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Abstract: The purpose of the present study was to investigate whether the degree of air pollution can be
evaluated via examination of local plants. Selected sites included two parks in an industrial area, as well as
two parks in an urban area. Selected plant samples comprised one-year-old pine shoot leaves. Leaves growing
over 2 m from the ground were collected from over 10 pine trees. Leaf surface was analyzed for deposition
of 14 trace elements and 16 polycyclic aromatic hydrocarbons (PAHs), including particle size and mass, surface
imaging, precipitation-mediated particle removal rate, and concentration. Particle size ranged from 0.4 to 200
um, and the volume percentage of particles <10 was 20 %. Deposited particle mass ranged from 0.450-0.825
mg, and precipitation-mediated removal rate ranged from 10.0-27.6 %. Trace element concentration, as measured
by ICP/MS after microwave acid digestion, was 18.8-26.3 mg/kg As, 0.08-0.13 mg/kg Be, 0.06-0.08 mg/kg
Cd, 4.91-17.8 mg/kg Cr, 5.26-405 mg/kg Cu, 1,930-2,670 mg/kg Fe, 3.03-28.1 mg/kg Pb, 26.9-42.8 mg/kg
Mn, 2.66-10.4 mg/kg Ni, 4,560-8,730 mg/kg Al, 2,500-6,120 mg/kg Ba, 5.27-17.8 mg/kg Rb, 40.9-95.3 mg/
kg Sr, and 4,030-8,260 mg/kg Zn. Concentration of PAHs, as analyzed by GC/MS/MS after liquid-liquid
extraction and purification of deposited particles, ranged from 1.17 to 12.378 mg/kg for XPAHs and from 1.17
to 12.378 mg/kg for ZPAH;.
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ANE7F G970 BASE JEEAT] A FY7)0 F Aol Held A BHL 53 AEE FRE
23k Fof WHHEEE 1,800 rpm~1,900 rpmOE A4 A Feth 259 A7 o B2 dH o
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2 W &9t Fig. 1. Ist-year shoot of pine leaves.
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Table 1. Analytical parameters of ICP/MS Table 2. Quantitative mass of elements by ICP/MS
Parameter Condition Elements m/z Elements m/z
RF Power 1200 W Arsenic (As) 75 Manganese (Mn) 55
Plasma gas flow 17 L/min Beryllium (Be) 9  Nickel (Ni) 60
gr;éggggis) Auxiliary gas flow 1.5 L/min Cadmium (Cd) 111 Aluminium (Al) 27
' ’ Nebulizer gas flow 1.07 L/min Chromium (Cr) 52 Barium (Ba) 138
Copper (Cu) 63 Rubidium (Rb) 85

CH,4 gas . .

(99.999 %) Plasma gas flow 0.6 L/min Iron (Fe) 56 Strontium (Sr) 88
Lead (Pb) 208 Zinc (Zn) 66

Double pass type
(scott type)

Spray chamber

Nebulizer Cross flow type Table 3. Analytical parameters of GC/MS/MS
Mass analyzer Quadrupole
Dwell time 50 ms The part of gas chromatograph
Sweeps 25 seconds DB-5MS UI (cross-linked 5 % phe-
Reading 1 cycle Column nyl methyl silicon, 60 m x 0.25 mm
Replicate 3 cycles I.D. x 0.25 pm film thickness)
Scan mode peak hopping Inlet 310 °C
70 °C (2 min) — 20 °C/min —
Oven 240 °C (2 min) — 5 °C/min —

237. CIEHUSHEREISISAR (PAHS)2|
b sl A (PAHs ) = :’—5%27};(]%— 293
E.

310 °C (23.5 min)

Carrier gas & flow rate  He, 1.2 mL/min

A o}oq D AEE 7182 - FE3 Injection mode Pulsed splitless
g & GCMS/MSE #4384t Al5e] &5 & Injection volume 1.5 uL

]E AAS 2 L 827 23 dichlorome- The part of mass spectrometry
thane/n-hexane &g (15:85, v/v)S 12}l 50 mL, 2 lon source Temp. 250 °C
= 25 mMLE 93 B0 2&59t) 77t = Transfer line 310 °C

Table 4. Quantitative and qualitative mass of PAH compounds by GC/MS/MS

Quantitative Qualitative
IUPAC NAME Abbr.* M.W. IDL* (mg/L)

m/z (eV) m/z (eV)
Naphthalene Naph 128.18 102 (40) 77 (45) 0.001
Acenaphthylene AcPy 152.20 150 (5) 76 (50) 0.005
Acenaphthene Acp 154.20 152 (50) 77 (55) 0.005
Fluorene Flu 166.23 139 (50) 115 (50) 0.001
Phenanthrene Phen 178.24 176 (40) 151 (40) 0.001
Anthracene Ant 178.24 176 (40) 151 (40) 0.005
Fluoranthene Flt 202.26 200 (45) 150 (50) 0.001
Pyrene Pyr 202.26 200 (50) 150 (50) 0.001
Benzo(a)anthracene BaA 228.30 226 (40) 200 (55) 0.002
Chrysene Chry 228.30 226 (40) 200 (55) 0.005
Benzo(b)fluoranthene BbF 252.32 250 (50) 224 (55) 0.001
Benzo(k)fluoranthene BkF 252.32 250 (50) 224 (55) 0.001
Benzo(a)pyrene BaP 252.32 250 (50) 224 (55) 0.001
Indeno(1,2,3-cd)pyrene Ind123 276.34 274 (50) 248 (50) 0.003
Dibenz(a,h)anthracene DahA 278.36 276 (50) 250 (50) 0.003
Benzo(ghi)perylene BghiP 276.34 274 (50) 248 (50) 0.002

*Abbr. : Abbreviation
*IDL : Instrument Detection Limit

Vol. 31, No. 6, 2018



9 isopropanol2 1 mL, X3} 4
EFEZ (0.5 mg/L, 02 mL)yS H7H8EA
o WIF2FEZ 2= acenaphthene-d10, chrysene-d12,
perylene-d12, phenanthrene-d10, p-terphenyl-d145 A}
&3kt
FE8M FF5L AT EEF7IE F 1 mL7t
2 g7k ZEE(bath 2% : 30 O F, 55
3 71HE nhexanest FAE 2 IS o]-85ko] 15 mL
FEA B &4 0.5 mL7t B W] AasEr|=
LA ZITE GCMSMS Z783 17 Al5d e HF
3= isopropanols H7}3te] A E38] 0.5 mLE 25
th PAHs S5 913 GOMSMS®] 7] 71%71&
Table 39 QEZZ a3 APEH S8 Jepon,
AR 1650 e A 2 BA ¥

Table 49} 72T},

¥ 4L ol

3. gat o nF

3.1. &K MHEM

£ Q7R o] BAEA L Table 591 Ve A3} 72
o] &o] J= Hat 49 N (46 N~52 7)) oItk &
QA7 A 9] EAE HE 0939 g(0.779 g~1.040 g), &
A NG FAE FBE 0.017 g(0.014 g~0.019 g), &
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Table 5. Characteristics of pine leaves by sampling site

Number" Weight? (g)

Location
Needles Sheath ~ Shoot Needle Sheat
PG 49 1 0.779 0.014 0.113
PK 48 1 1.040  0.019 0.128
PN 52 1 1.011  0.017 0.127
PC 46 1 0924 0.018  0.096
Average 49 1 0939 0.017 0.116
STDEV 2.5 - 0.117  0.002 0.015

1) Number : Average Number of needles and sheath in a shoot
2) Weight(g) : Average Weight of a shoot, a needle, and a sheath
in pine leaves

AR 2] FAE Hat 0.116 g(0.096 g-0.128 g) 1A
ok A EAF 2ARR RO 99 A, U7 9

TA A= 22 2.5, 0.117 ©| AT}

&7HA] Ewo AE YR B A==
A3 7ro] 0.4 um~200 um J <)
i 59 Aol

s
153 Y=

=

o

>

w

=

I\>
oyt e e oy
|
\
‘
]
N
EEL e EEEE
| ) .‘
] i

= i 10 0030
Particle Size (um)

PK

Particle Size Distribution

o = N W s~ O N ® ©
e

Particle Size (um)

PC

Distribution of particle size on pine leaves by sampling site.
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2 e el Burlge] i Wat ATk 29 0= s Il olel e Ao BT, AR
of AEE YA B YR FE w4 e A 7 ARG 22 £ 7139 2717 10 pme20 pm
A 7] ZAAAuThs 2 YAES] BEG B W9 veht 1 olge] Qe 7132 Fal F4
STk oz WAl ZAZYO o passive § 71 HIL 10 um ol3ke] JAETO] /152 B3
dolx, Ak /N RAA/ BeRe B4 e vkl BUY F 9e A0R FYY & Ak oA Lo
AT wF, 10 pm ol3ke] Ak /1Fel FHEE  O7lel e eyt Aabd BAe) £2 13 5
5 Chpa @20 O Aoleki A FIL ArhE s 2ol Jbsaki, WA AlE R Y=
2y R Aol 10 um olste] MARAE 7} e AN £ W FHo] /5E Aot
20% °14< AT glof mAwA 2 Fu 0F
o Y3 09 AuE AT & U Ao A 4. EHE URY BEo T
ATt E7HAC A A =29 FAl= Table 601
Hebd A3k el i 0.636 mg (0450 mg~0.825 mg)
33. £9l9 EHEYN
49 FUS A AR 2Y3 A3} Fig 390
= :‘_ = ' ]_o_ = ;j‘_ O?JJ‘ lf ]C] Table 6. Weight of particle matters on 1st-year shoot of pine
A HolFs 23 o] FFE] e A 2dE leaves by sampling site
kvl 7 S =i o] 401 T o 2O ZAl O [y R=x
O] “d’éﬂz\)\t}. = 3» iIL_tH_\_ 7] o= —é__tl-—i HX}'E . Weight ofparticles (mg)
o] Aol ANUXL & W FHL Z37 AloJAt Location
olo] 1S o] WA o] UL B3], B AHOZ needles(a) sheath(b) shoot(atb)
= . =9, & A=
ol 5 7‘:;;7_0?] -]i‘iﬂv‘q 01;]}\ 011}7;4&]74 al 7:o Ean PG 0.485 0.340 0.825
o e n e B o e PK 0.330 0.160 0.490
2 £ Aok ek Ee HFEHS e dAVG PN 0330 0.120 0.450
B2 25T AHIZ Q7= oHA FUAT & PC 0.570 0210 0.780
M) Az o] & YA SRR A A S} Aver. 0.429 0.208 0.636
717} o}E Q). o= &MY AX FHI £33 = STDEV 0.119 0.096 0.194

Surface of needle Surface of sheath

Air hole of needle before washing Air hole of needle after washing

Fig. 3. Surface image of needle and sheath of pine leaf.
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Table 7. Removal rate of particle matters by washing methods

Rate of removal (%)

Location
By shaking By raining
PG 63.9 -
PK 64.3 -
PN 64.4 10.0
PC 58.8 27.6
Aver. 62.9 18.8

B Ag7Ne <@ Aot ek AW DI AAE
o) Stk Aok RARAT, W7} e o 713

Aol wa} £U7R 7 dEHOZ v =E&HI|=
01;40 Aold, At BAe A Ao ‘I]ra]' A=+

EZo) AA AEt & Aols B Aoy W
oﬂ AR Y] A B A o2 ddst
Aot B ArAnES B34 *%7}1101] Azt 4=t
2 BAo] g Tol o8 g

717dz20 wet A =7 = iF A= Felst
ATt

36. E& UKty =2He FIF =k
ST e QA S M (As) 14

F9) FF% B5E Tuble 83 7o) YT Awrd
°Z 1 mgkes ZFAdE FE2 v A(As), AZE
(Cr), 72(Cu), E(Fe), H(Pb), F7II=Mn), HZA

4

Table 8. Concentration (mg/kg) of trace elements in particle matters by sampling site

Location of sampling

Criteria of Soil®

i?:g;;i:l City Industry mon;:iing” Case studies
PG PK PN PC Ist 2nd
As 26.3 18.8 23.8 21.7 7.50-290 25 50 1.6+0.3Y/0.133-0.5307
Be 0.08 0.10 0.13 0.08 <25 - - -
Cd 0.08 0.06 0.07 0.06 2.50-85.7 4 10 0.014-0.3027
Cr 5.30 491 8.67 17.8 5.00-359 - - 0.30-1.43%/0.09-0.519
Cu 24.1 5.26 21.9 405 45.0-1,680 150 500  30.0+5.07/0.34-5.14Y/8.34-16.607/1.21-4.499
Fe 2,600 1,930 2,670 2,290  5,720-33,500 - - 2136+414Y/111.75-564.51%/16.98-63.439
Pb 5.83 3.03 11.7 28.1 258-1,360 200 400 18.0+2.2Y/0.84-16.2Y/1.31-16.01%
Mn 42.8 26.9 324 39.6 191-193 - - 0.22-0.759
Ni 3.31 2.66 4.59 10.4 5.00-339 100 200 0.44-1.207
Al 4,560 6,280 8,730 5,140 - - - 828+1759/249.62-300.84%
Ba 2,500 2,580 6,120 3,660 - - - 3734379
Rb 527 17.8 9.44 9.06 - - - -
Sr 47.8 40.9 95.3 57.1 - - - 108+25%
Zn 4,030 7,120 8,260 5,200 - 300 600 311£53Y/0.86-16.99/15.70-29.64%

1)3‘)’ 2)48, 3)51’ 4)52, 5)53’ 6)54
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(Ni), &F1]F(Al), ¥F(Ba), FH FRb), 2EEF
(Sr), oFA(Zn)el Ao H, o] FollA H(Fe), FrF
(Al), ¥}§(Ba), ©}<(Zn) =] 1,000 mg/kg ©]73<]
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3, YA FEES T (94 205 YeRfA|
AT,

= 715N 71z sk As &

9

Z(As, Be, Cd, Cr, Cu, Fe, Pb, Mn, Ni)°|A] As, Be,
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Table 9. Concentration (mg/kg) of PAHs in particle matters by sampling site

A

]

)

=

I 9]9] Al Ba, Rb, Sr, Zn &=
FoA HEFJY o] A=)
XT_% o]_Q_

§ste] 7] &

7}A1 7} passive samplerZ 4] 2] 7]

_1;]_051 _7‘1 2}]\]:],.29,30.35-38

dAE B 5

= i

Ax FHrtr

il

p
g

T:
olr £ K
LS

o, flo

]_

}_
=g

“ o or
o WO o

<]
]_

L
s}

P‘L
zo, K

+
)

Tl
_O‘L

0 — o o 0
ot 2L 2N rr g2 X o2 2

Location of sampling

Analytical

compounds City Industry Air monitoring" Case studies
PG PK PN PC
Naph 0.217 0.444 0.54 1.091 - -
AcPy N.D. N.D. N.D. N.D. - -
Acp 0.202 0.028 0.447 0.432 - -
Flu 0.482 0.064 1.114 1.812 - -
Phen 1.087 0.393 5.603 7.711 - -
Ant 0.019 0.016 0.221 0.143 - -
Flt 0.016 0.064 0.390 0.448 - -
Pyr 0.063 0.094 0.392 0.623 - -
BaA 0.018 0.014 0.035 0.038 2.25-28.8 -
Chry 0.011 0.016 0.028 0.025 5.10-39.6 -
BbF 0.015 0.014 0.023 0.020 4.55-249 -
BkF 0.012 0.009 0.026 0.011 2.45-12.0 -
BaP 0.014 0.007 0.020 0.011 2.24-26.9 -
Ind123 0.014 0.007 0.018 0.013 1.50-16.5 -
DahA N.D. N.D. N.D. N.D. 0.21-2.65 -
BghiP 0.015 0.009 0.023 0.018 - -
} 2) } 3)
>PAH¢ 2.185 1.179 8.880 12.396 - 8?142‘;-2???4);8;(2)?-}:5;;‘25)
Ave. of Y PAH; 1.682 10.638 - -
>'PAH; 0.084 0.067 0.150 0.118 18.3-151.4 -
Ave. of Y PAH; 0.076 0.134 - -

*Y'PAH;6: sum of 16 compounds in PAHs

*3PAH; : sum of 7 compounds (BaA, Chry, BbF, BfF, DahA, BaP, Ind123) in PAHs related to air monitoring in Korea.

1)39, 2)55, 3)56’ 4)57, 5)58
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et 719 DE A BRL £ TR YFy
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Aol A=E YA B 292 AAL F UA
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A 2] FAE T Fat 0636 mg AT &
A7MA S AR A B AAEE A
sl Bt 188%= LER} 4 ol s We
AR Edo] AR AAE & ALS I
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H
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Cu, As, Zn, Fe, Mn, Al, Ba, Rb, Sro]t}. T3 PAHs
16%°ll41+= Naph, Acp, Flu, Phen, Ant, Flt, Pyr, BaA,
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