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Urinary Arsenic Concentrations among Residents in the Vicinity
of a Chungcheongnam-do Province Industrial Complex Area
Hee Chan Kim* and Sangchul Roh***t

*Department of Occupational and Environmental Medicine, College of Medicine, Dankook University
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ABSTRACT

Objectives: The purpose of this study was to evaluate the relationship between residential surroundings, such
as a power plant, steel mill and petrochemical facilities, and urinary arsenic concentrations in Chungcheongnam-
do Province, Korea.

Methods: Stratified by fish consumption and residential district, median and maximum block sampling was
applied. A total of 346 spot urine samples were speciated for As™, As*, monomethylarsonic acid(MMA),
dimethylarsonic acid (DMA) and arsenobetaine (AsB). Exposure assessment was based on questionnaires
including data on sex, age, current tobacco use, fish consumption, type of water consumed, and occupational
category.

Results: Urinary As™ + As®™ + MMA + DMA concentrations of people living in the vicinity of a power plant
(GM=50.39 ug/g) were 61% higher than those of people living in the inland area according to median block
sampling. Urinary As™ + As** + MMA + DMA + AsB concentrations of people living in the vicinity of
industrial complex area were higher than those of people living in the inland area according to block sampling
by median and maximum.

Conclusion: Urinary arsenic concentrations of people living in vulnerable areas such as around industrial
complexes, especially power plants, were higher than those of people living in an inland area.

Keywords: Arsenic species, biomarker, Chungcheongnam-do Province industrial complex, environmental
exposure, urine
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Table 1. Characteristics of the study population with
urine samples speciated for urinary arsenic

NICA  NNICA
p-value*
n (%) n (%)
Sex
Male 110 (48.7) 72 (60.0) 0.045
Female 116 (51.3) 48 (40.0)
Age
Mean+SD 62.5+10.4 64.0+8.4 0.135
<59 85 (37.6) 40 (33.3) 0.495
60-69 76 (33.6) 48 (40.0)
>70 65 (28.8) 32 (26.7)
Current tobacco use
No 190 (84.1) 98 (81.7) 0.569
Yes 36 (15.9) 22 (18.3)

Fish consumption
Once a week or less 102 (45.1) 60 (50.0) 0.388
At least twice a week 124 (54.9) 60 (50.0)
Type of water comsumed
Tapwater, etc.” 162 (71.7) 86 (71.7) 0.998
Ground water 64 (28.3) 34 (28.3)
Occupational category
Farmer/fisherman 103 (45.6) 85 (70.8) <0.001

Retailer/service employee 13 (5.8) 4 (3.3)

Housewives 41 (18.1) 12 (10.0)
Unemployee 34 (15.0) 11 (9.2)
Others 35 (15.5) 8 (6.7)

*P-value were calculated using t-test for continuous variable
and chi-square test for categorical variables

Tetc. included mineral water, purifier water

NICA, Near by industrial complex area; NNICA, Not near by
industrial complex area

SD, standard deviation

J Environ Health Sci 2016; 42(3): 224-233
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—b‘ not to collect urine samples (n=127) ‘

Exclusion criteria

. Urinary creatinine abnormality (normal
range: 50-200 mg/dL) (n=245)

. eGFR < 30mL/min/1.73m? (n=27)

. Unconfirmed frequency of fish
consumption (n=12)

w N

v

Stratified by fish consumption
and residential district; NICA (n=655), NNICA (n=254)
block sampling of median and maximum

!
! l

NICA (n=226) NNICA (n=120)
FFS Maximum Median FFS Maximum Median
= 1/ week 74 50 = 1/ week 40 20
2 2/ week 52 50 2 2/ week 40 20

Fig. 1. Flow chart of subject selection to evaluate spot
urine samples
eGFR, estimated glomerular filtration rate; NICA,
Near by industrial complex area; NNICA, Not
near by industrial complex area; FFS, Frequency
of fish consumption.
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Table 2. Geometric means and 95% CI of urinary arsenic in the study population using median sampling
(unit: pg/g of creatinine)

As™+As"+MMA-+DMA 2 As
NICA NNICA  p-value NICA NNICA p-value
Total (n=100) (n=40) (n=100) (n=40)
GM (GSD) 46.85 (2.14) 36.51 (2.24) 0.087 173.57 (1.55) 124.41 (2.10) 0.011
GM 95% CI 40.36-54.39  28.44-46.88 159.29-189.13 98.80-156.66
Sex
M (n=55) (n=20) (n=55) (n=20)
GM (GSD) 46.70 (2.22) 41.00 (2.15) 0.531 171.07 (1.54) 127.59 (1.74) 0.018
GM 95% CI 37.80-57.68  29.31-57.36 152.70-191.65 100.21-162.45
F (n=45) (n=20) (n=45) (n=20)
GM (GSD) 47.04 (2.06) 32.51 (2.34) 0.076 176.69 (1.57) 121.31 (2.49) 0.093
GM 95% CI 38.11-58.06 22.41-47.15 154.83-201.63 81.37-180.85
Age
<59 (n=36) (n=14) (n=36) (n=14)
GM (GSD) 43.11 (2.14) 37.81 (2.22) 0.591 152.95 (1.53) 113.75 (2.42) 0.249
GM 95% CI 33.63-55.25  24.90-57.40 133.15-175.70 71.55-180.84
60-69 (n=32) (n=17) (n=32) (n=17)
GM (GSD) 48.46 (2.31) 31.03 (2.52) 0.093 181.98 (1.56) 120.45 (2.13) 0.020
GM 95% CI 36.27-64.73  20.01-48.10 156.14-212.09 84.06-172.59
>70 (n=32) (n=9) (n=32) (n=9)
GM (GSD) 49.75 (2.01) 47.02 (1.74) 0.825 190.88 (1.54) 152.03 (1.59) 0.175
GM 95% CI 39.07-63.34  32.75-67.49 164.53-221.44 112.14-206.11
Current tobacco use
No (n=89) (n=34) (n=89) (n=34)
GM (GSD) 48.76 (2.15) 3828 (2.11) 0.117 180.15 (1.53) 129.18 (2.04) 0.014
GM 95% CI 41.60-57.16  29.79-49.19 164.85-196.87 101.66-164.15
Yes (n=11) (n=6) (n=11) (n=6)
GM (GSD) 33.90 (1.96) 2791 (3.13) 0.661 128.47 (1.53) 100.51 (2.58) 0.467
GM 95% CI 22.77-50.48  11.21-69.45 99.87-165.25 47.10-214.49
Fish consumption
Once a week or less (n=50) (n=20) (n=50) (n=20)
GM (GSD) 39.19 (1.99) 36.10 (2.69) 0.694 154.05 (1.55) 128.83 (2.09) 0.215
GM 95% CI 32.38-47.42  23.40-55.72 136.37-174.02 93.24-178.00
At least twice a week (n=50) (n=20) (n=50) (n=20)
GM (GSD) 56.01 (2.21) 36.92 (1.81) 0.038 195.57 (1.50) 120.14 (2.15) 0.013
GM 95% CI 44.94-69.81 28.44-47.93 174.73-218.90 85.83-168.17
Type of water comsumed
Tap water, etc. (n=63) (n=25) (n=63) (n=25)
GM (GSD) 4412 (2.23) 4145 (2.59) 0.757 158.10 (1.51) 124.06 (2.16) 0.146
GM 95% CI 36.17-53.81  28.54-60.20 142.84-174.99 91.78-167.71
Ground water 0=37) (n=15) n=37) (n=15)
GM (GSD) 51.90 (1.97) 29.54 (1.53) 0.005 203.49 (1.56) 124.99 (2.07) 0.005
GM 95% CI 41.69-64.60  23.81-36.65 176.48-234.64 86.56-180.49
Occupational category
Others (n=48) (n=13) (n=48) (n=13)
GM (GSD) 42.95 (2.30) 30.08 (3.18) 0.215 166.88 (1.63) 100.42 (1.95) 0.003
GM 95% CI 33.91-54.38  16.04-56.41 145.40-191.52 69.85-144.38
Farmer/fisherman (n=52) (n=27) (n=52) (n=27)
GM (GSD) 50.77 (1.98) 40.08 (1.78) 0.129 180.00 (1.48) 137.93 (2.16) 0.100
GM 95% CI 42.15-61.15  32.27-49.78 161.94-200.06 103.24-184.27

*Log-transformed variables used in t-test
NICA, Near by industrial complex area; NNICA, Not near by industrial complex area
GM, geometric mean; GSD, geometric standard deviation; 95% CI GM, 95% confidential interval for geometric mean

http://mwww.kseh.org/
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Table 3. Geometric means and 95% CI of urinary arsenic in the study population using maximum sampling

(unit: pg/g of creatinine)

As”+As"+MMA+DMA 2 As
NICA NNICA p-value NICA NNICA p-value
Total (n=126) (n=80) (n=126) (n=80)
GM (GSD) 65.26 (2.29) 59.09 (2.03) 0377 422.88 (1.71) 259.76 (2.05) <0.001
GM 95% CI 56.48-7541  50.58-69.04 385.14-464.32 222.03-303.89
Sex
M (n=55) (n=52) (n=55) (n=52)
GM (GSD) 63.99 (2.25) 5491 (1.81) 0.267 404.96 (1.69) 234.73 (1.95) <0.001
GM 95% CI 51.62-79.31  46.75-64.50 352.79-464.85 195.73-281.49
F (n=71) (n=28) (n=71) (n=28)
GM (GSD) 66.27 (2.33) 67.71 (2.42) 0911 43731 (1.73) 313.53 (2.17) 0.018
GM 95% CI 54.44-80.66  48.78-93.99 385.07-496.63 235.32-417.74
Age
<59 (n=49) (n=26) (n=49) (n=26)
GM (GSD) 61.94 (2.29) 66.89 (1.79) 0.675 385.13 (1.76) 292.45 (1.94) 0.063
GM 95% CI 49.10-78.12  53.45-83.72 328.66-451.29 226.68-377.30
60-69 (n=44) (n=31) (n=44) (n=31)
GM (GSD) 67.70 (2.50) 58.72 (2.34) 0.497 480.56 (1.66) 267.78 (2.36) 0.001
GM 95% CI 51.62-88.78  43.54-79.18 413.60-558.37 197.95-362.26
>70 (n=33) (n=23) (n=33) (n=23)
GM (GSD) 67.17 (2.04) 51.81 (1.89) 0.167 409.72 (1.66) 218.05 (1.71) <0.001
GM 95% CI 52.68-85.66  39.97-67.15 344.86-486.79 175.13-271.48
Current tobacco use
No (n=101) (n=64) (n=101) (n=64)
GM (GSD) 67.99 (2.33) 61.63 (1.98) 0.436 440.68 (1.70) 271.60 (1.97) <0.001
GM 95% CI 57.65-80.19  52.11-72.88 397.21-488.92 230.00-320.73
Yes (n=25) (n=16) (n=25) (n=16)
GM (GSD) 55.30 (2.10)  49.95 (2.24)  0.681 357.99 (1.69) 217.32 (2.34) 0.025
GM 95% CI 41.32-73.99  33.67-74.12 291.50-439.64 143.22-329.77
Fish consumption
Once a week or less (n=52) (n=40) (n=52) (n=40)
GM (GSD) 63.45 (2.26) 53.65 (2.01) 0.301 367.11 (1.66) 263.00 (1.80) 0.004
GM 95% CI 50.83-79.20  43.23-66.59 319.93-421.23 219.09-315.70
At least twice a week (n=74) (n=40) (n=74) (n=40)
GM (GSD) 66.57 (2.32)  65.08 (2.05) 0.886 467.07 (1.71) 256.56 (2.30) <0.001
GM 95% CI 54.96-80.63  52.09-81.31 413.35-527.78 198.29-331.95
Type of water comsumed
Tap water, etc. (n=99) (n=61) (n=99) (n=61)
GM (GSD) 67.76 (2.24) 56.60 (2.06) 0.156 42435 (1.73) 253.02 (2.01) <0.001
GM 95% CI 57.81-79.42  47.22-67.83 381.03-472.58 212.28-301.57
Ground water (n=27) (n=19) (n=27) (n=19)
GM (GSD) 56.87 (2.47) 67.87 (1.96) 0475 417.56 (1.65) 282.63 (2.18) 0.045
GM 95% CI 40.41-80.04  50.18-91.78 345.57-504.54 198.94-401.52
Occupational category
Others (n=75) (n=22) (n=75) (n=22)
GM (GSD) 63.10 (2.22) 4745 (2.22) 0.143 408.05 (1.73) 229.60 (2.05) <0.001
GM 95% CI 52.71-75.55  33.98-66.26 360.68-461.65 170.19-309.75
Farmer/fisherman (n=51) (n=58) (n=51) (n=58)
GM (GSD) 68.57 (2.41) 6422 (1.94) 0.664 445.67 (1.68) 272.20 (2.05) <0.001
GM 95% CI 53.88-87.28  54.16-76.15 386.27-514.22 226.36-327.33

*Log-transformed variables used in t-test
NICA, Near by industrial complex area; NNICA, Not near by industrial complex area
GM, geometric mean; GSD, geometric standard deviation; 95% CI GM, 95% confidential interval for geometric mean
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Table 4. Adjusted geometric mean ratio (95% CI) of urinary arsenic species’ from multiple regression analysis*

Median sampling Maximum sampling
ASHAS™ +1\?1\S/;:+ADS:4 A A ASHAS™ +MA]\S/;:$;[ L TAs

Area

Inland area 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Coastal area 2.04 (1.02-4.08)* 1.34 (0.81-2.21) 1.86 (1.36-2.56)* 1.25 (0.74-2.09) 1.60 (1.14-2.25)*2.43 (1.93-3.05)*

Power plant 1.76 (1.00-3.10) 1.61 (1.07-2.41)*2.22 (1.71-2.87)* 0.87 (0.55-1.40) 1.68 (1.23-2.29)*2.94 (2.39-3.62)*

Steel-mill 2.07 (1.18-3.63)* 1.38 (0.92-2.08) 1.68 (1.29-2.17)* 1.10 (0.65-1.86) 1.27 (0.90-1.79) 2.44 (1.93-3.08)*
ingitsrt‘;;hemml 2.03 (1.05-3.93)* 1.34 (0.83-2.16) 1.55 (1.15-2.10)* 1.40 (0.73-2.70) 1.08 (0.70-1.68) 1.70 (1.27-2.27)*
Sex

Male 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Female 1.07 (0.73-1.59) 0.93 (0.70-1.23) 0.99 (0.83-1.19) 0.98 (0.66-1.46) 1.16 (0.89-1.51) 1.22 (1.02-1.46)*
Age

<59 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

60-69 0.91 (0.59-1.40) 0.96 (0.70-1.31) 1.09 (0.89-1.33) 0.98 (0.67-1.43) 1.00 (0.78-1.29) 1.10 (0.93-1.30)

>70 1.04 (0.66-1.65) 1.12 (0.80-1.56) 1.18 (0.96-1.46) 1.35(0.90-2.03) 0.97 (0.74-1.27) 0.95 (0.80-1.14)
Current tobacco use

No 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Yes 0.74 (0.41-1.34) 0.69 (0.45-1.06) 0.70 (0.54-0.92)* 0.84 (0.53-1.31) 0.89 (0.66-1.21) 0.92 (0.76-1.13)

Frequency of
fish consumption

Once a week or less 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
At least twice a week 1.10 (0.77-1.59) 1.24 (0.95-1.61) 1.08 (0.92-1.28) 0.97 (0.70-1.34) 1.09 (0.88-1.34) 1.11 (0.96-1.28)
Type of water consumed

Tap water, etc. 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Ground water 0.82 (0.55-1.22) 0.93 (0.70-1.23) 1.08 (0.90-1.29) 1.28 (0.86-1.89) 1.00 (0.77-1.29) 1.10 (0.93-1.31)
Occupational category

Others 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Farmer/fisherman 1.23 0.84-1.81) 1.22 (0.92-1.60) 1.15 (0.97-1.37) 1.11 (0.77-1.59) 1.22 (0.96-1.55) 1.16 (0.99-1.37)
*p<0.05

"Log-transformed variables used in multiple regression analysis

‘Exponentiated b coefficient from urinary arsenic species' multiple regression analysis adjusted for area, sex, age, current tobacco
use, fish consumption, type of water comsumed, occupational category

CI, confidential interval; ¥ As, As’*+ As**+ MMA + DMA + AsB

MMA, monomethylarsonic acid; DMA dimethylarsinic acid; AsB, arsenobetaine
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