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Biological Exposure Index for Arsenic — Effects of Concurrent Occupational Inorganic
Arsenic and Dietary Organic Arsenic Exposure.
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Abstract

It is an important measure to establish a
reliable biological exposure index to monitor
and, accordingly, to prevent the potential
inorganic exposure at work. The present
study was therefore performed to evaluate
the extent of interference and the reliability
of urinary arsenic species as biological
exposure index by comparing the effects of
co-existing field inorganic arsenic exposure
and dietary organic arsenic exposure. Study
subjects included 26 preventive maintenance
engineers and industrial hygiene engineers.



Their work history and dietary seafood
intakes prior to the urine sample collection
were used to compare with the urinary
arsenic species distribution. Sample collected
included seafoods from the study factory’s
kitchen, study subjects’ urine, and air
samples of the workplace. All samples,
except air samples, were analyzed with the
HPLC-ICP-MS for As® + As™* -
monomethylarsonic acid, dimethylarsinic
acid, Arsenocholine(AsC) ~
Arsenobetaine(AsB) ~ Arsenosugar(AsS) %
trimethylarsinic oxide(TMAO). Results show
that the highest arsenic species was found for
AsB in crab, up to 39.3ug/g dry. Most of the
air sample could not be detected for arsenic,
< 0.2 ug/m®. High urinary arsenic species
were found for AsB and DMA, along with
huge variation, and the highest one was AsB
of about 200 ug/L. And, they were found
highly associated with the uptake of certain
seafood intakes (p<0.0001). With respect to
urinary MMA, it changed little even after the
study subjects have ingested seafoods.
Although both the levels of MMA and As**
were very low, they were highly correlated,
either in terms of the concentration itself or
their percentages in the sum-up urinary
arsenic species (p<0.0001 and 0.020,
respectively). Besides, even though the
inorganic arsenic exposure was limited at
workplace, conducting preventative
maintenance work was still demonstrated
associated with the urinary MMA levels

(p<0.05). This study therefore concluded that,

compared to the processed seafood, raw
seafood, in daily diets, contributed much
more to the urinary arsenic species. On the
other hand, urinary MMA still could be a
good indicator for inorganic arsenic exposure

even at low level inorganic arsenic exposure
and with high interfering influence of dietary
organic arsenic uptake.

Keywords: Seafood, Arsenic,
HPLC-ICP-MS, Biological Exposure Index.
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AP As” As” MMA | DMA AsB AsC TMAO | TetMA | /AFH*
LA <0.0031 | <0.0043 | <0.0039 | <0.0032 | 3927 | <0.0025 | <0.0016 | <0.0028 |  39.27
2.8 <0.0014 | <0.0019 | <0.0017 | <0.0014 | 0.91 | <0.0011 | <0.0007 | <0.0013 0.91
3.1 <0.0014 | <0.0019 | <0.0017 | <0.0014 | 2.00 | <0.0011 | <0.0007 | <0.0013 2.00
4. [ <0.0019 | <0.0026 | <0.0023 | <0.0019 | 6.44 | <0.0015 | <0.0009 | <0.0017 6.44
S5JEFI™ | <0.0014 | <0.0019 | <0.0017 | <0.0014 | 6.61 | <0.0011 | <0.0007 | <0.0013 6.61
6.5~ | <0.0014 | 0.0749 | <0.0017 | <0.0014 | 0.26 | <0.0011 | <0.0007 | <0.0013 0.33
THAFL <0.0014 | 0.1087 | <0.0017 | <0.0014 | 0.15 | <0.0011 | <0.0007 | <0.0013 0.25
8.REL <0.0031 | 0.3186 | <0.0039 | <0.0032 | 0.13 | <0.0025 | <0.0016 | <0.0028 0.45
9% <1 | <0.0014 | 0.0666 | <0.0017 | <0.0014 | 0.11 0.0059 | <0.0007 | <0.0013 0.18
10.AFL <0.0014 | <0.0019 | <0.0017 | 0.0056 | 1.17 0.0039 | 0.0059 | <0.0013 1.19
112551 | <0.0014 | <0.0019 | <0.0017 | <0.0014 | 3.82 | <0.0011 | <0.0007 | <0.0013 3.82
12.f54% <0.0020 | <0.0028 | <0.0025 | <0.0020 | 555 | <0.0016 | <0.0010 | <0.0018 5.55
13. /5615 | <0.0014 | 0.0017 | <0.0017 | <0.0014 | 0.014 | <0.0011 | <0.0007 | <0.0013 0.02
14.8R <0.0033 | <0.0046 | <0.0041 | <0.0034 | 0.14 | <0.0026 | <0.0016 | <0.0030 0.14
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AT S R TR N )

FRERH] I AR Bed B filRE, ug/m°
(EREVN =S T R 2 <0.2
ST FHE 10 <0.2
F%l’fﬁ[j A 9 <0.2
BhISFRA fEhR] 7 <0.2
3F F%ﬁﬁﬁf PRl 6 <0.2 & one of 4.6
2F F%ﬁﬁﬁz FE 5 <0.2
Fa- FEED 5 <0.2 & one of 2.4
=
F = UEVR PR 5 7)), ug/L
7S P ZENR 2, ug/L
TR, n=18 SR, n=8 Fiat
As®* 1.9810.97 1.7841.30 1.92+1.06
(4.5+2.9) (2.4+2.0) (3.812.8)
As®* 0.10+0.00 0.21+0.31 0.130.17
(0.310.2) (0.310.3) (0.310.2)
MMA 2.36+1.33 2.10+1.56 2.28+1.38
(5.613.7) (2.812.3) (4.7+3.5)
DMA 21.1+12.0 26.3+13.0 22.7+12.3
(43.6115.5) (41.812.4) (43.1114.4)
AsB 33.9151.9 36.3+27.6 34.6144.9
(43.0+19.7) (48.8114.3) (44.818.1)
AsC 0.0055+0.00 0.0055+0.0000  0.0055+0.0000
(0.010.0) (0.010.0) (0.010.0)
AsS 1.0141.19 1.59+0.89 1.19+1.12
(1.7+2.0) (2.8+1.7) (2.0+1.9)
TMAO 0.59+0.88 0.57+0.65 0.58+0.80
(1.4+1.3) (1.0+0.9) (1.3+1.2)
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M~ SR VAR B R Y AT 4

As® As"  MMA DMA AsB AsS TMAO
As** 1.000 0.072 0863 0493 0.096 -0.034 0.023
NS <0.0001 0.010 NS NS NS
As* %' 0552 -0.130 0515 -0.127 -0.411 -0.485 -0.128
0.0034 NS 0.0071 NS 0.0368 0.012 NS
As™* 0072  1.000 0.152 0428 0089 0110  -0.060
NS NS 0.0291 NS NS NS
As™, % -0.466 0.503 -0.322 -0.332 -0.394 -0.356 -0.191
0016  0.009 NS 0.098 0.046 0066 NS
MMA 0863  0.152 1.000 0377 -0.053 -0.061 -0.126
<0.0001 NS 0.057 NS NS NS
MMA, % 0452  -0.102 0.681  -0.154 -0.447 -0.4433 -0.196
0020 NS 0.0001 NS 0.022  0.027 NS
DMA 0493 0428 0.377 1.000 0.128 0.164  0.561
0.010  0.029 0.057 NS NS 0.003
DMA,% 0041  0.007 0.45 0.238 -08 -0.645 0.378
NS NS NS NS <0.0001 0.0004 0.057
AsB 0.096  0.089 -0.053 0.128 1.000 0.694  -0.083
NS NS NS NS <0.0001 NS
AsB, % -0.132 0.043 -0.268 -0.115 0.826  0.647 -0.274
NS NS NS NS <0.0001 0.0004 NS
AsS -0.034 0.110 -0.061 0.164 0694  1.000 -0.084
NS NS NS NS <0.0001 NS
AsS, % -0.393  -0.044 -0.250 -0.211 -0.051 0.562  -0.155
0.047 NS NS NS NS 0.003 NS
TMAO -0.023  -0.060 -0.126 0.561 -0.083 -0.084  1.000
NS NS NS 0.003 NS NS
TMAO, % -0.382 -0.162 -0.420 0.031 -0.415 -0431 0.751
0.054 NS 0.033 NS 0.035 0.028  <0.0001
e 0113 -0272 0169  -0.278 -0.228 -0.396  -0.133
il i NS NS NS NS NS 0.045 NS
%Jﬂiz%é’fs -0.051 -0.04 -0.153 -0.085 0795 0.482  -0.06
3 NS NS NS NS <0.0001 0.013 NS
P2 0051 -0.04 -0.153 -0.085 0795 0482  -0.06
NS NS NS NS <0.0001 0.013 NS
FIP2E% -0.242  -0.072 -0.249 -0.095 0.424 0451  0.17
NS NS NS NS 0.031  0.0209 NS
FIPeiEEL -0.091 0257 -0.131  0.011 0435  0.284  -0.007
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NS NS NS NS 0.0262 NS NS

Ffz23%f 0152 -0.068 0.052  -0.093 0214  -0.061 -0.102
Fil NS NS NS NS NS NS NS
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