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g A3 A9ge deos 448 498454 9 g
st BN £UF o) HoldE Mgoz AYAEe] 8F |

skt 7|skEwo]l 1.31 ug/dL(GSD

3.290)9tk. o5 HiFoR &% @F W kX ACGIH BEI 7]%<1 20

wg/dLE 278t B8 1.1%92oH, L&E7)F9] 50% 10 w/dLE zIst

FEL 45%2 YErytt 20189 ko] €5 3 X7t 20 wg/dLE =zISE Z+
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Az, 283 BN &2 WA AFGF o] Z+z2F 1ol 2019d 9] 4451
Z 257 (5.6%) 1811 20209 7679H = 26W(3.4%)0] YEFE=Y &
g3 Y& it AFGEl FAelE AEAECIH. E A AY4E AP?QZJO]

20204 % Y 7, W W w0} 20 w/dLE EBSE 494 27

As] ATt 202130 7119 F 09, 20224do)= 8179 = 3%(0.4%),
2023do)= 1,175% & 0goz2 vrebgth 202289 20 wg/dLE 21135t 39

8
< 9 IE A5t E v AGE AGA

37 F 9 FE9 7|okEa2 1.4 ug/n’(GSD 6.529)&2 ekttt ACGIH
TLV 7152l 50 wg/m’e] 50% ++& zish= AFGH = 2018d9l= 97§
4, 20199d9+= 074, 202099l= 13704, 2|1 202139+ 2742
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(B 2> €5 9 A=AFAA7
A4 | EDTA whole blood, or Heparin whole blood
HHAAZE | A (GHE S obF TiLh)
LA FrE Fosto] FA4 A7tz 4T (2~87C) %;%El

Bz | Rk (g, @417 0] 25 o]l Aol 20T ©]
YsHy gt

N

<

B

D 8% W B4 APEH A P 27

e

Ao} 27}

@ Lead standard solution
(Merck, 1,000 mg/L)
@ Nitric acid (Daejung, 60%)
@ Water (DW)
D 32F "ol AR8(18.3 Q)

@ Diammonium

O &% E2t2a - mEEdEy
514 o A|zE 100 mL 470,
50 mL 47H, 200 mL 174

@ AA-E sample cup

® Aok AL @ AP Fu)g

hydrogenphosphate @ 2as A

(NH4)2HPO4 (Daejung, 9%)
® Triton X-100 (Daejung)
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aw | A B e aa | shae a4
2018 43 31 4 8
2019 39 29 3 7
2020 37 29 4 4
2021 35 29 4 1
2022 33 32 0 1
2023 35 28 5 2
Bt 37 30 3 4
B aTol 290 AQAAEY WET HAZAE E O (R 5T 2

(B 6) FITH=A U
AF9A | MCE od32](37 mm, 0.8 pm)
S | 1~4 L/min

Z 571 | 200~1,500 L

Az ME & 2~107] = Al

2l 10% °1F

oitz|e] Alg Z3 FEo] A5
Ao = 2u

Fotwg oha opfg Po




rﬁ =

mLe} HCl 44 mLZ ¥
AAE Y (4% HNO, ) :
ARZFog Yo T HNO, 40 mLE 4

E 7y AYRAEY B4 Aok @ 7|7
- B84 (1,000 xg/mL)
st A4 HNOs (60%)
1,000 mL &%

o

Z]

=21,

gl (1.5N HNO: /1.0N HCD
= et /

23 FA7A
1,000 mL &% Z2tA30
S

Ea’r*ﬂfﬂl SHTE A4dFer Y2 F, HNO3 57
=z a2 A2
T =

<=

7

O_]]:
=z A=
oI T =2
BAT] FR5E et
S
of=2(Ar) / oM 2@ (Acetylene)
- 04‘14—1_. o
- A= AFEA - MCE o34 (0.8 xm, 27d37mm)
Moz Qe Fo 1~3 L/min (f<9%t
SFEEA

Euy o7 =)
CANE YA A e HAF

o

A+ |
— HJ]o]A, A|AIHA]
- 85 Zgtaa
- mj=
- ZlAHEALE 100T ~400C) Ei fo]a2¢o]H
(& 8 AABAEY BYEA
297171 %X}%%%EWAAQ T = featEetzet
LAFEEF7] (ICP-OES)
7t Air, Ar, Acetylene (99.999%)
oA} 283.3 nm
A2 g8 | AgF A4t 3~5 mL
A% g | Ph + EZLH in 4% HNOs
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SF AFAA fRet dFEe LESIY ZrE 4rES)



PN HehgE dn A9e ¥ A3 A9YS g 2018dr
o 2023971 AAE SRAFAG AnlA et 8% W Sre REs

A= BF W ekE F4 FE deAe] Ued Ax, dRER ool
A7k Qleut, FA #27F 201837 H 202097kA= o= 3709 A4

OFoR 8 4 stk A A 252 0.1 wg/dLollA 4 wg/dL Atold]
Holz  oute]l fFom ZALCH = WA 8L oF 5 yg/dLoA eF 20
ug/dL Atolo] BExmelm, A WA IBL 20 wg/dL olAe] mL-ZEolth
2018V R E 202087k oF 5%7F 20 ug/dL o]Ate] 1i-Eato| sidglon,
o5 FE H FHAE AMEEste] I A& abots AFAH] AT
J 2021dREE= @5 9 &7t 20 wg/dLE ZX
At 20229de] 3749 FEE =T, o] G4 & 1

rE

A5t Axt 10~20 wg/dL HY o i

Sh= H]l2-S 2019499 13.3%=% 7FF =9tod, 2022do= 02%F A3
£ B3k & Ax59 A o] Heldl &oh= Hlgol 1.4%°A 6.8% At
ol2 UetHtt 20 wg/dL& ZWot= NkeEH] A, FA] 2019490l 5.6%
2 7 =2 &S HYh vhA 202191} 20230 o] £&ES Zulet=
A4 k. Uiz AREL 0.4%°1A4 3.4% Atelo] Hl&R 20 ug/dL&
Ziohe AR RIEQL. AFTHEE AnEY o ] Axdo] M =2
HE&S Ao, MARE Axd, B4 2 =249 Sol I FHE oldth

|
Qo
|
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0.01
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HE oA He Hiet Fo] A dF H F
ug/dL, 715t8w-2 1.31 pg/dLZ Uetth AHEgd 7|E02 A
& 20219d0] 1.87 pg/dL=2 7F& wekar, 201999 5
on Umz Ar: AR 2.21~2.89 pg/dL $F<
T 1.18~3.29 pg/dLe] $ZFolqith. AmZHaly
xow, ZlstRrEHAE 33002 A HEhY
oL dF AU dF H Lt A6l =
oeba] B SR T AlRES © EAo] Hasiiih gt AT, A
Z RER URo] B (& 1003 & 11)9 A3, Pagkdle & Aolvt

-
il wEbd gQHiel e 20t €% 9 skl disl HEAd 24

Hm

(B2 9 d=¥ €3 ¢ 59 dedd 2 7IsHE (@9 ug/dD)

A= | G 5 | FER 4| AM SD 95% A= 47t
2018 51 528 2.79 5.478 -7.95 ~ 13.53
2019 50 445 5.43 6.403 -7.12 ~ 17.98
2020 45 767 2.89 4,751 -6.42 ~ 12.20
2021 47 711 1.87 1.909 -1.87 ~ 5.61
2022 46 817 2.74 2.586 -2.33 ~ 7.81
2023 45 1,175 2.21 1.795 -1.31 ~ 5.73
ot 47 741 3.00 5.679 -8.13 ~ 14.13
Ar | ARG 5| AR | GM GSD 95% A1=]F7r
2018 51 528 1.18 3.383 0.11 ~ 12.86
2019 50 445 3.29 2.756 0.45 ~ 24.00
2020 45 767 1.45 3.245 0.14 ~ 14.57
2021 47 711 1.31 2.445 0.23 ~ 7.56
2022 46 817 1.99 2.430 0.35 ~ 11.34
2023 45 1,175 1.62 2.412 0.29 ~ 9.10
Bt 47 741 1.31 3.296 0.13 ~13.57

_14_



B 100 | A7 A9 28 €5 9 5= 8%
AL AR R Az 4 AM(ug/dL) SD(ug/dL) GM(ug/dL) GSD
3091 w]gk 87 2.57 4.103 1.36 2.993
2018 30 ~ 9991 148 2.50 4.847 1.04 3.650
10091 o)Ak 293 3.00 6.104 1.21 3.359
30¢1 "Rtk 94 4.95 4.347 3.89 1.987
2019 30 ~ 9991 151 8.56 8.981 4,57 3.528
10091 o)Ak 200 3.32 3.122 2.41 2.258
3091 wjqt 56 2.59 3.344 1.69 2.653
2020 30 ~ 9991 191 6.19 8.127 2.53 4.161
10081 o] 520 1.71 1.594 1.16 2.7765
3091 wjqt 66 2.26 1.470 1.73 2.274
2021 30 ~ 9991 136 1.98 1.240 1.65 1.949
10081 o] 509 1.79 2.093 1.19 2.552
30¢1 "Rtk 67 4.42 5.480 3.10 2.160
2022 30 ~ 9991 132 2.23 2.262 1.49 2.624
10091 o)Ak 618 3.20 2.599 2.44 2.117
3091 "Rtk 62 3.11 2.307 2.31 2.434
2023 30 ~ 9991 163 3.03 2.050 2.34 2.243
10081 o] 950 2.02 1.649 1.48 2.387
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AL

AM(pg/dL)

SD(ug/dL)

GM(ug/dL)

GSD

2018

3.02
1.35
2.04

5.770
0.917
4.4770

1.30
0.98
0.78

3.337
2.781
3.617

2019

331
23
91

5.81
2.67
4.75

7.153
1.398
3.350

3.29
2.09
3.72

2.905
2.639
2.172

2020

633
13
121

3.15
1.77
1.63

5.094
1.167
2.283

1.55
1.31
1.01

3.308
2.634
2.796

2021

580
12
119

1.87
1.60
1.89

2.033
1.211
1.232

1.26
1.17
1.59

2.550
2.389
1.873

2022

672
24
121

2.81
3.24
2.20

2.664
1.741
2.206

2.05
2.94
1.55

2.459
1.527
2.312

2023

999
17
159

2.09
3.19
2.87

1.733
1.810
1.998

1.52
2.84
2.22

2.4272
1.628
2.221
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A 6l
FE= dolg dis] JFA 24 AAsT

37 T 99 &7 Ho AETH =282 AAA A 7P 2
8T e v=E A AE7TE S (American Conference  of
Governmental Industrial Hygienists, |5t "ACGIH 2 @h)<¢] TLV(Threshold
Limit Value, ©]5} ‘ACGIH TLV'2F &)<t BEI(Biological Exposure Indices,
o]s} ‘ACGIH BEI'Z} 8)= 77} 0.05 mg/mfe} 20 pg/dLoldh.
2ARAY Ao W% F BT EARRE vlgto s ACGIH BEIE 7]

oA 719 50%%1 10 pg/dLE 23 &2 ALRRE Z2it=
(B 1%} 2.

g A4t A, A2t kR 7P BT 201999 x3pEHEe] 7t
Z =7 yUebgon, 202195 2023@71A= 20eHE0] dA5] HolA=
FAE BEoh. BaAor, FEE ZHEstlA e 71 50% ZAEE>
10.9%= vetgten, 7 2HE-2 0% 25kt o4, 7|shx 7}
A stollA= 719 50% xEEC] 4.5%, 71 2EEC] 1.1%E AHEE
et

[o_l

Z
jLE
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(E 12 8% & HZ(ACGIH BEI 71%) 50% 9 100% Z7s+s
A= | AT 5| A9 | g | AEE | 2a9Em)
AR 71 (ufg%lm (ug/I()iL) 50% | 100%
2018 | 51 528 279 | 5.478 9.3 0.1
2019 | 50 445 543 | 6403 | 239 1.1
2020 | 45 767 289 | 4751 6.7 0.0
2001 | 47 711 1.87 | 1.909 0.0 0.0
2022 | 46 817 274 | 2586 0.2 0.0
2023 | 45 1175 | 221 | 1.795 0.0 0.0
gF | 47 741 300 | 5679 | 109 0.1
ASRE 717 (o) | GSD
2018 | 51 528 118 | 3383 4.0 1.0
2019 | 50 445 329 | 2756 | 136 38
2020 | 45 767 145 | 3.245 5.1 13
2021 | 47 711 131 | 2.445 1.2 0.1
2022 | 46 817 1.9 | 2.430 3.4 0.5
2023 | 45 1,175 162 | 2.412 1.9 0.2
0F | 47 741 131 | 3.9 4.5 1.1
3) dukle] dF 9 Tk
e eol AR EAlekel W AT AR ohjet durale] @
Fol AEHC ATGe] FUAZIFEA B2, 2 194
ol Yrkele 76}31{# 5 9 BE= 20059 3.29 ug/dLefA 20164
1.70 pg/dL= A¥tAQl A FAE HYoh

_18_
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=
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=
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) 8% 9 5=t B AU%

2 Ao B4 ZI} WeEFoR RREHE
Z°o] Fasital weEgny ol m=t €% ' s&S ACGIH BEI 7|4
20 pg/dLE oAl 7o) F7to Act. 10% wl¥r, 10~20%, 20~50%,
50~100% Z12]3 100% =3 Fre= uwhee] AdH o Aar 5 2
Asolen, I dibes (& 1409 2o

AR QRS A

(E 14) 8% 9 % (ACGIH BEI 7|%) &% tH] 23} Bx

.- Al 495 9 vk 4=8t(ug/dL)

A 4 2 Bl 2~4 4~10 10~20 | 20 %=}
2018 51 26 21 4 - -
2019 50 9 23 15 2 1
2020 45 21 19 3 1 1
2021 47 30 13 4 - -
2022 46 13 17 15 - 1
2023 45 11 22 12 - -

5 9 sx(ug/dD)

2zt 4= | 2 mlgt 2~4 4~10 10~20 | 20 %3}
2018 528 390 74 28 18 18
2019 445 127 141 118 34 25
2020 767 466 213 41 21 26
2021 711 505 158 38 10 -
2022 817 371 312 119 12 3
2023 1175 680 352 141 2 -

% 7 S0} MY B2 4GRS F 2AAE ABEstel F BB A4
She AAGE 202089 8% ¥ BE7F 20 ug/dLE EAHE AA
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2023de]= 0.0013 mg/m'E 7P Fe 428 Btk O 9] Ao AL
0.0019~0.0187 mg/m’ FZFo]Act. Aty
HAE 6.530=2 Y HolE ]

__i_ =
8% $=9 39 I¥ AYPSe] BRHMoR R AVt B

18
Ni
H

>

[¢)

“E riil 4
e
o
N
x
R
ku
b T
Koo
30
kI
N

R, 37 T sEe @ 2 ARGEAT w2 %57} gl olTt. 3
T AR B SRS sk A}OWOE 20219 77 ®o71

_22_



A *};‘ix jj;f_ ;‘ﬁ AM | SD %ff 95% A7t
2018 | 43 | 190 | 50 |0.0225|0.0390 | 140 |-0.0539~0.0989
2019| 39 | 188 | 31 |0.0035 | 0.0043 | 157 |-0.0049~0.0119
2020 37 | 176 | 49 | 00187 | 0.0287 | 127 |-0.0376~0.0750
2021| 34 | 158 | 40 | 0.0064 | 0.0084 | 118 |=0.0101~0.0229
2022| 32 | 149 | 36 | 00019 0.0020 | 113 |-0.0020~0.0058
2023| 35 | 186 | 114 | 0.0013 | 0.0027 | 72 |-0.0040~0.0066
WF | 37 | 175 | 53 | 0008200210 | 121 |-0.0330~0.0494
An *}f‘;x fjf;i ;‘ﬁ GM | GSD %ff 95% A1=)77¢
2018 | 43 | 190 | 50 | 0.0044 | 8.4266 | 140 | 0.0001~0.2869
2019| 39 | 188 | 31 |0.0016|3.6007 | 157 | 0.0001~0.0197
2020 37 | 176 | 49 |0.0046 | 7.3426 | 127 | 0.0001~0.2290
2021| 34 | 158 | 40 | 0.0024 | 44268 | 118 | 0.0001~0.0443
2022| 32 | 149 | 36 |0.0010 | 3.4566 | 113 | 0.0001~0.0114
2023| 35 | 186 | 114 | 0.0005 | 4.1662 | 72 | 0.0000~0.0082
W | 37 | 175 | 53 | 0001465290 | 121 | 0.0000~0.0554
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(B 17 & 3 A% 428 99 37 § =25k 8%

g | TR =7 A= AM SD GM GsD EAE
v TR A A4 (mg/n) (mg/m’) (mg/m’) A4
3091 wet 51 13 0.0013 0.0018 0.0006 3.4817 38
2018 | 30 ~ 99¢l 60 11 0.0023 0.0018 0.0013 4.0233 49
10091 o]AF 79 26 0.0416 0.0467 0.0190 5.0436 53
30Q1 wgk 49 6 0.0015 0.0015 0.0011 2.2095 43
2019 | 30 ~ 99¢l 58 0.0007 0.0002 0.0006 1.3510 55
10081 o] 81 22 0.0044 0.0047 0.0020 4.0775 59
3091 mjqt 49 9 0.0030 0.0038 0.0013 4.2826 40
2020 | 30 ~ 99¢1 83 37 0.0239 0.0312 0.0077 6.5356 46
10081 o] 44 3 0.0004 0.0003 0.0003 2.8136 41
3091 mwt 44 8 0.0145 0.0145 0.0057 6.6585 36
2021 | 30 ~ 99¢l 74 32 0.0044 0.0055 0.0020 3.7383 42
10081 o] 40 0 - - - - 40
3091 wgk 64 21 0.0018 0.0018 0.0010 3.5781 43
2022 | 30 ~ 99¢l 44 6 0.0015 0.0010 0.0011 2.71324 38
10081 o] 41 9 0.0022 0.0028 0.0010 41632 32
3091 mgk 46 32 0.0018 0.0021 0.0008 3.8158 14
2023 | 30 ~ 99¢1 44 26 0.0007 0.0007 0.0005 2.4660 18
10081 o4 96 56 0.0014 0.0034 0.0003 4.8531 40
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(E 18 H AF Ard%E 452 Jd9 37 5 &% 3%
=l =3 AM SD GM HoAZx
o] ol = et | =75 o= =mE
ks s T A~ A= (mg/m’) (mg/m’) (mg/m’) GSb A4
Az, 444 174 50 0.0225 0.0390 0.0044 8.4266 124
Au| A~ 10 0 - - - —~ 10
0181w g
o 6 0 - - — —~ 6
Az, A4 168 31 0.0035 0.0043 0.0016 3.6007 137
A B9 9 0 - - - - 9
T a agope,
349 o i - - - 11
Az, 144 158 44 0.0207 0.0296 0.0062 6.4960 114
AH| A 6 0 - - - - 6
SRR
1 o 12 5 0.0004 0.0002 0.0003 2.0938 7
o O Hd
Az, 144 139 40 0.0064 0.0084 0.0024 4.4268 99
Au|AY 7 0 — - - - 7
P g,
?_5“16,]?3 12 O - - - - 12
Az, A4 129 30 0.0020 0.0021 0.0011 3.5207 99
AHAY 8 2 0.0012 0.0010 0.0010 2.5702 6
2022 [Pt
T ama 12 4 0.0010 0.0009 0.0006 3.9521 8
o O "
ANz, 444 164 109 0.0014 0.0027 0.0005 4.1101 55
2023 AB| A~ 10 1 0.0002 - 0.0002 - 9
B AT
s 12 4 0.0001 0.0000 0.0001 1.5811 8




) B % BE RS AAR

% & B5Y A9 B4 49 FoE A A¥ &
Fol WAY W, BV F W BEb A F AGFY
Aol % veht: AL e

o Aolg A Aol BV F ¥ FEE
0.05 mg/mE 7|20 Y Mo Aros Bastart. 5%
5~50%, @3 50% ET FZHOE o] £Y A4S

Aite (& 199 2t

ojub 5~25 %, 2

Basglon], 1

(E 19) 7] % ¥ %(ACGIH TLV) =&7|% gy A7 2%
= 7l & 9 s&(mg/m’)
2018 | 190 160 11 10 9
2019 | 188 177 9 2 0
2020 | 176 146 11 6 13
2021 | 158 142 6 8 2
2022 | 149 141 8 0 0
2023 | 186 168 17 1 0
B 175 156 10 5 4

ol AZHoz vehls] S8 (13 8l
5% mlgre] Hlgo] Wl§ Erhe e HelEch
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H]-&(%)
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Eo g E

A

-

A AzEAY 37 T =EFE

P -
W | G2 R | g | g | gy | OO | Hn
2018 35 24 0.0451 | 0.0470 | 0.0272 | 2.8011 11
2019 34 14 0.0065 | 0.0048 | 0.0043 | 3.1370 20
2020 28 28 0.0312 | 0.0327 | 0.0167 | 3.7518 0
2021 17 16 0.0079 | 0.0061 | 0.0050 | 3.1176 1
Bt 29 21 0.0242 | 0.0361 | 0.0105 | 3.9888 8

@ 25 ¥ W AZYA §7) F wEE

= | 4z s
A | G2 | B2 | i) | oo | o) | O |
2018 6 0 - - - - 6
2019 18 2 0.0010 | 0.0004 | 0.0010 | 1.5492 16
2020 20 0 - - - - 20
2021 17 0 - - - - 17
2022 30 6 0.0006 | 0.0004 | 0.0004 | 2.6233 24
2023 30 15 0.0012 | 0.0015 | 0.0006 | 3.2237 15
Bt 20 4 0.0010 | 0.0013 | 0.0006 | 2.9262 16
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ABSTRACT

Study on Blood Lead Levels in the Workers Medical
Examination Data and Airborne Lead Concentration in

the of Workplace Measurement Data in Jeonnam Region

Park, Jung—Seop
Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering

The Graduate School

Hansung University

This study analyzed the airborne lead concentration and blood lead
levels based on data from workplace environment measurements and
special health examinations conducted at lead—handling workplaces in
Gwangju Metropolitan City and Jeonnam region from 2018 to 2023.

From 2018 to 2023, the geometric mean(GM) of blood lead levels was
1.31 pg/dL (GSD 3.296). The probability of exceeding the blood lead
standard of 20 pg/dL was 1.1%, while the probability of exceeding 10
ug/dL, 50% of the exposure standard, was 4.5%. In 2018, 18 out of 528
individuals (3.4%) had blood lead levels exceeding 20 upg/dL. Among

them, 4 were engaged in lead ingot production, 12 in electronics
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manufacturing, and 1 each in analysis and painting—related businesses. In
2019, 25 out of 445 individuals (5.6%) exceeded 20 ng/dL, and in 2020,
26 out of 767 individuals (3.4%) exceeded the standard. All cases during
these years were associated with lead ingot production workplaces.
Following the closure of the lead ingot production facility at the end of
2020, there were no individuals exceeding 20 pg/dL in 2021 among 711
participants. In 2022, 3 out of 817 participants (0.4%) exceeded 20
ug/dL, while in 2023, none of the 1,175 participants exceeded this level.
The 3 cases in 2022 were also linked to other lead ingot production
workplaces.

The geometric mean of airborne lead concentrations was 1.4 pg/m’
(GSD 6.529). The number of workplaces exceeding the ACGIH TLV
standard of 25 pg/m’ was 9 in 2018, none in 2019, 13 in 2020, and 2
in 2021.

[(Keywords] blood lead levels, airborne lead concentration, lead—acid

batteries, lead ingot manufacturing
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