uN SOA SA SOA S9A  GTOZ “[e 38 Buodiypnmippems
dN - - - N SSA 4N dN SSA SSA SSA SSA 7102 "' 18 Janes\
wnjwpe)
(Ajuo pasodxaun
0D) asessip pue pasodxa
porsad awi) swes padojanap snjels ainsodxa usamisq syuedionaed uone|ndod Jaxewiolq 19n9]
J3A0 PaMBIAIBIUI Asyy pey 4o ased 01 10adsal aunsodxa jJo Jauuew $49puUNOU09 Ile 0} 904N0S W04y pajuasaid pasn Buisn  enpiaipul
pasodxa/s|oaluod  sased uasq aney yum papullq  uspuadspui dn Jejlwis ul JueAsjal  paljdde el %0, 2 81ed  suosiredwod sJaxewolq passasse  Je pPassasse
pue sase)  PJNOM Sa8SeIUON JBMBIAISIU]  -MOJ|0j 01 SSOT]  Pa3d9]|02 eI 10§ |0JJUOD  UOISN|IXd aWes asuodsay Jeussu]  pazipdepuels  ainsodx3 ainsodx3 Apmis
122160]098 ‘[eUOI108S-5S049 ‘|0JIU0I 3SeD an139adsouad saIpnIs |1

Zheng et al.

"S1ayJewolq uonauny Asupiy pue peaj ueyl JaYlo Sje1aw Jo saipnis a1bojolwsapida ul sisAjeue eiep pue ubisap JO uoIleN|eAS 8y) J0J BLISYLIO Juswssasse Allfend)

9 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 45

Zheng et al.

SHVd
dN - - - SSA ON dN 4N SOA SSA ON SOA 6002 “"[e 18 uen9
4N - - - SOA ON 4N 4N SOA ON ON SOA 8002 e 10 we

aulwWeRN
SOA - - - S8A SOA SSA 4N SOA SSA SOA SOA GTOZ “|e 18 BlETR)
SOA - - - SOA SSA SOA 4N SOA ON SOA SOA €70z “[e 18 486189
- - - UN UN SOA SOA UN SOA S8A SOA SOA €102 “'[e 18 SUjIBM
SYOdd
SOA - - - SAA SOA SOA ON SaA SOA SOA SAA 910z ““[e 18 Ies|.
SOA - - - SOA SOA SOA dN SOA SOA SOA SOA ¥T102 ““Ie 10 apuese L
serefeyid
SOA - - - SAA SOA SOA 4N SaA SOA SOA SAA €102 "' 10 apuesel |
SOA - - 4N SOA SOA SOA ON SOA SOA SOA SOA $T0Z ‘e 18 Biaquaiyoes L
V lousydsig
SOA - - - SAA SOA SOA 4N SaA SOA SOA SAA €107 “'[e 18 seuinbs3-ed1en
SOA - - SOA SOA SOA dN SOA SOA ON ON SOA GT0Z ““[e 18 uew(iooy
SOA - - SaA SaA SOA 4N SaA SaA OoN ON SaA TT0Z “'[e 18 |eel
Bupjows pueypuodss
1N - - - SSA  Paisl| Jou Ing SBA dN UN EIN S9A SOA SA #9002 “|e 18 UesseH
dN - - - SSA ON dN 4N SOA SSA SOA SOA T# 900 “'[e 18 uesseH
UIX03e4ydQ pue UIXorepy
4N SBA 4N - 4N SSA 4N 4N SSA SSA SBA S8A 1002 “'[e 18 Buorx
dN - - - dN ON dN 4N SOA SSA urepaosun urepaosun 5002 “[e 38 NI
aplion|4
pasodxaun
(Ajuo DD) asessip pue pasodxa
portad awi) swes padojanap snjels ainsodxa usamiaq syuedionaed uonejndod 193ewolq [ENE]
J3A0 PamaIAIBUL Asyy pey 4o ased 01 30adsad ainsodxa Jauuew $49puUNOJU0I |[e 01  2UN0S WOy pajuasaud Buisn  enpiaipul
pasodxa/s|o43uod $3SBD Uda( aney ynm papuliq 30 Juspuadapul Je[iwis ul juensjas  paljdde elIsIID 940/ Z 814 SuosLIedWOd  Pasn SaxJewolq passasse  Je passasse
pue saseD PINOM S3SEIUON JaMaIAIau]  dn-mojj0} 03 SSOTT  Pa1da||0d ereq 10} |0JJUOD  UOISN|IXa awes asuodsay [euaaju] pazipiepuels  ainsodx3  aunsodx3 Apmis
122160]099 ‘[eUO1108S-SS04D ‘|0J11U0D aseD) anl9adsoad saIpnIs |1V

Author Manuscript

"SJayJewolq uonauny A3uUpIy pue sainsodxa [elUsLLIUOIIAUS [e1aW-uou Jo saipnis d1bojoiwapids ul sisAjeue elep pue ubisap Jo uolen|eAs ayl 1o elia1lid Alljendd

Author Manuscript

/L 9lqeL

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 46

Zheng et al.

‘asepiulwesoan|B-q-g-1A180e-N :OWN ‘ulngojBoldiw-z-o (NZY ‘ulingoBosoiw-z-g :onzgd ‘ares uoneaji Jejniawo)b 1449 ‘alel uones|y Jejniawolf parewnss :y49s ‘utsjoid Buipuiq jounal :dgy

dgy 10 N2V 'dVV ‘OVN ‘ONZd se yons abewep Asupiy 4o sIaxIeWOI] 10 "H493 ‘Y49 ‘013eS BUIUITR3ID/UILUNG[E JO SN :SIaxIeWOIg ASUpIy paziplepuels

pauiodas 10U (YN ‘ApnIs |043U02-8Sed DD

SOA - - - SOA SOA SOA dN SOA SOA SOA SOA 9702 “'[e 19 Uezied
pasodxaun
(Ajuo DD) aseasip pue pasodxa
poriad awi} swes padojanap snyels ainsodxa usamiaq sjuedionaed uone|ndod JaxJewolq long|
J9A0 PaMBIAIBIUI Asy1 pey 10 ased 0} 10adsad aunsodxa Jauuew S19puUNoju0d |[e 01  324N0S W04y pajuasaad Buisn  renpiaipul
pasodxa/s|0J3u0d $3sed Usa( aney Unm paspuliq 10 juspuadapul Jejiwis ul juensjad  paljdde elasidd 960/ 9184 suosiaedwod  pasn sasdJewolq passasse e passasse
pue sased PINOM S3SeIUON Jamaingsiul  dn-mojjof 01 S0 Palds]|od eled 10} |0J3UOD  UOISN|IXd swes asuodsay Jeusaiu| pazipJepuels  ainsodx3 ainsodx3 Apms
1221601093 ‘|eU0I193S-SS049 ‘|01IU0I 3seD) aAnoadsoad SaIpNIS |1V

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



Page 47

Zheng et al.

‘asepIuIWesodn|B-q-g-1A190e-N :OWN ‘UIingo|BoI0IW-Z-D JNZY ‘UIINgo|BosoIw-z-d :ONZd ‘a1el uone|iy Jejniawolb 1449 ‘erel uonea|y Jejniawolb parewnss ;4499 ‘uieloid Buipuiq jounsas :dgy
'dg9Yd 10 N2V ‘dVYV ‘OVN ‘OINZd Se yons afiewep A3upiy JO SIaXJBWOI] J0 ‘4493 *H-4O ‘Olle) BUIUIIB3Id/UILING[. JO SN :SIaYJewWoIq ASUpIY pazipiepuels

"Apn1s a1 J0 131 8y} ul papiodal 10U (YN ‘Apnis 011U0-8SED 1D

dN - - - dN ON dN dN S8A SBA ON dN  700¢ “[e 18 Uluewpey
4N SSA 4N - 4N ON 4N 4N SSA ON ON ON 966T “|e 18 eAOleud]
4N - - - 4N ON 4N 4N SeA SSA ON ON 6.6T “[e 18 eUNNBET
uN - - - SOA OoN dN dN SOA SOA ON ON GTOZ “"[e18 ealpuy.Q
(Ajuo 9D) aseasip pasodxaun
porsad awiy awes padojanap snyels ainsodxa pue pasodxa sjuedipnued  uonejndod Jaxewiolq 19n9]
1910 PaMBIAIBIUL Asy1 pey 1o ased 0] 10adsal aansodxa U3aMIaq  SIapunojuod [0}  92IN0S Wo4y pajussaud Buisn  enpiaipul
pasodxa/s|043u0d S3SBD U3 aney ysm papuliq jJojuapuadapul  Jsuuew Jejiwis juensjad  paldde elisiad 940 2 83ed  suosiiedwod  pasn saaxJewolq passasse e passasse
pue saseD PINOM S3SBIUON J8MBIAJBIU]  dN-MOjj0j 01 SSOTT Ul Pajdsjjodeled  J0j [04IUOD  UOISN[IXd awes asuodsay leusau| pazipiepuels  ainsodx3 ainsodx3 Apnis
[22160]008 ‘[eUOI08S-SSOD ‘|013U0D 358D aA1oadsoud S3IPMS |1V

"SJaxJewolq uonauny Asupiy pue seate paljeulwrluod o) Allwixoad Jo saipns a1bojoiwapida ul sisAfeue eyep pue ubisap Jo uoien[eAs ay) 1o} euall Alend

8 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2018 February 21.



	Abstract
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Quality assessment
	3.2. Lead exposure and kidney disease outcomes
	3.3. Other metals and kidney disease outcomes
	3.4. Non-metal environmental exposures
	3.5. Proximity studies

	4. Dscussion
	5. Gaps and limitations of existing research
	6. Future perspectives
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8

