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Air pollution and urinary n-acetyl-B-
glucosaminidase levels in residents living
near a cement plant
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Abstract

Background: To identify adverse renal effects due to air pollution derived from a cement plant in Korea. Urinary
n-acetyl-B-glucosaminidase (U-NAG) levels in residents living near a cement plant were compared to those in a
group who lived farther away from the plant.

Methods: From June to August 2013 and from August to November 2014, laboratory tests for U-NAG and heavy
metal were conducted on 547 study participants. Based on the level of air pollution exposure, subjects were
divided into the “less exposed group,” (LEG) which consisted of 66 persons who lived more than 5 km away from
the cement plant, the “more exposed group from the rural area” (MEG-R), which consisted of 272 persons, and the
“more exposed group from downtown area” (MEG-D), which consisted of 209 persons who lived within a 1 km
radius of the cement plant. U-NAG levels >5.67 U/L were defined as “higher U-NAG” levels. We compared the
prevalence of higher U-NAG levels and estimated the adjusted odds ratio (OR) by air pollution exposure using a
chi-square test and multiple logistic regression analysis. Further, we estimated the interaction between air pollution
exposure and heavy metal exposure in renal toxicity.

Results: The OR of higher U-NAG levels by MEG-D and MEG-R compared to LEG was 2.13 (95 % CI 0.86–4.96) and
4.79 (95 CI 1.65–10.01), respectively. Urinary cadmium (U-Cd), urinary mercury (U-Hg), age, occupation,
hypertension, and diabetes had a significant association with higher U-NAG levels. However, blood lead (B-Pb),
sex, and smoking were not associated with higher U-NAG. Especially, concurrent exposure to heavy metals (U-Hg
or/and U-Cd) and air pollution had an additive adverse effect. In the group with both 4th quartile heavy metal
exposure (U-Cd or/and U-Hg) and air pollution exposure, the OR in MEG-R and MEG-D was 6.49 (95 % 1.42–29.65)
and 8.12 (95 % CI 1.74–37.92), respectively, after adjustment for age, occupation, hypertension, diabetes.

Conclusions: U-NAG levels seem to be affected by air pollution exposure as well as age, hypertension, diabetes,
and even low levels of cadmium and low levels of mercury. Moreover, concurrent exposure to heavy metals and
air pollution can have additive cytotoxic renal effects.
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Background
Many studies definitively show that air pollution contrib-
utes to premature death [1, 2], cardiovascular disease [3, 4],
and respiratory disease such as asthma and chronic
obstructive pulmonary disease [3, 5, 6], based on both the
short-term and long-term effects of exposure. Individuals
for whom air pollution poses a particular health risk include
fetuses, children, and older people, especially those in low-
income societies or in a polluted environment [7–9].
Airborne particulate matter (PM) as a main compos-

ition of air pollution has various cytotoxic effects ac-
cording to source, physical properties, and chemical
speciation [10]. PM could influence the activation of in-
flammatory cytokines, oxidative stress, and cytotoxic re-
action by systemic absorption [11]. Therefore, it not
only affects the direct contact site such as the respiratory
system, but can also have other effects, such as on the
cardiovascular system or the nervous system [12–14], or
on diabetes mellitus [15, 16].
The health effects of air pollution on cardiovascular

diseases and respiratory disease have attained national
and international attention, whereas the renal effects
seem to be neglected. However, studies on the general
health effects of air pollution indicate increased renal
disease [17]. Diesel exhaust triggered renal toxicity in an
animal experimental study. Thus we explored the
relationship between air pollution and renal effects.
There is some evidence that second-hand smoke causes
adverse renal effects in children with chronic renal
disease [18, 19]. Current cigarette smoking is a risk
factor for chronic kidney disease [20]. A longitudinal
analysis using a validated spatiotemporal model showed
that long-term PM2.5 exposure negatively affects renal
function [17]. However, little is known about the effects
of air pollution on renal disease.
Major risk factors of chronic kidney disease are age, dia-

betes mellitus, and hypertension. However, unknown risk
factors also play an important role. Lower level exposure to
environmental nephrotoxicants, such as heavy metals, in
the general population has been shown to have a significant
adverse effect on kidney disease [21–24]. Some articles
show that environmental exposure to heavy metals is asso-
ciated with a decreased glomerular flow rate (GFR) or high
prevalence of chronic kidney disease [25, 26]. There are a
few articles suggesting the probability of a relationship
between chronic kidney disease and diesel engine exhaust
[27], passive smoking, and fine particulate matter [27].
In 2013, the authors of the current study investigated

the health effects of air pollution on a population living
near a cement plant. In that study, we reported the
effects on respiratory disease of cement air pollution [28,
29]. The aim of this article is to identify the relationship
between chronic kidney disease and air pollution from a
cement plant, using urinary n-acetyl-B-glucosaminidase

(U-NAG) as a biomarker for damage to the renal prox-
imal convoluted tubule [30].

Methods
Participants
The participants in this study were local residents who
took part in “The survey of health effects for residents
around a cement plant and mines in Jangseong-gun” con-
ducted in 2013 [29]. From June to September 2013, this
epidemiological study, which was requested by the Na-
tional Institute of Environmental Research, was conducted
to evaluate the long term health effects of particulate dust
exposure on residents who lived near a cement plant lo-
cated in Jangseong-gun, South Korea. To investigate the
impact of air pollution, the residents who lived within a
1 km radius of the cement plant were designated as the
“more exposed group” (MEG), and those who lived more
than 5 km away from the cement plant were assigned to
the “less exposed group” (LEG). The LEG served as a con-
trol group [29]. Further, we divided MEG into “more ex-
posed group in rural area” (MEG-R) and “more exposed
group in downtown area” (MEG-D), because of differ-
ences by demographic configuration. According to a 2013
air pollution measurement, the average PM10 concentra-
tion was 38.52 microgram per cubic meter (μg/m3) in the
LEG area and 43.27 ~ 45.53 μg/m3 in the MEG area. Aver-
age PM2.5 concentration in the atmosphere was 19.34 μg/
m3 in the LEG area and 24.44 ~ 25.48 μg/m3 in the MEG
area. There was a significant difference (both PM10 and
PM2.5) between MEG-R and MEG-D. Average cadmium
concentration in the atmosphere was 1.2 ng/m3 in the
LEG area and 1.4 ~ 1.6 ng/m3 in the MEG area. Average
lead concentration in the atmosphere was 21.7 ng/m3 in
the LEG area and 38.6 ~ 47.4 ng/m3 in the MEG area.
Average SiO2concentration in the atmosphere was
0.384 μg/m3 in the LEG area and 0.445 ~ 0.739 ng/m3 in
the MEG area. A stratified sampling method was used to
select 600 samples out of 1375 residents over age 40 who
lived around the cement plant. These individuals were
stratified according to sex, age, and residential area. In the
current study, to evaluate the health effects of heavy
metals, laboratory tests for determining urinary n-acetyl-
B-glucosaminidase (U-NAG) and heavy metal were con-
ducted. After the purpose, content, and a detailed plan of
the sample survey was explained to the subjects, those
who gave consent participated in the procedure. The final
sample size was 547 individuals: 66 from LEG, 272 from
MEG-R, and 209 from MEG-D. The Institutional Review
Board (IRB) of the National Institute of Environmental
Research provided ethical approval for the study.

Laboratory analysis methods
Subjects were interviewed by a clinician prior to the
test, and each subject’s information such as age, area of
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residence, current job, and smoking habits were ob-
tained through a questionnaire. Blood tests and urine
tests were performed and analyzed to determine levels
of blood lead (B-Pb), urinary cadmium (U-Cd), urinary
mercury (U-Hg), hemoglobin A1c (HbA1c), and U-
NAG. An EDTA tube was used to collect 3 ml of whole
blood, which was mixed by roller mixer to analyze B-
Pb. Spot urine was collected and moved into each poly-
propylene tube and mixed by roller mixer in about
20 min to analyze U-Cd and U-Hg. Urine samples for
elemental analysis were stored at below 4 °C (−8 ~ 2 °C)
until analysis. B-Pb was measured by autosampler
(Varian atomic absorption spectrophotometer, Varian
SpectrAA-880U) using the flameless method and ana-
lyzed by Varian SpectrAA-880U. Urinary Hg was mea-
sured by automatic mercury analyzer (SP-3DS, NIC)
using the gold-amalgam method. U-Cd levels were
measured by the autosampler and Atomic absorption
spectrophotometer, Perkin-Elmer Model AAnalyst 600
Zeeman Correction using the flameless method. U-
NAG levels were measured by colorimetry (kit from
Shionogi, Japan). U-NAG levels were adjusted with
creatinine into U-NAG/Cr (U/g cr). To evaluate the
reliability of the laboratory test for heavy metals, we
requested results from two laboratory institutions. The
intraclass correlation coefficient (ICC) was analyzed
for 10.6 % (58 cases) of the total samples. ICC of B-
Pb, U-Cd, and U-Hg were 0.923, 0.841, and 0.874,
respectively.

Variables
Independent variables
Factors related to general characteristics (e.g., sex, age,
occupation, smoking, hypertension, diabetes mellitus)
were classified as independent variables. Age was divided
into the following groups: 40–59 and ≥60 years. Occupa-
tion was categorized into the following groups: non-
manual work and manual work (e.g., farmer, labor,
construction, blue collar job). Based on the smoking
status, subjects were classified as follows: non-smokers
and current smokers. With respect to hypertension
(HTN), subjects were divided into the following groups
by measuring BP 2times: those with BP < 140/90 mmHg
and those with BP ≥ 140/90 mmHg. With respect to dia-
betes mellitus (DM), subjects were divided into the fol-
lowing groups by measuring HbA1c levels: subjects with
HbA1c <6.5 % and subjects with HbA1c ≥ 6.5 %. Air pol-
lution exposure was categorized into the following
groups: “less exposed group” (LEG), “more exposed
group in rural area” (MEG-R), and “more exposed group
in downtown area” (MEG-D). Heavy metal (B-Pb, U-Cd,
U-Hg) were categorized into quartiles: 1st quartile, 2nd

quartile, 3rd quartile, and 4th quartile.

Dependent variables
U-NAG was adjusted with creatinine into U-NAG/Cr
(U/L). Higher U-NAG was defined as above 5.67 U/L,
corresponding to 1 standard deviation on the basis of
the standard values measured at analyzing institutions.

Statistical analysis
The chi-square test was used to examine the relationship
between higher U-NAG and sex, age, occupation, smok-
ing, hypertension, and diabetes. U-NAG concentrations
(the geometric mean and geometric standard deviation)
were calculated by each variable. Unadjusted OR values
were obtained using univariate logistic regression ana-
lysis to examine the correlation between higher U-NAG
and each variable. Additionally, multivariate logistic
regression analysis was carried out to adjust for all
variables. Multivariate logistic regression analysis was
conducted to examine the interaction between heavy
metal and air pollution exposure after adjustment for
sex, age, hypertension, and diabetes. Statistical signifi-
cance was set to p < 0.05. All analyses were performed
using SPSS v 21.0 (SPSS Inc., Chicago, IL, USA).

Results
General characteristics of the participants
The number of participants was 547. Mean age was
64.32(±11.02) years old. Among all participants, 37.1 %
were male and 62.9 % were female. A total of 66.2 %
were aged 60 or over. Of the LEG, 71.2 % were female,
which was higher than the proportion of female subjects
in MEG-R and MEG-D (61.4 and 62.2 %, respectively).
This was not a significant difference. Of the LEG, 71.2 %
were aged 60 or older, which was higher than the
proportion in MEG-R and MEG-D (64.7 and 66.5 %,
respectively). This was not a significant difference. Of
the MEG-D, 19.1 % fell into the smoker category. This
was higher than the proportions in MEG-R and LEG,
which were 16.9 and 13.6 %, respectively. This was not a
significant difference. Of the LEG, 30.3 % had diabetes,
which was higher than the proportions in MEG-R and
MEG-D, which were 18.0 and 13.9 %, respectively. As
previously noted, LEG was older than MEG-R and
MEG-D, and the percentage of women was higher in
LEG than in MEG-R and MEG-D. The percentage of
manual work was higher in LEG (57.6 %) than in MEG-
R (40.4 %) and MEG-D (13.9 %) (Table 1).

Prevalence of higher U-NAG by general characteristics
and air pollution exposure
We calculated the geometric mean (GM) and geometric
standard deviation (GSD) of U-NAG concentrations by
each variable. GM and GSD of U-NAG concentrations
from all participants were 2.27 U/L and 1.80 U/L,
respectively. The percentage of “higher U-NAG” was
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17.9 % (98 individuals). Sex, age, HbA1c, and U-Hg
variables showed statistically significant differences in
the geometric mean, or higher U-NAG. The GM of male
and female U-NAG was 1.90 U/L (GSD 1.49) and 2.51
U/L (GSD 1.79), respectively. The ratio of higher U-
NAG for the male category was 17.2 % and the ratio of
higher U-NAG for the female category was 18.3 %. The
GM of U-NAG of age younger than 60 was 1.71 U/L
(GSD 1.05) and of age 60 or over was 2.62 U/L (GSD
1.80). This was a significant difference (p < 0.001). The
ratio of higher U-NAG for people younger than 60 years
old was 11.9 % and the ratio of higher U-NAG for
people age 60 or older was 21.0 %. This was a significant
difference (p = 0.009). The GM of U-NAG from non-
DM was 2.14 U/L (GSD 1.52) and from DM was 2.93 U/L
(GSD 3.55). This was a significant difference (p = 0.007).
The ratio of higher U-NAG for non-DM was 15.8 % and
the ratio of higher U-NAG for DM was 27.6 %. This was a
significant difference. (p = 0.006). For U-Hg, as the quar-
tile increased, the GM of U-NAG tended to increase. This
was a significant difference (p = 0.020). For U-Hg, as the
quartile increased, the ratio of higher U-NAG tended to

increase. This was a significant difference. (p = 0.023)
(Table 2).

Higher U-NAG Related factors by multiple logistic regres-
sion analysis
Multivariate logistic regression analysis was conducted
to examine the interaction between U-NAG and the
variables. The OR values for each variable were adjusted
for all variables. After variables were adjusted, age, occu-
pation, air pollution, hypertension, diabetes, U-Cd, and
U-Hg were found to have significant OR values. Sex,
smoking, and B-Pb did not show significant OR values.
The adjusted OR of the higher U-NAG in the old age
group (≥60) was 1.81 (95 % CI 1.05 ~ 3.13) compared to
the younger age group. The adjusted OR of the higher
U-NAG in the manual work group was 1.78 (95 % CI
1.03 ~ 3.07) compared to the non-manual work group.
The adjusted OR of the higher U-NAG in the MEG-R
and MEG-D were 2.07 (95 % CI 0.86 ~ 4.96) and 4.07
(95 % CI 1.65 ~ 10.01), respectively compared to the
LEG. The OR of the higher U-NAG in the HTN group
was 1.67 (95 % CI 1.00 ~ 2.74) compared to the non-
HTN group. The OR of the higher U-NAG in the DM
group was 2.51 (95 % CI 1.43 ~ 4.40) compared to the
non-DM group. The OR value increased as the quartile
of U-Cd and U-Hg increased. As the concentration of
U-Cd increased (2nd, 3rd, and 4thquartile), the OR value
showed an increase: 1.46 (95 % CI 0.46 ~ 2.01), 1.51
(95 % CI 0.72 ~ 3.13), and 2.20 (95 % CI 1.03 ~ 4.67),
respectively. As the concentration of U-Hg increased
(2nd, 3rd, and 4thquartile), the OR value showed an
increase: 0.96 (95 % CI 0.46 ~ 2.01), 1.30 (95 % CI 0.64
~ 2.63), and 2.65 (95 % CI 1.34 ~ 5.25), respectively. In
contrast, B-Pb did not show a significant association
with higher U-NAG. (Table 3)

OR of higher NAG by heavy metals and air pollution
exposure
We performed a multiple logistic regression to evaluate
the interaction between exposure to air pollution and
heavy metals. We started by analyzing the effects of
higher heavy metal levels, except for B-Pb, because B-Pb
was not significantly associated with higher NAG.
The OR of U-NAG in the group with single exposure to

higher heavy metal (U-Cd or U-Hg) and in the group with
simultaneous exposure to higher heavy metals (U-Cd and
U-Hg) were 2.03 (95 % CI 1.22 ~ 3.36) and 3.32 (95 % CI
1.55 ~ 7.11), respectively, compared to the group without
heavy metals exposure (neither U-Cd nor U-Hg). Next, we
stratified the analysis according to heavy metals exposure
(U-Cd, U-Hg). In the group without heavy metals expos-
ure (neither U-Cd nor U-Hg), the OR of MEG-R and
MEG-D was 2.13 (95 % CI 0.45 ~ 9.95) and 4.79 (95 % CI
1.05 ~ 21.80), respectively, after adjustment. In the group

Table 1 General characteristics of study population by air pollution

Variables Total LEG MEG-R MEG-D P-value

n % n % n % n %

Sex

Male 203 37.1 19 28.8 105 38.6 79 37.8 0.323

female 344 62.9 47 71.2 167 61.4 130 62.2

Age, years

40–59 185 33.8 19 28.8 96 35.3 70 33.5 0.600

≥ 60 362 66.2 47 71.2 176 64.7 139 66.5

Occupation

non-manual 370 67.6 28 42.4 162 59.6 180 86.1 <0.001

manual 177 32.4 38 57.6 110 40.4 29 13.9

Smoking

none 452 82.6 57 86.4 226 83.1 169 80.9 0.567

current 95 17.4 9 13.6 46 16.9 40 19.1

HTN, mmHg

< 140/90 410 75.0 50 75.8 208 76.5 152 72.7 0.635

≥ 140/90 137 25.0 16 24.2 64 23.5 57 27.3

HbA1c, %

< 6.5 449 82.1 46 69.7 223 82.0 180 86.1 0.010

≥ 6.5 98 17.9 20 30.3 49 18.0 29 13.9

Total 547 100.0 66 100.0 272 100.0 209 100.0

p-value by Chi-square test; non-manual: office work; the unemployed; manual:
farmer, labor, construction, blue collar job
LEG ‘less exposed group’ who lived 5 km or more away from the cement plant
MEG ‘more exposed group’ who lived within the 1 km radius of the
cement plant
MEG-R MEG in rural area; MEG-D: MEG in downtown
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with heavy metals exposure (U-Cd or/and U-Hg), the OR
of the LEG, MEG-R, and MEG-D was 4.33 (95 % CI 0.78
~ 23.89), 6.49 (95 % CI 1.42 ~ 29.65), and 8.12 (95 % CI
1.74 ~ 37.92), respectively, after adjustment by sex, age,
HTN, and DM (Table 4).

Table 3 OR of U-NAG by related factors and air pollution exposure

Variables Unadjusted Adjusted

OR 95 % CI OR 95 % CI

Sex

male

female 1.07 0.68 1.69 0.73 0.39 1.37

Age, year

40–59

≥ 60 1.96 1.18 3.28 1.81 1.05 3.13

Occupation

non-manual

manual 1.26 0.80 2.00 1.78 1.03 3.07

Smoking

none

current 0.83 0.45 1.52 0.88 0.43 1.82

Air pollution exposure

LEG

MEG-R 1.36 0.60 3.05 2.07 0.86 4.96

MEG-D 2.10 0.93 4.71 4.07 1.65 10.01

Hypertension, mmHg

< 140/90

≥ 140/90 1.58 0.98 2.55 1.67 1.00 2.78

DM, HbA1c (%)

< 6.5

≥ 6.5 2.02 1.21 3.37 2.51 1.43 4.40

Urine cadmium, μg/g cr

1Q (0.09 ~ 0.44)

2Q (0.44 ~ 0.75) 1.46 0.74 2.86 1.46 0.71 3.02

3Q (0.75 ~ 1.16) 1.54 0.79 3.02 1.51 0.72 3.13

4Q (1.16 ~ 8.91) 2.11 1.11 4.02 2.20 1.03 4.67

Urine mercury, μg/g cr

1Q (0.09 ~ 0.42)

2Q (0.42 ~ 0.63) 0.97 0.49 1.93 0.96 0.46 2.01

3Q (0.63 ~ 0.93) 1.29 0.67 2.49 1.30 0.64 2.63

4Q (0.93 ~ 4.16) 2.17 1.17 4.03 2.65 1.34 5.25

Blood lead, μg/dL

1Q (0.77 ~ 2.13)

2Q (2.13 ~ 2.70) 1.03 0.56 1.88 0.96 0.49 1.87

3Q (2.70 ~ 3.50) 0.96 0.52 1.78 0.89 0.44 1.77

4Q (3.50 ~ 10.37) 0.78 0.41 1.47 0.67 0.32 1.41

Logistic regression with adjusted for all variables; CI confidence interval

Table 2 Geometric mean of U-NAG and prevalence of higher
U-NAG by related factors

Variables U-NAG, U/L P* Higher U-NAG (≥5.67), U/L P**

GM GSD n %

Sex

Male 1.90 1.49 0.004 35 17.2 0.752

Female 2.51 1.79 63 18.3

Age, years

40–59 1.71 1.05 0.000 22 11.9 0.009

≥ 60 2.62 1.80 76 21.0

Occupation

non-manual 2.14 1.66 0.070 62 16.8 0.307

manual 2.55 1.62 36 20.3

Air pollution exposure

LEG 2.63 1.35 0.242 8 12.1 0.071

MEG-R 2.12 1.45 43 15.8

MEG-D 2.36 2.34 47 22.5

Smoking

none 2.30 1.82 0.448 83 18.4 0.552

current 2.10 1.65 15 15.8

HTN, mmHg

< 140/90 2.17 1.59 0.101 66 16.1 0.055

≥ 140/90 2.57 2.48 32 23.4

DM, HbA1c (%)

< 6.5 2.14 1.52 0.007 71 15.8 0.006

≥ 6.5 2.93 3.55 27 27.6

Urine cadmium, μg/g cr

1Q (0.09–0.44) 1.93 0.90 0.007 17 12.6 0.145

2Q (0.44–0.75) 1.99 1.69 24 17.4

3Q (0.75–1.16) 2.40 2.38 25 18.2

4Q (1.16–8.91) 2.84 2.43 32 23.4

Urine mercury, μg/g cr

1Q (0.09–0.42) 1.96 1.05 0.020 19 14.1 0.023

2Q (0.42–0.63) 1.98 1.33 19 13.8

3Q (0.63–0.93) 2.56 1.50 24 17.5

4Q (0.93–4.16) 2.65 3.48 36 26.3

Blood lead, μg/dL

1Q (0.77–2.13) 2.33 1.66 0.941 25 18.8 0.830

2Q (2.13–2.70) 2.31 1.74 27 19.3

3Q (2.70–3.50) 2.17 1.91 25 18.2

4Q (3.50–
10.37)

2.26 1.72 21 15.3

Total 2.27 1.80 98 17.9

*p-value by independent t-test, ANOVA, calculated by logarithmically
transforming variables
**p-value by Chi-square test
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Discussion
Our study demonstrated the association between air pollu-
tion and urinary N-acetyl-beta-glucosaminidase (U-NAG).
We used U-NAG as a biomarker for renal toxic damage in
this research. U-NAG is a hydrolytic lysosomal enzyme in
the proximal convoluted tubule [30]. U-NAG cannot pass
through glomerular baseline membrane because it has
140,000 Dalton molecular weight. Thus U-NAG indicates
proximal tubular damage at the cellular level. U-NAG level
was significantly higher in patients with diabetes mellitus,
microalbuminemic patients, and pregnant women with
hypertensive disorders, compared to healthy controls [31].
In a study about biomarkers for renal dysfunction in type 2
Diabetes mellitus, U-NAG was the most sensitive marker
of microalbuminuria and early renal damage, with sensitiv-
ity of 83.3 % compared to serum cystatin C, 2 renal tubular
enzymes and neutrophil gelatinase associated lipocalin
(NGAL), and β2-microglobulin (β2M) [32] [31]. U-NAG is
a non-invasive and useful method of assessing renal tubular
damage by environmental toxins [30].
We categorized heavy metal exposure (B-Pb, U-Cd, U-

Hg) into quartiles: 1st quartile, 2nd quartile, 3rd quartile,
and 4th quartile for estimating the dose-response
relationship in order to analyze the relationship between
U-NAG and heavy metal exposure. We found that the
measured value of heavy metals did not correlate with
the level of air pollution. Environmental exposure
sources of heavy metals may be food, water, cigarettes,
vehicles, incineration plant, hazardous waste landfill, and
mines, as well as cement plant. We found a relationship
between U-NAG and U-Hg and U-Cd in lower level ex-
posure (above about 1 μg/g cr). According to studies
using the Korean Nation Health and Nutrition Examin-
ation Survey (KNHANES), U-Hg and U-Cd were associ-
ated with decreased glomerular flow rate (GFR), despite
low dose environmental exposure [24, 25, 32]. The result

of our study also show a correlation between U-Hg and
U-Cd and higher U-NAG. However, there was no correl-
ation between B-Pb and higher U-NAG in our study.
The relationship between blood lead levels and renal
dysfunction at low-level environmental exposure in the
general population is controversial.
Multiple exposure to higher heavy metal levels have

high U-NAG compared to single exposure. Heavy metals
may have an additive effect in renal toxicity. In
previously published experimental studies in mice,
concurrent exposure to arsenic and cadmium had more
toxic renal effects than did single exposure [33, 34]. In a
recent study, simultaneous exposure to cadmium and
lead induced a reduction in GFR [25].
Diabetes and hypertension are major risk factors for

chronic renal disease [35]. Diabetic glomerular sclerosis
or hypertensive glomerular sclerosis induced slowly
worsening albuminuria, hypertension, gradual decline of
GFR, and nephrotic syndrome. Our results suggest that
hypertension and diabetes were significantly related to
higher U-NAG. The adjusted OR of higher U-NAG in
hypertension was 1.67. The adjusted OR of higher U-
NAG in diabetes is 2.51.
Air pollution exposure was divided into a higher

exposure group in a rural area (MEG-R), a higher
exposure group in a downtown area (MEG-D), and a
lower exposure group (LEG). The adjusted OR of
higher U-NAG in MEG-R and MEG-D compared to
LEG was 2.07 and 4.07, respectively, in spite of the
younger age population in MEG-D. We do not fully
understand why the OR of higher U-NAG is large in
MEG-D compared to that of MEG-R. We assumed it
was because of wind direction, population density, and
traffic exhaust.
In the group without heavy metal exposure, OR of

higher U-NAG in MEG-R and MEG-D as compared to

Table 4 OR of higher U-NAG by heavy metals and air pollution exposure

Variables Unadjusted Adjusteda

higher heavy metals Air pollution n OR 95 % CI OR 95 % CI

Model 1 None 320 1 1

U-Hg or U-Cd 180 1.79 1.11 2.87 2.03 1.22 3.36

U-Hg and U-Cd 47 2.66 1.32 5.36 3.32 1.55 7.11

Model 2 None LEG 36 1 1

MEG-R 153 1.98 0.43 9.05 2.13 0.45 9.95

MEG-D 131 4.21 0.94 18.66 4.79 1.05 21.80

U-Hg or/and U-Cd LEG 30 4.25 0.78 22.88 4.33 0.78 23.89

MEG-R 119 4.98 1.12 22.12 6.49 1.42 29.65

MEG-D 78 6.26 1.38 28.38 8.12 1.74 37.92

Model 1: Concurrent exposure of heavy metals; Model 2: Interaction between air pollution and heavy metal
Logistic regression method
aAdjusted by sex, age, HTN, DM
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LEG was 2.13 and 4.79, respectively. Whereas in the group
with heavy metal exposure (U-Cd or/and U-Hg), the OR
of higher U-NAG in MEG-R and MEG-D compared with
LEG was 6.49 and 8.12, respectively. This result suggests
concurrent exposure to heavy metals and air pollution has
additive toxic renal effects. Further, we assumed that the
populations having higher heavy metal exposure have
increased risk if they live in a high air pollution area.
We found an incomprehensible result, in that smoking

was not correlated with U-NAG. In previous studies,
smoking alters the proximal tubular function and leads
to increased U-NAG by impairment of organic cation
transport [36, 37]. Generally, smoking results in a higher
concentration of toxins than does usual air pollution.
Thus, no-correlation between smoking and U-NAG was
not predicted. Further studies are needed to reveal
additional information about smoking and U-NAG. The
OR of U-NAG for manual work was high compared to
that of non-manual work. We understood that manual
work provides more opportunity for exposure than other
causes during work. U-NAG as a nephrotoxic biomarker
represents more recent damage than GFR. The GFR
represent the cumulative effect of kidney damage by
several risk factors such as diabetes, hypertension,
glomerulonephritis, and many nephrotoxins [38].
The limitations of this study should be considered. First

of all, the study design was cross sectional. It was insuffi-
cient to determine if there was a causal relationship. In the
past, there was severe air pollution in the research region.
However, an industrial dust collecting system was installed
20 years ago. After that, air pollution was greatly reduced.
Nevertheless, the region around the cement plant has poor
air quality because of cement dust from the plant and lime-
stone dust from the strip mine. Accordingly, the results of
this study might reflect cumulative air pollution exposure.
On the other hand, we had to consider the underestimation
effect due to early death and migration to other regions.
Second, the lower level exposure group did not live in per-
fectly good air quality conditions. However, the people in-
cluded in LEG lived 5 km from the cement plant and on
higher ground surrounded by mountains. The result of
PM10 and PM2.5 measured during 3 different seasons
showed better air quality results than in the higher exposure
area. Third, higher U-NAG does not directly mean chronic
renal disease; it just indicates renal proximal tubular dam-
age at that time. The results of our research merely sug-
gest that air pollution can induce renal disease. The
obvious conclusion is that further prospective study is
needed to assess chronic renal disease or end stage
renal disease, and mortality due to renal disease.
The main strength of this study is the evaluation of

the relationship between air pollution and renal toxicity.
We presented adjusted ORs by major risk factors for
chronic renal disease, including diabetes, hypertension,

smoking, and occupation. Further, we showed the result
of a stratified analysis by heavy metals exposure and
dose-response relationship.

Conclusions
We presented the relationship between air pollution and
higher U-NAG as a renal proximal tubular oxidative
stress marker, through research conducted on residents
living around a cement plant. The results were adjusted
by major risk factors for chronic renal disease, including
diabetes, hypertension, smoking, occupation, and heavy
metals exposure. Especially, heavy metals exposure may
have a synergic effect with air pollution in renal toxicity.
Further study about the additional adverse effects of air
pollution as a risk factor for kidney disease is needed.

Acknowledgements
This study was supported by National Institute of Environmental Research of
Korea and Jangseong-gun.

Funding
National Institute of environmental Research of Korea and Jangseong-gun.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analysed during the current study.

Authors’ contributions
Min-Soo Jung, Jae-Yoon Kim, Hyun-Seung Lee, Chul-Gab Lee, Han-Soo Song.
MSJ drafted this manuscript. HSS designed this epidemiological survey and
corrected final manuscript as corresponding author. JYK, HSL conducted the
survey and contributed to the data collection. CGL revised this manuscript
critically and contributed to the design this study. All Authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The Institutional Review Board (IRB) of the National Institute of
Environmental Research provided ethical approval for the study.

Author details
1Department of Occupational & Environmental Medicine, School of Medicine,
Chosun University, 309 Pilmun-daero Dong-gu, Gwangju 61452, South Korea.
2Korea Medical Institute, 5-6, Sangmujungang-ro 78beon-gil, Seo-gu,
Gwangju 61949, South Korea.

Received: 12 July 2016 Accepted: 20 September 2016

References
1. Ha S, Hu H, Roussos-Ross D, Haidong K, Roth J, Xu X. The effects of air

pollution on adverse birth outcomes. Environ Res. 2014;134:198–204.
2. Lelieveld J, Evans J, Fnais M, Giannadaki D, Pozzer A. The contribution of

outdoor air pollution sources to premature mortality on a global scale.
Nature. 2015;525(7569):367–71.

3. Anderson JO, Thundiyil JG, Stolbach A. Clearing the air: a review of the
effects of particulate matter air pollution on human health. J Med Toxicol.
2012;8(2):166–75.

4. Du Y, Xu X, Chu M, Guo Y, Wang J. Air particulate matter and cardiovascular
disease: the epidemiological, biomedical and clinical evidence. J Thorac Dis.
2016;8(1):E8–E19.

Jung et al. Annals of Occupational and Environmental Medicine  (2016) 28:52 Page 7 of 8



5. Kurt OK, Zhang J, Pinkerton KE. Pulmonary health effects of air pollution.
Curr Opin Pulm Med. 2016;22(2):138–43.

6. Moore E, Chatzidiakou L, Kuku M-O, Jones RL, Smeeth L, Beevers S, Kelly FJ,
Barratt B, Quint J. Global associations between air pollutants and chronic
obstructive pulmonary disease hospitalizations: A systematic review. Ann
Am Thorac Soc. 2016; doi:10.1513/AnnalsATS.201601-064OC

7. Cureton S. Environmental victims: environmental injustice issues that threaten the
health of children living in poverty. Rev Environ Health. 2011;26(3):141–7.

8. Zeng Y, Gu D, Purser J, Hoenig H, Christakis N. Associations of
environmental factors with elderly health and mortality in China. Am
J Public Health. 2010;100(2):298–305.

9. Al-Gubory KH. Environmental pollutants and lifestyle factors induce
oxidative stress and poor prenatal development. Reprod Biomed Online.
2014;29(1):17–31.

10. Thomson EM, Breznan D, Karthikeyan S, MacKinnon-Roy C, Charland J-P,
Dabek-Zlotorzynska E, Celo V, Kumarathasan P, Brook JR, Vincent R.
Cytotoxic and inflammatory potential of size-fractionated particulate
matter collected repeatedly within a small urban area. Part Fibre
Toxicol. 2015;12:24. doi: 10.1186/s12989-015-0099-z.

11. Pei Y, Jiang R, Zou Y, Wang Y, Zhang S, Wang G, Zhao J, Song W.
Effects of fine particulate matter (PM2. 5) on systemic oxidative stress
and cardiac function in ApoE−/− mice. Int J Environ Res Public Health.
2016; doi: 10.3390/ijerph13050484

12. Genc S, Zadeoglulari Z, Fuss SH, Genc K. The adverse effects of air pollution
on the nervous system. J Toxicol. 2012; doi: 10.1155/2012/782462

13. Costa LG, Cole TB, Coburn J, Chang Y-C, Dao K, Roqué PJ. Neurotoxicity of traffic-
related air pollution. Neurotoxicology. 2015; doi:10.1016/j.neuro.2015.11.008

14. Block ML, Calderón-Garcidueñas L. Air pollution: mechanisms of
neuroinflammation and CNS disease. Trends Neurosci. 2009;32(9):506–16.

15. Eze IC, Hemkens LG, Bucher HC, Hoffmann B, Schindler C, Künzli N,
Schikowski T, Probst-Hensch NM. Association between ambient air pollution
and diabetes mellitus in Europe and North America: systematic review and
meta-analysis. Environ Health Perspect. 2015;123(5):381–9.

16. Park SK, Adar SD, O’Neill MS, Auchincloss AH, Szpiro A, Bertoni AG, Navas-Acien
A, Kaufman JD, Diez-Roux AV. Long-term exposure to air pollution and type 2
diabetes mellitus in a multiethnic cohort. Am J Epidemiol. 2015;181(5):327–36.

17. Mehta AJ, Zanobetti A, Bind M, Kloog I, Koutrakis P, Sparrow D, Vokonas PS,
Schwartz JD. Long-term exposure to ambient fine particulate matter and
renal function in older men: The VA Normative Aging Study. Environ Health
Perspect. 2016; doi:10.1289/ehp.1510269

18. Omoloja A, Tyc VL. Tobacco and the pediatric chronic kidney disease
population. Pediatr Nephrol. 2015;30(2):235–43.

19. Omoloja A, Jerry-Fluker J, Ng DK, Abraham AG, Furth S, Warady BA,
Mitsnefes M. Secondhand smoke exposure is associated with proteinuria in
children with chronic kidney disease. Pediatr Nephrol. 2013;28(8):1243–51.

20. Jones-Burton C, Seliger SL, Scherer RW, Mishra SI, Vessal G, Brown J, Weir
MR, Fink JC. Cigarette smoking and incident chronic kidney disease: a
systematic review. Am J Nephrol. 2007;27(4):342–51.

21. Kim NH, Hyun YY, Lee K-B, Chang Y, Rhu S, Oh K-H, Ahn C. Environmental
heavy metal exposure and chronic kidney disease in the general
population. J Korean Med Sci. 2015;30(3):272–7.

22. Sommar JN, Svensson MK, Björ BM, Elmståhl SI, Hallmans G, Lundh T, Schön
SM, Skerfving S, Bergdahl IA. End-stage renal disease and low level exposure
to lead, cadmium and mercury; a population-based, prospective nested
case-referent study in Sweden. Environ Health. 2013;12:9.

23. Navas-Acien A, Tellez-Plaza M, Guallar E, Muntner P, Silbergeld E, Jaar B,
Weaver V. Blood cadmium and lead and chronic kidney disease in US
adults: a joint analysis. Am J Epidemiol. 2009;170(9):1156–64.

24. Myong J-P, Kim H-R, Baker D, Choi B. Blood cadmium and moderate-to-
severe glomerular dysfunction in Korean adults: analysis of KNHANES
2005–2008 data. Int Arch Occup Environ Health. 2012;85(8):885–93.

25. Chung S, Chung JH, Kim SJ, Koh ES, Yoon HE, Park CW, Chang YS, Shin SJ.
Blood lead and cadmium levels and renal function in Korean adults. Clin
Exp Nephrol. 2014;18(5):726–34.

26. Kim Y, Lee B-K. Associations of blood lead, cadmium, and mercury with
estimated glomerular filtration rate in the Korean general population:
analysis of 2008–2010 Korean national health and nutrition examination
survey data. Environ Res. 2012;118:124–9.

27. Al Suleimani Y, Al Mahruqi A, Za’abi A, Shalaby A, Ashique M, Nemmar A, Ali
B. Effect of diesel exhaust particles on renal vascular responses in rats with
chronic kidney disease. Environ Toxicol. 2016; doi: 10.1002/tox.22258

28. Lee HS, Lee CG, Kim DH, Song HS, Jung MS, Kim JY, Park CH, Ahn SC, Do
YS. Emphysema prevalence related air pollution caused by a cement plant.
Ann Occup Environ Med. 2016;28:17.

29. Kim SH, Lee CG, Song HS, Lee HS, Jung MS, Kim JY, Park CH, Ahn SC, Do YS.
Ventilation impairment of residents around a cement plant. Ann Occup
Environ Med. 2015;27:3.

30. Moriguchi J, Inoue Y, Kamiyama S, Horiguchi M, Murata K, Sakuragi S, Fukui
Y, Ohashi F, Ikeda M. N-Acetyl-β-d-glucosaminidase (NAG) as the most
sensitive marker of tubular dysfunction for monitoring residents in non-
polluted areas. Toxicol Lett. 2009;190(1):1–8.

31. Assal HS, Tawfeek S, Rasheed EA, El-Lebedy D, Thabet EH. Serum cystatin C
and tubular urinary enzymes as biomarkers of renal dysfunction in type 2
diabetes mellitus. Clin Med Insights Endocrinol Diabetes. 2013;6:7–13.

32. Lee BK, Kim Y. Association of blood cadmium with hypertension in the Korean
general population: analysis of the 2008–2010 Korean national health and
nutrition examination survey data. Am J Ind Med. 2012;55(11):1060–7.

33. Mahaffey KR, Fowler BA. Effects of concurrent administration of lead,
cadmium, and arsenic in the rat. Environ Health Perspect. 1977;19:165–71.

34. Liu J, Liu Y, Habeebu SM, Waalkes MP, Klaassen CD. Chronic combined
exposure to cadmium and arsenic exacerbates nephrotoxicity, particularly in
metallothionein-I/II null mice. Toxicology. 2000;147(3):157–66.

35. Levey AS, Coresh J. Chronic kidney disease. Lancet. 2012;379(9811):165–80.
36. El-Safty IA, Afifi AM, Shouman AE, El-Sady AK. Effects of smoking and lead

exposure on proximal tubular integrity among Egyptian industrial workers.
Arch Med Res. 2004;35(1):59–65.

37. Yacoub R, Habib H, Lahdo A, Al Ali R, Varjabedian L, Atalla G, Akl NK,
Aldakheel S, Alahdab S, Albitar S. Association between smoking and chronic
kidney disease: a case control study. BMC Public Health. 2010;10:731.

38. Fiseha T, Tamir Z. Urinary markers of tubular injury in early diabetic
nephropathy. Int J Nephrol. 2016; doi:10.1155/2016/4647685

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Jung et al. Annals of Occupational and Environmental Medicine  (2016) 28:52 Page 8 of 8

http://dx.doi.org/10.1513/AnnalsATS.201601-064OC
http://dx.doi.org/10.1186/s12989-015-0099-z
http://dx.doi.org/10.3390/ijerph13050484
http://dx.doi.org/10.1155/2012/782462
http://dx.doi.org/10.1016/j.neuro.2015.11.008
http://dx.doi.org/10.1289/ehp.1510269
http://dx.doi.org/10.1002/tox.22258
http://dx.doi.org/10.1155/2016/4647685

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Laboratory analysis methods
	Variables
	Independent variables
	Dependent variables

	Statistical analysis

	Results
	General characteristics of the participants
	Prevalence of higher U-NAG by general characteristics and air pollution exposure
	Higher U-NAG Related factors by multiple logistic regression analysis
	OR of higher NAG by heavy metals and air pollution exposure

	Discussion
	Conclusions
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

