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Characteristics of Variations in Atmospheric Heavy Metal
Concentrations in the Pyeong—Dong Industrial Complex, Gwangju
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Health and Environment Research Institute of Gwangju, Gwangju 61954, Korea

Abstract

This study investigated the long-term concentration characteristics, seasonal variations, and potential sources of
atmospheric heavy metals measured at the Pyeong-Dong Industrial Complex in Gwangju, Korea, using five-year
monitoring data (2020-2024). A total of 12 elements (Pb, Cd, Cr, Ni, Cu, Mn, Ca, Mg, Al, Fe, As, and Be) were analyzed. The
results showed that crustal elements, including Fe, Ca, Al, and Mg, dominated the overall composition, whereas
anthropogenic trace metals such as Cr, Cd, Ni, and As were generally observed at relatively low concentration levels. Most
elements exhibited a common increase in 2023, and clear seasonal patterns were identified, with lower concentrations in
summer and higher concentrations in winter and the transitional seasons (spring and autumn). Factor analysis classified
atmospheric heavy metals into three major source-related factors. Factor 1 was a crustal source associated with soil and
resuspended dust, characterized by Ca, Mg, and Al; Factor 2 was an industrial and metal-processing source characterized
by Pb, Fe, Mn, and Cu; and Factor 3 was a combustion and metal-smelting source dominated by Cd, Cr, Ni, and As. Polar
plot analysis incorporating wind speed and wind direction revealed that the contributions of all three factors increased
predominantly under low wind-speed conditions, indicating that local emission sources and stagnant atmospheric
conditions exert a stronger influence than long-range transport at the study site. Seasonal polar plots further showed
distinct directional dependencies among the factors, with the industrial and combustion-related factors exhibiting higher
contributions during autumn and winter. These results provide useful baseline information for source-oriented
management strategies and for improving heavy-metal monitoring networks in industrial areas similar to the
Pyeong-Dong industrial complex
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2013). 7] & S5 4t A,
& 9] F8} 5 ThFe
i th7] ZOE”H%H‘:} HiEH S ¢l 2|
A 2= A OPO‘ﬂ 0431 ﬁET'::‘ Eofl Aol 2= o]
QA A7k ¢
A7A &7 “5_
2% Al e 4 °1E‘r(Kang et al., 2018; Choi
et al., 2021; Matei et al., 2025). 3] At x oLt
WEEFo] W2 FUAHo A= Lyt thr] ol vl
a5 557t =4 vehH, Pb, Cu, Cr, Ni 5 8
TE2 AGAAEN A 1o wiEEE thaEA]l
L HAEARE A AcK(Park et al, 2022). olef wHt
YA E ARG} EAXGE FHE 7] F
a5 5k BT EA ol T A7t g = o] g
o &4t 5 A RAIE tg e ® oF Aol A= PMio
9 PM,s Y 5559 AEH A B} 3L &
Ao, AHAgE, A A4 D A4t WA FQ 7]
o 8R0S Hustglom Bt 4d 9t Al A9
< YR T AT E 7] 5 T8 3404 &
2o} /o] A F 9 4HY 28t wF o o] whet ‘Ia
S 2ol & Holx A0 2 YeldthJeong et al., 2023;
Ju et al., 2025; Matei et al., 2025). FFFG Aol A
= 67l 7] FEESHAE T 1270 = thigt ¢
9 5U7e] AP+t S E FARSEY ok 6709] ti7]

FFEEALE SAA D Vs, BAAY 2704, 57
SEPLELEL B

e
), 2020955 202447t
219 EARE B FAA A AT F5SHA
oA Cr, Pb, Mn & 9914 #i& 7199 554 &7t
o2 EHAC H&) Aoz =4 Ut
(Gwangju Institute of Health and Environment,
2025). BEAL chaket 4] BEI AR 475
St o g2 ZQ35lo] vjE EAo] Alo]ol of 8] F40]
ZAstn], 29 2)d1} 7|4} 2A9] oS dho}
237} 23k R 542 ZHItKim et al.

2023). webd 2 QRAHE BEA RS =
AaoflA HFE 7] F rlAHAPM)E ez
128 334 1 BARE Rkl 5 42

@ SHL st 0dUe] §1HH BE 54 5
4oz Prloto] & ? Wiz e 9 o715 R4 24
@9 ML 99 | 2ARES AT Sttt

2. A2 U uhH

2.1. 5824

Fig. 1 B4 B A9 U Al A3 A
& ekl Zolc). sid AE-e ATl S 4] 9]
Aoto] QI F0 ALY G FHHOR HHYg
P 4 g ARoz BEEL e F9 434
EAORE BE U B S 200 mO] BB,
S 300 m o54te] 9IxIste]l AL FAaka

Atk ol#t AR AFojM= AW A F(ocal
circulation)©] F=o] 7| L FEHL] =% A=}
A FAIZE, 2t oFdol MBtE AV A, AA, A
14 i;ﬂ _‘:_o] tﬂ—A ].tq ‘|‘— /\]-;(]9]. Tﬁ;q7]. 01@@- 1]
P2 Eo] 7| e dEH 9] 4t tf7] S5O T4
FFE 1A 7}“5*3 o] ltH(Seinfeld and Pandis,
2016). FEol= F /i 8 HAE=7T 1 A
o, B&ol= EAIE I Y E AL Qlo] AFF uijE 7t
A E o]Z= 9 A9l gt A HEol gy & 224
FLol 71 AL R o et B3 = 41114 1l
AR AFAAAe] Bt glo], Y & Oﬂ ‘ﬂr
HjEo] Z2H 0 & 7] F Fa%
| 7Hs Ak AR ¢ FF AgEA W WiE
S| =& 7\17\]- ol 147], 7\}%“]., _J;fa}_/:lﬂ o 77
, 88 W%t}‘jﬂ AL & Ve dF o2 AEEHH, F
T AT 18.2%= UL, A5t K& o
AFT-2 13.9%, A2 & I T2 20.5%, S~
g 9 78 3 AF2 11.2%, oFe AlE T 452
11.2%, 71t 20.0%5 AAol= Aoz AT
(Gwangju Metropolitan City, 2025).
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Aol M= 718 EEAT 4222 o
2t TrOH a4 1285(Pb, Cd, Cr, Ni, Cu, Mn, Ca,
Mg, Al Fe, As, Be)2 AR O 2 XA sto] B35}
Gt A= A 7172 202049 195 20249 12€
7] 5 Azt vl 5G4 S E Gl om 1RFF I =
N 71(DHA-80, Digitel, Switzerland)E ©|-&5}¢]
2o 2HE oF 2.5 m EoloA AlmE HF st
(Climate Energy and Environment Department,
2025). A &AFH Al AF F7F2 oF 68 m/hro = A
G4-+2 = (Quartz fiber filter, 7 150 mm, Pall,
U.S.A)oll 24 A1t Fot sl om il 547 & 5
72 2 & AgSte] 7] Al =E AQF skl ZEof
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4R T A5oHA ddste], 1.03 M ikt
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A R2E FH[SHTE I 3 100C T2 =30 7HdstH
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ob EBA(ICP-OES, Avio 500, PerkinElmer,
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ICP %8 Instrument Calibration Standard 2 (100
ug/mL, Perkin Elmer, U.S.A.)& AHE5HT

2.3. 3=#2|(QA/QC)

TE5 123 A edes A0 E 2eE
A F&E0,0.01, 0.05,0.1, 0.2, 0.5 mg/LE A

zoto] AFAE Adstant. W AEHAl(method
detection limit, MDL)E A&k ZEZFEEI 0.05
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Astgon, 48 94 HUE Yrh= 0.1 mg/L 5%
o] FF-GH-G o]-85to] 43] BHE EA5to] Table 19
A AgE vt} Zro] AtZoteint. I A3t 8 i AE
SHAlE= 0.0001~0.0054 mg/Le] "= YEptom,
120 A FEo Fd=EEs 10% °H, Agks
75~125% o2 I et Bt A o] A4
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StaTt 2, 24 Y F 9 o BE 15t flot
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Table 1. QA/QC data for heavy metals
Metal Pb Cd Cr Cu Ni As Fe Mn Al Ca Mg Be
Calibration curve (R?) 0.999 0.999 0.999 0999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999
Standard deviation (ug/L) 0.8 0.1 0.4 0.4 0.4 1.7 0.3 0.1 0.3 0.7 0.6 0.1
MDL (ug/L) 2.6 0.3 1.2 1.3 1.3 5.4 1.0 0.1 1.0 2.2 1.9 0.3
Precision (%) 0.6 0.4 0.4 0.7 0.2 2.1 0.3 0.6 0.2 0.3 0.8 0.2
Accuracy (%) 101.9 101.6 999 101.3 100.7 102.8 100.7 101.2 982 101.0 107.8 101.6
Table 2. Statistic of atmospheric heavy metals in Pyeong-Dong industrial complex (2020-2024)
Concentration (ug/m?)
Soil Artificial
PMio
Fe Ca Al Mg Pb Mn Cu Cr As Ni Cd Be
Max. 3.0883 2.0515 1.8731 0.9550 0.1380 0.3049 0.0460 0.0200 0.0312 0.0086 0.0040 N.D. 110
Min. 0.1197 0.0005 0.0042 0.0089 0.0001 0.0030 0.0001 0.0001 0.0001 0.0001 0.0001 N.D. 4
Med. 0.6595 0.2872 0.1538 0.1072 0.0183 0.0516 0.0085 0.0023 0.0013 0.0008 0.0001 N.D. 31
Ave. 0.7929 0.3834 0.2085 0.1377 0.0228 0.0667 0.0105 0.0031 0.0030 0.0014 0.0003 N.D. 35
S.D. 0.5326 0.3475 0.2670 0.1197 0.0191 0.0500 0.0075 0.0033 0.0044 0.0014 0.0004 N.D. 18
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Fig. 2. Yearly mean concentration of atmospheric metals in Pyeong-Dong industrial complex: (a) soil-derived metal
components and (b) artificial metal components.
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Table 3. Factor analysis statistics for determining the number of factors (N=285)

Factor 1 Factor 2 Factor 3
Ca 83.4 4.6 12.0
Mg 78.7 0.9 20.4
Al 80.8 2.0 17.2
Fe 28.6 55.3 16.1
Mn 0.0 86.5 13.5
Pb 1.7 98.3 12.0
Cu 2.8 87.7 9.5
cd 11.0 23 86.7
Cr 0.0 0.0 100.0
Ni 13.2 3.8 83.0
As 16.7 15.0 68.3
Eigen value 4.652 1.857 1.318
Variance (%) 42.143 16.954 12.250
Cumulative (%) 42.143 59.097 71.347
KMO test 0.766
Bartlett's test 2%= 2241.273 (p<0.001)
Table 4. Factor-based multiple regression analysis for total heavy metal concentration
Parameter Coefficients R? p-value
Constant 0.097
Pyeong-Dong Factor-1 0838 0.899 0.000
Factor-2 0.501
Factor-3 0.193
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Fig. 5. Polar plots of factor contributions as a function of wind direction and wind speed in the Pyeong-Dong industrial

complex: (a) factor-1 (Ca, Mg, Al), (b) factor-2 (Fe, Pb, Mn, Cu), and (c) factor-3 (Cd, Cr, Ni, As).
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