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2016 40 82 2.1 122.7 109.27 - - - -
2017 30 85 2.8 129.9 107.03 - - - -
2018 29 71 2.4 71.3 83.67 - - - -
2019 53 182 3.4 145.4 109.86 - - - -
2020 39 166 4.3 133.6 105.79 110.1 103.24 23.0 30.67
2021 56 234 4.2 132.9 103.98 15.8 32.55 117.6 96.37
2022 68 290 4.3 138.8 102.45 19.3 23.77 119.0 89.14
2023 60 307 5.1 146.1 103.81 13.9 27.70 132.1 95.02
B 41 177 3.6 128.3 103.23 39.8 46.82 97.9 77.80
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CINY sD | 0.5u 1 v 20l
2016 | 40 82 | 1227 10994 | 66.6  40.1 5.4
2017 | 30 85 | 1299 107.67 | 69.5 = 42.5 5.7

2018 29 71 71.3 84.26 51.2 19.5 0.4
2019 53 182 1454 110.17 73.9 48.4 8.1
2020 39 166 133.6  106.11 70.9 44.0 5.8
2021 56 234 132.9 104.20 71.2 43.6 5.5
2022 68 290 138.8  102.63 73.2 45.6 5.8
2023 60 307 146.1  103.98 75.2 48.0 6.9
Bt 41 177 128.3 103.6 69.0 41.5 5.5
Al 375 1,417 -
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2017 30 85 87.0 2.64 44.0 28.8 10.0
2018 29 71 53.6 2.22 33.7 9.9 1.5
2019 53 182 103.9 2.52 36.3 34.5 12.5
2020 39 166 90.5 2.69 42.5 30.5 11.3
2021 56 234 92.6 2.56 41.3 30.5 10.6
2022 68 290 103.6 2.29 34.8 32.6 10.0
2023 60 307 109.4 2.30 32.6 34.8 11.3

Hat 41 177 91.4 2.4 38.2 28.4 9.1

A 375 1,417 -
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A 9% ool Zapgo] et

gz 5 23835 @Ed04E %)

ge | A xj—i& ' EE7]% oiH|
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N (@) N  (» N (%)

2016 40 82 47 (57.3) 21 (25.6) 8 (9.8)
2017 30 85 51 (60.0) 35 (41.2) 4 4.7
2018 29 71 21 (29.6) 8 (11.3) 1 (1.4
2019 53 182 126 (69.2) 68 (37.4) 18 (9.9
2020 39 166 106 (63.9) 61 (36.7) 16 (9.6)

2021 56 234 148 (63.2) 84 (35.9) 20 (8.5
2022 68 290 197 (67.9) 103 (35.5) 26 (9.0)
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F749] 0.5H]
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o] 60.5~69%°|H,
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=
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R
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= 99%
T 98%
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T 90%
T 84%
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1 50%
* 25%
T 16%
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5% (mg/g Crea) £,
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20164

[2¥ 1] 2016




ul |||T 99%
= T 98%
= T 95%
T 90%
+ 84%
T 75%

I E 50%

= 2%
" 1%
1 10 100 1000

[29 2] 20179 &¥ F g4 9 Hd 22 S4409
5= (mg/g Crea) EXE,

[ TTTTI
20184

+ 99%
T 98%
ﬂ T 95%
- | T T 90%

] de
I T 84%
" T 75%

T 50%

= 25%
T 16%
= 10%
+ 5%

1%
T 1%

1 10 100 1000
[19 3] 2018¢ 4W F w4 9 HdZe2]&4409
5 (mg/g Crea) EXE,
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= 1 99%
T 98%
T 95%

T 90%
T 84%
F 75%

T 50%

+ 25%
1 16%

. 1 10%

A l' * 5%

1 29
T 1%

10 100 1000
[29 4] 2019¢9 4W F w4 9 Hd 22 S4409
5= (mg/g Crea) EXE,

T 11
20204

+ 99%
T 98%

F 95y
T 90%
T 84%
T 75%

T 50%

[ 4 25y

I' T 16%
+ 10%

+ 59

1 10 100 1000
[29 5] 2020 4&W F g4 9 HdZe2]S4409
5 (mg/g Crea) EXE,
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T 11
20214

l,,..!

1 10 100 1000
[29 6] 2021 AW F wrdgit 4 Hd32-S44HY
5k(mg/g Crea) X

—H——
-
=

[ |
T

T 11
2022'H

99%
98%

95%
90%
84%
75%

50%

25%
16%

+ 10%
+.5%

2%
1%

1 10 100 1000
[2 7] 2022 4&W F w4 9 Hd 2254409
5 (mg/g Crea) EXE,
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T 1]
20234

T 99%
¥ 98%
T 95%
T 90%
T 84%
+ 75%

1 50%

T 25%
T 16%
+ 10%
+ L%
r' I 2
L = 1%

1 10 100 1000
[19 8] 2023 &AW F w4 9 HdZe2]&4409
5= (mg/g Crea) EXE,

A3E 29 F HAY 9 LIYSAN 55 SF

2EHSY] AESHE] SR8
Zlwo g fEudte EA73ATA
17]Eo=2 600 mg/g creatinines AAsta ot H|HAAAIHEITE
O]3](American  Conference of Governmental Industrial Hygienists;
ACGIH)®e] AEsHd LE2|ZE(Biological Exposure Indices, BED+ 150
mg/g creatinine®|th. tH A& LFFAAAHO S ol =7ES Al
Astal Qe APYEASS|(Japan  Society for  Occupational Health;
JSOH)9] 7|2 160 mg/g creatinine®|tH(ACGIH 2024, JSOH 2024).
A eyt 37 F L&V ACGIHY €& 7|&3 apiriza=
8AIZE 7122 20 ppmeltt. 37 F 2HFS FE7F 20 ppm¥ AH¢
A% F et gl wd e s4d4te] k= ACGIHE 150 mg/g Crea,
H

122 160 mg/g Creal @ HI Qlty= ojnjo|ry,

=

[¢]
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ACGIH TLV ¥ BEIE= 7] & L&7|&F 9 AESHH L2 E59 7|&0

2 04T ARHE Q) e A 2
gHE s|Zolth gepd 191dE b AnE2e A¥sY] 98 NFoR
ACGIHO| ~Hd ABA L2AE 49 F By o WuIesas

(E 9 2 37 § =38: 2 A= EX 8 7)E

28 37 T sk AH 2 urdlEa 1 gy
N (ppm) 28244 (mg/g Crea)
2t 20 600
ACGIH 20 150
JSOH
(24 20 160
H2As}He])

AW 5 wrdeEia wfdZesdat 57 ACGIH BEI 7191 150 mg/g
Creas X% =

Wshe A5 2016WHE 2023d714] 8AZF F 1,691742] Z44
ZolA 5017(29.6%) 07 °F 30%E UErth olAe dBFaoIAet Ay
Ao A At 8WZE g Zdzte] oF 1/3 ¥ F A LEV|FEQ
20 ppmo 2 Zi}ot= AEFY =Z2EH S 7hsgol Adrks AL ou|gitt

ARt o B L E7]|E9] 50%%-2 ZA]7]F(Action Limit, AL)o]2kal gict,

AEe 2ot SHokA e Bl =E7)%E 20 8] Ron
wEpest Bashti ujold. oleid 2471%

7

o Hofu
i

>

o [ L3
)
lo

oL AR 169174 = 9197407 543%% Ebgth o|AL =
oF Mz e] Al ZAzte] wb o]t = AEH 2AA] 54%=

ACGIH®] TLVolz} Q2jttet k&7]159¢] 20 ppme Zi6h= go|
z

gol A Aska 9L A,

>,

30
2
e

_22_



(&% 10> ACGIH BEI tjH] A¥ % d

s = [e]
A 2 292

ACGIH BEI

TE

7% oiH] (mg/g Crea) N (%) AT (%)
400% %7k >600 0 (0.0) 0 (0.0)
fggg%c);; »300 ~ <600 121 (7.2) 121 (7.2)
szgg; OEJF >150 ~ <300 380 (22.5) 501 (29.6)
i%%f; 2;}( >75 ~ <150 418 (24.7) 919 (54.3)
EQOZ‘;O ogjr >37.5 ~ <75 276 (16.3) 1,195 (70.7)
315(;7;0;}} 515 ~ <375 173 (10.2) 1,368 (80.9)
10% ©l3} <15 323 (19.1) 1,691 (19.1)
349 48 F wdeu MYFe S8 S5 ACGIH BEI 7%
50% Ex= 100%E zdsh= 2 11>3} 2tk ACGIH BEIE %3t}

L A%7t b

T 3Aor 224102 Yeiyton, 282

28.1%ck. ololA] A=A-ED Ao| 67AIOM ZHEL 29.0%, BA
T2 627 0] 36.7% 5582 547 =& 33.1% 181
NEQY BHe 5470 2THE0] 50.9%2 2TER W AEHY] A &
ofek. ol e Zabgol A B AN 2XIIEA 71E 0% it
Sho Hlgol 70.8%2 AEs A Ukt oA AEAY A Ut
L AYAE 109 F 790l 7] F AU RE/ES st Aedo]
w2E PeAe AN & AEHY AYGe 4987 AdolE nape
HelolE Z¢AE HET tiFe] AFshchs e ofulgie,
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PN
Bl
Z
o
o
e
B>
I
ofN
o

e st W g el S 84te] ACGIH BEI 234

e A7 ACGIH BEI 7]&dH] =3 A% (%)
e A 0.54 ol4 18] o]4
Tz 797 415 (52.1) 224 (28.1)
A=d-24 231 125 (54.1) 67 (29.0)
EAAF 169 99 (58.6) 62 (36.7)
55 PA 163 103 (63.2) 54 (33.1)
A=Y 106 75 (70.8) 54 (50.9)
FZ 84 44 (52.4) 14 (16.7)
55 57 33 (57.9) 15 (26.3)
71& 84 25 (29.8) 11 (13.1)
A 1,691 (100) 919 (54.3) 501 (29.6)

1) ACGIH BEI 23 g% 2 234

2016F5E 2023d714] AW F wEE4by mdaegAdste] STt
ACGIH BEI(150 mg/g Crea)& ZJste= 5017 & Alxdo]l 50.5%(258
), wEde] 22.4%(1127), F374dol 10.8%(547), ZIEkde] 7.
8%(3971), AH|Ado] 3871(7.7%)°] ATt

IEAE 29 A7t 22402 MY @R =F 2 Axdy £
o] ¥ty o a B
AMu|2dT ZErdoll Yehgt AW 5 wrdEaa mdZeea

o] BF 2t AME, A9, 2, 37 342 BT Axdoldith

k]

A z2zekal, AEg 3 2 342 BF AR

Mo =2

N



(£ 12) 954 29 3 1234 fd285449 ACGIH BEI 234

A A | Az SEd Amsd pr, JlEd
2016 21 10 11 - - -
2017 35 22 13 - - -
2018 8 5 3 - - -
2019 68 39 24 1 - 4
2020 61 30 10 11 3 7
2021 84 45 13 7 12 7
2022 103 46 20 6 21 10
2023 121 61 18 13 18 11
A 501 258 112 38 54 39

(100) (51.5) (22.4) (7.6) (10.8) (7.8)

< 13) 343 w2 dFE AW F wrdIiat Hfd2eL44e] ACGIH

BEI =374

54 N Az 24 AHl A A7) 71t

110 112 2
]_ _ —

=124 4o (50.0) 0.9)

=7 (100.0)

o o 4 B 36 B 22

o (6.5) (58.1) (35.5)

> 3 B B 54 B

A | 2 (100.0)

= 54 533 B B 3 1

ok (98.1) (1.9)

B 14 B B B B

T 14 (100.0)

. s 2 B ) B 13

o (13.3) (86.7)
8 B 2 ) 1

1B g (18.2) 9.1)

] 258 112 38 54 39

ok

A0 s1s 4 6 108 (18
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00.0%)°ll &st3itt. ole il 4ol T2 AxYolA olFojfdE & & 3
th B4 FAHL F 627oz2 AUIAA(58.1%) 1 71EtA(35.5%) HF =
A A HEL 6.5%= 2FUTE AEAAT T HEd 7]
T 23 5471 F 5371098.1%)2 Axhol HlFS Aot oH, 7ol 1
Aoz L4 PGSttt £ FHL F 14702 BE AXPGOR UE
gk 35 382 71HAG6. %A TP F HlES RSt gloH, Alx
A13.3%)NA = & . 2

2%), 718t90.1%) 057 BExstgct. FA

H‘]

S,
T
I
ki
v
o
N,
™
ol
o

H
9F HEL 7 Ao EAo

1=z
= [e)
ot FEg ZjolE Kt ARXYS dFE] FHANA MY w2 HES
2pzetdon, el AHAYGS 4R FAo AFE= Aol Uk 59l
TEPEAALE B A A oH, JEde ddFes ot 54
of Al LrEELT
B 14) 33E 4a¥ § wd=ia fdZ2S4419 ACGIH BEI 23 &
329 X
- TrEst 9 od 2844
% INED AM SD GM GSD
&3 224 243.0 86.21 230.7 1.36
-4 67 254.7 94.66 239.6 1.41
L 62 248.0 77.40 237.1 1.35
TEYA 54 246.5 82.20 235.0 1.35
A 54 272.4 101.12 255.1 1.44
FZ 14 234.4 71.13 225.3 1.33
z 15 310.3 102.67 294.7 1.40
7)€} 11 251.8 98.70 234.5 1.49
A 501 -
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D (%)

o)

12
20
19
66
(7.2)

35
40
103

(11.2)

23

15
15
14
20
(7.1)

65

28
18
12
35
19
24
40
33
209
(22.7)

19
33
85
58
74
88
111
476
(51.8)

47

51

21

126
106
148
197
223
919

(100)

H

<

1_,NO

Ho

2016
2017
2018
2019
2020
2021
2022
2023
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wo] Wehgon, 429 Hgol 504%0% © %7

)
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oh BA 2o Au|AY60.6%)17 71 4%(33.3%)
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(E 16y 0.58] o] F7te] 3 AYE dF BX d%
9] A%)
4N Azd SEd Auad prn 7R
203 209 3
]_ — —
AL 489 (50.4) 0.7)
A=A 125 _ _ _ _
=a | 1 (1000
g % 6 ~ 60 _ 33
= 6.1) (60.6) (33.3)
z3 ~ ~ ~ 103 ~
a7 | 103 (100.0)
PNES 0 74 B B B 1
33 (98.7) (1.3)
= 44 _ _ _ _
T 44 (100.0)
n 3 7 1 ~ 25
o (21.2) (3.0) (75.8)
17 4 B 4
BB (650 (16.0) (16.0)
s | 919 476 209 65 103 66
la (51.8) (22.7) (7.1 (11.2) (7.2)
A A9 51.8%5 AA|ot= Aol 7H B2 H|SE HFow, o
T AQ22.7%), 55FHZA11.2%), 71et4(7.2%), A8I2A(7.1%) <=2
2 eyt e 3R¥e Azl AFwst wgon, 3T YL o
F 4%l Eskd 34 Haa U3
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A4d 4% D 3D 49 F B9 UIYAN B

¢:1 19>°1W HE wpeh go] Azxd ARAEA= ﬁEE‘é 50~157go=
% H]lok, Aulz

o|N
N
ol
p
)
g
HI
E
ﬁ
N
A
iR
Mo
(@)
oo
4
(@]
S
o,
o
ku
o%
F>
M

9l (%)

am | A | Azd sA9 Aumzd SR e
2016 46 13 30 - - 3
2017 48 15 30 - - 3
2018 58 21 33 1 - 3
2019 55 20 31 1 - 3
2020 40 19 15 1 2 3
2021 59 22 27 1 3 6
2022 69 20 36 3 3 7
2023 60 21 27 3 3 6
A 435 151 229 10 11 34

100 | G4 (26 23 25 (18
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Azdel ARG & HA F 846 o= HRH50.0%)2] HES AHA]
o] 77}

247V 26.7%, 5588 A 9.6%, 71EFY 8.2%,

r}L
rd
L

o] - (%)

am | A | Az sa9 Aued S5 7R
2016 133 50 68 - - 15
2017 139 74 59 - - 6
2018 180 108 63 1 - 8
2019 192 123 58 1 - 10
2020 188 100 32 20 23 13
2021 255 117 55 22 38 23
2022 296 117 66 24 50 39
2023 308 157 50 25 52 24
A 1,691 846 451 93 163 138
(100) (50.0) (26.7) (5.5) 9.6) (8.2)
st A = 25ES A% mel ARskst] EAst. A4 7
ARG Z GAe 12199, 4L 1089l W@ LEEEE WA
423 mg/g Crea)e] ©144(108.9 mg/g Crea)Hrtt =2 HIFS Holgh <A

FoE R 30tH4559)2t 40T (41987 7HE 2 REE By

dEEE FAEA A PAAERE AAS] Aub ol (7227%)=
o, B &35 T 1629 mg/g CreaZ 7P =9t AYPdE=R
= 30tH(260%, 159.2 mg/g Crea)@} 40tH(188%, 147.3 mg/g Crea)”}

ol

Z}A]
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0 m .
Tl A= 3519w, FHd =EFE 96.6 mg/g Crea® 7}
2 gttt g d=olAE 40001507, 92.3 mg/g Crea), 50tH(1137
126.8 mg/g Crea)7t FE olF3tt. o449 H]&(1Y, 60.0 mg/g Crea)
ol wj¢ wWgtow EA dFdoMe ARG AdHoer W FEE
LFERR T

AEAYE 89 or TP A2 QddE HAY B =EsEe 1260
mg/g Crea®®, 30t1(39%, 184.1 mg/g Crea)7} F4& olFUct. oA
(119.5 mg/g Crea)® Hot LEF=7l B4(132.6 mg/g Crea)HErt 2t
ou #FE 4o AR QS| AREE 7 HE & Tart Qo

5P gdel AFAGAS] A 150FolH, HF L=EF5EE 1404 m
g/g Creal 2 AZXY ThFo=2 w2 FXE 7|5t dgE=2= 30T
(5474, 1359 mg/g Crea)9] H|Fo] AY Fow, 40tH(357, 194.6 mg/g
Crea), 50t§(31%, 89.1 mg/g Crea), 20t§(30%, 141.9 mg/g Crea)”}
H5h e Bty o449 et k555 (144.0 mg/g Crea)7t A4
(136.7 mg/g Crea)Rt} &7 Ltebytet,

71Ede 1059oln, HHF LE%Ll 1122 mg/g Creaolth. 30TH(49
., 133.1 mg/g Crea)®} 40t§(227, 137.8 mg/g Crea)?} F& o|F3lo
o, 949 B b= LUt GAAET dEA FodTh
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(E 20 A%E, A, 4F4d AW T TdEAR U344 F2(FS  mg/g Crea)
SER Al Az Sk AH| A S5 718t
g N AM N AM N AM N AM N AM N AM
0 o 4 43.6 4 43.6 - - - - - - - -
o 1 26.6 - - - - - - - - 1 26.6
20 Y| 198 1321 | 155 1302 23 1411 - - 9 1363 11 1371
of 55 137.8 | 12 1701 - - 13 1365 21 1474 9 74.6
20 g | 366 1422 | 238 1448 53 1095 @ - - 37 1389 38  175.0
of 89 160.3 | 22 1736 - - 39 1841 17 1329 11 911
40 g | 378 1261 | 172 1215 149 1245 8 1277 33 1403 16  160.9
o] 41 1412 | 16 1730 1 60.0 16 111.1 2 2489 6 1146
50 3| 232 1313 | 76 1346 113 1268 3 1660 29 1313 11  145.3
o 11 109.2 5 1515 - - 4 87.4 2 46.9 - -
o 39 139.3 | 21 169.0 11 1022 5 1041 - - 2 1196
60 N ) ) } ) ) ] ) ) ) ) ) )
20 o 2 281.5 1 3675 1 1955 - - - - - -
o] 1 78.2 - - - - 1 82 - - - -
o | 1,219 1423 | 667 1587 350 1333 16 132,66 108 1367 78 1476
A o 198 1089 | 55 167.0 1 60.0 73 1195 42 1440 27 767
A | 1,417 1256 | 722 1629 351 966 89 1260 150 140.4 105 1122




E 2D AzxY9 &4 F wd=iia 2 S4L (&4 dold 23

° = (1) AM SD
2016 13 50 3.8 91.6 119.52
2017 15 74 4.9 98.6 117.23
2018 21 108 5.1 28.7 66.37
2019 20 123 6.2 137.5 109.56
2020 19 100 5.3 121.4 100.26
2021 22 117 5.3 134.1 108.06
2022 20 117 5.9 151.0 107.04
2023 21 157 7.5 139.2 101.07
Bt 19 106 5.5 112.8 103.6
7 151 846 -
AxGZoNA 2Rl High S48 Ay Adg2 151704, 4
BAGA= 846Telnh mid 13~2170401H, AFEAF = 50~157 0]
d

T+ 91.6 mg/g CreaollAl 139.2 mg/g CreaZ F7Fsttt. 20222 Ho
X7t 151.0 mg/g Creal®2 ACGIHO] 7]&<Ql 150 mg/g Creas ‘dolA
TAE HH.

Axgel A8 5437330 dF Ayt 8469F 72290 HEH] 85.
3%°] ~AEF HAEES Holil glow, 74 dxd HEE Eot 20169 509
S 347o] AEFEAT 2023dlE 1579 F 156 0] HET o] AEEC| 68.

0% A 2023¢ o= 99 4%=2 Z7}stith.
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(B 22 AxPY 28 F LT HdI32SA

A s(Ed

dlolel A <))

: mg/g Crea
ae | Ae || JTEEE | EEAEEIARTS
d | | R Y .

2016 11 34 3.1 134.7 123.29
2017 11 53 4.8 137.7 117.50
2018 1 44 3.1 70.4 88.74
2019 19 118 6.2 143.3 108.07
2020 19 95 5.0 127.8 98.82
2021 21 108 5.1 145.3 105.00
2022 19 114 6.0 155.0 105.56
2023 21 156 7.4 140.1 100.78
Bt 17 90 5.1 131.8 105.97
Al 135 722 -

<E 23) 89 421 5 dgin fd 3344 = (EHE ol 23)
=2 ¢ mg/g Crea

e | Aun | aguen| A9E | wEeeliEdsgs
g oy | e | T AM SD
2016 30 68 2.3 78.7 97.94
2017 30 59 2.0 63.1 85.97
2018 33 63 1.9 36.4 64.68
2019 31 58 1.9 133.6 98.61
2020 15 32 2.1 107.1 107.96
2021 27 55 2.0 101.2 117.74
2022 36 66 1.8 128.1 103.05
2023 27 50 1.9 134.8 99.73
ot 29 56 2.0 97.9 96.96
Al 229 451 -
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B 23)o|A HiE Hiel Zo] pEfioA EeATE AP A
2297M 4, ARAHAE 451902 AxP oo & MR =2 HE&S 2t
21tk 202095 AlLe vid 27~367049] AtA o, ARG S
50~68Tg 0|3t Bolgt M2 AMGAT AR HlEo] 23904 1.9=%
Zastact. 28y Hd 5= 787 mg/g CreaollA 134.8 mg/g Creaz

Z7hstsiet.

(E 24) 2o 429 F Tdgin wfd 32344 = (EHE dHol" A9)
=9l © mg/g Crea

ae | A9 | e gﬁgﬁ; Rhel = b w22 At
&) &) 2 () AM D
2016 27 45 1.7 119.0 98.54
2017 18 31 1.7 120.1 84.97
2018 14 26 1.9 88.2 74.63
2019 31 58 1.9 133.6 98.61
2020 14 27 1.9 126.9 106.28
2021 25 49 2.0 113.6 118.96
2022 36 65 1.8 130.1 102.59
2023 27 50 1.9 134.8 99.73
Bt 24 44 1.8 123.4 98.04
Al 192 351 -

Y] 287 v= HE 237 vEhd A9 192
= 351%°lth. 2018¥3} 202004 A2 At B A3AEA 25 B
Tt ArAEY 3G vl B 1.82 HRE FACt d &
oM E 20189 A|Ql5kal 113.6~134.8 mg/g Crea WERATH

20229 ¥, 2023dole A HY TRt AEHE =2 HEES

Holt},

=
P
r\l
o3
)
i
N

w

N
2
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(& 25) AMHIAQS] AW F w4t dd32Sd4t s (EAE HolH2d)
@91 : mg/g Crea
° 4 (7) AM SD

2016 - - - - -

2017 - - - - -

2018 1 1 1.0 0.0 -

2019 1 1 1.0 203.4 -

2020 1 20 20.0 156.2 106.74

2021 1 22 22.0 126.8 87.94

2022 3 24 8.0 112.1 96.34

2023 3 25 8.3 175.8 122.07

Bt 2 16 10.1 129.1 103.27
A 10 93 -

AEIAo s AR 10704, 3G A = 93 0] E417xdel &
oot 2016~2021dxoll= AHIAGF ] ArGA oA ol A7xITo]
o] gAY 17haolrh ARG A7) 471 A ol7] wf ol ArGAS
AR AGAZ0] v X 10904 22.07k4] z}ol7} 3A vepgch I8y B

71 2019, 2010, 2023¥e)] Z+zF 203.4 mg/g Crea, 156.2 mg/g Crea, 1
75.8 mg/g Crea® ACGIH®] 7|=#Ett o =7 Yepch
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=(Ed= dolEA12)

H

<

=9l @ mg/g Crea

24
SD

2
AM

203.4

103.16

164.4

85.44

132.9

95.48

116.9

122.07

175.8

101.54

158.7

1.0

19.0

21.0

1.7

8.3

11.4

19

21

23

25

18

89

1

1

1

3

3

2016

2017

2018

2019

2020

2021

2022

2023
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e

Ho

H
~

SD
bck A

: mg/g Crea

111.09

97.65

87.59

105.60

100.48
7}5

ct.

el

1}
S

AM
122.1
137.8
149.4
118.1

63.0
23~52 o=

1

—

2}
o 1452 AL =7 vEr

20209 63.0 mg/g Crea®llA4 20239 149.4 mg/g CreaZ

]

11.5
12.7
16.7
17.3
14.5
Agal

7
- 40 -

=]

1)
23
38
50
52
41
163

o

S == 20204

<

2
3
3
3
11
o] A}

E
=

(E4E dHel"Hz

ol A
S ol4te] Z7HE Helct

2016
2017
2018
2019
2020
2021
2022
2023
steiet.
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-

d YT 2~3442 vkt 2
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°

Ho

H
~

SD

: mg/g Crea
126.83
93.26
87.59
105.60
103.32

Rl
ot

1

S

o

AM
103.4
136.5
137.8
149.4
131.8

0]31

= R

=
=

A & 14780] HEH0] 60.87%]
=

7.0

11.3

16.7

17.3

13.1
100%<] A
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2016
2017
2018
2019
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15090t} 20208 o= 23
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E 29> 71819 &8 F Wiy Hd32 544t 5=
(Ed<E dolg =39

@$] @ mg/g Crea

o /\](—jﬁ;g- 737%2?4 gﬁg;%;} grdlel ik o g e A4
° & () AM SD

2016 3 15 5.0 8.5 18.22

2017 3 6 2.0 3.4 7.64

2018 3 8 2.7 12.4 32.87

2019 3 10 3.3 160.2 186.04

2020 3 13 4.3 156.5 121.30

2021 6 23 3.8 104.8 83.61

2022 7 39 5.6 116.8 107.51

2023 6 24 4.0 171.2 96.73

Bt 4 17 3.8 91.7 81.7

A 34 138 -

HE 2904 Hi= HRel Zo] 7| dFolN ELUAAES g ArgA
2 34 A, AFAGAE 1389l uid 3~7740] ArAelw, AR

2 F& 6~390]dTt.
2016~20189 = 2] Hi HEE ACGIH 7139 10% uwlgh $&o]A|gt 201
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CE 300 718t 9] & F w4t fd3eS4d4st 5
(E4E dlolg A<D
=9l © mg/g Crea

o /\](-jﬁ )7;} 737%2?4 gﬁg;%;} grdlel ik o g e A4

° & () AM SD
2016 2 3 1.5 42.7 14.18
2017 1 1 1.0 20.5 -
2018 1 1 1.0 99.4 -
2019 2 5 2.5 320.3 133.96
2020 3 11 3.7 185.0 110.11
2021 6 22 3.7 109.5 82.38
2022 7 38 5.4 119.9 107.21
2023 6 24 4.0 171.2 96.73
Bt 4 13 2.8 133.6 90.8

Al 28 105
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o] 797

—

47.1%) 2 A2

A13.7%), &4 482 1697(10.0%), A&E4D 42 1061122 6.3% H]

bl Apdho.

S

[e])]
R

Holx

=
=

S

7}s}

=
[6)

2 FEHAA

e}
T

4 o

2020

L
—

AERE BHA

th(CE 3D

Hx).

—

ol 64570(45.5%)2 A2
d 370 18571(13.1%), 24 &4 15171(10.6%), 55384

15071(10.6%), AHEAE 2A4L 103422 7.3% H&S A
5 71l AL 44~82710 2 3.1~5.8%9] Fe H|L-S Kl

Ho

2

171 5 =

Hip

o
~—
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(E 31> A5 3AE 29 F wddy HY2eeAs 29350 gl g
@9l (%)
Aw A vy o B 3393 AEd3 3= ¥R e
2016 133 82 20 - - 5 - 7 19
2017 139 101 23 5 - - - 4 6
2018 180 115 41 6 - 2 - 1 15
2019 192 111 26 8 - 18 12 11 6
2020 188 77 10 35 23 20 15 5
2021 255 105 24 40 38 19 11 7 11
2022 296 109 29 45 50 17 24 6 16
2023 308 97 58 30 52 25 22 16 8
A 1,691 797 231 169 163 106 84 57 84
(100) 47.1) (13.7) (10.0) (9.6) (6.3) (5.0) (3.4) (5.0)
s




=49l A%)

B 32 dxd 3 4A¥ F g fd 2244 SHAASEHE dHolH A9
A]ﬂ/\g _ s
A Al = = ) =4 ToHE  AFEAY FTX 5 71 &t
™=
2016 82 53 12 - - 5 - 4 8
2017 85 62 17 2 - - - 2 2
2018 71 48 18 1 - - - - 4
2019 182 111 26 3 - 18 12 6 6
2020 166 68 10 32 14 19 15 5 3
2021 234 98 19 39 34 19 9 5 11
2022 290 108 26 44 50 17 24 6 15
2023 307 97 57 30 52 25 22 16 8
A 1,417 645 185 151 150 103 82 44 57
(100) (45.5) (13.1) (10.7) (10.6) (7.3) (5.8) (3.1 4.0)
- 46 -




340 wet 28 k& FLE AT dFdEE EA4SIH. =EEA
S 6459, B = HELE 154.6 mg/g Crea® YERGTH 94642
127.8 mg/g Crea)°o] thF22 ztAlstgom, o439, 181.4 mg/g Crea)?]
BE apolAT B2 kE FEE HAY = 38U X = E5E= 50
o oJ4(29, 288.7 mg/g Crea), 70t HAI(17, 195.5 mg/g Crea)ollA W

35744
A=, F4 342 2317019, Bvt =E35+ 132.7 mg/g Crea® e
ot o14(140.6 mg/g Crea)o] B4(124.8 mg/g Crea)Rt} &2 L& 5%

6
At dFYERLE 309} 407} Fo oF¥oz IAHT ofA o
gk o/44(171.2~173.3 mg/g Crea)?] k=& &7} =2 Aoz H

(BT DY | [~
N
%, b
ol

2 ox of ﬁ iy Az orr
L x
o

ol
[}

"

Jo M= 151F 08 B =E%5LE 124.6 mg/g Creao|th. Ho
T= 9A4(148.5 mg/g Crea)e] o44(100.7 mg/g Crea)Ert} © =7
. AT ANAE FASHA ool HAAET HlEo] ¢ EUh
d T2 15082 i =E s+ 140.4 mg/g Creaolt}. 40t
248.9 mg/g Crea)olA o] =& F=7t AY =4 Yetuth
ZA4Y 3L 1039, "t =& 5% 161.2 mg/g Creaolt}. 2 A
HWstS o 40tiellA oo =& 5=(170.4 mg/g
mg/g Crea)°l| Bls] @*|3] &7 YerH

T FAHL 829, Hd &5k 106.7 mg/g Creafitt. E49 HHd &
FE(94.1 mg/g Crea)7]— oJ4(119.2 mg/g Crea)Rtt @gtom 20 oA
(172.6 mg/g Crea)ollA 7M &2 =5 7|55t3h

T 382 Bt 3 179.3 mg/g Crea o|H AFHTz= 4470It.
T Sl E o439 HlEo] gl

718} 349 AR AA = STHOR Fd E FEe 131.3 mg/g Creal
2 70t FAdelA 367.5 mg/g Crea®] 7MY £ =& L& 7]§5}°ﬂﬂr
AAA oz A Ago oE ArsE FH wet 249
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(& 33) A4, 994, 344E 44 F5 Wi Hd 2944 X (mg/g Crea)

A = A84Ed B4 3EAY ARHY 7z 3R 7
Az A4
N AM N AM N AM N AM N AM N AM N AM N AM N AM

g | 4 436 2 447 - - - - - - - - - - - - 2 424
10

o | 1 266 - - - - 1 26 - - - - - — = = - -

| 198 1321 113 1279 14 1111 13 1067 9 1363 27 1728 5 944 6 2186 11 982
20

o | 55 1378 - - 10 1696 21 1136 21 1474 - - 2 1726 - - 1 595

| 366 1422 133 1319 71 1313 29 1666 37 1389 51 1964 23 986 11 1454 11 120.5
30

o | 89 1603 - - 20 1712 50 1637 17 1329 - - - - - - 2 1977

| 378 1261 203 1281 46 1439 8 1548 33 1403 18 120.5 45 956 15 1373 10 65.5
40

o | 41 1412 1 600 14 1733 22 1121 2 2489 2 1704 - - - - - -

& [ 232 1313 168 1350 6 1020 3 1660 29 1313 1 227 5 878 11 1647 9 653
50

o | 11 1092 2 2887 1 484 4 814 2 469 - - 2 658 - - - -
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Al T AFEE B4 TEAY AEX FZ T 7|k
Ay A4
N AM N AM N AM N AM N AM N AM N AM N AM
o 39 1393 22 1313 3 1357 - - - - 4 2473 - 1 2304 9 102.0
60
oq _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
o 2 2815 1 1955 - - - - - - - - - - 1 3675
70
oq | 1 782 - - - - - - - - = - - - 1 71782
g 1,219 1423 642 127.8 140 124.8 53 148.5 108 136.7 101 151.9 78 94.1 44 179.3 53 123.0
A o 198 1239 3 181.4 45 140.6 98 100.7 42 1440 2 119.2 - - 4 1395
A 1,417 133.1 645 154.6 185 132.7 151 124.6 150 140.4 103 161.2 82 106.7 44 179.3 57 131.3
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—

mg/g Crea® 2 A2

Ho

H
~

Al © o v o v I o
w| N e ¥ N 0 =
Ol & a0 & & N 0o
‘<
]
~
WS w228 o2
¥ SN SN
MDG9m9mH66H
e
<
<
o &~ o o o <
mumDo.Ao.o.o.%l.o.
a2 525 2 % s = Q
mn o © o o a4 2 oo §H
‘HE L EE e B = S | —
B
Tk
S N2 2 <2 <4 d <2
] = e S I A S S
ntt
et
Dlwv n o =
— —i
Sl enn s I
Z. —
KM
e BB
S SO S s B =
Mo | S ap Mo g K- oMo N
E S
~d

_51_



oz e st 9 #d 22544 mg/g Crea)

N#) AM SD GM GSD
2016 53 121.1 101.73 94.2 1.99
2017 62 122.0 99.35 83.7 2.53
2018 48 83.0 90.9 56.6 2.29
2019 111 132.3 92.36 98.8 2.36
2020 68 148.3 112.09 105.7 2.54
2021 98 136.5 111.10 93.0 2.62
2022 108 137.2 103.33 103.8 2.21
2023 97 139.7 89.3 111.1 2.10
<A 645 -

Aoz Hlth 2020W 148.3 mg/g CrealZ AlYd H2 H42 BN, 201
8 83.0 mg/g Creal® AY & HH4S 7|=351} 20194 o]& e

Z =4t HdZeg4d4ke] Hdto]l 130 mg/g Creao]l e FAE
Holu ook & FAAe] Ard GSDe 1.99~2.622 H|=gh Folg B
o] Qltt.

rE
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E 367 A1F4, B2 749 &9 T Wi ISt 5=

- rEAt 8l g 2e] 544 mg/g Crea)
N&) AM SD GM GSD

2016 12 108.5 46.34 97.1 1.69
2017 17 181.9 131.19 129.5 2.73
2018 18 70.9 75.61 50.8 2.12
2019 26 175.7 129.22 136.5 2.11
2020 10 136.3 71.55 111.6 2.09
2021 19 121.2 82.39 89.2 2.50
2022 26 141.6 118.03 107.9 2.08
2023 57 149.6 104.72 113.6 2.21
gl 185 -

ARd 2 FE A A= 10~260709 AT A4E Holo

7b 202349 5771717] HA 1857 % 30.81%

of gt AFAH %
Ad =2 Hdgez 2018d A
o7} vt} 1y GSDE 2.730=
LFEFTE

_58_

2

20179d%= 181.9 mg/g CreaZ
70.9 mg/g Creadt= 2.5¥ =}

At Ao Ho7h Ad A



o rEAr Bl Hd 2224t mg/g Crea)

N AM SD GM GSD
2016 - - - - -
2017 2 87.1 94.23 56.1 4.16
2018 1 99.4 - - -
2019 3 154.5 81.81 134.6 2.01
2020 32 170.8 106.04 121.3 2.83
2021 39 115.4 85.41 79.8 2.76
2022 44 127.5 109.00 83.8 2.74
2023 30 168.4 124.64 124.7 2.31
SHA 151 —

(E 35 HH 24 FAHL 2016~20199704] AZAG diAA7E 59
AAY gl Aoz Yehton 2018dEL 1702 FEAo] ozt 2020
W o] RES| AT A4 FIHAE ERlth AY ¥ He Hol
L 201799 87.1 mg/g Creal® GSDE 41608 ARG Auto] o]
Elo] WixAo] Holth Ieuf 1 o]% GSD7} 2.31~2.830.2 tt
= UERH.

o e
e B

Bomy

Qg0

TEYH T 2019~201997tA] = AT Arb gi9lem, 20204
o|FRE AxY 14~527 AFAG ALt yepue, AW S wrdgah g
k=S

2] 2AAe] B 5 42E 103.4~149.4 mg/g Creao|tt.

ANEAY YA LE2HE 29 F grdela o g Zeeaste] as

2016~2018Q@7H A= QUAY ofF A2 HE A4-E HAh 20169 B =

Z557t 245.6 mg/g CreaoA] 2020 112.3 mg/g Creal 2 TAAE H
O oA F7kohe FAlolH
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@& 38) FBWY A 49 F wdT HdISAY B

o rEAr Bl Hd 2224t mg/g Crea)

N&) AM SD GM GSD
2016 - - - - -
2017 - - - - -
2018 - - - - -
2019 - - - - -
2020 14 103.4 131.62 49.9 3.66
2021 34 136.5 94.66 101.3 2.39
2022 50 137.8 88.48 108.1 2.19
2023 52 149.4 106.63 113.0 2.28
oA 150 -

- T g HdF e 544 mg/g Crea)

N AM SD GM GSD
2016 5 245.6 206.62 157.0 3.23
2017 - - - - -
2018 - - - - -
2019 18 170.4 130.91 127.0 2.34
2020 19 112.3 98.99 73.3 2.76
2021 19 198.9 141.78 147.4 2.33
2022 17 215.8 110.37 188.0 1.75
2023 25 173.2 116.77 124.9 2.59
A 103 -
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oAl 201998 H HE Z37F Yeh, 141.0 mg/g Cread] ]
Holty 20200l 59.7 mg/g Crea®? B43] 435ttt o]t

0229¥° %= 132.7 mg/g Crea¥d B+ X7} 56.7 mg/g Crea

Tz T3
I Hs
7R 2 2
2 a4 $22 eyt
(B 40y F2 339 4a¥ F Wiy fd29344t 5
ax st 9 ofd 2 2]-54 4 Hmg/g Crea)
N(#) AM SD GM GSD
2016 - - - - -
2017 - - - - -
2018 - - - - -
2019 12 141.0 123.50 72.8 4.48
2020 15 59.7 41.52 50.2 1.78
2021 9 104.3 94.18 71.4 2.64
2022 24 132.7 66.07 117.1 1.71
2023 22 56.7 38.58 42.9 2.29
A 82 -
A4 2016~2018FE AE AL7E AAY flgleH, 20194 o]
i h i =
Yt 55 UE

T 574

24 oyttt 201949 290.8 mg/g Creaz 7}
Holm, 2017d&= 25.5 mg/g Creal® 7P Y
=t 143.6 mg/g Cread} 7|58+ 121.0 mg
. 2016~2017d0fl= GSD7} =0} HE Z

A
il

718t A= 20234
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Ax

N AM SD GM GSD
2016 4 34.9 9.31 34.0 1.32
2017 2 25.5 5.30 25.2 1.23
2018 - - - - -
2019 6 290.8 152.22 251.7 1.86
2020 5 80.5 40.31 64.8 2.45
2021 5 114.5 105.15 76.9 3.04
2022 6 143.5 130.41 108.6 2.19
2023 16 202.6 113.72 171.3 1.93
A 44 -

(E 42) 718F 339 44 F g4y fd29344 5

- A4t 2w d 22544 Hmg/g Crea)

NE&D AM SD GM GSD
2016 8 121.6 140.09 71.1 2.94
2017 2 78.5 82.4 52.7 3.86
2018 4 32.8 15.83 30.4 1.55
2019 6 39.0 26.28 32.6 1.92
2020 3 126.7 46.19 121.6 1.40
2021 11 89.9 56.67 74.0 1.98
2022 15 102.6 103.87 62.9 3.07
2023 8 143.6 107.08 121.0 1.79
A 57 -
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@& 43) 299 A7 @ AA9H2Y A2 A5d 24
ae | sinpae | SEREEE SREEEE:
AR AAA | A A | AR AR
2018 33 36 26 109 120 314
2019 32 52 24 98 127 191
2020 18 30 23 122 101 270
2021 30 39 30 165 68 233
2022 32 44 38 202 63 219
2023 26 34 35 217 75 475
A 171 235 176 913 554 1,702
H 298 wF AR 37 B BE
2018AERE 202371 AdAe Adge] Addel] g 27 5 eF
% ARG W, GEADolH mE el Zol AJF Sk A sl E
gt 1,0457020l8 2732 4= 1,9729013it. A=z mid 29~152704

Qom, 39 ol A 28470l AMY
30| A 3.271A] F7YstTE.

=dE e ALt 371 F

=7 St g

S e 116Ho=z A4 2;‘—7%?] A o] w7 AEE SAEAE 1169
o2 HEFE] 5.88% FEoIth. AAFT A o g A AA B

20184 8.3 ppmollA 20234 3.1
ppmO 2 FASIHN, BEHAF L 85104 3552 A4St sk BlEA
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(E 44) A= 37 F 2HWA 5= SH3E
AT AA AEE 2w (BHE A9
ACGIH 71& 278
A= W ey 2 | HE 2y AEER S ZEEpm)
D@ oy @ oy oM 6sp . %
2018 el 29 39 1 1 1.0 0.6 - — -
Ciled 32 44 3 4 1.3 3.4 5.52 1.04 14.9
5019 eiivd 152 218 13 19 1.5 2.1 4.58 1.48 6.9
Sielod 92 142 8 13 1.6 2.8 2.83 1.89 3.0
AR 112 172 4 4 1.0 2.7 2.57 2.12 1.7
2020 il 93 160 7 13 1.9 5.0 2.06 1.92 2.7
001 7] 89 171 5 8 1.6 2.2 2.36 2.57 0.5
il 88 150 5 9 1.8 3.7 2.88 1.60 6.3
2022 Sl 84 143 3 7 2.3 5.5 2.32 1.53 6.3
Ciled 90 167 4 9 2.3 3.1 2.01 2.67 0.4
5023 iind 90 284 3 6 2.0 1.3 1.59 5.89 0.0
Shet7] 94 282 16 23 1.4 1.2 4.78 1.80 3.6
o 87 164 6 10 1.6 - - — —
A 1,045 1972 | 72 116 - 2.4 3.49 1.70 4.5
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AzxGolAlel 28 77 F sS4 2 262709 A 7684 <
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A7 & 7687 T 99Rte] Ut AEHUeH HAEES
12.89%°It. A S42F 9] HlEx Bt 29904 172 #AsHa.
d4=d 288 371 § = B2 0.6~8.3 ppme= LERGT.
FElgollAs 7737040 A at 1,14179] S32=2 2 A Ar F &
il d

3
e g AA)

gello] s 4BAZANA 7 1 9lck 2019¥ o]
AL s 1854 A B Ageld da@iaEge Agsont
QT ZA% 4 W& 1302 Qo] B vEY 14K ¥ Ao
2 Uehtth 237 2olAE 2018WS ASlely wld 20009%o] Yalch

I

| & s/t A" A=t 16719 ArGHT 169 ZH o]
oh. AR AR 40 vk 1.002 hd SdsiA et AEH
T TS 0.2~1.7 ppmo & AEF] et k=E7]F9] 10% m|Tt <Eol
(R 46) HZ).

CHE A7), (F 48)°lA Hi= Hie} Zo] 2023d AHIAYS At YA
oA GAY 171 Al tigh Aateltt, 7] F Tk HEE AH|A
FollA 17, 7182 0zdo]t.
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2018
57| 10 20
AFET7] 29 61
2019
SHiE7] 29 57
=ld 26 52
2020
sin=lod 27 53
AFEt7] 23 46
2021
SHEFY] 23 46
AFET 7] 19 38
2022
sk | 21 44
=ld 21 164
2023
st | 25 170
B 22 64
Al 262 768
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ABSTRACT

A Study on Mandelic Acid and Phenylglyoxylic Acid in
Urine from the Workers Medical Examination Data for

the Styrene—Exposed Workers in Jeonnam Region

Jung, Ga—Young
Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering

The Graduate School

Hansung University

The airborne styrene data and urinary mandelic and phenylglyoxylic
acid data were obtained from the annual workers medical examination
and workplace environment measurements data in Gwangju and the
Jeonnam region. The urinary mandelic acid and phenylglyoxylic acid
concentrations (1,691 workers from 435 workplaces) from 2016 to 2023
and airborne styrene concentrations (1,972 measurements from 1,045
workplaces) from 2018 to 2023 were analyzed.

Out of 1,691 measurements of wurinary mandelic acid and

phenylglyoxylic acid, 501 cases (30%) exceeded the ACGIH BEI (150

_75_



mg/g creatinine). Among these, 121 cases (7.2%) exceeded twice the
exposure limit. Cases exceeding the action limit (AL) of 75 mg/g
creatinine, which is 50% of the BEIL, accounted for 919 cases (54.3%).
This indicates that more than half of the styrene workers in Gwangju
and the Jeonnam region might exceed the ACGIH TLV, which is also
Korea's exposure standard of 20 ppm.

The 501 cases where urinary mandelic acid and phenylglyoxylic acid
concentrations exceeded the standard were distributed as follows by
industry: manufacturing (258 cases, 51.5%), repair services (112 cases,
22.4%), public administration (54 cases, 10.8%), and others such as
miscellaneous industries and service sectors with 39 cases (8%) and 38
cases (8%), respectively. By process, the highest number of exceedances
was observed in painting (224 cases), reliability/quality control (67 cases),
laboratory analysis (62 cases), injection molding (54 cases), and public
administration (54 cases). The exceedance rates were highest in injection
molding (50.9%), laboratory analysis (36.7%), public administration
(33.9%), reliability/quality control (29%), painting (29%), and office work
(26.3%).

The workplace environment measurements from 2018 to 2023 indicated
styrene concentrations ranging from 1 to 5 ppm, significantly below the
exposure limit of 20 ppm. However, based on geometric mean (GM) and
geometric standard deviation (GSD), the probability of exceeding the 20
ppm exposure limit was estimated to be approximately 5%. Notably, no

individual measurement exceeded the exposure limit.

[(Keywords] Styrene, Mandelic acid in urine, Phenylglyoxylic acid in

urine, Biological exposure indices
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