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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 ug/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 yg/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 99 9 127 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
12 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 5 - 5 3
Inhalation unit risk? (ug/m?) RfCY (mg/m?) RfDY (mg/kg-day)
e A Lung cancer 1.2E-02 1.0E-04 3.0E-03
Ni ~ d)
(Refinery dust) A Lung cancer 2.4B-04 N.A. N.A.
cd Bl Lung, trachea, 1.8E-03 NA. 5.06-04
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 1’ of air over a 70-year life span for a 70kg human, IRIS,

US-EPA
b 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

A5(H 4] F oz EhdTh(4] 5). o/ HI 447k HQ = LADD / RfD
12 2Ysle Zole 1737 flsid el 2T 7t HI = YHQs
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Table 4. Concentrations of artificial, soil component heavy metals and ratio of artificial heavy metals

(unit : yg/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)
Y 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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Table 5. Concentrations of PM-10 and heavy metals in seasonal (unit : yg/m*)
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 03156 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 05652 03848 13179 0.1861 0.1913 0.5241  0.2977 0.2650 0.7583  0.5198 0.5373  1.5359
Mg  0.1782 0.1021 03689 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%

9 Reasonable maximum exposure(95% upper confidence level)

Y Total average heavy metal data
9 Ratio of artificial heavy metals to total heavy metal concentration(Pb, Cd, Cr, Cu, Ni, As, Be)
9 Ratio of soil composition heavy metals to total heavy metal concentration(Mn, Fe, Al, Ca, Mg)
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Table 5= AEE sEE4E £4517] 9ot &
(39~5%), 9506E~89), 7F=0¥~119), A&
(12€~29)& Wvol, 2 AEE PM-10 % B &
% B sEMean)@t FEHAKS.D.), 95% w1
%] RME (Reasonable Maximum Exposure) #5-&
e Aol o7 B 5= BH
1.4448 yg/m’22 7V w2 8 HAN, 11t

=y

o2 AL(1.2939 wg/m?), 7+&(0.8303 ug/m?),
£(0.5928 1g/m’) w02 ettt oju BHo] o
AR 2 49 =A Yetdth B3 & W7 S5
FE 3 A4 SES EFAERE TS HEE A
AR ATHA oF 71, AS2 A4 S5
S0] 1.84% ~ 1.93%, EIFPE FIF& HS&2
98.07% ~ 98.16%2 H]x=3l H|&-E H it stA|qt,

EFE S5 HeS 5400 98.53%= 7V =4
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Table 6. Correlation coefficients among PM-10 and heavy metals (p { 0.01)
PM-10 Pb Ccd Cr Cu Mn Fe Ni As Al Ca Mg
PM-10 1

Pb 0.58 1

Cd 0.26 028 1

Cr 0.26 0.31 0.29 1

Cu 0.50 0.53 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 0.35 0.41 0.25 0.22 0.26 1

As 0.20 0.28 0.24 0.08 0.14 0.12 0.14 020 1

Al 0.62 0.31 0.22 0.22 0.34 0.38 0.70 0.23 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
UeRgt), ol et A e GAEA tE @ H9HE Table 691 UERIRR, B f2l2HE 0,01
pol wHo| of 0% WARTH: AT AA(eon,  OISHE Feldt AR BARC, PM-105} 7 A
2012)%} 2ol B4 FALY] FFo s EFHE 55 o] =& FE2 Zw(0.69) °I, H(0.62), &FH|
Hl-go] 371t Aoz wETt Shabe] of kS wol #(0.62), FF14E(0.60) =22 =4 Uit o]z
= 29 o 7] Sa59 A4 B st =2 9 3 EE0] PM-10 5% 5 U2 2HA|sta 917] of
ojAgt, W, A&, e, U3, A, H|&, A v vlE Tog masigt 7] Fe4 1 S AnEy
2 A&4ol RME #tel B &34tk 7IEE-2 Bt 5% -1t 1v4(0.86), EFrE-Z2+(0.81), ¥-2
7}0.0001 ~ 0.0002 yg/m’ W= Uebga, Y2 3 (0.80), ¥FulE-t14%(0.78), &FHlE-2(0.70)
T HX+= 0.0005 ~ 0.0007 pg/m’® HY=Z et = o] /AT =A ettt ol= tiEE EY/d=ol
e RT AE Aduglel mie wg HEHSICH U E2HAPAR e #E o R FFA L iyt

PM-10 vk YoM B st B(37 uwg/m’)
> AL(B5 wg/m’) > 7HE(25 ug/m’) ) AB(24 ug
/mS) 207 lr_;qu]- RME Zr-& EH4o] 66 ug/m3 A
20| 70 yg/m>C 2 AHo] o &9t} o] 2o
FAF o2 B nAHR] Byt 57 o, A
o= g Ag 507 397 d4rt wolA
0 AW 22 Z7FA 71T Choi et al, 2022). WEkA] A
24 g7|AA 9 A S 2 JJAF Aol AX|H
AARAE BER e SR v 4 9

o7 534 S22

SKel
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Table 7. The factor loadings after PCA varimax-rotation
Heavy Metal factor
1 2 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 X% =12836.874
WEs ol & 68.5%% A% 7HFsstth. o|=gt A1t He A 3 AR B TS A= A IRIT 5

KMO (Kaiser-Meyer-Olkin) #°] 0.799=2 Z3}sk
ohy g 5= 9low Bartlett®] +E4 A4 AT
A= 7he] A/do] /1A E]o] HutH o=z gQluAo]
7hsettta TEoh(X2=12836.874, p=0.000).
A7} 12 Z, utavlE, EFulEoell, ol tEs
1 BV AR d7] SE&502 FFAY PM-10
of 71 wol ZgtElo] 9l ot} A 2% U,
g 4, Fe, AR s2 A HYon ol =
2, AsAte] ot oY s MHEHH(Kim et al,
2005: Choi, 2008). 1A} 3-2> 7F=&, H|A, YA &
o7 FETWANGANA FE Hdes Ao F
Aol wi-¢- vlet AEE F=olot

BFAG 7] TEE0 FHAEEEE 5l =&
3709 QIZFE ©]§35t] PM-102 T45KI4E £
FA Y] A4S HAIRE AIHE Table 89 YERAA
o} 9 R? 30] 0.5762.2 ©] 3|94 2E PM-10
9] 57.6%E AT & AL, 370 Q1A VIF #lo] 5
102 94| grot thg-5-4/d2 EA5HA] (3tet. o2 A
ArEH FF2]9 PM-10] dig 3] AAS A (7)7 &
o}, PM-10°] 7F @2 93-S A= JoE BES
A(HE HwshH, E7Y AR A1, B2 E

—

o

ATt
PM-10 (ug/m) = 30.592 + 10.961 x facl(ug/m’)
+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

Regression factor
model 1 > 3 Constant
B 10.961 6.151 4.802 30.592
B 0.617 0.366 0.274
D 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
Cd 0.0E+00 5.6E-08 3.0E-07 0.0E+00 4.5E-08 2.2E-07 0.0E+00 5.1E-08 2.2B-07
cr* 1.2E-07 2.6E-07 1.1E-06 6.9E-08 1.2E-07 4.4E-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
2 Central tendency exposure, 50% percentile
Y 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
Cd 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 4.4B-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
HI? 9.4E-06 3.3E-05 1.4E-04 4.4E-06 2.0E-05 8.3E-05 5.7E-06 2.3E-05 8.8E-05
9 HI represents the sum HQ value of four heavy metals.
3.3.2. HIYEEIL FTas FEoE T2 Aatoltt, B9| ti7] Fa&el
AR AT el d@ Wbt so g 0 I S8 G elet] 943 671 28, h=
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7 gEAEE o A% fAGG WY g 1S EANRUACER ] I5 B % FY
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