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Characteristics of roadside sediments in Incheon area

In-chan Baek’, Eun-young Park, Young-joo Kim, Gi-moon Kim, Hee-gyu Gang, Ji-hong Seong
Incheon Research Institute of Public Health and Environment
Abstract

In this study, the characteristics of roadside sediments on six main roads and collected roads in
Incheon were investigated. As a result of particle size analysis, the content of fine soil(ess than
0.075mm) was the highest in main road of horbor areaHarbor M) at 16.9%. Main road of
landfill(Land M) had the highest content of PMI0 at 0.95% and the highest concentration of road
resuspended particlesMay 174ug/m, August: 360 ug/mi). Our results showed that Fe was the highest
in both main and collected roads(Fe: 26,362 ~ 54,346 mg/kg) and the whole area was contaminated
by Zn when compared to background concentrations. The Pollution Load Index(PLD) was the highest
at 3.7 in a collected road of residential area near industrial area(Resi_Indu_M). In the case of
organic contaminats, TPH(Total Petroleum Hydrocarbon) showed that Harbor M exceeded soil
criterial of 3 region and benzo(a@)pyrene was detected in the whole area. Microplastics were found
in the whole area. Since sediments containing many contaminants can cause health risk so careful
management is required.

Key words: Heavy metal, Microplastic, Roadside sediment, Particle size distribution, Organic contaminants
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Table 1. Analytical instrument of items

Analytical
) Item
instrument
ICP-OES Pb, Cd, Cu, Ni, Zn, As,
(Agilent) Mn, Fe, Cr
ECD .
(Scion) PCB
NPD .
e (Scion) OPs
FID .
(Agilent) TPH*, Phenol
GC/MS BTEX*, EDC*, TCE¥,
(Agilent) PCE*, Benzo(a)pyrene
uv
: F, ’ 6
(Shimadzu) CN, Cr
AMA*
(NIC) He
PSA* . .
(Microtrac) Particle size
FT-IR , o
(ThermoFisher) Microplastics
pH me?er PH
(ThermoFisher)

PCB*: Poly Chlorinated Biphenyls

OPs*: Organophosphorus compounds,

TPH*: Total Petroleum Hydrocarbon

BTEX*: Bezene, Toluene, Ethyl benzene, Xylene

EDC*: 1,2-dichloroethane,

TCE*: Trichloroethene, PCE*: Tetrachloroethene,

AMA*: Automatic Mercury Analyzer

PSA*: Particle Size Analyzer

Microplastics* PE, PP, polyester, PET, PU, PS, Nylon,
Polyamide, Alkyd, PVC, PMMA, Acrylate,
Arylic, Olefin, Epoxy, PV
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Table 2. Mean concentration of inorganic contaminants by regions

(Unit: mg/kg)

Element (gfet:lz; e e | el [Farbor M| Indu M | Land M | RESL- | Resl., | ReeL Iprbr ¢ tndu C | Land G
Pb | 700 | 4170 | 5630 | 4208 | 7381 | 6997 | 47.97 | 4791 | 7101 | 3675 | 4454 | 3305 | 50.34
Cu | 2000 | 13391 | 216.22 | 132.74 | 144.16 | 212.84 | 128.04 | 12750 | 15183 | 95.86 | 88.48 | 117.76 | 167.93
Zn | 2000 | 60013 | 699.68 | 430.17 | 1436.90| 1348.20 | 335.06 | 594.05 |L65L35| 350.34 | 44362 | 42372 | 346.78
Ni | 500 | 2686 | 5467 | 3079 | 20.67 | 6188 | 3157 | 2545 | 49.07 | 2652 | 17.30 | 37.21 | 39.09
As | 200 | 431 | 497 | 514 | 460 | 514 | 462 | 357 | 503 | 549 | 450 | 288 | 5.12
cd | 60 | o047 | o8 | 050 | 127 | 073 | 053 | 069 | 108 | 041 | L0 | 037 | 050
Hg | 20 | 004 | 038 | 003 | 004 | 010 | 007 | 004 | 020 | 004 | 003 | 0.04 | 004
Cr | 7737 | 10353 | 7161 | 80.01 | 12618 | 57.29 | 80.04 | 11689 | 5683 | 5846 | 8806 | 79.00
et | 40 | 016 | 016 | 018 | 020 | 024 | 022 | 023 | 022 | 023 | 021 | 020 | 037

Fe/l0 | - | 330.90 | 35205 | 298.90 | 44405 | 543.48 | 263.62 | 287.14 | 426.60 | 306.40 | 325.73 | 34279 | 36401
Mn - | 60552 | 54346 | 39244 | 1680.16 | 1,739.93| 427.42 | 505.27 |1231.80| 426.23 |1.489.99| 110118 529.84
oN | 120 | o | 006 | 005 | 002 | 010 | 014 | 006 | 007 | 006 | 0 | 022 | 006
F | 80 | 369 | 386 | 75 | 383 | 389 | 369 | 341 | 333 | 250 | 331 | 345 | 361
pH | - | 80 | 83 | 84 | 80 | 91 | 91 | 84 | 81 | 86 | 87 | 89 | 94
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Table 3. CF and PLI value for heavy metals

Pb Cu Zn Ni As Cd Hg Cr PLI
Resi_Harbor_M 2.5 4.8 0.6 0.9 5.2 0.8 0.8 1.9
Resi_Indu_M 3.3 1.2 1.0 1.1 3.5
Resi_Land_M 2.5 4.7 0.7 1.1 5.6 0.6 0.8 1.8
Harbor_M 4.3 5.1 0.6 1.0 0.8 0.9 2.7
Indu_M 4.1 1.3 1.1 2.0 14 3.4
Land_M 2.8 4.6 0.7 1.0 5.9 14 0.6 2.0
Resi_Harbor_C 2.8 4.6 0.5 0.7 0.8 0.9 2.0
Resi_Indu_C 4.2 5.4 1.0 1.0 4.0 1.3 3.7
Resi_Land _C 2.2 3.4 0.6 1.1 4.6 0.8 0.6 1.7
Harbor_C 2.6 3.2 0.4 0.9 0.6 0.6 1.7
Indu_C 1.9 4.2 0.8 0.6 4.1 0.8 1.0 1.7
Land_C 3.0 0.8 1.1 5.6 0.8 0.9 2.0
[J CF <1 : Low contamination 0<PLI=1 unpolluted
[J CF = 1~3 : Moderate contamination 1<PLI=<2 unpolluted to moderately polluted

[ CF = 3~6 : Considerable contamination
Il CF > 6 : High contamination
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322 1 9 BEIAE &§ =4
B4+ 250 mg/kg ~ 389 mg/kgS L}EMS
on, & AHe HAEo] EYLHE Y
712@A Pl A”dsiAl YEstH(Table
2). E2W EHE ELE U B4 EY
A5 =9 B 204.5mg/kg (15.3mg/kg ~
504.8 mg/kg)e} & AolE Holx U= A
© 2 YeltiGa-Hee Lim %, 2018).
ANere 0 ~ 0.22mg/kgle g E¥Q TS
H7|2@CA DA A A= YEhgt

EbATHTable 3.). =3 Phx A3t == A
23 od%(Moderate or  Considerable
contamination)& YelW T} o]€A =& CF

grol YvERd olfr= ARFAA fHEe
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PLIZ & A9 o937} Adab= F7
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33 T84 L9=x HU} DA H(B.5), AFFAHEB.AHE  Moderately
nE deo mgw ®HHEZA Zn:x  to highly pollutedZ2 2dd Aoz yeh
=2 99X (High contamination® ®go  WrHTable 3). AFGAISo A& 9 o
W, Cu CdE ®e =i 49d edm 59 FAEC WIHY Yo FIH o
(High or Considerable contamination)& v  @°] & Aoz Addn
Table4. Mean concentration of contaminants by regions (Unit: mg/kg)
Element (;::;2; e e | ey [Hrbor M| Indu M | Land M | RS | Resl | Resl Ity ¢/ indu_c | Land_c
CN 120 N.D. | 0.06 | 0.05 | 0.02 | 0.10 | 0.14 | 0.06 | 0.07 | 0.06 | N.D. | 0.22 | 0.06
Phenol 20 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Bezene 3 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
Toluene| 60 0.07 | 0.03 | 0.05 | 0.03 | 0.08 | 0.04 | N.D. | 003 | N.D. | N.D. | N.D. | 0.07
bggglle 340 0.05 | 008 | 0.16 | N.D. | N.D. | 0.07 | 037 | 0.04 | N.D. | ND. | N.D. | 0.03
Xylene| 45 023 | 023 | 066 | 0.18 | 020 | 0.20 | 040 | N.D. | 0.16 | 0.09 | 0.04 | 0.12
TCE* 40 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
PCE* 25 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
OPs* 30 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
EDC* 70 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.
PCBs* 12 N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D. | N.D.

TCE*: Trichloroethene, PCE*: Tetrachloroethene, OPs*: Organophosphorus compound,
EDC*: 1,2-dichloroethane, PCBs*: Poly Chlorinated Biphenyls
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Table 5. Abundance of microplastics in main roadside sediment. (particles/g)
Resi_ Resi_ Resi_
Harbor M Indu_M Land_M Harbor M Indu_M Land M
Microplastics 1,966 2,400 2,483 2,000 1,116 1,883

L
A

2 9e A, ogaAl, EF4d
2% HZ5% 3, TCE, PCE, #lAl, 3
11813H=, 1,2-tZ 229 &}, PCBs
Z5 A %94 thHTable 4.).

&

(e

N
. do

3.5. M &Y ExX &4
TEW HAE F Ulﬂﬂ%i}’\a Bz
ol 7] 5t 67 FAEE A H 9
&5 PAlEgrY EXES —%*}3}9&
AR A Erolo X 5 E‘r%@]
Al Zet2Eo] EAst A EE
FRaL, Eholoj &31(H-& “7}—?—)% A £]
n A Zet gl il 4S5k
T=2Y HAE F vAEgaE £
ZA3 A3 (Table 5)3% 2ttt =
=29 FHAEAA wAEFet2Eo]
ZH A3, FAMR) > FAGHD > xRt
> FAGH > diy > 2k <oz e
Bt wAEetaE e Ak, aF kA
HAE, 287 ToERE WAt HAE
o] ZF3I Ao HAoHAT

HHEANA " vMEFSHAHE
7182 BEA3Yth ImmiEg 2 njAH =
gt2~g3 ImmEt 22 wAEFe~go
2 U] Zrd EX HE&S dolRY
HFig. 7). 1mmEth 22 vAEeH
2 925% ~ 100.0% = YEetsrom, A

iy

o

1 S rsﬁ X = :L i m[o
; S ;

APAFGY ALolE BRE ImmEt %
o Aoz eyt olgd Az 7
7}

2 BergSe] HAREY AR
=

22 Ql mpkol] s A 2AA A

gHoeg e 779 HAMEFgGxs
o] EAete A= dad
FT-IR& &3 mAEg2HE&
g A= (Fig. 8)o UERHUTE PE(434
% ~ 585 %)7F 7Hd =2 vl&S AA S
i, PP7.0% ~ 321%)7F & HAE H&
H &S A8t 1 9de Axvit
i 2ol7t e As FAF 4 Aok

go] o

RS

E100pm<  ®100um ™ 500um M 500um "~ 1,000pm >1,000pm

90% | [
80%
70%
60%
40%
30%
20%
10%
0%

Resi_Harbor_M Resi_Indu_M Resi_Land_M  Harbor_M Indu_M Land_M

Fig. 7. The size distribution of microplastics in
main roadside sediments.

Proportion (%)
"
S
xR

3.6 =29 Av|4t w5 HU}
SEE2ANL R SA AFAE o] 85k
ATZAAFAE ¥R E=PM)E
=99 %ot 5 82el = 23 =R
o, PR Y AHLARFETT 5Eol=
174 pg/m, 8€ol= 360 pg/m 2 74 =74
SAFHAT. WMHA FLEZANA AW
U2 F57F 7MY =2 olf e HVIE &%
zhgkoll o3 2Rl =EW EZ oA
PMy Hl&(Fig. 1)o] ©& FREZHT

_'I'I_



Indu_M Land_M
Epoxyl, 2.2%
Epoxyl, 5.7% 1l i N _PV, 1.1%
Acrylic, 1.9%. | |EF, 1.9% Acrylic, 1.1%\\ /

Acrylate, 1.9% p

PVC, 5.7%

PET, 1.9% %@&

Polyester, 1.9% . —

Harbor_M

PV, 2.4%
] 7|E}, 2.4%
Acrylic, 2.4% 4

Acrylate, 12.2%

Alkyd, 2.4%

Acrylate, 11.2%
PVC, 1.1%_

Nylon, 3.4%_

Ps, 9.0%_}

PU, 3.4% ¥

PET, 4.5% 4

Polyester, 2.2%

Resi_Harbor_M

Acrylic, 1.0%

Acrylate, 18.2%

Alkyd, 1.0%
Nylon, 3.0%

- " 5.1%\>
e ~
PET 5% N PS, 2.0% Z
2. —
s
Polyester, 4.9% PU, 1.0% - /i‘éw

Resi_Indu_M

Epoxyl, 0.9%

Olefin, 2.6% ~\
Acrylic, 0.9%

7|} 2.6%

Acrylate, 15.7%

77
PVC, 3.5% Z 4

Nylon, 1.7%
PA, 2.6%

PU, 0.9%_/ [

PET, 4.3% ./

Polyester, 4.3%

PET, 1.0% /
Polyester, 1.0% ]

Resi_Land_M

Olefin, 0.9% PV 2:6%
/_

\
Acrylic, 2.6% g

7€, 3.4%

I
\
PVC, 4.3%_ \

Alkyd, 0.9% B
Nylon, 4.3%(
PS, 2.6%

PU, 1.7%
Polyester, 4.3%

Fig. 8. The distribution of microplastics according to polymer type.
PE: Polyethylene, PP: Polypropylene, PET: Polyethylenetrephthalate, PU: Polyurethane,
PS: Polystyrene, PA: Polyamide, PVC: Polyvinylchloride, PMMA: Polymethylmethacrylate,
PV: Polyvinyl

_’|2_



Table 6. Concentraion of road resuspended partices

May August
Concentration Temperature Concentration Temperature
(pg/m) (Humidity) (ug/nd) (Humidity)
Resi_Harbor_ M 14 11
22 C (64 %) 30 C46)
Harbor_M 15 10
Resi_Indu_M 44 19
23 C(63 %) 31 °CH43 %)
Indu_M 39 15
Resi_Land M 32 32
22 C (68 %) 31 CH44 %)
Land_M 174 360
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