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ABSTRACT

Objectives: Exposure to volatile organic compounds such as trichloroethylene(TCE) and perchloroethylene(PCE), along with
Agent Orange, that were issued around Camp Carroll US Army Base situated in Waegwan, Chilgok-gun, Gyeongsangbuk-do
Province, Korea. The main objective of this study was to assess the exposure to TCE and PCE of residents of the area surrounding
Camp Carroll.

Methods: The TCE, PCE and trichloroethanol(TCEOH) concentrations in blood and trichlroroacetic acid(TCA) and TCEOH
concentrations in urine were measured and analyzed in a total of 1,033 residents around Camp Carroll. TCA and TCEOH are
metabolites of TCE and PCE, respectively. The information on demographic characteristics and exposure variables in relation to
underground water were obtained through a questionnaire completed by the subjects.

Results: TCE, PCE and TCEOH concentrations were not detected in blood. Detection rates of TCA and TECOH concentrations in
urine were 98.5% and 36.6%, respectively. Creatinine-corrected average TCA and TCEOH concentrations were 12.23+23.81 ng/g
and 0.66+4.31 pg/g, respectively. A significant difference was not shown between the drinking group and no drinking group for
underground water, which was assumed as a potential route of exposure to TCE and PCE through the consumption of ground
water. However, females drinking ground water showed a significantly higher mean level of TCA in urine than did males. There
was no significant difference according to drinking ground water as a potential source of exposure to TCE and PCE in residents
around Camp Carroll.

Conclusions: Considering the statistical analysis of factors affecting exposure to TCE and PCE in ground water along with
previous reports, TCA in urine as exposure to TCE and PCE might not be appropriate because it is found in chlorinated drinking
water. Therefore, TCA concentration in urine may be the result of drinking of chlorinated water.

Key words: biomonitoring, exposure, groundwater, perchloroethylene, trichloroethylene

*Corresponding author: Wonho Yang, Tel: +82-53-850-3739, E-mail: whyang@cu.ac.kr

Department of Occupational Health, Catholic University of Daegu. Hayang-ro, Hayang-eup, Gyeongsan-si, Gyeongbuk 712-012
Received: August 10, 2015, Revised: March 8, 2016, Accepted: March 20, 2016

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

1"



-—
N
e
ol
>
02
{0
fol
IN]
ru
£
2
0f0
0
a
02
rx
=l
el
=
1

LM

T

2011 59 A& At Qsol YA vlt7] Al
22 A} 2(Camp Carrollel A 1A 2 o1 F-2 A&
A7IGE 5k vl AoIRel AEH shes o] o
wet 87 0.900) W x|J3ule] Aga o] of
7] E %It Yang et al., 2012). o]o| stu] <
Apgke 8] A A1 velRe) Asieet Eof 2Ah
£ sl 5 A £Ale} AleiRn AR AT
Seigich Aol Bore] nAAE Eeat 94
2 24 1A A 71A] W 4159 9] trichloroethylene
(TCE)3} perchloroethylene(PCE) 2] ‘s%=7} z+Z}F 0.002
~2.744 gL, 0.114~9.592 ngL7} AZE o, 7]
Q)3.0] |3}420f A= TCES}H PCE7} 0.0006~0.2221 mg
L7} AEE o] Aot pA7|ES 206k Aoz B
IE A THROK-US Joint Investigation Team, 2012).
ot ul27]7) ZMe] TCE 59 Aok 93t 2ryel
o] n|7|R 2 AEEo] =gto] Ho] Yom, xo=n
o] |5k S-gof W ARG} E T2 TAAL o|QlTh
Rejo] o3t Aol 0L Te BAEAL 1)
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QltH(Kyonggi Research Institute, 2001; Clausen et al.,
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2004).

TCEE 9&3 WAlE %715 A Ereh iR
A AR POﬂH %%71 A FEY ERHA ABAL 55
2He Az, AaFdol 194 AT dA, Ak &
afi A, EHH —J*ﬁ 9, %ﬂ% Hsh7) o] AlFHA 9
759 A AAA o2 A== {78 ol
TCE®] 2% lneﬂl%% a]=r 100 ppm, ¥= 50
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Z# 8 4= QTHEPA, 2011). PCEX= TCEQ} H|Z=51A|
AIgA 2 4abd7dol A de] AREE AL glon, 53] +
UIX]‘?‘% olME e HMEEH AlgaolA wWol] AMEEH
i Qlek PCEE S3A1EA JAI9F 7 &4 3
6}31 ks é&ii LE2HAS U TRAATES
o7|= B2 d#A QUHEPA, 2008).
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E A, trichloroethanol(TCEOH)Z ZHHEjo] AH S
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PCEE= WAYolA Ast45 Soto] ARl =
8 AoR 7k, A9, Aste 5871k A
A, 7IAl M9 AR o2 Safste] FA
Eo}‘ﬂt}. TCESH PCES] AANR= @35 TCE,
PCE, TCEOH9} £% thAHA4|9l TCA9} TCEOHES 1
23F3tHUS ATSDR, 1997). AAIA = tidat= A
S s 87 A =Rl 25194, 6,589
1,0330]% o, 8% TCA ¥ TCEOH?] st
Hloted By e wgl 03-3 glg ateste] HF
9527, B AlR= B HAS AFstaL B4 o] 7}
ot 9838 HAe R Sl F A AlRE
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] Hejs FHtAa@AN e B 12-6, Hejd
2012'd 29 69), A FHARRTH A Fog W
of AlAstgict.

W ofx

2. A A= MEH K 2N
1) AA &
AAF g2 E 57122 % TCE, PCE, TCEOH,
23 TCA, TCEOH o]l EA AR} 1,033 o A
85 Y f7EE i 2HdAE A
sl AL Aol digk 2eloteld o] sMset

Ad 952l Tishe] EARAL AT

2) % TCE, PCE, TCEOH &4

Hol ARt FAL Aaold Bol AHE ANt
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M-S Ethylenediaminetetraacetic(EDTA) .2 1]
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Heldh FHet dslg 1S AHgstel B §7]
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AeFAg FZFLHS TCE, PCE, TEOHES zMz}
0.2, 0.2, 10 g= &35l 100 mL &5F SAF 9

2713 MeOHZ 100 mL Ao 9320 ZFzZ}F 2,000,
2,000, 100,000 mg/L 4{9%0_1,4% 2455} o] %
Qlole 717+ 0.5, 0.5, 10 mLA Hato] 100 mL &2
Setaof &7]aL o2 3]Aste] 7127} 10, 10,
10,000 mgL 1x} 3 %—Qﬂg "= & TCE, PCE+= 25
~500 pg/L, TCEOH: 25,000~500,000 pg/Lo] <
WollA] 2% EEGONS ZAGAT, A% LEFAS
Pooled bloodo]] 12} EEEML =2 A 272 1%(10
ol fFE= F& FYsto] TCE, PCE= 0.25~5
1g/L, TCEOHE ~0.25~5 mgLe] == HY=Z XA
stk WEEZEZL Florobenzene 1,000 mg/L &
o) 0.1 mLL 100 mL §2ZeATo] Y1 MecOHE
=0 thF TS W § ©] §9< 1 ngL in MeOH
o YRmEole R ZASH, AL Al 100 s
Lz 8 A3te] AFE3FSITHNIER, 2012).

E497= TCE, PCE, TCEOHY|| =%% tjA=}9]
ol ol 4] TCE, PCE, TCEOHE 3| =EAH o]~ 71A

Table 1. Analytical condition of trichloroethylene, perchloroethylene, and trichloroethanol levels in blood

Condition

Column Agilent 624(30 m, 0.25 mm, 250 pm)
Injector temp. 150C
Carrier gas He, (Headspace on-column)

Oven temperature 50T, Hold 4 min

10.0C/min to 1507, hold 4.35 min
Source temp. 250°C, Transfer line temp 250C

MS Tonization mode : EI 70 eV
- Needle :
- Carrier :
Headspace - Transfer :
- Pressure :

140TC - Vial : 30 psi

30 psi - Column : 10 psi
150C - Termo. : 15 min
1.5 min - Oven : 70T
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AFulE 7 ZEREA 7] {Clarus 600 Gas Chromatograph-
Mass Spectrometer(GC-MS)/Perkin Elmer} 2 7 &3}+=
Moz, ol Qi R H1BS heste] 14
of ARRE hATRukET Ak A7)0 23]
W BASRs wolth Al MAeleh s]r]zAe
Table 1o Yet3let. AEAMDL)= =4
signal®®} noise H]7} 3(signal/noise=3/1)°] == 5
L= AArste] H718k9S wf, TCE 0.085 pg/L, PCE
0.088 ng/L, TCEOH 0.056 mg/L-2 EMY I tHDehen
et al., 2000).

1o |

3) 8% TCA, TCEOH &4

2 Alges JA AaoA gdgo] Zhsth oW
A5 HE HFASoNA AGste] A4 ade o
ofe s shglon, A 10 mL ol AT
Az Y7 F 7= SA "asto] 4T2-8T)oA
Bkt

HeFAg BERNLS TCA, TEOHE 7H7} 0.1 g¥
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Ashoick o] EENNE 217H | mLy el
gapZelado] §7]17 Golesr 514
F10 mgL 12t EEENS WHE T | mLA
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piLol W9l deln HE EEgNE 2l
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% o] 22 100 mgL in hexaned] WHEZF
2 2ABFA o, AR A 200 pgL2 3]A ko] A}
3FITHNIER, 2012).
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TCA, TCEOHS 7tATzulgEddiz AzEFZ
7]1{Clarus 600 Gas Chromatograph-Electron Capture
Detector(GC-ECD)/Perkin Elmer} 2 7&3}= W o]
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TCE 48 ARE GC-ECDO| Zstel 24lahq
th AR AX e}l 71712 AE Table 20 YERHS]
t}. HESHA= FEEA 9 signald} noise H]E-0] 3
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Table 2. Analytical condition of trichloroacetic acid and
trichloroethanol levels in urine

Condition

Column Agilent innowax(30 m, 0.25 mm, 250 um)

Injector temp. 250C
Carrier gas Na,1mL/min,constantflow
Split/splitless Splitless
Injection volume | 1 pL

60C, hold 2 min
Oven temperature| 20.0 C/min to 130T, hold 2 min
40.0C/min to 230C, hold 2 min

ECD 300T

Detector N3, 40 mL/min

Jaffe WH-SH-& Aot d s=ef vl sto] A
+ AdotEld-adgolE EFAE 54 abolA
2AsHE Wom vind Zsia, At (st
ul, ulgo] Asto] kAo wol ol gEm ek
(Ohira et al., 2009)
3. 8AHEN

S A 54 o= SPSS 12.0(IBM Company, USA)2 Ab
&5tk AN R w2+ F914 A7 (Kolmogorov-
Smirnov test)S AA|SFH I, Bt U EEHAE A=
shoich AJsh 5805, A, Aol wet 2po) 7t
UeAE 2] P8l 2r2e] Wl SLEsto] At
ol& AAsth AN E = =E a9l o A
) Astz] 98l S-S Y, oY, A&
g, &<, & AF7ITE Askg 28 713k 71 oA
o A, At 7 FF Ak 8 o= s, T

45 Q% TCA, TCEOH 5= =3 YE4S 5}

m. o7 Aot

1. Yty £
=

olulZ] E4JS Table 30 e Q)
ok AS A9 o 99)(35.5%)7F 7Y wekar uf
A 39(3.7%)7F 7P A lon], d/d(43.9%) k=
o %(56%)0] BTk A 40th~70tH(67.1%)0l]
Wo] Bxakal 9l9laL, HARlo] 64.0%= FAME S
o, FF58 AFA B} thHEF8(59.1%) AFA

il
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Table 3. General characteristics of participants in this study

(N=1,033)
Variable N (%)
Maewon-3ri, 38 (3.7)
Seokieon-10ri 93 (9.0)
Seokieon-1ri 77 (7.5)
. Agok-ri 147 (14.2)
Region .
Waegwan-10ri 131 (12.7)
Waegwan-11ri 70 (6.8)
Waegwan-18ri 108 (10.5)
Waegwan-9ri 367 (35.5)
Male 453 (43.9)
Gender
Female 578 (56.0)
<10 36 (3.5)
10~19 95 (9.2)
20~29 58 (5.6)
30~39 92 (8.9)
40~49 136 (13.2)
Age(years)
50~59 143 (13.8)
60~69 167 (16.2)
70~79 247 (23.9)
80~99 54 (5.2)
>90 3 (0.3)
No 194 (18.8)
Occupation Housewife 178 (17.2)
Yes 661 (64.0)
. Apartment 422 (40.9)
Residence type
Detached house 611 (59.1)
. No 860 (83.3)
Smoking
Yes 170 (16.5)
<10 248 (24.0)
10<~<20 163 (15.8)
20<~<30 108 (10.5)
. 30<~<40 144 (13.9)
Length_of residence(years) 40< ~<50 152 (147)
in Waegwan
50<~<60 101 (9.8)
60<~<70 58 (5.6)
70<~<80 42 4.1)
>80 15 (1.5)
<10 526 (50.9)
10<~<20 184 (17.8)
20<~<30 94 (9.1)
Drinking period of 30=~<40 97 (94
underground water(years) 40<~<50 56 (5.4)
in present residence 50< ~<60 43 (4.2)
60<~<70 14 (1.4)
70<~<80 13 (1.3)
>80 4 (04)

7K

el FRo €3 H 2F ALd RIIEE=E 7t 15

<10 408 (39.5)

10<~<20 194 (18.8)

20<~<30 109 (10.6)

Drinking period of 30<~<40 140 (13.6)

undeégrgund water(years) 40<~<50 78 (7.6)
uring Waegwan

residence 50<~<60 58 (5.6)

60<~<70 22 (2.1

70<~<80 16 (1.5)

>80 6 (0.6)

<500 53 (5.1)

500<~<1000 648 (62.7)

Distance(m) from Camp 1000 <~<1500 282 (27.3)

Carroll to home 1500 < ~<2000 14 (1.4)

2000<~<2500 28 (2.7

>2500 6 (0.6)

ollaL, of % Bl
10
A

el A Ol Jol 204

(583% Wz AN F
HE 1500 m w]gke] ik

J%

2. MAIA=Z

A= 83.3% = HES 2}A|5}
o AF 717 99 ol3H24.0%)7F M B
AZA NN A 2§ 71
% | Azats Bt
:] u]u]—oi 7].;(}» 1:11—31—
ulgto] olck
7HA1 9] Agl= 95.1%7}

20 H]

Ay G715 E BANR A 9835 A
% TCE, PCE, TCEOHS] HEE2 0%o]%tt. &%
3 §718RHE S dobe U creatinine)
o] 03~3 gL WS Hold 49, F NHE 5L
At Py 18R] QAR HE B4

q
A} 95279 2% TCA9} TCEOH AEEL 77
98.5%%} 36.6%°]%ltl. 2% TCA ¥ TCEOHY] =
e AFAS UehiA gkatehp<0.05). 34

71sbatEo] AAA = AR = 2 N ES

e Wi 9 mEEAA Aelshg
B0 EFAZTHTable 4),

on, e

~

Ue}

W o Hl

Y fr1sRE AN Rt Rl sl A5t

als

S8(eZ), Aot HSg(H=E) 07 LR}

9% TCA 2 TCEOH %% Zr2 H]mws}grh(Table
5). & AFA A XotE 583 AT Ask
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Table 4. Concentrations(j1g/g-crea) of trichloroacetic acid and trichloroethanol in urine

E-E

gt

02

Percentiles
Urine N M(SD) (95% CI) GM(GSD) Range
25th 50th 75th
12.23(23.81)
TCA 952 (10.71~13.74) 0.28-12068.21 6.07 8.65 12.24
8.72(2.03)
0.66(4.31)
TCEOH 952 (0.38~0.93) 0.06-17316.60 0.08 0.08 0.25
0.15(3.13)

Table 5. Concentrations(pig/g-crea) of trichloroacetic acid and trichloroethanol in urine according to drinking of underground water, gender

and smoking

. M=SD Percentiles
Parameter Urine N (95% CI) Range p ysth o st
12.51+23.32
No 309 (9.90~15.12) 0.28~2257.03 6.08 8.65 12.19
rea 12.09+24.07 0.878
Yes 643 : : 0.28~12068.21 6.07 8.65 12.29
Drinking of (9.16~15.44)
underground water No 309 0.69+3.78 0.07~1131.25 0.08 0.08 0.24
(0.27~1.12) : : : : :
TCEOH 0.6414.54 0.864
.64+4.
Yes 643 (0.29-0.99) 0.06~17316.60 0.08 0.08 0.25
12.30+24.90
No 855 (10.63~13.98) 0.28-12068.21 6.08 8.60 12.20
TeA 11.54+10.13 0629
S4+10.
Drinking of Yes 97 (9.50~13.58) 0.28~56.02 5.45 9.00 13.20
underground water
during past 7 days No 855 (8.363124(1)‘594;) 0.07~17316.60 0.08 0.08 0.24
TCEOH 0'39 0'71 0.102
.39+0.
Yes 97 (025-053) 0.06~4.45 0.08 0.08 0.33
10.78+22.30
Male 411 (8.62~12.94) 0.28~2257.03 591 8.13 11.24
TeA 13.33+£24.87 0014
33424,
Female 541 (1123~ 15.43) 0.28~12068.21 6.19 8.98 12.95
Gender 0.43+1.72
43=+1.
Male 411 (027~0.60) 0.06~1131.25 0.08 0.08 0.25
TCEOH 0834551 0.821
8345,
Female 541 (0.36~1.29) 0.07~17316.60 0.08 0.08 0.25
11.84420.75
No 799 (10.40~13.29) 0.28~12068.21 5.90 8.55 12.10
TeA 14.26+35.92 0.023
.26+35.
. Yes 152 (8.51-20.02) 0.28~2257.03 6.93 9.35 13.89
Smoking 0.68:4.58
No 799 (0.36~1.00) 0.06~17316.60 0.08 0.08 0.25
TCEOH 053041 0.847
S3+2.
Yes 152 (0.15-0.92) 0.07~1131.25 0.08 0.08 0.20
= AN R Al dis) i AF set Alska WA k3t
2 o83 AT sl S8k ke WA A 7Y B AskeE ST W a4
#9] TCA % TCEOH®| & fojat Aol5 et 2o} Asls S-gotA okeha g3t ool #)
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2 A 952l ths) AR RSl 8% TCA
7 TCEOHY] %2 H|wslgdth TCAS Erl o
ol AT R3] £ HEE Lhehhodrkp-
0.014). EF & AFANHL A5 S8, g
Yol AFH= Bokel A5 S8, Ad 79 B9t
At SgAAE ool daRTt BAHOR §
o5t 9% TCA %7k £ A0 Uehyth
Ay 71k BANR G 9STH(RA
By 9529 F 190 FART Sl g2)elA
B0l W2 GFL AU 9519 F FAAE
152902, FAxt vEALe] s 23 TCAS)
SErk GO & AOR BAHCHp=0023).

3 AN U 8|7 =
2% TCA % TCEOH: 34 #7181 % % &

|7 =& W& TCE 9 PCES] YA A2 HilE
11 QJth(Frese et al., 2002; Calafat et al., 2003; Bader
et al., 2004).

Figure 12 22 [7]3tE AAA=E A2
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Fig. 1. Relationship between trichloroacetic acid and trichloroethanol
concentrations in urine
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Table 6. Factors affecting trichloroacetic acid and trichloroethanol levels by multiple regression analysis

Dependent variable | Independent variable | Regression coefficient Partial explanation | Model explanation P
Female 0.046 0.8% 0.8% 0.000
TCA
Smoker 0.062 1.3% 2.1% 0.000
TCEOH Age 0.006 1.4% 1.4% 0.000
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