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Characteristics of Hazardous Heavy Metals in Particulate
Matter(PM-10) of Busan

Sang-Hun Leex, Jeong-Min Park, Jun-Hyuk Kim, Seong-Hwa Choi, Jin Kwak

Environment Health Team

Abstracts

The objective of this study was to identify the sources of heavy metals in PM-10 using Positive
Matrix Factorization(PMF) and Conditional Probability Fuction(CPF) to clarify the priority reduction
target among the identifed sources by health risk assessment. The PM-10 samples were collected at
Hakjang, Yeonsan, Gwangan in Busan from January to October 2022. The 33 elements (Al, Mg,
Ca, Fe, Si, Pb, Cr, Cd, Cu, Mn, Ni, Zn, Li, As, V, Se, Sr, Sb, Mo, Be, Co, Ti, Tl, K,
Na®, Ca*", Mg®, CI', NH,", SO,*, NOs", OC, EC) were analyzed using Inductively Coupled Plasma-Mass
Spectrometry(ICP-MS). A total of 7 sources were identified and apportioned by PMF. Contribution
of 7 sources were as followes : Biomass burning(21.4%), Road & Vehicle(22.5%), Resuspended
dust(7.3%), Soil(11.5%), Secondary aerosol(15.1%), Sea salt(9.4%), Industry(7.4%_Hakjang-Gwangan)
/ Combustion (23.6%_Yeonsan). And also, the risk assessement was applied to metals, that
were categorized as human carcinogens and probable human carcinogens, in the 7 sources.
As a result, level of the excess cancer risk was over 1.0E-06 that Road & Vehicle(1.3E-06),
Industry(5.6E-06), Secondary aerosol(2.0E-06) at Hakjang, Road & Vehicle(3.4E-06) at
Yeonsan, Industry(1.8E-06) at Gwangan and Hazard Index was under the limit value(<1) at
all sites.

Key words . PM-10, Heavy metal, PMF, CPF, Kisk assessment



N
Hr
N

I
\l
r_Q

THEE X33 / 202444

1. M2
2RI Edsiotol s) omA A] Holo] 2
A Wt AN Aiste, Fer SUTE §

A =], IEFS FUOR 3 29
o
=

o] XA TjQFA0] UH_?_ =2 X|dolt}]).

AN A (PM-10)= 478 10um |5t 7] Cls
gote 2A2 AP 714 o) AR ket
cokst QlojAl HjE Yo 2 HE ‘?3”35}'31, =¢e}

St Ee 380l A998z tE 542 7t
R ez gRA Ao 121 ojAHAE V)=
of A= 714, mW7lee Astet 22 2571 ¥d
At goyle & UAlO fafist 4TI A=
202 d2fA 9lil, WHO Atste] ZA|YA14
(IARC)o|A= PM(Particulate matter)2 1+

@27 (Group 1)2 A7gste] Tt gick. 0]
HRAIZE QA jRlE falge of7lolet At
St ok, ARl SAtE0l BRIt a4
o elgt A STt galol of 2 BAR %
53 QP

a4 50| 4~5 g/cn O] 4 2 ¢
Boukg &t o]59 g2, O] 5 5348
3719 Y|, 9717712’ 2 £ AAH
BAtE FJEj2 EAGICHY. o] & nlNHA|of Fa
o] Qe 533452 3542 E 5ol AA0 S
=2 AL 557 2 VAL AEA SOl 58 9
= 0]A ¥ ofYz2}, Y (Lung cancer) 5& 7%
ste e Eﬂﬂi E}Z“

Table 1. The analytical item in PM-10
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Item in detail

Heavy metals

Al, Mg, Ca, Fe, Si, Pb, Cr, Cd, Cu, Mn, Ni, Zn, Li, As, V, Se, Sr, Sb, Mo, Be,
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Fig. 1. Study sites in Busan
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Table 2. Toxicity information of carcinogenic and non-carcinogenic metals for risk assessment

Carcinogenity classcification Inhalation unit risk S
US-EPA® IARC>1 (ng/m®) ource
As A 1 4.3E-03 US-EPA IRIS?
. US-EPA IRIS?
Carcinogenity | A ! 2.4E-04 (Ni Refinery dust)
cd Bl 1 1.8E-03 US-EPA IRIS?
Pb B2 2A 1.2E-05 US EPA [RIS?
Carcinogenity classcification
genity RfC%(pg/m®) Source
US-EPA IARC
Mn D - 5.0E-05 US-EPA RIS
c Non- Al - - 5.0E-03 US-EPA RIS
arcinogenic
Se D 3 2.0E-02 OEHHA®?Y

2United States Environment Protection Agency
"The International Agency for Research on Cancer
“Reference Concentration

9The California Environmental Protection Agency’s Office of Environmental Health Hazard Assessment

Table 3. Exposure factor for risk assessment

Factors Unit Values Source
Body weight (BW) kg 64.5(S.D.=12.65)
Inhalation rate (IR) m®/day 14.62(S.D.=3.19)
Lifetime (LT) year 70 Korea NIER?%
Exposure frequency (EF) day 365
Exposure period (EP) year 25
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Table 4. Meteorological conditions at Hakjang

RfC(mg/m®) x BW(kg) / IR(m?/day)

Temperature(°C)

Wind direction(16)

Wind speed(m/s) Relative Humidity(%)

ol
akang m o AU W | Sp

SU AU WI | SP SU AU W | SP SU AU W

Mean 116 252 202 29 | SW SW NE
SD 33 26 44 28 - - -
Max 18.0 294 272 85
Min 58 182 141 -30| - - -

- 16 1.0

NwW | 28 31 29 26 |700 818 703 483

10 14 10 10122 74 7.1 129
58 78 52 48 |932 98.0 8l.1 69.5
16 1.3 |451 681 576 247

*SP © Spring, SU : Summer, AU : Autumn, WI : Winter
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Frequency of counts by wind direction (%)
Fig. 2. Seasonal windrose at Hakjang
Table 5. Meteorological conditions at Yeonsan
Yeonsan Temperature(°C) Wind direction(16) Wind speed(m/s) Relative Humidity(%)
SP SU AU Wl | SP SU AU Wl | SP SU AU W | SP SU AU WI
Mean 121 261 191 39| Sw SW N Nw | 1.7 13 16 14 |57.1 796 685 371
S.D 38 23 34 28 - - - - 04 06 06 04 |142 82 97 152
Max 199 297 260 83 - - - - 24 26 28 22 |8l5 964 835 609
Min |57 189 139 29| - - - - |10 05 07 07[295 658 490 109
spring (MANM) summer (JJA) autumn (SOMN) winter (DJF}
W m%A- £ E [w 1|J%--\ 4 e |w ‘% /a E [w \XK\ E
“7N / N . x
ESEE——
Oto2 2to 4 4106
(ms7)
Frequency of counts by wind direction (%)
Fig. 3. Seasonal windrose at Yeonsan
Table 6. Meteorological conditions at Gwangan
Gwanean Temperature(°C) Wind direction(16) Wind speed(m/s) Relative Humidity(%)
e SP SU AU WI | SP SU AU Wl | SP SU AU W | SP SU AU W
Mean 1.7 240 198 46 | SW SW NE NW | 30 27 34 31 |658 8.3 732 430
S.D 35 27 33 22 - - - - 1.3 16 14 07 (152 73 105 151
Max 179 282 258 8.1 - - - - 6.3 90 71 48 978 991 916 689
Min 55 16.8 138 0.9 - - - - 1.8 09 11 21 |36 706 533 159
spring (MANT) summer (JJA) autumn (SON) winter (DJF)
20% Ay 20% 20% 20%
w b E |w — E|w L - E |w E
’, -
/ EHR
—
Oto 2 2to 4 4to 6 6to 9
(ms™)

Frequency of counts by wind direction (%)

Fig. 4. Seasonal windrose at Gwangan



8 HASAAEYUE F33H / 20244

2.1. O]AAX]|(PM-10) dEZE"3

7] % DIMHAIY] A¥HRQl /-2 o2, A,
LGS 0E4)et 1 9] 7|E JEER I
o, XGAQl E/dol T} tha Rlol& EOIE Hoz
LA QIth. UHA] o] JLgulg-Lo VeI R
(Unknown)& A|@]stl O] > &a > T7l~é¢ =<
o=z OFEW o, APdER 2RlE njNHA9]
Fu]8-2 5] 5(2018)0] 771 Heix|elo] nlqH
Al BEA4ATH0]-2_40.9%, B4 _15.9%, F7)1€A_5%,
7|EPIE_38%)9} H]25H E442 B YtKTable 7.). 0]
%5 IEAE A RHoA g-o dulEol
4.7%~7.1%=. 7}% =2 7102 YER=t), YuApt
A o717t ARSH AEA E/dol sl Bitis] LAY
sH= vAMHR| ] JFo g RZ7|¥FL Hrot 5
71gt Zlo g maElt(Fig.5.).

2.2. A2 oARR] R S5 5 2

OINIA] = SPdEol et 31.9+13.1 pg/me
2 A4Fs(23.4+10.6 pg/m), ZQH5(25.8+12.4 pg/
m) Bt =2 Zloe YEtHT: UNRIA] 5 S35

== XZ71Y(Crustal)g&yt 02K Trace)24
2 7295}0] Table 8. of LfERACH

AZ71da4d da4 304 7V 52 555
Uepd =2 sPts Fe(+ 0.7907 pg/m)a} Zn
(G4 0.1689 pg/mi), FAFE Si(H7 0.2300 pg/m)2t
Zn("+ 0.0552 pg/m), Y9ts Fe(H+ 0.2206 g/
m)2} Zn(F+t 0.0524 pg/m)Ql 702 UERITE 0]
FEs 5 3R] 75004 Cr, Cu, Mn, Nio]
Ef A7 O8] 527t w2 A= UER=T, ol 54
A9 U 8 I8 ea-Feriad7ede] o
skO] 7—]3; }\]-E_E][;].

gl 554 st VAR 5= Sg0f e} He)

+ Ag AT 2 otk e AsH A=
gt A autE DNHA] 5=t 2285 37.7 ng/
, A 27.4 pg/mi, Ot 32.8 pg/m)of| vls} of =
(& 27.1 pg/mi, 94 19.4 pg/mi, Ot 22.2 ng/
m)o] Y2 7oz Ueith 3 334 5= 4
AShs o2 U=, vlaiA Y g s 52
=2 JﬁH WAlsH= A|Z71da49] iE(i” 60.5%

AAF 70.9% 7HA, Ot 76.4% 714)7} nj2F2

2 B, re

Table 7. Composition ratio of PM-10 in each site (Unit @ %)
Hakjang Yeonsan Gwangan

SP SU AU WI TO SP SU AU WI TO SP SU AU WI TO
Ful\é[/_ég 37.7 271 246 393 319|274 194 208 271 234|328 222 198 351 258
Ion 344 292 284 347 320|421 385 329 505 413|357 357 357 31.8 350
Carbon | 186 188 21.1 250 20.8 | 186 30.1 19.9 289 242 | 16.1 180 16.0 194 173
Metal 7.7 45 3.2 55 54 | 5.1 2.3 2.1 3.0 3.3 4.7 1.8 1.9 1.8 2.7
Unknown | 39.4 475 473 348 417 | 341 29.1 451 176 31.2 | 435 446 464 470 450

*SP @ Spring, SU : Summer, AU : Autumn, WI :

Hakjang

J1H
5

Spring Summer Autumn Winter

Yeonsan

Winter, TO : Total

Spring Summer Autumn Winter Spring Summer Autumn Winter

= Carbon

Metal = Unknown

Fig. 5. Seasonal composition ratio(%) of PM-10 in each site
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Table 8. Concentrations of PM-10 and Metals in each sites (unit: ug/md)
Hakjang Yeonsan Gwangan

Mean S.D. Mean S.D. Mean S.D.

PM-10 31.9 13.1 23.4 10.6 25.8 12.4

Al 0.1031 0.1571 0.0767 0.1458 0.0669 0.1454

Ca 0.1236 0.1855 0.0680 0.1312 0.0604 0.1525

Crustal Fe 0.7907 0.6444 0.2200 0.1964 0.2206 0.5377
Mg 0.1259 0.0734 0.0885 0.0576 0.0936 0.0653

Si 0.3321 0.4563 0.2300 0.3984 0.1675 0.3575

Total 1.4754 1.2308 0.6831 0.7919 0.6089 0.9002

As 0.0026 0.0043 0.0018 0.0043 0.0016 0.0040

Be 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Cd 0.0006 0.0006 0.0005 0.0007 0.0005 0.0007

Co 0.0003 0.0006 0.0001 0.0003 0.0001 0.0003

Cr 0.0107 0.0131 0.0020 0.0021 0.0020 0.0022

Cu 0.0160 0.0198 0.0042 0.0056 0.0031 0.0035

Li 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001

Mn 0.0236 0.0279 0.0050 0.0060 0.0037 0.0048

Mo 0.0017 0.0017 0.0004 0.0006 0.0003 0.0004

Trace Ni 0.0127 0.0157 0.0015 0.0054 0.0010 0.0023

Pb 0.0045 0.0088 0.0025 0.0043 0.0021 0.0037

Sb 0.0029 0.0031 0.0022 0.0024 0.0020 0.0023

Se 0.0009 0.0015 0.0038 0.0031 0.0050 0.0036

Sr 0.0012 0.0012 0.0008 0.0012 0.0008 0.0012

Tl 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Ti 0.0075 0.0077 0.0052 0.0060 0.0050 0.0068

\% 0.0007 0.0008 0.0005 0.0006 0.0005 0.0006

Zn 0.1689 0.1452 0.0552 0.0416 0.0524 0.0461

Total 0.2548 0.2148 0.0861 0.0649 0.0802 0.0638
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Fig. 6. Monthly average concentration of metal and PM-10 in each site
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Table 9. The source contributions for metal in Hakjang (unit: %)
Hakjang
Biomass Road &  Resuspended ] Secondary

burning Vehicle dust Industry Soil aerosol Sea salt
Al 0.5 0.0 57.9 2.0 34.6 5.0 0.0
Fe 6.8 23.4 21.3 24.7 20.0 1.6 2.2
Si 2.4 0.0 0.0 0.0 91.0 6.6 0.0
As 11.9 12.2 63.8 0.0 0.0 11.8 0.3
Cd 14.1 30.7 32.7 0.0 0.5 22.0 0.0
Cr 0.1 13.8 30.1 40.2 8.3 6.3 1.2
Cu 0.0 14.6 48.3 314 0.0 45 1.2
Mn 2.9 15.3 42.5 20.6 17.1 0.0 1.6
Mo 35 30.4 0.4 51.6 13.7 0.0 0.4
Ni 0.0 0.0 21.3 72.8 0.0 5.9 0.0
Pb 7.1 11.9 70.3 0.0 4.0 5.8 0.9
Sb 40.3 31.3 18.0 0.0 0.0 9.5 0.9
Sr 2.3 35 45.8 17.9 8.5 13.6 8.4
Ti 18.0 15.6 36.7 6.4 19.1 2.7 1.5
\Y% 6.9 19.4 24.0 20.1 19.1 10.3 0.2
7n 0.0 45.7 8.9 19.2 20.9 0.0 53
Total 7.3 16.7 32.6 19.2 16.1 6.6 1.5

Table 10. The source contributions for metal in Yeonsan (unit: %)
Yeonsan
Biomass Road & Resuspended ] 3 Secondary

burning Vehicle dust Combustion Soil aerosol Sea salt
Al 0.2 7.9 9.3 3.0 78.7 0.0 0.9
Fe 0.0 31.1 20.8 17.8 27.9 0.0 2.4
Si 0.0 0.0 1.7 3.0 90.4 3.6 1.3
As 4.0 0.0 74.7 20.0 0.0 0.0 1.3
Cd 10.6 0.0 30.8 49.4 0.0 0.0 9.2
Cr 0.0 9.9 10.5 17.2 13.6 48.8 0.0
Cu 1.2 5.5 60.1 18.3 6.2 8.7 0.0
Mn 1.8 14.4 32.1 12.1 27.2 12.4 0.0
Mo 0.0 0.0 4.8 49.8 13.4 32.0 0.0
Ni 0.0 0.0 62.4 0.0 20.4 0.0 17.2
Pb 12.3 0.0 66.3 10.1 8.4 1.8 1.1
Sb 28.5 0.0 21.9 40.6 0.0 0.0 9.0
Se 45.2 0.0 0.0 37.9 1.0 0.0 15.9
Sr 7.7 0.0 39.7 0.0 35.1 13.6 3.9
Ti 10.4 16.7 25.0 7.4 35.2 2.2 3.1
\Y 5.0 0.0 15.4 12.6 28.0 39.0 0.0
Zn 0.0 0.0 21.6 49.7 7.8 20.9 0.0
Total 7.5 5.0 29.3 20.5 23.1 10.8 3.8
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Table 11. The source contributions for metal in Gwangan (unit: %)
Gwangan
bumng  Venicle | anet . (Geapoy Sl Sqonca?  Seasalt
Al 4.2 1.4 0.0 1.1 88.7 2.0 2.6
Fe 6.9 49 5.7 17.0 49.9 15.6 0.0
Si 0.0 0.0 1.7 0.0 94.3 1.4 2.6
As 0.0 5.1 0.0 57.2 36.6 0.0 1.1
Cd 0.0 10.1 0.0 76.0 7.1 0.0 6.8
Cr 0.0 0.0 11.3 14.5 29.3 42.1 2.8
Cu 0.0 0.0 12.6 34.9 32.7 19.8 0.0
Mn 8.6 1.2 11.3 11.7 57.3 9.3 0.6
Mo 0.0 0.0 29.2 11.7 15.1 44.0 0.0
Ni 0.0 3.8 0.0 19.0 477 0.0 29.5
Pb 53 43 0.0 38.2 50.4 0.0 1.8
Sb 2.7 27.8 0.0 58.4 7.8 0.0 33
Se 0.0 62.5 0.0 8.7 0.0 12.1 16.7
Sr 3.6 3.6 7.0 10.3 71.7 0.0 3.8
Ti 10.8 13.3 8.4 2.8 54.0 10.4 0.3
4 7.9 0.0 19.2 0.0 35.9 36.6 0.4
n 0.0 0.0 5.1 51.6 23.8 16.6 2.9
Total 2.9 8.1 6.6 24.3 41.3 12.4 4.4
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Table 12. Excess Cancer risk level on carcinogenic metals in each source?
Excess Cancer risk
boming Venicle et (Combuston) Sol e0cal  Sea salt
Hakjang 4.2E-07 4.3E-07 3.4E-08 1.8E-08 1.9E-08 4.3E-07 2.0E-08
As Yeonsan 2.2E-08 1.1E-08 9.4E-08 (9.8E-08) 1.0E-08 1.1E-08 1.6E-08
Gwangan 7.0E-09 1.6E-08 7.0E-09 5.8E-07 2.7E-08 7.2E-09 9.9E-09
Hakjang 1.9E-08 1.9E-08 3.9E-08 5.5E-06 1.9E-08 1.1E-06 1.9E-08
Ni Yeonsan 6.3E-09 6.5E-09 5.9E-08 (6.4E-09) 2.0E-08 6.4E-09 4.8E-08
Gwangan 7.0E-09 1.2E-08 7.0E-09 4.0E-08 3.8E-08 6.8E-09 4.8E-08
Hakjang 9.2E-08 2.3E-07 1.2E-08 6.1E-09 6.5E-08 1.6E-07 5.7E-09
Cd Yeonsan 7.8E-08 5.3E-09 2.5E-08 (2.2E-07) 5.4E-09 5.5E-09 7.5E-08
Gwangan 4.8E-09 7.4E-08 4.8E-09 4.2E-07 1.1E-08 4.8E-09 3.1E-08
Hakjang 3.6E-07 5.9E-07 3.3E-08 1.4E-08 4.0E-08 3.4E-07 2.3E-08
Pb Yeonsan 3.9E-07 1.1E-08 1.3E-07 (3.3E-07) 3.0E-08 3.0E-08 2.1E-08
Gwangan 5.1E-08 4.2E-08 1.1E-08 7.5E-07 3.6E-08 1.0E-08 2.3E-08
Hakjang 8.9E-07 1.3E-06 1.2E-07 5.6E-06 8.4E-08 2.0E-06 6.8E-08
Total  Yeonsan 4.9E-07 3.4E-06 3.1E-07 (6.5E-07) 6.6E-08 5.3E-08 1.6E-07
Gwangan 7.0E-08 1.4E-07 2.9E-08 1.8E-06 1.1E-07 2.9E-08 1.1E-07
Table 13. Non-carcinogenic health risk(HQ) for metals in each source®
Hazard Quotient (HQ)
Bompss  Rood & Reoupended Indily | Sol  Semnday oo g
Hakjang 5.1E-07 1.3E-07 1.0E-06 6.1E-07 4.5E-05 1.9E-05 1.1E-07
Al Yeonsan 1.4E-07 1.9E-05 1.1E-06 (8.0E-06) 3.0E-08 1.1E-06 3.7E-07
Gwangan 1.0E-05 7.5E-07 3.4E-08 4.5E-07 3.1E-06 9.2E-07 9.3E-07
Hakjang 2.9E-04 1.0E-03 2.7TE-05 7.7TE-04 6.8E-04 1.0E-05 2.3E-04
Mn Yeonsan 5.1E-05 2.0E-04 3.0E-05 (1.6E-04) 1.7E-04 3.0E-05 3.7E-06
Gwangan 9.8E-05 2.9E-05 1.2E-04 1.3E-04 1.6E-05 9.0E-05 9.8E-06
Hakjang - - - - - - -
Se Yeonsan 1.0E-06 1.0E-07 1.0E-07 (9.0E-07) 9.8E-08 1.0E-07 3.2E-07
Gwangan 2.3E-08 1.9E-06 2.4E-08 3.5E-07 2.3E-08 4.3E-07 3.9E-07
HI* Hakjang 2.9E-04 1.0E-03 2.8E-05 7.7E-04 7.3E-04 2.9E-05 2.3E-04
Yeonsan 5.2E-05 2.2E-04 3.2E-05 (1.7E-04) 1.7E-04 3.2E-05 4.4E-06
(2HQ Gwangan 1.1E-04 3.2E-05 1.2E-04 1.3E-04 1.9E-05 9.2E-05 1.1E-05

*[f HI>1, potential non-carcinogenic health risk would occur
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Fig. 19. Excess cancer risk level on total carcinogenic metals in each source
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