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The Analysis of Characteristics in PM10 and Airborne Heavy
Metal Concentration variation of Busan Metropolitan City

Yeong-Dae Cho Ji-won Kim, Dong-Hun Choi
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Abstracts

As a result of applying trend analysis to PM10 data collected from the air environment
measurement network in Busan for 22 years from January 2002 to December 2023, the annual average
PM10 data in industrial, commercial, and residential areas tends to decline and accelerates the
decline based on changing points. Seasonal average PM10 data also have a downward tendency, but
the presence or absence of changing points and acceleration vary by region.

From January 2014 to December 2023, a principal component analysis(PCA) was conducted using
general air quality items, air born heavy metals, and weather data collected from the air environment
measurement network in Busan for 10 years, and the dispersion of air quality items was explained
in the order of self-contribution, on-road vehicles, and policy impact in industrial areas, followed by
commercial on-road vehicles, internal inflow, and external inflow (crust-derived), and residential
areas were explained in the order of self-contribution, internal inflow, and on-road vehicles.

Key words : PM-10, Heavy metal, Trend Analysis, Sen's slope, Mann-Kendall, Pettit's test PCA
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Table 1. Information of sampling sites in this study
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Area Sampling site District Location Land type
Heavy metal Hakjang-dong (HJ) Sasang-gu Busan Hakjang elementary school Industrial
monitoring Gwangan-dong (GA) Suyeong-gu Busan Hanbada Middle Scool Residential

system Yeonsan-dong (YS) Yeonje-gu Busan Metropolitan City-hall Commercial




3. Al BAH

H7sa4 E8Y AlediFle stolesAEsd
(Micro PNS HVS-16, MCS, Germany)Z 1,130
L/min®] §40 2 0} 7902k 24412 14 1519
T FPSE L FI4 4T A4S 9 15 cm A9
o R|(QFH 150, Hahnemuehle , Germany)E AR5}
ck. ofxle AR A.E Fe L I A0l &
A== 24A17F 50t GIAIZI0]E] Yol Bt H 0.1
wg’tr] AT 4 9= XL(ME5-F, Satorius,
Japan)= 2715 £7g519ih

FIAENL 10U B YA/ IEE Austol A
B AR E TE7EIE AFESH 1/4= HHslA F740]
9= 100 mL Pyrex SgjHof Y1 1.0M Akt
2.23M @AF 2590(1:1)2 30 mL 75t £33t 57|
(BC-1200W, BOSCO, Korea)o|Aq 28 kHz=z 100 °C
2AZF 25k A3 & 5A ofx|2 ofakst 5| 259
2F 100 mL7} E] == 519tk o] Alg+= ICP-OES(Varian
720-ES, USA)Z Atgste] £34 HEs BAsl9
t}.

a =]
WY Y 2

3.1. EIc B X (Trend Analysis)
3.1.1. Mann-Kendall A&

Marn-Kenall 22 AP 7 -4 World meteordlogical
organization)’} 7[’dAt=9] dFd 242 a2 ©
Hshs Yo g, ARl ARgEl= HolE 9] g
2 78R Qi BlRAR Aol A
AR Xt (t=1,23 ...,n) t=1 2., ndtt=
t'+ 1, ..., n AP Xto]] tigh 27] vwE Fal B
4ol EA] 8% % A YIS AT, oV 3

O o ’ (o)

g A= A (L)Y AAAHindicator)
sgn(Xt-Xt')2 ol-&sto] LERACt
1, lf)(t > AX;H
sgn(X, — X;) —{ 0, ifX, = X, (1.1)
-1, if X, < X

Je2]a A(1.1)& o]&sto] Kendall §AF SE Al
(1.2)°F ZFo] &Jojsict

S = ZS = E E sgn(X, — X,). (12

Uot=t+1

ofuf SO B4ke 4] (1.3)1} o] FofAlck. me

SAREGAl T2 & PMI0 Ui 335 s #Hst &Y &

44
w

O|f] AAE R E&sto] F1/43t 74 Q-5 o2 Sof 47)
o] 3508 Uz 4 e Ak Zol, 24 Hefollxg]
59 /a5 HEhdt

m

n(n—1)2n+5) = D¢, (t, —2)(2t, +5)

Var(S) = = : (1.3)

H29] 4 nol 108}t 2 o (n > 10), Set Var(S)
2 olgdle] BRYFRES TRt AISAY 73

chgo] 4] (1.4)e} 7291 Aot & ik,

S—1
S >0,
Var(S) (1.4)
Z=10 .
ST
Var(S) '

A2AX 02 Mann-Kendall ZAoA= 21(1.4)9]

WSS 78 olgelo] A1 Aol Aol £
TS FIY 2 o TRTAYYS) $2)

@ Jhssick 2 ol

3.1.2. Sen’s slope

Sen's Slope Y2 Sen (1968)0] A|QHSH 4] 7]
27] J=g Wiehe sluas WHoe, 54 /1%
710] 579 95l YRS AR Al2.1)e} 7
o] 7o) el AAF B4} GiE o] 83te] 53k Qmed
S 3 H o] 32 Sen’s Slope FAZrOo 2 ARESH
o}, 59k Qmedi= A(2.2)3} o] ojer & 9lck.

XX
- 21

QL,:

Qn+17

5 if nisodd

Qmed = Q(n+2) + Qn+1 (22)

2 ifniseven
2 )

3.1.3. Pettit A

Pettit AX-C A}50] BHE 71A5IK] L AALE
A2l H5H(Change Point) £A| o5 A75H=
H| A A% widolot. JA T AEC] AAE Ats



|
4  BABFATHUE H34AH / 2025

ol sl =7 t Aol WEHQIX|S A5l sl A
AY BEZLe] w9)rank)2 o] 8sto] A (3.1)7 2L
=25 ULT 2 ARSI 2F AJ"e] ULT 5 Alohat
S A1 (3.2)7} 20] Pettit 2 EAZF KT2 Hofsict.
T3k gojske PE Al (3.3)7} o] ARt 4 9ict.

t T
Ur= 2 sgn(X — X)), (3.1)
i=1 j=i+1
K;=max| U, 4| (3.2)
—6K2 )
P~ .
exp( T 7 (3.3

AT golsbll UeRd t AlS Alo] Wk
o2 WL 5 9} B Aol Pettit RS
[21R] Alzol EAfsts Golet WEAe Bl

ofm o

-

a o o=2 o

o, gE WEAS 71EoR AR AlRE 7
Zh ZRkRe Subhe SEsh /), S 2 ]
Sen’s slopeS Alitste] HEH A90] HFd H=
S vl 24t

>

N ol

3.2. B 5 XA (Principal Component Analysis)&
5% AR5

BB 90 19013 0] mjoj&(Karl Pearson)o]
oJaf A|etelon, 1930thof Harold Hotellingd]|
ol Expo2 WAs) ol 1Al HloleE
RAIde] dlolH= &A= 7[HO A o 52
2 25374 dolele] B4 2L B0 5924 A
Seloick, Z R EAS AR AT 7hsAo] 9l 1
A BEES AFAWol gle MR 5HE
w)o] HEo 2 WEsh| s Al WEke AHgalck
F/9Rol ARISE U ERe| AY Suct A
2} olElS & Fje] Zo2 AV} AIAS T, 1%
Aol 7V ARl F2 A ¥R 4 F WA= A

Ho

e &2 F VA 2oz =5 Az ata

w; = arg max Fl(wz)?} 4.1

Fwi=1

YA (4.2)0lxet o], k-178e] F/3=20] ofu]
Folr] gl m) k) F4%-L olo] k-] e
AQJgto 2 A AHE 4~ Qlct,

A k-1
T =2 — Ewiwirx (4.2)

o] F7gA] (4.3)0le} o], o] 2 Hloly Y
oM Aejet tha FdE2 M2 et

w, = arg “%%ilE{(wT@.)Q} (4.3)

TP GGA (4.4)001M 9t o] 7HRAl-2H ¥
dlolef 32 X Skt EaiE A2 tha ¥
(4.5)°F o] X5 L79] 5o et WL= 9]
TSRO AVIAA B2 HolH Ay YE A
2} Xo] SR HH o W 334 C=XXTY]

HE] i Wel SLsi (78 A(4.6)). 7P
© & HEE ol FZolM 7P
SRS A Aol tisE-

i od 1

Mok E o

my T
O

X=wxvT (4.4)
XxT=wz*w? (4.6)

Y= w/x=3,V} (4.5)

4, AR1AM

4.1. E=RAY
4.1.1. 3GAY

22472002\ ~ 2023'F) 28 LA (EE)
o] AE+t PM10 AAIE At&0f tjsi Mann-Kendall
747 434" 27} Table 1042} 20| st} 24
o] Erste 7o Uelith. ©5 e HES ot
°fs7] 915l Sen’s slope %t2 AR Ant 22 UE}
Wk 5. BRI A3 227 ATF PMIO A
o Ak 29E B PMI0o] @iF of 2 g/t 2Ast
£ %ol ekt e ¢ 4 ik Figure 12
Sen’s slopes o]-gato] 227t AH+ PM10 At=0]
chet ZePde AR 2o Est okt AR

oo o=2
FIF 4 ek M {75 Tefsh] ffah Pettit
AR R A 20131 0] WEHoR T w9l
on, ¥5gS 7IE0R Al2E AV SukRE U
+0] Sen’s slopeS AT EH, WAl 20134 o)



HAYAA O7] 5 PMI0 W 524 s Hst S 24 5
Table 2. Trend analysis using annual average PM10 data(Hakjang-dong)
. Sen's slope | Sen's slope
Period | Kendall S | Z-statistic | P-value Trend seiy Cha.nge before after
slope Point . .
changepoint | changepoint
2002 _
~ 1245 -0.828 < 0.05 |downward| -2.000 2013 -2.667
(> 0.05)
2023
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Fig 1. Annual average PM10 and its Sen’s

slope(Hakjang-dong).
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Fig 1-1. Seasonal average PM10 and it's Sen’s
slope(Hakjang-dong, Spring).

Table 2-1. Trend analysis using seasonal average PM10 data(Hakjang-dong)

Sen’s Sen's slope Sen's slope
Period Z-statistic | P-value Trend Change Point before after
slope . .
changepoint changepoint
Spring _ _ - _
(Mar.~May.) 4.3724 < 0.05 2.067 downward 2014 (> 0.05) 2.067
Summer -
(Jun.~Aug.) -3.9242 < 0.05 -2.000 downward 2015 (> 0.05) -2.794
Autumn -
(Sep.~Nov.) -5.3576 < 0.05 -2.222 downward 2012 (> 0.05) -2.292
Winter -
(Dec.~Feb.) -4.9103 < 0.05 -1.433 downward 2012 (> 0.05) -2.302
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Fig 1-2. Seasonal average PM10 and it's Sen’s
slope(Hakjang-dong, Summer).
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Fig 1-3. Seasonal average PM10 and it's Sen’s
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Fig 1-4. Seasonal average PM10 and it's Sen's
slope(Hakjang-dong, Autumn).
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Table 3. Trend analysis using yearly average PM10 data(Yeonsan-dong)
, Sen's slope | Sen's slope
Period Kendall S | Z-statistic | P-value Trend Sen s Chapge before after
slope Point . .
changepoint | changepoint
2002
~ -143 -4.018 < 0.05 |downward| -1.125 2017 -0.500 -3.250
2023
Table 3-1. Trend analysis using seasonal average PM10 data(Yeonsan-dong)
2 Sen's slope Sen's slope
Period Z-statistic P-value Senis Trend Chapge before after
slope Point . .
changepoint | changepoint
Spring ~ B _ —
(Mar.~May.) 3.6954 < 0.05 1.226 downward 2016 (> 0.05) (> 0.05)
Summer -
(Jun.~Aug.) -3.8913 < 0.05 -1.444 downward 2009 (> 0.05) -1.917
Auturnn -4.0339 < 0.05 -1.103 | downward | 2017 -0.750 -2.667
(Sep.~Nov.)
Winter -
(Dec~Feb.) -2.2558 < 0.05 -0.833 downward 2017 (> 0.05) -4.167
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Fig 2. Annual average PM10 and it's Sen’s
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Fig 3. Annual average PM10 and it's Sen’s
slope(Gwangan-dong).
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Table 4. Trend analysis using yearly average PM10 data(Gwangan-dong)

Sen's Change Sen's slope | Sen's slope
Period | Kendall S | Z-statistic | P-value Trend ang before after
slope Point . .
changepoint | changepoint
2002 _ _
20~23 -112 -3.1421 < 0.05 | downward | -0.923 2009 (> 0.05) (> 0.05)
Table 4-1. Trend analysis using seasonal average PM10 data(Gwangan-dong)
Sen’s Sen's slope Sen's slope
Period Z-statistic| P-value Trend Change Point before after
slope . .
changepoint changepoint
Spring -2.6506 | <005 | -1.070 | downward 2008 - -
(Mar.~May.)
Summer | o951 | <005 | -1583 | downward 2009 - -
(Jun.~Aug.)
Autumn - g 6705 | <005 | -0.956 | downward 2009 -1.000 -
(Sep.~Nov.)
Winter
(Dec.~Feb.) -1.6126 > 0.05 - - - -
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Table 5-1. Principal Components Anaylsis(Hakjang-dong)

RC1 RC2 RC3 RC5 RC4 RC6 RC7
year -0.02 -0.11 -0.8 0.08 -0.12 -0.17 0.14
month -0.13 0.28 -0.03 0.42 0.12 -0.33 -0.39
Pb 0.3 0.22 0.49 -0.11 0.59 0.03 0.12
Cd -0.01 0.2 0.15 0 0.8 0.05 0.07
Cr 0.72 0.32 0.33 0.27 -0.14 -0.02 0.16
Cu 0.4 0.3 0.32 0 0.12 0.04 0.53
Mn 0.72 0.41 0.3 -0.09 -0.12 -0.01 0.19
Fe 0.78 0.38 0.25 -0.11 -0.04 0.01 0.12
Ni 0.71 0.26 0.3 0.3 -0.18 0.03 0.12
As 0.11 -0.04 -0.04 0.04 0.75 0 0.02
Be 0.11 -0.03 -0.16 -0.06 0.1 0.04 0.75
Al 0.8 -0.05 -0.23 -0.31 0.11 -0.02 0.01
Ca 0.81 0.19 -0.1 -0.34 0.23 0.05 0.02
Mg 0.84 -0.09 -0.07 -0.17 0.14 -0.11 0.02
03 0.14 -0.79 -0.06 0.01 0.1 0.22 -0.12
NO2 0.29 0.76 -0.03 -0.1 0.12 0.29 -0.11
NO 0.29 0.82 0.11 -0.04 0.07 0.09 0.01
NOX 0.31 0.87 0.06 -0.07 0.1 0.19 -0.04
SO2 0.26 0.23 0.71 -0.16 0.14 0.31 -0.05
CO 0.32 0.48 0.11 -0.13 0.17 0.35 0.03
PM10 0.74 0.19 0.2 -0.3 0.16 0.38 -0.02
PM25 0.52 0.26 0.26 -0.17 0.16 0.68 0.01
PM25/PM10 -0.3 0.11 0.1 0.22 0 0.8 0.06
Temp -0.06 -0.41 -0.05 0.71 0.2 0.04 -0.26
WD 0.18 0.2 -0.06 -0.27 -0.36 -0.09 0.16
WS -0.03 -0.52 0.69 -0.01 -0.03 -0.24 0.07
humi -0.2 -0.04 -0.2 0.84 0.05 0.11 -0.01
Pre -0.15 0 -0.02 0.41 -0.15 -0.09 0.3
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Table 5-2. Principal Components Anaylsis(Yeonsan-dong)

RC2 RC1 RC6 RC3 RC4 RC5 RC7

year -0.09 -0.25 0.13 -0.02 -0.83 0.09 0.03
month 0.1 -0.03 -0.13 -0.05 -0.1 -0.74 0.05
Pb 0.09 0.21 0.03 0.88 0.17 0.07 -0.06
Cd 0 -0.02 0 0.93 -0.01 0 0.07
Cr 0.17 0.6 0.18 -0.09 -0.34 0.02 -0.02
Cu 0.59 0.51 0.13 0.46 -0.05 -0.11 -0.03
Mn 0.32 0.64 0.39 0.15 0 0.01 -0.16
Fe 0.3 0.61 0.63 0.1 -0.05 0.09 -0.17
Ni 0.17 0.84 0.13 0.02 0.03 -0.17 0.11
As -0.03 0.05 0.04 0.84 -0.06 -0.01 -0.05
Be 0.03 0.08 0.46 -0.06 -0.16 0.43 0.25
Al 0.06 0.33 0.83 -0.01 -0.03 0.25 -0.08
Ca 0.29 0.29 0.68 0.12 0.06 0.15 -0.31
Mg 0 0.14 0.88 0.05 0.09 0.13 -0.1
03 -0.76 0.21 0.06 0.17 0 0.15 -0.16
NO2 0.77 0.48 0.07 0.11 0.11 0.07 -0.06
NO 0.9 0.18 0.12 0 -0.01 -0.03 -0.02
NOX 0.9 0.35 0.1 0.06 0.05 0.02 -0.04
SO2 0.03 0.52 -0.02 0.37 0.44 0 -0.12
CO 0.71 0.36 0.02 0.11 -0.07 0.23 -0.13
PM10 0.14 0.66 0.4 0.17 0.33 0.25 -0.2
PM25 0.25 0.69 -0.01 0.2 0.33 0.38 -0.17
PM25/PM10 0.11 0.15 -0.71 0.06 -0.16 0.4 0.09
Temp -0.47 0.22 -0.12 0.12 -0.13 -0.55 0.42
WD 0.12 -0.06 0.15 -0.02 0.45 0.07 -0.02
WS -0.23 -0.06 0.07 0.03 0.76 0.08 0.07
humi -0.08 -0.04 -0.22 0.09 -0.03 -0.28 0.75
Pre 0.05 -0.13 -0.09 -0.11 0.04 0.16 0.75
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Table 5-3. Principal Components Anaylsis(Kwangan-dong)

RC2 RC1 RC6 RC3 RC5 RC4

year 0.10 -0.34 -0.09 -0.01 -0.01 0.74
month -0.22 -0.10 0.06 0.07 0.34 0.22
Pb 0.01 0.15 0.08 0.90 -0.06 -0.08
Cd -0.08 -0.04 -0.06 0.91 0.07 -0.04
Cr 0.21 0.42 0.18 0.02 -0.09 0.35
Cu 0.19 0.42 0.41 0.65 0.05 0.20
Mn 0.52 0.47 0.18 0.18 -0.13 0.21
Fe 0.78 0.44 0.16 0.12 -0.19 0.19
Ni 0.15 0.75 0.14 0.06 0.30 -0.01
As 0.05 0.04 -0.08 0.78 -0.02 0.04
Be 0.23 -0.07 0.01 -0.05 -0.01 -0.05
Al 0.84 0.21 -0.02 0.01 -0.19 0.10
Ca 0.82 0.27 0.14 0.05 -0.20 0.01
Mg 0.87 -0.01 -0.11 0.03 0.01 0.01
03 0.15 0.19 -0.80 0.10 -0.08 0.06
NO2 0.15 0.52 0.76 0.08 -0.10 0.00
NO 0.06 0.19 0.88 0.03 -0.07 0.09
NOX 0.12 0.40 0.88 0.06 -0.09 0.04
PM10 0.65 0.60 0.12 0.16 -0.15 -0.11
PM25 0.22 0.82 0.16 0.17 -0.18 -0.25
PM25/PM10 -0.48 0.59 0.12 0.05 -0.18 -0.20
Temp -0.11 0.09 -0.35 0.13 0.76 0.29
WD -0.19 -0.05 0.01 0.03 -0.46 0.47
WS -0.06 -0.13 -0.09 0.03 -0.20 -0.81
humi -0.28 0.09 -0.11 0.06 0.80 -0.12
Pre -0.05 -0.21 0.12 -0.17 0.49 -0.01




Fig 4-6. PCA diagram(Gwangan-dong)
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