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D =49 A= A%

AR Sy EAITA EFAY] A= AxE 4W F o-F
#Zoln, 2020d oMol AH = miiito|gltt ERdlo] 4H = A}
A 2x2= EF EFCA, &2 F utedl 117

u

(ACGIH, 2004; ACGIH, 2009). Qutxog Qo
# Aoz AW A|mrt wol AbgEC)

Soutet ELAZRGOAL 1999 RE AW F npi kS EZo] A
4 & AWE ASS] ghout, 20204 SHIRE AW F o-I

=AY F upAte] ERdlo LEEHZ] gojEte HE
4 Q7] digel EFde] HESH k& A2 AFHA] PGt AT A
7b BIEQl7] dgo|t. dE Eof, HARitely ZEj4le] xetH AES
AFHAY Z4A 5 EFA 9o §718A kEd Ao &H F ot
I Ato] lEHTHOgata, 1985). 3t 22 30 ERdlo] L EH ety 4

L=
H F ohe4te] WiE Tkl 2
7F (AR 5, 1996). whebA
nhieAtS A& k& A ®= ARESH
(Nise, 1992).

U, o-AYEL EFQNY tiAMER, URRRIS ARloA HEHE AR
7F A9l glonzg EF] A Aux=2 AAet Aor HIEHGHH(Dossing,
1982; De Rosa 5, 1987; A& 5, 1996). olof wz}, fauatofA=
20209 5]":’}7%—1 SEr03e] 84 A B2 A¥ F o-AH
2o zAsL tﬁ7§6]- ATHKOSHA 2020; KOSHA 2023).

ohH, ‘3’]%’\}0414 7718 93] (American  Conference of Governmental

Industrial ~ Hygienists, ACGIH)°lA+= &M Biological Exposure
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Indices(BEI, ©]st 'ACGIH BEIN= 20094 o]Xd7tx] AW & ubkthhippuric
acid, 1.6 g/g creatinine)?t 5 EFM(0.05 mg/L)& AAlSH o, 2009
2 4% EF9(0.05 mg/L)F £ F o-ZHE(0.5 mg/g creatinine) 2
HAASH S, 201090 EF 25492 0.02 mg/L= @591, &9 F EF
0.03 mg/L)= F7I6tdler, &H F o-IAHE 7S 0.3 mg/g
creatinine© 2 ®H7slo] dAAfef o]21 JUTHACGIH, 2004; ACGIH, 2009;
ACGIH, 2010).

AFFAAS WA A% B2 AF AR 20188 202347}
Ao) B4 Aike] A8 F ohudt U o-2E BEEEE (13 1]
v Zter [ 1]el4 2018EFE 2020 W7 7HA] AW 5 PhxAike]

Ao] A AAgoR Leh} FSHES HalT
o EF4lo thigt A=SH2] &= 202008 ARH7|7F

A AW F PHeARe] FA17)EE 1.6 g/g creatinine©]
otk [O" 1l& H¥ 20189&Eefl= o] 7|%s Z9dh= 397t dF HE
AR 20199 R E = 7IEAE 26k Al 7]EA] vtz of HFE=

2 HH 7|9 AHQl 0.8 g/g creatinines %

X,

o =
5
[HU
=

IR
ofN
i=)
k-
2
9,
32,

7b A¥ F o-AYEE WHAE 20208 sHHEr] Ase 71E< 0.8 mg/g
creatinines ZI}sh= H|go] oF 1% Eiotgon, o]¢HEE Zilsl=

A97} Aol glolet.
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2 AAskAn. w2 Aol EFQ] AEet AxE AR AR
£ 20209 77l £2¥ S rhdl, 20208 SPIVIREE &W S o

AYEe] o BT A=At

2018WHE 20209 ARt7|7b2] BRI AESH Ax=2 ST 48 F
At GE DA B Hiel o] ELAAT tidzte] 97% ol dolAl
AZE Yo, 20209 SHEZIRE 2023d72] SA%H

Faider dEE0] ¥ ¥7HE A

JP} AE SEE BT 2 nhaite ASEdA RS @EEL 89
ou e B9 AZEH ARTE ALEH7] R 2 249 e
Bo| Wb wth BAE o2 Holth W, o-AAES AxdR 4F

A | ST E AR 5370 "AEAS () BEHEAST D)
2018 271 1938 | 1882 (97.1) 56  (2.9)
""""" 2019 | ®mhAt | 259 2061 | 2026 (983) 35  (17)
202009 50 477 | 477 100) 0 (0.0
2020(3H) 201 1,064 | 546 (51.3) 518  (48.7)
2021 254 1758 | 1215 (69.1) 543 (30.9)
o (O s s 18 @5 s G05)
""""" 2023 279 2339 | 280 (12.0) 2,059 (88.0)
Zl - 1,592 11,505 | 7,724 (67.1) 3781 (32.9)
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Syt AESHY & A3 o5tH AW F utAit2 2.5 g/g creatini
ne, &M F o-IAHES 0.8 mg/g creatinineo|tt. HHA, B|=FAFA AR
=714 99 (ACGIH) A= A& F vtx4tS 1.6 g/g creatinine, £&W¥ F
oA &L 0.3 mg/g creatinineS 7|5+ 22 stal QI

FEluet AEcotd =g ARe A4 oldAE FHotdr] A VIee=r 4
AEo] St thA &2 Holoh wEhy 2 dAFoM= ACGIH 7le&s &
sto] AW F vl 1.6 g/g creatinine, &W¥ F o-F &2 0.3 mg/g cr
eatinineS 7|&£0 2 ZI9¥s}ict.

(E D& (E »Y 23 gas Y, ieitEg o-IEe 23 &E

ol oF Sl A 108 © 7] bt ot o-FelEo] TS AnHO
2 EAT 5 982 oustn, o-2dES Bk F0E At o] AP

3
AR A,

k(& 5olA AtEEs 7HRe o, 2020 ww]sq 50% 7} 5
7 202199 100% 23t gHgo] th2 o Hs) w2d, (18 11 1,
1B g0 EAehs AL FAT 5 gk

(F$]: g/g creatinine)

dx (AR HEHS AM SD GM GSD
2018 271 1,882 0.3 0.3 0.32 3.00
2019 259 2,026 0.3 0.3 0.29 2.95
2020 | 50 477 0.3 0.3 0.22 2.68
Al 580 4,385 0.3 0.3 0.28 2.88
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(E 3) dxd A9 % npAte] ACGIH BEI 7|1& %231} &5
(5 =H9): g/g creatinine)
Aw | AGF & HAdRS | diEg Adxx 285 (%)
AEE 71 AM SD 0.5xBEI  1xBEI
2018 271 1,882 0.3 0.3 2.9 0.0
2019 259 2,026 0.3 0.3 2.2 0.0
2020(A) 50 477 0.3 0.3 8.5 0.0
Bt 193 1,462 0.3 0.3 4.6 0.0
7|5t R 71 GM GSD  0.5xBEI  1xBEI
2018 271 1,882 0.32 3.00 19.8 6.9
2019 259 2,026 0.29 2.95 17.6 5.8
2020(A) 50 477 0.22 2.68 9.5 2.2
Bt 193 1462 0.28 2.88 15.6 5.0
(B 4 dxd 48 F o-IHE 5k
(9]: mg/g creatinine)
dx= | AE s HEASs AM SD GM GSD
2020(sh | 201 546 0.1 0.1 0.08 2.27
2021 254 1,215 0.2 0.1 0.15 1.59
2022 278 1,298 0.1 0.1 0.12 1.67
2023 279 280 0.3 0.2 0.24 1.82
A 1,012 3,339 0.2 0.1 0.17 1.69
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(# 5y Axd AY F o-3adE9 ACGIH BEI 7|& 23} &8
(FE=T] © mg/g creatinine)
A= AEHE 4 AdA | diEg AEn Z98HE(%)
AEE 7HY AM SD 0.5xBEI  1xBFI
2020(3h) 201 546 0.1 0.1 39.7 6.1
2021 254 1,215 0.2 0.1 50.0 10.9
2022 278 1,298 0.1 0.1 45.6 3.3
2023 279 280 0.3 0.2 50.3 4.0
Bt 253 835 0.2 0.1 46.4 6.1
7t E 714 GM GSD  0.5xBEI  1xBEI
2020(3h) 201 546 0.08 2.27 24.2 6.2
2021 254 1,215 0.15 1.59 47.6 5.9
2022 278 1,298 0.12 1.67 35.2 4.1
2023 279 280 0.24 1.82 72.4 34.5
Bt 253 835 0.15 1.84 44.8 12.7
A2d 29 F ottt D o-IHFE - 54 74
) ®& 73t H Feit 9 o-2HE

ACGIH 7152 Ahgste] HE A5 7,72479] 55 573 (eE7]E o
H] 10%1)9F, 10-25%, 25-50%, 50-100%, 100%°]4)o & piro] 17hd
AER ot 22 5 EEHL

2018E~2020E AHH7|747] miAto] 50% o4 wE2H AR -
7%,

10.
222 5 5.8%, 2020d o1EE7]1~2023E o-A | E0] 50% oA k&

B AR S 44.0%, 2RA Sk 433%2 o-AelEo] nhizite] uls) A
AR S oF 4uf, ZRA Sk of TH) kL o Uehirh
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GE 6 2% F uhite] B& £2E AQY &

AW F ot 5% (g/g creatinine)
a= 0.16 0.16-0.4 04-0.8 0.8-1.6 1.6 oA A
iy i s o] gt
2018 193 143 108 37 8 489
2019 192 159 100 53 7 511
2020 34 34 21 9 4 102
Al 419 336 229 99 19 1,102
(B 7 &¥ F ottt 5 #FE 227 &
A2W F ot At 5% (g/g creatinine)
B 1 016 01604 04-08 0816 b 7
s iy s s ' °
2018 941 564 273 95 9 1,882
2019 1,019 632 265 101 9 2,026
20200/ 156 188 92 34 7 477
Al 2,116 1,384 630 230 25 4,385




PN
kel

8 &¥ F o-AYE T= FEE AT =

2H¥ ZF o-3dE % (mg/g creatinine)
A 003 003 0075~ 01503 . | T
ok 0075 \jgF 015 \jgk =gk
2020(5h 25 85 93 50 24 277
2021 1 26 83 138 40 288
2022 6 87 131 69 17 310
2023 0 3 44 66 54 167
A 32 201 351 323 135 | 1,042
(E 9 2% F o-2dF = £79 224 5
4 F o-AYE Fx (mg/g creatinine)
2020h | 50 192 172 105 27 546
2021 1 92 470 588 64 | 1215
2022 6 160 682 405 45 | 1,298
2023 0 3 65 114 9 280
Al 57 447 1389 1212 234 | 3339
2) s U E AT BX

50% ol k& IF9 dFS EASH Ayl BE LA AlxGe] 7H
=r=d], 50-100% vlet L7kl A abe At 71.7%, o-AH|EL 78.05% %R 1L,
100% o)A F7ro M= mtnAite 80.0%, o-AHEL 80.2%=2 A|ZXHQ] H]

2ol 7bg &k
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(FE 1H~GE IDAA 7 =4 Ustd AxdS AR dFo=2 vl
50% ol k& 52 B4t A¥ 50-100% vt f7to|AEe Hsar 9
Efdy Azxdo] 7P =3k=dl utnst 41.0%, o-IAHEL 53.6%% 1, 10
0% ol FrolMEe mhaAb 14 9 7|5uiA] EAGH A 25, HF
El, 94, &% 9 A Axdol st 7P =Sk 4 25.0%=%
50.0%% A Flow, Asat 9 EAdY AxHL 20.8%5 AAH o-

AYE2 As2 5 EA LY Axzdol 7 wd=Tl 35.5%%HH-.

NE‘
2

]
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CE 10) & F opho] 5 0.8~1.6 g/g creatinine 77H2] AFE A% &
AE
o 49 FER Aﬁ;g & =9 B :ﬁ AxY %ﬂ;ﬂg &
2018 1 16 0 2 2 3 1 65 5 95
2019 1 11 1 5 0 2 4 75 2 101
2020(4) 0 1 0 0 0 0 0 25 8 34
Al 2 28 1 7 2 5 5 165 15 230

D FEUR: TR, T L ARy 33

2) ArdAl e ArdAdEE] B ARAA A AfEA
3) da: de, 222 3 o7 B AH| A

4) B B g ARRIEA] AfEjA
3 7lE AElad
o

| R I= A 1 e G L e
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(E 11> &8 F vt 55 1.6 g/g creatinine o] 719 4FHE AGE

AE
A
T5IA BHAA &, ket Az 2
2018 1 1 0 7
2019 0 0 0 9
2020(%) 0 0 1 4

Al 1 1 1 20
D 3584 3534, =5 9 AR PHA
2) RAA: AU 2 ARG ER] AH[ A
3) Mg, Ik ME, 3ot 9 7|&s AH|AY
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(B 12) &8 F o-F¥YE F& 0.15~0.3 mg/g creatinine 77+ AFE A% &+
9%
B laaw oz o= A9 as ese maw wa 85 aze 9ER|
473 ’ 3
2020(3}H) 1 3 0 0 0 0 2 1 3 87 8 105
2021 4 48 1 14 0 4 23 0 24 407 63 588
2022 2 3 1 0 2 13 1 1 5 362 15 405
2023 2 4 1 3 3 0 0 0 0 90 11 114
Al 9 58 3 17 5 17 26 2 32 946 97 1,212
D F3YY: TIPY, B L ALY BYY

2) =of: Sof % 2ofe)
3) ARiA T

6 e, 4@:

7) de %

AERERSEE T RIE EX
4) ol o, 2EZ D ofrh B A
5) BAY: BAY W AR

I>
e
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(E 13) &8 F o—3¥E 5% 0.3 mg/g creatinine o 719 AFHE AGH
9%
A o 1= &3]l Al
249 3w AFA de end maa an TN azg PP
2020(3h 1 2 0 0 0 0 0 0 22 2 27
2021 0 4 3 0 0 0 0 2 53 1 63
2022 0 2 0 0 2 1 0 0 37 3 45
2023 1 3 2 5 0 3 1 2 74 6 97
Al 2 11 5 5 2 4 1 4 186 12 232

2) ArgAEEE: AFgAIAE
3) A& de, 222 3

6) A=, ¥eh A&, Tt

7) de 3 2A ge] 9

g 3 AR EA YA

el B ARAE AE Ay
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(E 14 29 F uleAt 35 0.8~1.6 g/g creatinine 77H] AZY AR 4FH AA9F &

%

2018 0 0 5 2 5 0 3 13 36 1 0 65
2019 3 3 5 3 8 1 5 11 31 5 2 75
2020(%h 0 0 1 3 1 0 0 1 20 0 26
Al 3 3 11 8 13 2 8 24 68 26 2 166

D 12 g5 12 |85 AxY

2) 7H 7 AERY

3) & 15 B SSAEHAE Az

4) 25715 25 7HAE ARQCA 2 7 Al
5) 71A: Z1A 2 A Az

6) 718t A& 718t AlE Alxdd

7) A A4 " 7IEA 54

£

9) Az F& A =, HwH, 9 =T
LT
™

10) sis2: stehed U skt
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(B 15) &W F vte4l 5% 1.6 g/g creatinine ©]d 7t AZY AFEFETE AdF =+
a5
AL
as AR 3w oA JY am asn 31
2018 1 0 0 0 1 3 2 0
2019 0 1 0 0 0 3 3 2
2020(4) 0 0 2 2 0 0 0 4
Al 1 1 2 2 1 6 5 6

D14 g4 14 8% Az

2) M T AlZRY

3) A R 9 FAEAF Ax

4) 71A: 1A 2 A Az

5) 718t A& 71et AE Az

6) °1Al: ol W J|ZujA| EA Y

D A s B e Az
og

8) A} HI: Az} B Ang
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16) A¥ F o-3AHE B 0.15~0.3 mg/g creatinine 77+ AZY MR AEE AdHFE 4+

€:2
oF
A= | 1y a4 71} A5 A4 g | A
EE RO -G S A S

2020(sh) 8 0 1 5 18 7 6 5 18 19 0 87
2021 20 1 18 26 74 20 14 30 162 35 7 407
2022 11 2 3 6 6 14 1 7 286 18 8 362
2023 7 1 7 5 6 7 3 3 41 7 3 90
Al 46 4 29 42 104 48 24 45 507 79 18 946

D 17 2% 17 2% 429
2) A7 AT AZY

3) 1R AR 9 ZAAGAE AZY

1) B2VE: 2S5 NTAE AZIOIA L AT AL)
5) 1A 714 2 ZH) Az

6) 71Et AE: Aet A Az

7) A A4 " 7IEA 54

=

9) Az F& A =, HwH, 9 =T
LT
=)

10) sis2: stsbed U skt
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CE 17> 29 F o-2#EF §X 0.3 mg/g creatinine o[ F7+9| AZXY AR 45E AT =+
a5

e R

2020(3}) 3 0 2 4 3 0 3 2 5 0 22
2021 4 4 7 4 6 1 1 12 4 0 53
2022 1 2 5 0 2 0 4 22 2 0 38
2023 0 5 2 5 5 2 11 30 10 3 73
Al 8 11 16 13 16 3 29 66 21 3 186

D 12 &5 13 25 Axd

2) 15 18 9 ZHAEAE AXY

3) 2478 25 7HAIE AXRACIA F Al

4) 71A1: 1A 9 ] Az

5) 71ek A& 718 AE Ax

6) A A4 L 7|=uiA] A

7) Ae2b ezt 9 Efdy Az

8) Mzt HE: Az BE, AFE, 94, =F 4 FAHH A

9) 3}EH: sistEd W SSAE AxAC]LE AL
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) E2A 19929 BAH 34

ol

e

A= <F 183 <F 199 2ol mfite] 50% %7 52 ¥
&+ 5.72%, 100% %1 S5 P 0.8%=2 YEPLL, o-IHE9 50% =3}
g5 Pt 34.89%, 100% =7 &L 12.17%= Uehdoh ol &E 3)
W (E e HuPS wf, vheite FHFEE 7P, o-ZHEL TIstEE
g Hin o] 3= 371 § 5 =71 20 ppm ©]

s
T
gog wEd 4 b WP AFotel, i WES FHOR §F B

(B 18) AH¥ F niAte] L &7|& 23 3&

Z2HE(%)
Ax A 5 2R S ACGIH BEI tH]
0.5x 1x
2018 45 104 5.1 0.5
2019 60 110 5.0 0.4
2020(A) 13 41 7.1 1.5
A 118 255 5.7 0.8
(B 19) 29 F o-ZHE 37| 20 &E
x5+ (%)
Ax A ZER S ACGIH BEI tjH]
0.5x 1x
2020(5H) 74 132 19.2 5.0
2021 178 652 48 .4 53
2022 86 450 31.2 3.5
2023 120 212 40.7 35.0
Al 458 1,446 34.9 12.2
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H F2E 4FE A9 F vfudt 9 o-TdF =

(E 200~<& 2DAA FRE= AAF 5 AHHEY, npaih) o-38
B 20~497 FRVF UMY WA, AEdse ARE ARV 295
Ag7t F7Fshe Aol Qlof, 3009 o] 7Md =A Uitk B+t 5
HW 5~99, 10~19% RN tha 52 A5 Ho sig 29 A
of digh A=A et Had oz Held.

_4—“

oY,

l.n

ol Nk

u:z

CE 200 72YE 29 F vtndl 55
(F$]: g/g creatinine)

= At | HEAS AM SD GM GSD
5% wmjgt 26 56 0.2 0.2 0.14 2.76
5799 69 202 0.3 0.4 0.18 2.86
107199 75 285 0.3 0.4 0.19 3.23
20~ 494 115 797 0.3 0.3 0.16 3.02
50 994 47 650 0.3 0.3 0.16 2.92
100 ~ 299 29 702 0.3 0.3 0.15 3.07
300 o4t 7 1,693 0.2 0.3 0.34 2.87
Al 368 4,385 0.3 0.3 0.19 2.96

(F9]: mg/g creatinine)

T2 AP | HEAS AM SD GM GSD
5 gt 24 47 0.2 0.1 0.12 2.17
5799 52 165 0.2 0.2 0.13 2.12
107199 70 275 0.2 0.2 0.13 2.15
20 494 108 578 0.2 0.1 0.13 1.85
50 994 58 652 0.2 0.1 0.12 2.03
100 ~ 299 28 318 0.1 0.1 0.12 1.85
3009 ol4t 11 1,304 0.2 0.1 0.40 1.65
A 351 3,339 0.2 0.1 0.17 1.98
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GE 2)~CE 23olH 95U AR, nhealy o-TeEe] Ay 5
o AzAs B SR 2 Aot GA,
HA7h B oF 1o Aolhs Ao Hol 19d wrae] teA vzt
1 9 s|R el

BT AzYF Y BRI

(E 22 44 429 F vl 5
(9] © g/g creatinine)
AZF e | HEAS AM SD GM GSD
Az 263 3,236 0.3 0.3 0.23 2.92
Ao U ohA],
AL 56 230 0.3 0.3 0.16 2.87
il AMH| A
A o 21 0.2 02 | 011 29
T53A 6 475 0.2 0.3 0.13 3.10
HAA A
AF3]E2] 8 83 0.3 0.2 0.18 3.11
A A
A4 16 46 0.2 0.2 0.16 2.52
7| €} 31 294 0.2 0.3 0.14 3.13
Al 381 4,385 0.3 0.3 0.16 2.94
(E 23) 454 AW F o-3AdE &
(9] © g/g creatinine)
AZF AraEs | HEAS AM SD GM GSD
Az 221 2,496 0.2 0.1 0.23 1.84
A5 WA &~
2] 2 7]et 62 285 0.1 0.1 0.12 1.77
7HQl AMH| A
PEg | 1 19 0.1 01 | 009 208
T3P 10 159 0.2 0.1 0.13 1.74
HAAG 9
AF3]E2] 9 75 0.1 0.1 0.10 2.36
AH| A
A4 13 37 0.1 0.1 0.10 2.11
7| €} 31 268 0.2 0.1 0.12 1.93
| 347 3,339 0.1 0.1 0.13 1.98
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A 3R AJEFSAE 2F 37 F EFY vk 2%

St 7919 371 F AR Hdek =E7]5@hr-TWA)2 50
ppm, ACGIH+= 20 ppmoltt. ZgeE =57 o] Adutr], sEt7|= vhro] X158
He Ag Aot AsH7IE Uikl FEE EASHAH dElE &
1,085F0|A AEASL 11757402 425%91, BEAEASE 158702
2 57.5%%94. shE7l= & 1,276704 HEd4+= 1,02812= 40.8%%
1, EAEASE 1494102 59.2%9 . dtetr] ] B X 4.56 ppm
o8 AFTHE, FRER UYrolk Aol = Bt £E0R Ugton, 97
et =E7]% 50 ppm9] 9.12%, ACGIH kZ7] 0 ppm9] 22.8%°] 4=
2] et

N
)

CE 24) 7] 9= 37 5 74 2 ¥ 2d= A

AL A =444 Hede ) | EHERT %)
2018 188 446 272 (61.0) 174 (39.0)
2019 257 455 228 (50.1) 227 (49.9)
2020 216 467 192 (41.1) 275 (58.9)
2021 188 413 147 (35.6) 266 (64.4)
2022 184 394 168 (42.6) 226 (57.4)
2023 52 587 168 (28.6) 419 (71.4)
A 1,085 2,762 1175 (425 | 1587  (57.5)

CE 25 shi7] d=d 37 5 74 2 ¥ 2d= A%

A= | A% | 2A0F | AE0E %) | BAE0E @)
2018 252 418 254 (60.8) 164 (39.2)
2019 195 370 144 (38.9) 226 (61.1)
2020 190 428 160 (37.4) 268 (62.6)
2021 179 372 148 (39.8) 224 (60.2)
2022 279 376 153 (40.7) 223 (59.3)
2023 181 558 169 (30.3) 389 (69.7)

Al 1,276 2,522 1,028 (40.8) 1,494 (59.2)
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(E 26) ] ARE 7] F B2d 5
(2] ppm)
AT | A9gs | 04 GM Gsp o e EHE
2018 188 272 2.9 2.77 1.90 2.9
2019 257 228 2.2 2.76 2.17 1.5
2020 216 192 2.3 2.88 2.04 2.1
2021 188 147 2.5 2.81 2.01 2.2
2022 184 168 2.0 2.81 2.23 1.0
2023 52 168 1.5 3.15 2.26 1.2
Al 1,085 1,175 2.2 2.87 2.09 1.8
(E 27y shb] AEd 7] F B2d %
(39l ppm)
AE | A9Es | AEA% | GM Gsp | melE EATE
2018 252 254 3.0 2.75 1.88 3.0
2019 195 144 3.5 3.07 1.55 6.1
2020 190 160 3.0 2.90 1.78 3.8
2021 179 148 2.6 2.94 1.89 2.9
2022 279 153 1.7 3.75 1.87 3.1
2023 181 169 1.5 3.52 2.06 2.0
Al 1,276 1,028 2.5 3.16 1.81 3.5
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N
N

T

)

pat7lo]

]

iz
ar

<

. ppm)
GSD

(9]

GM

1.10

*_ppm)
GSD

1.93
1.36
1.32
1.96
1.91
3.15
2.48
1.90
2.00

(9]

0.57
0.90
1.66
1.15
2.69
1.80
3.79
1.71

SD

1.8

AM

GM

0.2
0.3
1.4
0.8
8.3
3.6
2.5
2.3

1.5
0.6
0.9
1.9
1.3
5.5
2.9
4.2
2.4

<}
fu

r

SD

AM

17
654
1,175

i Helct.

28> ~<(E 31> A A,

7FEQ

Mo
oy

<
N
A

!

BEA A
L ESS

Mo
oy

3.21
1.03
2.23
1.51
3.33
2.56
2.04
2.27

3.37
0.35
2.54
0.92
3.48
1.52
0.82
1.86

5.2
0.0
2.1
0.4
8.8
3.1
0.5
2.9

5.6
0.4
3.0
1.0
6.9
2.4
1.0
2.9
~ 30 -

593
1,028

WA 2
Az




(E 300 A Az AREE 37 F BRA 5w

(&9l ppm)
ME-AE HEAS | AM SD GM GSD
st 9 Ed Ay AR 205 3.9 5.7 2.09 2.81
A € 7EuiA BEAY 51 6.0 6.6 3.46 2.97
24 AR AxYs
A8 A 76 90 6.8 8.7 3.67 3.07
aE g ZAEAE XY 62 6.0 7.7 2.94 3.43
b A A} ©3F
TR ST v s 12 | 21 295
71e 714 9 A Az 49 6.2 11.3 2.53 3.50
A 35 2.7 3.0 1.85 2.23
71eF AlE AXD 27 12.1 12.7 7.14 2.98
7HE AR 16 4.0 5.3 2.13 3.21
iz, g 16 | 143 198 | 476 637
7|et 2531 Axd 23 3.3 4.1 2.26 2.24
A7 Az 14 3.1 3.9 1.62 3.25
[¢) Al sF 77
T 6 22 15 | 194 170
12 25 Axd 8 11.3 17.0 3.69 5.08
A 9 UREAE AxY; _ _ _ _ _
7t AL
AgF AxY 2 2.2 0.1 2.15 1.04
FI A, A= _ _ _ _ _
2 A5AAE Az
stst 24 9l sieiE 1 23 . . .
Az oJkE AL
Al 654 5.7 7.6 3.00 3.12
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(FE 3D spHt7] Alxg ARLE 371 5 BF L
(&2l ppm)
MEAE A=A  AM SD GM GSD
Absat W EfAdY AxH 153 4.4 45 2.70 291
A & 7EuiA EAY 113 9.5 10.5 5.06 3.29
25 7FAE ARG 714
S 71 7] 9] 54 7.2 8.0 4.02 3.08
T2 O ZgtAElAE A% 42 6.0 6.6 3.43 3.02
e T (O Pl I 58 86 296 318
7et 714 9 A Axd 33 5.1 11.5 2.10 3.31
A 39 6.1 9.5 2.88 3.28
71eF AlE AXD 24 13.9 14.1 6.50 4.52
74 Az 26 5.7 6.3 3.00 3.49
W ZFo] 4 ZFo T
5. SR 23 103 94 59 333
7eF 53] Axd 10 54 73 2.36 3.84
A7 Axd 11 3.6 2.8 2.11 3.60
R = U El 101 73 741 247
12 25 Azxd 7 15.3 20.0 5.27 5.39
A 9 UREAE AXY;
74 A9 11 3.7 3.0 2.71 2.40
AgE: Az 0 - - - -
AN, ol 9 Mg AA=& 1 0.4 _ _ _
Az :
st 2 °l sletAlE 0 . . . _
Az oJoF= A9
Al 593 7.0 8.6 3.90 3.41
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(B 3D~CE 3D A= 50~99% FRAH 71 BEob B9,
Shl7l 10~19% FRelA 74 E9tort, 1 sEaelst a4 g, g
Bol frold BA7} 24 Yent goulgt it wEeux Fac

(32 887 #42E 3715 2540 5=
(&9l ppm)
TR ek AM SD GM GSD
57 ojgt 111 35 5.1 1.92 2.81
5 99 232 4.3 7.7 2.16 2.98
101943 325 5.0 7.4 2.52 3.03
20 499 275 39 6.2 2.10 2.77
50 994 89 59 8.2 3.09 3.18
100 ~ 2994 61 2.5 3.1 1.65 2.33
3007 oAk 82 3.1 4.2 1.81 2.59
Al 1,175 4.0 6.0 2.18 2.81
(E 33) spit7] 2 375 70 =&
(9] ppm)
TR HE14 AM SD GM GSD
5% m|qk 112 4.5 6.0 2.26 3.09
599 261 4.8 8.2 2.23 3.16
101943 273 6.0 8.6 2.72 3.60
20 499 242 5.0 6.7 2.70 3.19
50 999 51 4.3 4.9 2.76 2.48
100 ~ 299 18 4.6 5.9 2.19 3.46
3007 oAk 71 2.9 3.1 1.73 2.86
Al 1,028 4.6 6.2 2.37 3.12
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A 42

AFHE AL 8%

018FFE 2023G7kA] A = 7]

A EFAZRAGS AAGE AFFAE 1,524 2 AEAS= 7,7247 ©o]dch
TS ZAREEAS AARE AFAAL 1,0397042 AEASTE 2,203 °|3
. g AEASTE A, 4R 9 X Ass o2y At
CE 34) 2 2 9l ELARAG AS
el n]
Ax =i ~ N ~ N - A
59 5 10 20 50 100~ 30078
gk 9% 199 497 997 299  o|Af
2018 Oy A 29 108 115 364 269 312 685 | 1.882
2019 O A 26 72 142 369 338 363 716 | 2,026
20204 | mpAt 1 22 28 64 43 27 292 | 477
2020GD | o-3HZE | 11 45 78 140 143 43 86 | 546
2021 | o-3HZE | 15 58 78 227 238 95 504 | 1215
2022 | o-3HZE | 12 42 88 163 223 154 616 | 1,298
2023 | o-3HZE | 9 20 31 48 48 26 98 | 280
A - 103 367 560 1375 1302 1,020 2997 7,724
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ﬂ

1,882

2,026

477

546

1,215

1,298

280

No
o

T BHE oy T 5V 50

BREKEE NGERY

M
X

DR — < 5B
]

ob<3E

I o N T 3T
< g Rz

N
"IN Ko

<Ny T
i

BITVT - BTG 5T
TR R

Ty TR T BE
oA T«

==

=K B
e

o

oy
Ho

ofr"m 50
Elard

oS0 B HOR0
l i
Homortr 2" T 7%

T
7A
T

107

1,374

55

11 11 26

39

225

24

1,451 97

72

42 36 10 40

14

243

18

411 27

27

4

387 65

26

19

17

16

41 902 102

21

20

36

70

10

58 994 93

45

10

17

64

5

25

213

13

6

516 | 7,724

157 80 40 93 78 281 5,732

20
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83
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o A1
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H
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2021

2022

2023
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(E 36) 9= 3 qtEE 7| AARHFSH A
ST
W sy 579 10" 200 50~ 100~ 3009 | 7
ks ° 199 49" 999 299 ol

2018 | 26 61 74 60 23 12 16 | 272
2019 | 20 46 75 51 24 6 6 228
2020 | 22 33 59 44 10 8 16 | 192
2021 | 15 22 43 35 9 14 9 147
2022 | 15 35 35 45 13 11 14 | 168
2023 | 13 35 39 40 10 10 21 168

A 111 232 325 275 89 61 82 | 1,175
(E 37 & 9 29 shiv] AR S3 A

STas
9= sy s~gm 107207 50" 100" 3007 7
ki ° 199 49" 9% 2999 ol

2018 | 20 62 73 61 19 2 17 | 254
2019 | 19 36 36 33 13 2 5 144
2020 | 21 43 42 32 8 8 6 160
2021 | 20 40 37 33 5 2 11 148
2022 | 15 38 42 40 3 4 11 153
2023 | 17 42 43 43 3 0 21 169

Al 112 261 273 242 51 18 71 | 1,028
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=

254

144

160

148

153

169

1,028

No
o

[EipAplmyen ey
BE T N = X K

X m
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DL = A SR
BT

-
or

i BT
%A;_@ﬁ q

,m.u,._.aﬂul,l_ o T_,|,m.u
c3-i =g

TR R 38
Hzn= WX K|

ofr"m 50
Elard

10%.0 H_o

_ﬂ_o o _:Tl D_

B
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T
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T
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5

47

97

0

58

99

3

60

84

1

62

87

0

70

97

0

414

593

H
Bl

2018

2019

2020

2021

2022

2023

_40_



— 1 = =
018FRFE 2023@7b4] B80T 23 § 549 BEoty a2 =2
AdedE5d A% 5 371 § 2749 sEARE ZASHAH. EF09 A=
ot EAEe 201895 EH 20209 A7 &AW F

S| RE 2023W71A]E 4AM F o-AHES AT Ao, zH
22 Ztmi 2018URE 2023A7kA] wjd Ahubr|el shubzle] ZA g
T 279 st 248 o 2k

1. ES4077Ge] dgoz 2018HRFEH 20204 AR7|17HA] S4% AW
T Theqte A g2 4,476 5 4,3859AI4 HEH HEEC] 98%
ATk W 20209 SHZIREE 2023714 ST AW F o-AHE2 Ad
Hd2E 7,029% F 3,339 AN HEH % —3— 47.5%Ac. 2% F ot

e LE27|F 1.6 g/g creatinines ZIol= A4 25W OS2 upiiol
A= 43859 0.6%°1 =3t ¥ 2020 sHREZ|HE 57909 A
=ot4 7 HZAH ¥ F o-FHEo] dEH 3,339% FolAd E71E
0.3 mg/g creatinines Z1oh= A9+ 234P o= 80| TR Ao=R
e BHeAES] B9 Het 108] =4 Uebdoh =, nhedte] 3% 719 BE

UG AAN HEHNeY &7 2322 A=z AEsh7] o3l
on, £2H F o-FE2 A didAe] Aure HEHA] fdkoy k&7
= Z2MAE AEsheEY o U2 AEER Hd

2. 29 F o-FHER VIELE kEVIES Sk AR 2327MaR
o

k&7 et Hwd o, F AMGAYE 19o] EES 2icke Ao
= UeEth 28 5 &9 72 235 2427 e AFdA 23
MA Sl Azdo]l 18674 B0%) 2 HEES AT, olojA] 3]
A2 12704(5.2%), 5534 117144.7%) AT

=21
3. 29 F o-FHE VIES 2AckE AxY 1867M4E AR dFE=E

, =2 2 Efdy Azdo] 66742 35.5%=2 7HE wory, <l
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Aol 29704:(15.6%) AA FF Alxdol 2174(11.3), a57F 2 7|8
A Azo] 4zt 167042 8.6%4Q Ao = LeRTH

4. Ax=dE HY 20209 SHHZ|RE 2022974 &2V
E0| 4~5% FEolloy 20239kl 35%= w2435 =orsth 20239%

+ 7158+t 2.2
W SE2 1.8%= Ul¢ HWeton, shutylol= 7IskEt 2.5 ppm, 7IShE
Zda}t 31622 ACGIH :=Z7]F 20 ppme 243 5L 3.5%=2 1t
EOHAAT H2 ol qltt

6. A F o-AYE LEV|IEY 50%5 Zitote HgRO HY 37 F
=279 50%E ZWste Hl&2 AASH Rtk 4¥ F o-FHS
e o AAed 5 dte 46 fagrietl e AR Helg

_42_



73
op

]

o
il
)

(2002).

afr

1.

A

1'd,°13]

249 @

1
N2

o

]

El

2,018 A, = A&, AF

N
!

__i

JZuO

]

=
X3

g

E

SHA
==

R

L
T

Lo guk (1996). Aldehyde dehydrogenase2(ALDH2)

| 5=

222 8% bt wijdo] wjzl=

o gEaty =

<l

0
mmo
_

KA

o

(2005). 2t

°.

o=

[e]
8+,

El

o ==
ARE

A

&

mr

So] oh

g 2ax

: 445-450.

ol¥e AR A=k (2001).

312] 10.6

£29 E22E49 8% vheit o

S}
of

a7}

o
(1988).

Foh,ol 0 F=.

(2004). B2 Zga2o] 9% whil Hx

9.
29t 74}

&A1

A] B.71
, IO

g

Tor

]

[¢)

 939-946.

317 13.10

S}
of

_43_



ABSTRACT

A Study on Airborne Toluene Concentrations from
Workplace Environment Measurement Data and Urinary
Hippuric Acid and o—Cresol Levels from Workers’

Medical Examination Data in Jeonnam Region

Heo, Su—Yeon

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study analyzed the results of workers’” medical examination and
workplace environment measurements conducted on toluene workers in
Gwangju and Jeonnam from 2018 to 2023. Specifically, hippuric acid in
urine data from the first half of 2018 to 2020, o—cresol in urine data
from the second half of 2020 to 2023, and airborne toluene
concentrations from 2018 to 2023 were analyzed. The findings are as
follows:

The detection rate of urinary hippuric acid from 2018 to the first half
of 2020 was 98% (4,385 out of 4,476 individuals), indicating a very high

prevalence. However, only 25 individuals exceeded the exposure limit of
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1.6 g/g creatinine, resulting in an exceedance rate of just 0.6%.
Conversely, the detection rate of urinary o-—cresol measured from the
second half of 2020 to 2023 was only 47.5% (3,339 out of 7,029
individuals). However, among the 3,339 individuals with detectable
o—cresol, 234 exceeded the exposure limit of 0.3 mg/g creatinine, yielding
an exceedance rate of 7%, which was 10 times higher than that of
hippuric acid. This suggests that while urinary hippuric acid was detected
in nearly all examinees, it failed to adequately identify those exceeding
the exposure limits, whereas urinary o—cresol was effective in identifying
high—exposure groups.

Industries exceeding the o—cresol standard were primarily in the
manufacturing sector (186 industries, 80%), followed by associations and
organizations (12 industries, 5.2%), and public administration (11
industries, 4.7%). Among manufacturing subsectors, the highest was
automobile and trailer manufacturing (66 facilities, 35.5%) and printing
(29 facilities, 15.6%), electronic components manufacturing (21 facilities,
11.3%), metal processing (16 facilities, 8.6%), and other product
manufacturing (16 facilities, 8.6%) followed.

The geometric mean(GM) of airborne toluene concentrations from 2018
to the first half of 2023 was 2.2 ppm, with a geometric standard
deviation(GSD) of 2.87, and the probability of exceeding the ACGIH
exposure limit of 20 ppm was 1.8%, which was very low. For the
second half of the period, the GM was 2.5 ppm, with the GSD of 3.16,
and the exceedance probability was 3.5%. Compared to urinary o-—cresol
data, it was apparent that the workplace environment measurements

appear to significantly underestimate exposure levels.

(Keywords) Toluene, Hippuric acid, o—Cresol, Workers Medical Check—up,

Workers Health Examination, Work environment measurement
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