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Abstract Harbor industrial area is of importance characterized by high levels of air pollutants that are emitted from ship
traffic and other harbor activities such as yard tractors with uncontrolled emissions. In the present study, the concentrations of
PM, 5 mass, organic carbon, elemental carbon, ions, and trace elements (Na, Mg, Si, S, Cl, K, Ca, Ti, V, Cr, Mn, Ba, Fe, Ni, Cu, Zn, As,
Se, Br and Pb) were investigated in the Busan New Port between Feb. 11 and Mar. 4, 2019. Daily variations were investigated.
Moreover, trace elemental concentrations were validated using two XRF analyses. The effect of major wind sectors based on
conditional probability functions was determined to assess the potential contribution of harbor activities such as scrap metal
handling operations. The harbor sector was also associated with relatively increased levels of trace elements such as OC, EC, Fe,
Mn as welll as SO,2". Fe and Mn was evidenced for harbor emission sector. Therefore this results can contribute to establish the
reduction strategies related to pollutant sources and emission characteristics in harbor industrial areas.
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Fig. 1. Sampling location of the Busan new port.
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Table 1. Analytical conditions of X-ray fluorescence spec-
trometry for PM, 5 trace elements.

Condition Filter Voltage (kV) Analytes
Low Z, No filter 4 Na, Mg, Al, Si, S
Low Z, C thick 8 K, Ca, Cl, Cd, Sn
Low Z. Al 12 Cr,Mn, V,Ti, Ba
Mid Z, Pd thin 16 Fe, Co, Ni
Mid Z,, C thick 20 Cu, Zn
Mid Z, Pd thick 28 Br, Pb, Se, As
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Fig. 2. Calibration curves for Fe and Si using energy dispersive X-ray fluorescence spectrometer.
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Table 2. Method detection limit for target elements using
energy dispersive X-ray fluorescence spectrometer.

ng/cm? MDL ng/cm? MDL
Na 16.53 Mn 1.85
Mg 8.09 Ba 2.98
Al 12.75 Fe 13.47
Si 10.61 Ni 117
S 15.4 Cu 0.46
@] 6.63 Zn 2.34
K 5.53 As 2.71
Ca 8.4 Se 0.73
Ti 713 Br 0.93
\Y 0.39 Pb 6.1
Cr 1.39
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Fig. 3. Comparison of trace elements concentrations using two XRF analyses.
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222 0|82, 7|, 42, 2MZ, 2,

Table 3. Concentrations of PM, 5, sulfate, OC, S, nitrate, EC,
and trace elements.

Compounds Unit AVG. STD.
PM, 5 pg/m? 32.10 10.88
ocC pg/m? 9.46 3.64
EC pg/m? 1.09 0.59
SO pg/m? 6.83 3.52
NO;~ pg/m? 9.44 6.40
Na ng/m? 368.84 113.23
Mg ng/m? 108.67 33.61
Si ng/m? 526.57 1359.70
S ng/m? 3435.17 1632.43
cl ng/m? 343.46 348.70
K ng/m?3 452.40 207.81
Ca ng/m? 100.96 44.71
Ti ng/m? 11.04 5.53
\Y ng/m? 10.82 15.12
Cr ng/m? 11.85 1531
Mn ng/m? 43.37 35.87
Ba ng/m? 8.58 3.87
Fe ng/m? 415.11 253.63
Ni ng/m? 16.91 14.60
Cu ng/m? 5.43 6.90
Zn ng/m? 95.62 57.86
As ng/m? 6.39 5.83
Se ng/m? 2.71 1.81
Br ng/m? 12.11 7.65
Pb ng/m? 23.46 12.20
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Table 4. Previous results for PM, 5, OC, EC, Fe, and Mn.

Sampling site (53?:;3) (“;)/;3) (ugE/Cm3) (ngF/em3) (ngh/};g) Reference Research period
Yangshan Harbor in China 44.02 0.41 0.63 97.71 5.11 Mamoudou et al,, 2018 For one yearin 2016
Busan North Port 26 4 13 244 25 Jeongetal., 2017 For one yearin 2013
Thessaloniki's port in Greece 66 10.5 23 3412 291 Tolis et al., 2015 For one year in 2013
Taichung Harbor in China 44,77 - - 253 21 Fang and Lee, 2008 From March 2004

to January 2005
Hok Tsui in Hong Kong 24.2 3.96 1.73 127.5 7.5 Louie et al., 2005 From January 29, 2014
to April 21,2014
Hung Hom in Hong Kong 50.92 9.45 5.80 250 9960 Ho et al., 2003 From November 2000
to February 2001
Patras in Greece - 348 7.3 Manousakas et al., 2018  For one year in 2012
Gothenburg in Sweden 6.15 57 3 Molnar et al., 2017 From September 2008
to September 2009
This study 32.10 9.46 1.09 415.11 43.37 -
o vAEA 9] S=E A s vk 3.3 CPF 2Hof oJ§t ZX|X 2 HIEH FX
+ HAIZF STk shARE S 710k vig o = oF A TEA RAFE o] 8 =4 9 U2 HiEY 4
A7t wle- vlEet A2 Aered off, ek 9 x]o e dir]ed Bl JlojA Saste, thEAl
o] nlqA] Frot EAS HrtHE HollA ApE Hoz CPF EHo| Qlth(Ashbaugh et al., 1985). CPF
A& UEdiH, 2 A7 2HE AFAT et vl = 54 S5 FEold 54 &5 st S #
SHITH (& 4). PM,y5 55+ 57 Yangshan Harbor 3 Bt} =5 S5 AL 5, §5, 3% 9 ARt
Taichung Habor, -5 Hung Hom, 12| Thessaloni-  The} Y4 5ol tigt glo|5 & wiAlst 54 213
ki's portoll 4] 44 pg/m’ oFo 2 & A4 AYHt & of YL A= T FHe 2elote dge A
grom, o]elo] Hat Bk &l AQHl Gothenburg 5 (Malby et al., 2013).
] 371 A 92 26 pg/m’ oJ5k= - A A HHTt AT 717 FL A 2 H¥e] 7] meks ¢
Ak S 54 2ol it AFek, 3 E S5 A=E
APAtol A BAH PG T34 & Fe, o835t CPFE Altste] 19 6 9 & 59 el
Mn 555 A HH A, Thessaloniki’s port 3,412ng/m?, It CPF 242 & Aol A 4] 30% 250 of
291 ng/m? (Tolis et al., 2015), 3-& Hung Hom 250ng/ ¢ ZUX|E EAI517] Qloff 0|83t Ao =, S 49
m’, 9,960 ng/m?* (Ho et al., 2003), 5= Taichung  IFE FaFol thsh Lk olsfist= o] A=Ado] =
Harboro| A 253 ng/m’, 21 ng/m*Z EAEIE & 2 Z3E A&
Lol A= 415.11 ng/m?, 43.37 ng/m> 2 LFERLY} F=F B Lo A= PM, 5, SO, S, OC, EC, NO;™, Mn,
AQEY 52 5= AHE YETh ol &% ¢ Feoll tidt CPF 24 23}, 27| 7 &gl w9
gluet Aol TS E A2 AR A For FAEIAT AA, 0~40 L1 260~300%=
A4 dife sYste g ol 712A=E AlTd = Lol WiEdel] we A 548 s £ o,
At 0~40%= Q12 B F ATdEA] 9 A k= ApgHlE
o] Betgddor w4 9o, 260~300kE &
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Fig. 6. CPF results of PM, 5, 5042’, S, 0C, EC, NO;™, Mn, and Fe.

Table 5. CPF results of PM, 5, 50,27, S, OC, EC, NO5~, Mn,
and Fe.

Compounds ~ 0~20  20~40  260~280  280~300
PM, 5 0.61 049 031 0.26
50> 0.60 038 031 045
s 0.56 037 031 045
oc 027 0.28 058 043
EC 0.24 025 051 031
NO; 0.58 057 022 0.11
Mn 037 041 041 0.22
Fe 037 038 043 0.22
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