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Abstract

This study examined the distribution of airborne metals concentrations and conducted a risk assessment in PM-10 in
Gwangju from 2014 to 2022. There were a total of six points, and the concentration of heavy metals at each point was highest
in the order of Pyeong-dong(1.5472 ug/m? ) Nongseong-dong(1.2093 ug/m® > Geonguk-dong(1.0100 ug/m® >
Duam-dong(0.9684 yg/m?) > Seo-dong(0.9515 ug/m? » Nodae-dong(0.8321 yg/m>). In recent years, the concentration of
heavy metals in the atmosphere has generally risen, accompanied by an increase in heavy metals in the soil. The average
seasonal concentrations were in the following order: spring(1.4448 yg/m?® > winter(1.2939 ug/m? ) fall(0.8303 ug/m?) >
summer (0.5928 ug/m?). The atmospheric heavy metals most correlated with PM-10 were Ca(0.69), Fe(0.62), Al(0.62)
and Mg(0.60). Within the acceptable risk level (1.0E-06) set in this study, heavy metals in the atmosphere were found to
have the most excess cancer risk, and the integrated non-cancer risk was as low as 1 or less.
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Fig. 1. Location of sampling sites in Gwangju.
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Table 1. Analysis items for each station used in this study (unit : species)

Station 2014 2015 2016 2017 2018 2019 2020 2021 2022
Geonguk 9? 9 12 12 12 12 12 12 12
Nongseong 9 9 12 12 12 12 12 12 12
Duam 9 9 12 12 12 12 12 12 12
Seo 9 9 12 12 12 12 12 12 12
Nodae 12 12 12

Establishment in 2020

Pyeong 12 12 12

99 species : Pb, Cr, Cd, Cu, Mn, Fe, Ni, As, Be
v12 species : Pb, Cr, Cd, Cu, Mn, Fe, Ni, As, Be, Al, Ca, Mg

Table 2. Toxicity information of carcinogenic and non-carcinogenic heavy metals for risk assessment

Cancer assessment

Noncancer assessment

Classification Tumor type
P Inhalation unit risk® (ug/m’)™ RIC? (mg/m?) RfD? (mg/kg-day)

cr A Lung cancer 1.2E-02 1.0B-04 3.0E-03

Ni A Lung cancer 2.4E-04 NAY N.A
(Refinery dust) ’ . o

cd Bl Lung, trachea, 1.8E-03 NA. 5.0E-04

bronchus cancer
Pb B2 - 1.2E-05 N.A. N.A.
Mn D - N.A. 5.0E-05 1.4E-01

9 Excess lifetime cancer risk associated with breathing 1 yg of a chemical per 1 ' of air over a 70-year life span for a 70kg human, IRIS,

US-EPA
Y Reference concentration for inhalation exposure
9 Reference dose
9 Not Assessed

Table 3. Exposure factor of this study for risk assessment

Variable Unit Factors
Body weight (BW) kg 64.5
Inhalation rate (IR) m>/day 14.62
Lifetime (LT) year (day) 82.7 (30186)
Exposure frequency (EF) day 365
Exposure period (EP) year 25
2194 49 F Fo= yepdtk(] 5). o] HI A7} HQ = LADD / RfD 4
12 275k Aol 2734 gsiddol W 7 HI = SHQs )
5730l the A2 ofnlstar, 105kl A-f-ole al RfCmg/m® = 20m?>/day
4 WY TP o] B3-S SfuPThlee and Kim, 1 D0ne/ke/day) = T0kg ©
J &

2007). HEAE EE BUHE 96 A== RfD7Y
= Afol= 4 (6)E ol§dt AFESH At (ulia 3. 23
Griselda et al, 2019; Choi et al, 2021).

ag



288 allg - ol &= - 2UH - %] - Y - AFE - oA
1.80 40
-
— 180 15 =
= 1
g 140 30 3
T 'R
- L ']
o 25 =
= . i
= 00 @
5 a2
5 080 =
g s B
S 060 =
i T
040 Voo
= =2
T 020 5 3,
Geonguk MNongseong Duam Modae Pyeong
B Heavy Metal  em——FEM-10
Fig. 2. PM-10 concentration and total heavy metal concentration by station. (ug/m)

S0 0900

E 0050 E 0700

£ 0040 g 0800

S & 0500

[ — i
= 0.030 = 0400
g -
S 0020 g 0200
(=] (=]
U u 0200
0.000 0.000
PM-10 Pb cr Cu Mn i As Fe Al Ca Mg
(ng/m3)

Eindustrial DOResidential @Green

Bindustrial @ Residential WGreen

Fig. 3. Concentration of PM-10 and heavy metals by use area in Gwang-ju.(2014~2022)

3.1. PM-10 2 th?| 323&% 522

311 AHE s=E2E

SHAHERZ PM-10 s52 & 7] S84 5%
£ Fig. 20l Yer it PM-10 —EEE*M%E‘H 35
(34 yg/m’) > =533 ug/m®) ) 58F(32 wg/m) >
FAE(31 ug/m’) ) 41528 ug/m3) > =524 1g
/m?) =28 A Yebt oy, & oi7] 34 e

%5(1.5472 ug/m?) » 543%5(1.2093 yg/m?) ) A=
(1.0100 wg/m?® > F¥5(0.9684 ug/m? > A&
(0.9515 pg/m? ) =d15(0.8321 ug/m’) &0 & het
St Bei} A=EY A9 PM-102 HE s

Hyom, A Hel LotE= thE 2o H]sf &2

g

s Uebgth shARt o] £ A xo] F ti7] F
B4 HEk 50| AFHt 1,54 &7 Yebgth
olgfgt o]f+= oI5 F Aol A A g0 AHd A &
ol 27| wfgolcth AaE-S Foatdaa]e] $1]
oo Bt A FCK) AFd 5 ICT T AFGAEo] B3
=lo] 911, BE2 FE ALY FHER olF01A qlo]
olg AE Uehd Aoz wotdEd E3 HA4%
O] Agells A2 Aol fixlsta YeRAE, 7] F
B4 T=7FBE the o 2 A et ol %*E
=74 Aol A 2016 HE 202218 7HA] tikA] 415
ol E AP} A&H 082 WFE|o] o] 2 Qg JFo]
3711 Hhde Zio® woEnh ke w2 ges
FRlo= Feo] TAF o] gL, ¥ Qo]

=

-ll

F)

le



Bz2] u| AR (PM-10) & &

F4 SERE 9 9514 87} 289

Table 4. Concentrations of artificial, soil component heavy metals and ratio of artificial heavy metals

(unit : ug/m’)
Station Use area
HM Geon Nong
Duam Seo Nodae Pyeong Industrial Residential ~ Green
guk Seong
Arti? 0.0196 0.0204 0.0145 0.0151 0.0126 0.0343 0.0232 0.0148 0.0185
Soil? 0.9904 1.1889 0.9539 0.9364 0.8195 1.5130 1.1203 0.9449 1.0829
Arti Ratio? 1.94 1.69 1.50 1.59 1.52 2.21 2.03 1.54 1.68

? Concentration of artificial heavy metals (Pb, Cd, Cr, Cu, Ni, As, Be)
® Concentration of soil composition heavy metals (Mn, Fe, Al, Ca, Mg)
9 Ratio of artificial heavy metals to total heavy metal concentration
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Fig. 4. Heavy metal concentration time series plot by year in Gwang-ju.(2014~2022)
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Table 5. Concentrations of PM-10 and heavy metals in seasonal (unit : ug/n’)
M Spring Summer Fall Winter
Mean S.D. RME? Mean S.D. RME Mean S.D. RME Mean S.D. RME

PM10 37 20 66 24 13 50 25 15 56 35 18 70
Pb 0.0120 0.0117 0.0345 0.0057 0.0079 0.0210 0.0086  0.0098 0.0279 0.0130 0.0127 0.0374
Cd 0.0002  0.0005 0.0008 0.0001  0.0002 0.0004 0.0001  0.0002 0.0005 0.0001  0.0003 0.0008
Cr 0.0010 0.0014 0.0028 0.0005 0.0007 0.0019 0.0008 0.0013 0.0024 0.0008 0.0017  0.0029
Cu 0.0060  0.0049 0.0142 0.0037  0.0029 0.0088 0.0049  0.0050 0.0147 0.0072 0.0077  0.0229
Mn 0.0177  0.0129 0.0432 0.0087  0.0093 0.0284 0.0147  0.0217 0.0375 0.0187 0.0274 0.0535
Fe 0.4338 0.2372 0.8821 0.2346  0.1902 0.5628 0.3156  0.2438 0.6991 0.4033 0.3338 1.0170
Ni 0.0007 0.0011 0.0027 0.0006  0.0011 0.0029 0.0005 0.0009 0.0024 0.0007  0.0013  0.0025
As 0.0014  0.0020 0.0049 0.0006  0.0013 0.0030 0.0011  0.0030 0.0050 0.0021 0.0033 0.0071
Be 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000 0.0000
Al 0.2287 0.1441 0.4702 0.0794  0.0951 0.2500 0.0995 0.0825 0.2507 0.1526  0.1265 0.3978
Ca 0.5652 0.3848 13179  0.1861 0.1913 0.5241 0.2977  0.2650 0.7583 0.5198 0.5373  1.5359
Mg 0.1782 0.1021 0.3689 0.0762  0.0499 0.1668 0.1011  0.0685 0.2364 0.1757 0.1610  0.4883

Total” 1.4448 0.5928 0.8303 1.2939

Arti® 1.47% 1.89% 1.93% 1.84%

Soil? 98.53% 98.11% 98.07% 98.16%

a)
b)
o)
d

Reasonable maximum exposure(95% upper confidence level)
Total average heavy metal data

313 A2 sesn
Table 5= A2E L5482 2451 Slste] &

(3¥~59), E56¥~89), 7F=0¥~119), A=
(12€9~29)= W], Zt A4dE PM-10 € t7] &
& B FE(Mean)st EEHAKS.D.), 95% =+
Q1 RME (Reasonable Maximum Exposure) &<
Uetdl Aotk ti7] F54% & B4 vE=, 520
1.4448 yg/m’O8 7P 28 Hn 2 WY 1 the

I O

Ratio of artificial heavy metals to total heavy metal concentration(Pb, Cd, Cr, Cu, Ni, As, Be)
Ratio of soil composition heavy metals to total heavy metal concentration(Mn, Fe, Al, Ca, Mg)

o2 A&(1.2939 ug/m?), 7+(0.8303 ug/m?),
£(0.5928 ug/m’) o2 UERgTt oluf 2ol o
4R 2 49 =7 YerdTh B3 F Y] S25
L %0193 2247 EQAR 2E40 S A
A2 A HH oF 71 ASS A9 S25 1
€] 1.84% ~ 1.93%, EFAHE F5& H&2
98.07% ~ 98.16%2 H|&=3F H[ &2 Bt ShA|ut,
ESAR S35 b88 B4 98.53%= 7 &7
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Table 6. Correlation coefficients among PM-10 and heavy metals (p € 0.01)
PM-10 Pb cd Cr Cu Mn Fe Ni As Al Ca Mg
PM-10 1
Pb 0.58 1
Cd 0.26 0.28 1
Cr 0.26 031 029 1
Cu 0.50 053 0.32 0.43 1
Mn 0.44 0.44 0.11 0.60 050 1
Fe 0.62 0.48 0.13 0.48 0.51 0.80 1
Ni 0.28 031 035 0.41 0.25 0.22 0.26 1
As 0.20 028 0.24 0.08 0.14 0.12 0.14 020 1
Al 0.62 031 022 0.22 0.34 0.38 0.70 023 0.12 1
Ca 0.69 031 0.16 0.16 0.34 0.34 0.67 0.18 0.10 0.81 1
Mg 0.60 0.24 0.14 0.14 0.22 0.30 0.59 0.17 0.10 0.78 0.86 1

UrEtstt ol Syt A vehts SRR o
2ol - ¢F 80% AT ATZETH]eon,
2012)¢t 2ol Bd Fate] JFo 2 EYHE T35
Hlgo] Z7ket Ao mekHth Aol Y W
e B of 7] FE40 HA B¢ =t

ozt W, 2E, 7, W3k, A, w4, A, utvlw
2 A&Hol RME #tol B =34tk 7IER2 Bt 5%
7}0.0001 ~ 0.0002 yg/m’ HH = vepga, Uz 3
&&= 0.0005 ~ 0.0007 ug/m® HAZ Yeht &
FE 5 AE AFgle]l wi¢ uF AEEQIH
PM-10 $Ek FdsH| B sEE 237 wg/md)
> AL(B5 wg/m’) > 7HE25 wg/m’) ) ABQ24 ug
/m’) 0.2 =A% RME h2 B20] 66 yg/m>, A
270] 70 yg/m’ 2.2 A-&Ho| o &t ol e
AL 508 B nAUA] B FEI wou A
Holle dd=m A 5o s da Aart wobA
O AHAE 7 ZIHH(Choi et al, 2022). ©HehA] A
=2 71784 2 A A 22 el AAH
AR 7 BARD § 52 s e 4 9l
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3.2. PM-10 ¥ thi7| 55 SA=A

A 874 di7] 5 PM-103 gi7] S85% 719
YAE A3 E7] flste] SPSS FAZZIHS ©]
Pearson A4S AAStA). ti7] 2%
oot FA oA Alelstaint. w4

St A& Table 6 YERHSIAL, 5% §-2]8HE 0.01
olstz2 2|t A o2 FA it PM-107 714 A
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Eo2 masioct. 7] S84 7 ATAES AmEE
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(0.80), &FulE-"t1H%(0.78), &F1&-2(0.70)
o] ATEAIZ} = UeRHTE ol tiE-E B E0]
U Z2HAHZ) e P gEoR PR it
L AR 7F EA61A] o= T 9] FEof tist 5
T7b ] ot o2 G5 7ho] Aol the ] ¢k A
o= gk

322 e 2 2HeA
BFA1 9] PM-100] iRt H7] Sa42] AakarA
= ot} 9242 Sk PM-102 5
A, 7] FE42 U Fi osAgee
A& olste] 2914E EEstarat stelrt. 11 Ao
1174] ti7] S84 FEa FHEEAS Tl v
Q1712 Fof shute] MR whs i, o] ¥gE ol-8-5}

o o3l HE4e A

FAEEAE F5l 3719 A= WRlar, T At
€ Table 701 WetHiet. 12k 12 PM-10°1 sl
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Table 7. The factor loadings after PCA varimax-rotation

F34 SRR 9 954 57} 293

factor
Heavy Metal . > 3
Ca 0.927 0.162 0.104
Mg 0.926 0.082 0.082
Al 0.883 0.225 0.113
Mn 0.254 0.866 -0.038
Cr -0.015 0.796 0.180
Fe 0.629 0.690 0.025
Cu 0.188 0.663 0.286
Pb 0.201 0.528 0.429
Cd 0.018 0.152 0.749
As 0.096 -0.036 0.680
Ni 0.070 0.312 0.593
Variance (%) 41.6 16.1 10.8
KMO test 0.799

Bartlett’s test

X2 =12836.874

WS o & 68.5%5 AW 7Fsottt. o|2g Autol
KMO (Kaiser-Meyer-Olkin) #te] 0.7992 Z3}s}t
ot 9 &= 9lo | Bartlette] 34 A AAtolA =
Ha= 7ho] AdAdo] Q1A Elo] Myt o g gRlEA o]
7Pssitk B TH(X?=12836.874, p=0.000).
QIZF 12 Zg, ul1vlw, O}TD]—E—O] , ol thaEH
Ql B *6“?- 7] SF&0=2 FFAY PM-10

ol 714 ol Zgsle] Gl F2o M QU3 2 7,
2% 2 3, § 980 we g8 usten o
2, A5 olg

Yoz TAEHKim et al
2005; Choi, 2008) 12} 32 7R H]A, YA AR
o7 FEAHAYI A 2 Lo ARoZ 23|

o i ws et A FBolth
PEAY g7 F4Y FHRRAL Fof 22
A

E
k)

37h9] QAL o]835te] PM-10S S&5HeR £
TGS H LSS AAIZE ATE Table 8ol LEFH S
o} E R #0] 0.5762.=2 ©] 37422 PM-10
9] 57.6%E AEL 4= a1, 370 Q1A VIF gro] =%
10 |A] ot %#*d*é% EAkA] kot o]Z A
AtEH FF2]9 PM-10°] g 34 A (7)) &
o} PM-100 78 B2 IFE vA= A=E BESH
ARB)Z vlwstH, EY7|Y AR At 1, =2
Asat @ @] ogh 17} 2, F&4IE AFQfolA] wiE

2}o
R

= A3 AR B2 FF2 A=A
13tk

PM-10 (ug/m’) = 30.592 + 10.961 x facl(ug/nr)
+6.151 x fac2(ug/m’) + 4.802 x fac3(ug/m’) (7)
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Table 8. Coefficients of independent variables in regression model for PM-10
Rergnrjcsliilon 1 facztor 3 Constant
B 10.961 6.151 4.802 30.592
8 0.617 0.366 0.274
P 0.000 0.000 0.000 0.000
VIF 1.000 1.001 1.002
Adjusted R? 0.576
Table 9. Excess cancer risk estimates calculated of carcinogenic heavy metals in PM-10
Excess Cancer risk
HM Industrial Residential Green
CTE? Mean  RMEY CTE Mean RME CTE Mean RME
Pb 2.6E-08 3.7E-08 1.1E-07 1.6E-08 2.3E-08 7.3E-08 1.9E-08 2.8E-08 8.9E-08
Ccd 0.0E+00 5.6E-08 3.0E-07 0.0E+00 4.5E-08 2.2E-07 0.0E+00 5.1E-08 2.2E-07
Cré 1.2E-07 2.6E-07 1.1E-06 6.9E-08 1.2E-07 4.4B-07 9.2E-08 1.7E-07 5.5E-07
Ni 2.3E-08 5.0E-08 1.8E-07 0.0E+00 2.9E-08 1.3E-07 0.0E+00 3.6E-08 1.4E-07
9 Central tendency exposure, 50% percentile
b Reasonable maximum exposure, 95% percentile
Table 10. Non-carcinogenic health risk estimates calculated of heavy metals in PM-10
Hazard Quotient
HM Industrial Residential Green
CTE Mean RME CTE Mean RME CTE Mean RME
Ccd 0.0E+00 1.8E-05 9.6E-05 0.0E+00 1.4E-05 6.9E-05 0.0E+00 1.6E-05 6.9E-05
cr 9.1E-07 2.1E-06 8.4E-06 5.5E-07 9.8E-07 3.5E-06 7.3E-07 1.3E-06 4.4E-06
Mn 8.5E-06 1.3E-05 4.0E-05 3.8E-06 4.5E-06 1.1E-05 5.0E-06 5.8E-06 1.5E-05
HIY 9.4E-06 3.3E-05 1.4B-04 4.4F-06 2.0E-05 8.3E-05 5.7E-06 2.3E-05 8.8E-05
¥ HI represents the sum HQ value of four heavy metals.
3.3.2. H|2RH It FTa5 TR E g2 Aoltt, B0 7] Sa5el
BB e AT §e) B Wbt Elef g T MM R dEE Skleb] Sis) o7 28, Fhe
67t 38, 7tC R, W 3RS =l e} ANjspgm, e T HQ Mo TR SR WIRE Aol (]
7t @A ddE ujarel A7) Safelgk Y FPeA S Al 15 dA oo ng 7] 54 s ot 59
Table 100 jehiiele), FUAel, FAAe, wa U AWK e Ao WrAssic
o 25 WIGIANE AHHQH 15T L S50
2 R, Hpger S e 149 wabe e 4B E
sesloe Wik SR Vw38 N
29y =22 Y ZAX] S 40 & =7 et dhet T PM-10 5 7] 5242] 2014955 2022
oot SAgt Astoln], ol A grA gy DV SEEE B Al SEAA B S R

S B B E B Ak that .
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