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Evaluation of Bisphenol A-Epichlorohydrin Exposure Workers in
Apartment Building Construction: Pilot Study

Wonho Shin - Chan-Seok Moon’

Department of Industrial Health, Catholic University of Pusan

ABSTRACT

Objectives: The study is to evaluate biological monitoring and risk assessment for epichlorohydrin-bisphenol A resin exposed
from waterproofing or finishing work in the apartment building construction.

Methods: Subjected workers were working on spray-painting and waterproofing work for 8 hours per day every 20 days. The
urine samples were collected at the end of 20 days working period. For urinary bisphenol A as metabolite from epichlorohydrin-
bisphenol A exposure, urine samples were analyzed with liquid chromatography mass-mass spectrometry(HPLC-MS/MS).

Results: Geometric means of urinary bisphenol A(BPA) with no hydrolysis and with enzymic hydrolysis(BPA-EH) in the workers
were 1.10 ng/L and 2.90 ug/L. BPA-EH was 4 times higher than that of control group. The factors for working period and ages
did not affect the variation of BPA and BPA-EH. The levels for BPA and BPA-EH were not higher than 95th percentile for

exposure on human-life environment.

Conclusions: The BPA and BPA-EH were therefore effective biological markers for epichlorohydrin-bisphenol A exposure
workers, but not seem to hazardous exposure level. Waterproofing work in construction workshop is required to measuring work

environment and health care management for the workers.

Key words: Bisphenol A, construction work, evaluation, urine, waterproof
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g AzH v|adE A9 omE22sto| =S 60~
120 Cof|A] =ASIYE Fa 9H-8-2 B3l Az o9
R 2slo|=d-H|AHE A =X]o|tHyoung, 2006).

A ZAAe] A B Alx AR E4at
= g2 o] dgAdo] glon MEA T v
ZxJof| A 2HYJo] &3] o]Fofzlrt AR

w0
A 8w, Aol 3717t Baskn 19 A4
AL L ERE S EE R L s
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aEAe] BT A Sweldk o
FTHKim, 2005; Choi, 2007).

A =& HAREA, o ZEA] X (epoxy resin) o3
o] 7] YRE AFEEIL &= H]AHs A(bisphenol
A; CAS No: 80-05-7, 4,4'-isopropylidenedi phenol,
BPA)= F2 of|FA] #xloly EE7HEYolE &
2E oA BlAH]E AZF FE|E o] QAo EE NS
o iR FEED GAR GZuE 9
Ao7 ®Hska QIth(Miao et al, 2015), &
gHolA A k=ES H|2FEE AS 36t
Aot =7t AFY AHE FlA Doy, frofe
Fol= Blads A7F 23tE0] e AlES TR

£.910] A7 7 =Zo| 7}53lcKorea Food &
Drug Administration, 2010).

SEEEEE R RPN A R E e
dPgomt TN 432 doslm, ey
-2 FUAY S ek Busta glov], 5
B8 W5 % e 4342 5 lrklolanki e
al., 1995; Kanerva et al., 2002; Isaksson et al., 2008;
Hannu, 2009: Sriram et. al., 2014). X|A[=FLS Rat2]
AL AF =ZZ A LDsp>1000 mgkgol™, A1 =
Z2 4 LDs > 20,000 mg/kgo]th wretAdol o34
= OoRRI7ZHA] A4tH ARV} JItHKOSHA, 2014).
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s ABPA)SF 59| HlAws A ZPAS 7paE
8 mAE ol gslo] HlAwE AR Had % Huks)

(BPAEH)SHIth 2Wom HlAEE widE A
(BPAYS BAJSPY] 9fste] A5 AARE F £

Sahn vho] AR AL ol §3te] 3 miS Fshe] LR
FEEZLS H71et & B-glucuronidase/aryl sulfatase
enzyme 2.2 180 rpm, 37 Col|A] 16A]7F 71231 HA] 7}
SE2315k%lch BPA F58H-2 100 mg/L YAE &
AR o YA 3 45t0] 242 HE 05 - 20 e/l
o F= W7 Hes 2AEINeH, WRrEEEHE
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Table 1. Analysis condition in urinary Bisphenol A.

Condition

Agilent Eclipse plus C18 3.5 /m

Column (2.1 x 100 m)
Flow-rate 0.3 mL/min
Temperature 30C

Mobile phase Acetonitrile:Water=95:5, (v/v)
Partial loop 6 ul

MRM mode

Injection volumn

Quantification mode

Table 2. LC-MS conditions for SIM mode

m/z
MRM Mode  Analyte RT
Precursor Ton Product ITon
Standard g penol A 17114 227 133
Solution
Internal .
Standard(IS) Bisphenol B 18.073 241 212

Tonization mode: Electron spray ionizationI(ESI) negative

29000100 mg/L)S &Aoo AR U ue
s|dsto] H% 1 pgllrt HEs 2Askc &
2N HCI 300 p # 9} ethyl acetate 4 mL 7}8}3L 60
180 pmo. 2 E3}8} 2500 pm o2 5H7F YAl
F SIS AR ok 4T olgolel S 53
A7l 3 60% ACNo| thA] €3A|71 & HPLC-MS/MS
2 Ak 4171719 271 Table 13} 20 L&}
Uigich E48 LC AH-2 Agilent Eclipse plus C18 3.5
m(2.1x100 mn)E AFEsFE o 83 0.3 mL/mino]
H Ag 25 30T H==9ich 0]%’:}8 Acetonitrile

Ko =4
E'_
=
=
H
R
H
i

N 2 rlo Hu

: Water = 95 : 5(viv)& ARE-3}31, A|&E+= Partial loop
2 6 5 5190 HHS MRM modeZ o]451%]
o HHTAL 57 o4 BEHS ZAHYEEIL R™=0.995
ol/4do] H=5& 2|5t tHNIER, 2009).

3. 2% BPAS| =& HY}

2AL 167 RAREO R to] Absat, AbsE
AL, 71etE A, 71k ESHAY, 95%A1E 7 9
10, 25, 50, 75, 95 £-9]4~2 Q% BPA 4 BPA-EH=Z
o] Yetlola, tizgoga Sejuel vigh
AEA7|Z2A 12HdE A F 25 BPA-EHE
A ARFSE 20887 o] AutE vlgo g sho] AR
I x2S vkl Aax o) E4o= IBM
SPSS Statistics 225 AR89 T}

m.zZ nf

fok

L AYA &2 @F H[AHE A R It
L2 2o RFEHAHEASE

2 Ao YA =E 2AYAt 16789 85 v
= ABPA) T MRaas Ao & % uAvs
A(BPA-EH)E Table 30| UEhQich w2 2aa}o]
BPA At 9 Al Z242F 133 ngll,
0.64 ng/Lololon 75t Ha U 7|SHEZEAZE 1.10
gL 9 222 ng/LE ettt eZ5o] BPAQ] Hd|
oteld A2 9| sty EEHAE 171 ng/g or
9l L4do|v] 7|5hgat 9 7] EEH A= 118 nglg er
o 2800]9it}. =2 :Ato] BPA-EHO| Btz

=5

Table 3. Geometric mean and geometric standard deviation between exposure and control group

Percentiles

AM*ASD  GM(GSD)  95% CI

10th 25th 50th 75th 95th

BPA(lig/L) 1.3320.64  1.102.22)  1.01-1.64 0.62 1.04 1.21 1.76 227
BPA(ug/g cr) 1714144 1.18(2.80)  1.00-2.41 0.41 0.96 1.37 2.20 3.76
BPA-EH(ug/L) Exp. 3154143 2.90%(1.50) 2.45-3.85 1.89 2.05 2.92 3.48 534
BPA-EH(1g/L) Cont. 1.89+7.31  0.73(3.34)  0.59-0.87 0.13 030 0.69 1.53 5.78
BPA-EH(ug/g cr) Exp. 3.5842.09  3.12%(1.71)  2.56-4.60 1.84 2.30 3.07 3.52 7.58
BPA-EH(ug/g cr) Cont. 206£724  0.92(3.02)  0.78-1.06 0.25 0.43 0.87 1.69 6.25

Detection Limit for analysis of urinary bisphenol A is 0.112 pg/L
The data for the BPA-EH of control group were cited from National Institute of Environmental Research(2009)

* p < 0.05 by student’s r-test
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Table 4. Variation of urinary Bisphenol A concentration according to ages [GM(GSD)]

20-29 30-39 40-49 50-59 60-69 Total
BPA-EH(uig/L) Exp 3.15(-) 3.65(1.79) 1.20(1.08) 2.83(1.47) 2.72(1.33) 2.90(1.50)
BPA-EH(ug/L) Cont. 0.96(3.31) 1.00(3.35) 0.79(3.34) 0.67(3.34) 0.57(3.08) 0.73(3.34)
BPA-EH(ug/g cr) Exp. 2.99(-) 3.00(2.31) 2.25(1.07) 3.79(1.60) 2.42(1.63) 3.12(1.71)
BPA-EH(ug/g cr) Cont.  0.94(3.01) 1.16(2.90) 0.95(3.06) 0.87(3.12) 0.79(2.84) 0.92(3.02)

The numbers in parentheses refer to number of exposure workers and control group.

Detection Limit for analysis of urinary bisphenol A is 0.112 pg/L

The data for the BPA-EH of control group were cited from National Institute of Environmental Research(2009)

*p < 0.05 by student’s #-test

Absgatol 3.15 pg/Lolw, 7]8Hg+to] 2.90 ng/Lo| ¢
31, BPA-EH®| ZHote]d B0 A= A& o]
3.58 ng/g cr, 7|8} #0] 3.12 ng/g crolich
BPA-EHQ} BPAZS H|wdlo] ROrS u), 7|52
x]o] 7% 2,64H}(BPA-EH 2.90 pg/L, BPA 1.10 n
g/L), AAEEH A9 AL 2.374)(BPA-EH 3.15 ng/L,
BPA 1.33 pg/lL) BPA-EH7} &7 Uelyth 2% =
goteldor HASAS e 7|stEdAe] FL
2,649(BPA-EH 3.12 pg/g cr, BPA 1.18 ng/g cr), AF
L4219 A4S 2,0949)(BPA-EH 3.58 pg/g cr, BPA
1.71 ug/g cr,) BPA-EH”7} =4 YElgtth
BPA-EHE 22437 tjzioz nluwsty
< ), =E2EAFLS 2ol vste] 7|atEEol
3.97H(eE T2 A 2.90 pg/L, 12 0.73 pg/L), 3
gloteld ®BAR 9] 7]eE ol A= 339 (SR
At 3.12 /L, Rt 0.92 ng/l) =4 YebsTh
WEOJ0] Ao A2 20] 10294 1.89
ug/L 95-r-.—]f,\—% 5.34 pg/Lolglom, oz 105
L 0.13 pg/L, 95595 578 ng/L@ A iRt
o ‘ﬂ sto] =Eto] AR O R 5k &2 o}
Uslov, $x7F 2ol vlsto] A E Fef=
A Aol ogt AT mEol UEtual S-S
QJ%F T Ak ELEﬂOPEI‘d HAA| 0] Ao A,
Z22E9] 1089E= 1.84 ng/g cr, 95594
L 7.58 pglg crojglom, q}&%ﬂ 10&-9]5= 0.25
ug/g cr, 959 6.25 nglg cr2A4 AotEd K
2] Aol M e eET2AEO] B Rgto] Hlshe]
s AFER o] YA ghgkon, Rao
FE7E thtoll Hgto] 4R FEEA ouE
Z2Zslo|=g BlAHEE A7l 3FSE HuoE Q)
Zrlo) ojgt 9% n|Aulis A9 HEUl ZvlEHe A
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2. 1o 2 22 X2 2| BPA-EH s HiS|

% EAO] BPA-EHO| FEAX| e} a5 ot
H 29 7|5tg ot} 7|5tEEHAE Table 4
of Uehlen, zkzto] 7stEatS AR dukel
o 9% HAHE Al gt gk
AEA7|Z=2A Ao vwskoict. 20Ty, 30th,
40d), 50t], 60tje] BPA-EHO| LRAXE= 3.15,
3.65, 1.12, 2.83, 2.72 pg/L2 Jehgton, 7k iy
7o EHEARE 0.96, 1.00, 0.79, 0.67, 0.57 1
g/LE UEt ittt Zeoteld BAX| 9 ¢ =24}
o2 2.99, 3.00, 2.25, 3.79, 2.42 pg/g cr& YERUS]

I FgolUE B9 tjze] Ao 0.94, 1.16,
0.95, 0.87, 0.79 ng/g cr2 YeFY A} L2 k&
o] g BPA-EHO] R} Agoteld B4
A B Aol wE HXHQl WEte] g et
LA] ook
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e e HAHsASE

< 14 o]akE, 1-59, 6-10d 2 10
2 47] FOo= =31 BPA 2 BPA-EH
Ao AFolel mRA o) 7lstEEA o
HEZHAIE Table o Uehiglom, 2 47
oo WE 7IshE A o] ¥SHE wEseith BPA
AL FEAXE= 0.73 ng/L, 1.38 ng/L, 1.04 ng/L,
181 ngLz Yetgten, aF Adotgd HAA]=
0.73 pg/L, 1.55 ng/L, 0.98 pg/L, 3.09 png/LE YEMY
2}t BPA-EHO] R A X9 7L, 2.85 ug/L, 3.09 u
g/L, 2.78 ug/L, 2.99 pg/Lylow, Agotd K3
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Table 5. Variation of geometric means of urinary Bisphenol A
concentration according to work period

Work period(Year)

<1 1-5 6-10 >10
No. of 4 4 6 5
samples
BPA 0.73 1.38 1.04 1.81
(ug/L) (4.07) (1.50) (1.79) (1.09)
BPA 0.73 1.55 0.98 3.09

(ug/g cr)  (4.23) (2.07) (2.40) (2.60)

BPA-EH 2.85 3.09 278 2.99

(ug/L) (1.36) (1.83) (1.45) (1.90)
BPA-EH 2.84 3.47 2.62 5.09
(uglg cr)  (1.16) (2.68) (1.33) (1.40)

Table 6. Veriation of GM of urinary Bisphenol A concentration
according to smoking factor

Smoking Non-smoking
No. of samples 11 5
BPA(ug/L) 1.10(2.22) 1.34(1.43)
BPA(ug/g cr) 1.18(2.80) 1.37(1.76)
BPA-EH(ng/L) 2.90(1.50) 3.04(1.61)
BPA-EH(ug/g cr) 3.12(1.71) 3.10(1.88)

o] AL 2.84 ug/g cr, 3.47 ng/g cr, 2.62 ng/g cr, 5.09
ng/g cr2 LEGTE BPA, BPA-EHS FEAZ|, =Y
ohUE BAA 2R Aol ne et 4ud
¢l S0 W3l gl 4 itk

4§00 2 E HAH=EASE

SEALe] Fdagle]l wE BPA Y BPA-EHE
Table 69 Leheiet. Foia @ v E7) BPAS
wo] Jahg@e Felwo] RRAXCIA 110 pgl,
v F o] 1.34 nglLz Yephgon, 835 A otg
U BAX| oA 1.18 pg/g cr, 1.37 pg/g cr2 YERGTH
BPA-EHS| 7 290 pg/L, 3.04 pgLgon, 93

AFoteld BAR = 3.12 pg/g cr, 3.10 pg/g cr2 1}
Eluith. BPAS BPA-EH 2% S+ B &Y
gt 2pol= I A] gk

v.o #
ANFA A= AHAIE H7stol A3 Seka
g AFE 2 ARRE T AE, H2RA, YokZA 1 A7) A
Aol &45ltHLee, 2003). AR AMREIE=

o FA|g=2| = =& H|AHE A(bisphenol A) 5, s

28219} oFA|E(acetone) 2] =EH(condensation) &2 AY
AE SEHET ofu] &2 2350 = (epichlorohydrin)
B4 Fofl AFAIZIE 2= IREY S A=
Z=2 A ol Bl =(polyglycidylether) @ =] o]t} &
AYE HANS FRAANRERA o FZAFA7E AHE-H
o] o WY A wolil TAYES] FAF
aff 2o tigt R ®= A 3k HsiE
HZ|5le HS 8072w ALRE =220 F37
E 4 91%o] olAR EA Aolo] 2 9 Helg
o2 Ag-EthIm & Kim, 2002; Kim et al., 2009). o]
sgzzsjolEelu Ly ASAE AdZdR
g o] AR o7 E5kE| o] QIti(Table 7). Table 7
2AE AT Al AL e W4
9 2104 wep] AEo] Eakwol ol BASS
sjol Uehisie. A1E Ak oltsietolehE, el
mezAlopd, ul-4wE S % 23 b EFEol
qglom, A% BY A9t whsl ofm 2R astols
dovlasls AGAle B Balsto] 284 o|EA
S AgED Yol AFE vEel AF Col
A= WY Eoln|E, obA|E, &, AFAL HeE

o] ghrE o] Qlof of|u]Z R Eslo|=dl-H|AdE A
A7} 3FG-Elo} 9lA]= 9k oL} Modified polyamidede2}
Siloxanes¥} Silicones®] GAFeH a5 UER&= Ao

7y,

ol 2R 2ol =R-BlAHE ATAlE H7|=E

of AU HalE Fao] =AY FolA g4854

Table 7. Containing materials in the epoxy resin product used in the workplace for waterproofing and sealing.

Product Containing materials
A Titanium dioxide Copper Phthalocyanine  Talc, non-asbestos form  Bisphenol A-Epichlorohydrin
B Bisphenol A- pichlorohydrin Water - -
C Modified polyamide Acetone Water Silocanes and silicons
http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(4): 396-403
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o7 g7, FE % =& AF%tHvan Joost,
1988; Prens et al., 1986; Angelini et al., 1996; Kim et
al,, 2009). =%, SX 9 FAAAS dHE F7ko]
Al St ASve A =F FE7F A e
Aol Aele] Walo] W AL, A<l F
AFER AHZAQ kFo] WAYSH] Hth(KOSHA,
2014). & AtoA= Z2AE A& A A3
A AFEE|TL 9 o] EA 47 0] S Table 70 Uheh
o ko) o] ofmammalol el Avl AL A
AlE = B AlFolA 20~30%9] ofu]Z = zsto| ="
Hj2ds AS B9k Qgon of BAZ <lstol
A, 97 2 w5 AFA7lE 34 54 W
EFHTHKOSHA, 2014). 2 2AFAF-2] 23 ol A
L RE Aol HETS HENE A}

Ao Agstgon], 4 F ofuIresol=
s AGAY el ofste] SuT 4TS
s e sl
TFolA &5 Hl2dHE Ae 25l fFeEo
dlasE ABPA) 2 0% vladE A TS
2 MR ELE QUG F FoE vadE AGt
Fhgtia) faof oja) A1 H] Al ABPA-EH)
o] FAIE YeER I =, Table 30 Uepd Hpe}
o] 8% frol¥ BPAY] 7|stE 2 1.10 pg/L(FH 74
Aholn, aF H|2dHlis A A ES 7HeEsias
2 2dAZ1 FA(BPA-EH)= 2.90 ng/L(FEAA)A|
24 1SR B 0, oF 62%9] ] Luiso] £
Az FaH] Ae5S A2 = Uk aF Ao}
Ejd HAA 0] oAk, BPA= 1.18 ng/g croj™,
BPA-EH+= 3.12 ng/g cr2 YERY 9F 62%9] v Ad =
A7} AR oA 2R A2 FAE 2T o= =
Hokal Az T8 Eg 8% BPA EYEH =
HIEA] ZA| 2 F/4E BPAE SAAAA ATAE
EZsof gta AzbEch

BPA 3% BPA-EH 25 Y7 =Zto] tjzol
Hal] A vebgten B 2Qlo] o3t ou gz
sfol=gl Hlass AY AYH wdo] 8F u|Av
B A9 sk FFZ A= AR YEHTh
A2 9] vlao A= 239 BPA-EH 0.73 pg/Lo]
o =Eto] 290 ng/LEA, AYA =Eto]
off Hjsto] of 4u] £A Uetgten a5 Aoty
HAG2 ] Aoz AYA =EFto] 3.12ng/LolH

fo r A
=
>

fr e B
2
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tf2to] 0.92 ng/LEA oF 348 =7 Vet
HAZ] 290 pg/Ls thR2(Lyreho] 759589
(1.53~5.78 pg/L) Afololl {JA|8}= w3 42l
2ol &dh= Afoln, aFadgotdd B9
FoME & 7|5 3.12 ng/g o R
(LREQNE] 75-95&91(1.69~6.25 ng/g cr)Atolof ¢

shal glem® ukelo) & Faro|A gttt

oo H > o

T-9] 2+¢] 7|1 7K Table 5)o| 4] Lrepdt vle} o)
2] ] 7]7ko] o X|Hj2te BPA-EH] ol gl
3 57| W3k HolX] gkt Volkel o] ¢1tof A
Msls A9 AESE W G BE
(0.00028~0.00063 mg/kg body weight)2] Dis-bisphenol
Ao =E% 79, Diebisphenol A2} Dig-bisphenol
A-glucuronide @] =7} 1A|7bof| A 34|17 Alolof F]
A o] =ekal AAEE W)= Ao s B
T3 THVélke et al., 2005). 2 AL] Z¢]7|7ko] 1
| ofst 2} 10 o] o] o] 247} 2.85 ug/L, 2.99
ng/L2A F3igk 2po]E yetA] kit Qi &, Al
W Aol A Hl AT A AR W WRIE 4
AZE AR AR om0 o8| QA FHe A
o] UetA) 9k Ao Holma 1| ofsh 23} 10
9 ol4ke] Lojl 4| BPA-EHS| WeHet Z71uskrt i
EfLA] o= Aoz Azt oA A7 oA u
Rt ko) 2ol 200)-608) 71| 2] s79] ¢le) o
U= ul, BPA-EH= FEAZ N4 3.15 ng/L,
3.65 ug/L, 1.20 pg/L, 2.83 pg/L, 2.72 pg/LolH, Q%
Sjoleld HA oA 2.99, 3.00, 2.25, 3.79, 2.42 1
glg cr=A Ao e i S UEtlA g
A 44719 244717k R s A9l 22 A
wt7lo] oshe] Uehd Aake Az dejm 3
S wE:Ae] WelA= Y ER] oS FtollA &
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