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Abstract: In this research, the distribution of Platinum Group Elements (PGEs) at roadside dust in
Daejeon, Korea was examined using an ICP-MS (Inductively Coupled Plasma-Mass Spectrometry)
technique. For the quality assurance of the determination, method validation based on its accuracy
and precision was conducted using SRM (Standard Reference Material). It was found that the relative
errors of Pt, Pd, and Rh against each SRM value were -0.7%, -10.0%, and -20.4%, respectively, while
relative standard deviations for three elements were less than 10%. The concentrations of Pt, Pd and
Rh in roadside dust averaged as 17.419.2 ug/kg, 283.6+20.5 ug/kg, and 7.3+2.8 ug/kg, respectively.
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The concentrations of Pt and Rh have significantly higher distribution patterns in the dust at roadside

and underground parking lot than those in soil of the background or other urban area. The correlation
analysis between concentrations of PGEs in roadside dust indicates that the distribution of Pt and Rh
concentration were strongly affected by automobile sources.
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&3 AFY3} =ASRE Qe wjEE WA, F
=<, VOCs(Volatile Organic Compounds) 52J
S8 t7] 2 952 (Hazardous Air Pollutants,
HAPs)o| 1Ao]l WA= FFg2 ¢ A}, o5
of AejA e 27T A, Hrh o A% EAE
o7& 4= Qlt}, 53], TA] 7] F 354 WA
PM10(Aerodynamic Equivalent Diameter, less
than 10 um)-> thefet e oA wiEE =4 v
A4 AEE(As, Cd, Cr, Cu, Mn, Pb, Se, Zn)3}+ =
gk 28510 Q1A 2571 Alsoll vX|= FaFo] vl$-
ArH(Natusch et al. 1974; Dockery & Pope 1994).
o3} A S| 2w PMI0 %%7} 10 pg/m® 27}
o A, 19 AA APEEO] °F 1% 716, 35
7] Agel Aol o3t AFYELS 3~6% S5kt
(Lippmann 1998; Ostro et al, 1999).
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% Y4 (Platinum Group Elements, PGEs)
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Qo A= PGEs AT gk 9l wUE Y A A
g7} S71ska thWiseman et al, 2016; Sen et
al, 2016; Leopold et al. 2017).

PGEs?] #4412 913t AA 2] ¥ olli= chlorina—
tion, alkali fusion, fire assay, acid dissolution &
9] "l o] i}, Chlorination W2 PGEs9] ¢4
o] Wo] = alkali fusion B thFe] §-4
= 757 wjEo) B4 Al spectral interference?]
Ve A sh= Dol Tt Fire assayw= A=}
FAY 2FES 1,000 TolA &afiete] Eest=
o s ghefo] 53] A2 PGEsE #2] 558 4
N= AHol Tk, Microwave digestioni} 72
closed systemo)| 419 acid digestion W2 PGEs
of 443} 2.9 2433 5 Qo] BTl 17}
o A& Za g Frh(Kim et al, 2001), FHH,
1CP-MSe] #4 58 F4E 9ote] AgE=
Collision Cell Technology(CCT)+= collision cell]]
Al polyatomic ol &5& FE= AAT & AFEA

712 &Y AP S E KA polyatomic spectral
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& A At HERHAI9 viEgk
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Figure 1. Areal maps for both study area and samphng points.
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2017). =2 W] A& (roadside dust)= &gt
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500 m oA oA 600600 m HY S =4 FHo
& AAstslon teket EX|o]§ FHIE 2=t &,
T+ Y| EXL L7} FYsHA] §7] wjo] o] & B
sto] 200 m (A o7 F95 L5t} A} oA
T IHe BESF AlmE AFSHTE B3 AR 2l
o] EA YRl Sk Y 4t &-& v A S L
2 A3t 3719 =9 Al & (background area
soil)& AF st EFA =] 735 alid ARl A]
37h o)) AE AstaL, o2y} T REZ
O] 5 em 7HF= AAT - oF 1 kgd EF AIRE A
Hetact, AsF FAE] A A &9 2 F3A
of HIMg #ut opye}, 37|19 =gholi; A4 e
7h A o= w|gste] A-sAke] e, Blojo] mhi
oo Eoehe AT LBl £457] &
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sttt Aoteaby W 28 Alm SAE vie |
A5 EepAY HIAEE o]8-sto] H]'d sample bag
of Yol 27119] A| & (underground parking lot dust)
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Korea)g o]&sto] £al-§ AR SFA7IH A EE
ofshlet, Aol AR AloFE BE EASE
(analytical grade)®] 65% nitric acid, 32%
hydrochloric acid(Merck EMSURE® KGaA,
Germany)©] 1 2% (milliQ—-plus 18 MQ)S A}
oo 7} Aloks 3|5k AlAE Eaf &7
EQF AR ¢F3.0g8 YL YHCL: HNOs =31 1)
30 mLE ©]83}F% hume hood oA 2417t 5t A
Asto] f7]&2 Eolotiinh. AlRe] EalE ¢lsoto]
879 Akl 1% HNOs 5 mLE 4 O—HEE
dolzia, AL 7goA 180 T, 5AIZE
SHole}, EollE AlRe 5’*;873_ Z3t
sko] thA] B3 Al7]aL 5

. Advantec, Japan)E o]&

, 54
7 P°ﬂ sto] AR
& HNOs 3 mLE o] %
filter paper(® 110 mm

UU—-—‘

Place soil sample in Teflon vessel

Add 30 mL of aqua regia
and being left 2 hrs

Heating for S hrs
at 180°C

Heat to dryness
and dissolvein S mL of HNO;

Filtering and transfer to PE bottle

Filled up to 20 g with 1% HNO;

Analyzed by ICP-MS

i

Pt, Rh, Pd

Figure 2. Procedure for PGEs analysis by ICP-MS.
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o viEghE 3 Eole 9% g (Tanner &
Baranov 1999), wj2bA A3et BAANE w3517
A= tHe-9] Table 10 YEpL 9l Hle} ZFo),

ICP—MSE o]gs}oq PGEs *Hﬁ:A SF [q1 % L /\ ol
L B2 4o0f 93t 7H4d 2 polyatomic spectral
interference®| A|A7} &€t 2 Aol =
o]-gslo] o5 A|AstaLAL B}t
ICP—MSx Hexapole Collision Cello] A2Fs o]t
9] Thermo Elemental AF2] X—7 Series Model&
AHE-5E T, Al ®+= PFA-Microflow Nebulizer
(Elemental Scientific, USA)S AFg-5lo] A 140

collision cell2

Table 1. Detection limit and possible interferences in ICP-MS determination of PGEs

Detection limit*

Natural abundance

Possible interfering species

194pt -32.8%, no isobaric interference

Pt 0.002 pg/L

195Pt -33.7%, no isobaric interference

19H 160

196Pt -25.4%, no isobaric interference

105Pd -22.6%, no isobaric interference

106Pd -27.1%, isobaric interference from '%Cd

Pd 0.0005 pg/L

108Pd -26.7%, isobaric interference from '%Cd

AUAI(JSCu, 6SZH37C1, x‘)YlGO, XSSI«HO, 87RbH1O

110Pd -13.5%, isobaric interference from °Cd

Rh 0.0002 pg/L

13Rh-100%, no isobaric interference

40A163Cu’ 662n37C1, 6SZH35C1, 87Rb160’ 206pp2+

*Detection limit of ICP-MS for each element

Table 2. Analytical condition of ICP-MS

Part Item (unit) Value
Sample uptake (pL/min) 400

RF power (W) 1247

ICp Nebulizer flow rate (L/min) 1.0
Auxiliar flow rate (L/min) 0.8

Plasma flow rate (L/min) 13.1

Cone lens (V) 1000

Hexapole exit lens (V) 320

Hexapole bias potential (V) -3.0

Analyzer/Collision cell Ion energy (V) 24
Multiplier voltage (V) 500

H. gas flow (mL/min) 6

He gas flow (mL/min) 6
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A Y3 1.0 mL/min®] $E2 FQlati 24
s Z7HA17]7] 935F9] APEX-E(Elemental
Scientific, USA)E ©]&-3}%ltt, ¢RFICP-MS =&
o)A B4 uj = HRS7FAL] 948 0 mL/min® &2
WABEIL, CCT-ICP-MS EEOA= 99 .999% &
T9] Hedt Hz 7}AE 6 mL/min®] £ %2 collision
cello] &2 02 =15t th3-9] Table 29] &

4271E Aok

L. 2% 9 1%
1. PGEs 24 R84 43

H oaLo] BAA w2 E 9|3 NIST(the National
Institute of Standards and Technology, USA)
SRM(Standard Reference Material) 2557 (used

auto catalyst)& 248t Fa84S AS3IAT =

A9 kel Hiet A= E
At @ 2HRelative Error, RE)= 015 XEE29]
Fakol dizt S A9 Aokl [(Experimental
Value—Certified Value)/Certified Value, %|=#]
AR E A, S5 Ao EE H A (Relative
Standard Deviation, RSD)+= EA#E9] AUE
(Standard Deviation/Mean of Experimental
Value, %)5 Uet=dl, F 7HA] 27 BA
#40) §i4 HER AGHT} T Table 39|
ICP-MSE ©|-&-3ted NIST SRM 25572 6702 &
AN RR ARSI B ko] A AT A}
oF AHEEHA7E UEhy Itk Table 304 B2
o] AT LA} Pt —0.7%= 7H AA] UeRa,
Pde} Rho] At e xl= 242 —10.0%, —20.4%% L}
ERstTt, AdiEEEAks P, Pd, Rh 25 10% 1]RF
O 2 QHE B0 w2 3 o] L3t A o= et

N

e

Table 3. Analytical accuracy and precision evaluated using NIST SRM 2557

Certified values Experimental value (mg/kg) RE RSD
(mg/kg) #1 #2 # #4 #s #6 | Mean | SD (%) (%)
Pt 113111 1001 1115 1115 1164 1075 1269 1123 66 -0.7 5.8
Pd 233.241.9 185 201 206 216 215 237 210 11.0 -10.0 53
Rh 135.1£1.9 98.7 106.8 106.4 111.4 100.9 121 107.5 4.6 -20.4 42
1 I . I 1 1 1 1
= 700 m Pt - -
C!‘ e Pd x
% 600 - A Rh -
°
& 4
2 500 E
X
o
o400 + E
E
&% 300 J
g Regression analysis
3 200 1 Pt Pd Rh ||
d>) Intercept =251  -2.8 2.4
S 100 ~ Slope 134 211 103 |
)
(4 : | R? 0.9997 0.9999 0.9996 | 4
0 -# ¥ T T T T s T J T =
0 1 2 3 4 5 6 7

SRM 2557 spiked mass (mg)
Figure 3. Linearity test for PGE recovery using NIST SRM 2557.
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o] AEEH7IH
PGEs §&=7F v @& A
oA AHH 71wz ZE ARE SR BAstL
NIST SRM 2557 #FA| & E ©GAZCZ 0.1, 0.5,
2.0, 6.0 mgS 7kt Gafjgk & ICP-MSE °]&
sto] 245k PGEsQ] 345k S4ste] A4S
Hsstoltt, #2418 5 PGEsY 5= dv B
Mg ETE A 02 v =7] wie] 10008 o]
g]Asto] ICP-MS S48 A &5 Al&kstelct. ol 4
= oh39] Figure 30 Yef ¢l=d], Pt, Pd, Rh
ol #FEH Al & E45=7t o hy 4
Ql AMAE Btk whetbA] #4150 #9le AlE
A o] H3te] whE BA eaf= AX] g AR

60 .

BoEc B9 24 o] fR4 439 BAoE
24 Aste] Bjg 23w G718 skt 10P-

MSE 0|83t PGEs 24 Ato] B3t a3l AR
3 T ol A 9] 3|48, ICP-MS SHHE, Al
A8 AT A BEC] ujE o] HEFAo|
02 QA7 8 BEESE 9910F HriEQlch
NIST SRM 2557¢] Pt %= 54 Aulo| that &3}
%= g7t A3t 95% Al=|eEol A 1163£96.0 ng/g
02 e E = 8. 2% A SR et &
S 2] gt #EEY T 7| E AT
A3}, ARl 2y ol 41 9] 3l4=& W-5(65.9%), ICP-
MS Z78¥5(27.3%), A 238 22887} A
g0 uj-zto](5.8%), HHFA AHE(0.9%)2] &
o7 37 vepgtt,

2. PGEs?| 2% £4

AR ol A= 5 A4E PGEs 9
B At th29] Table 4] Yeh} 9131, PGEs
FEO H4 EEHAE YA HERZ Figure 4]
T A8HAch & 22719] A& % Pt, Pd, Rhi= 27}
20, 20, 21749] Al=ol A AEE ek Ptet Rho| 3
o Fr= 27 42.7 ug/kg, 27.8 ug/kg® Aot

(4]
o
1

p=0.0000

H
o
1

PGE concentration (pg/kg)
w
o
1

Pt

p=0.0138

Il Background area
[ Road side area
B Urban area

[ Underground parking lot |7

Pd Rh

Figure 4. Distribution of platinum group elemental concentration (Pt, 10xPd, Rh) in the
dust or soil samples. The p value of ANOVA test is expressed for each element.
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Table 4. Analytical results of PGEs in dust or soil samples (ug/kg)

Sample ID Pt Pd Rh

1 36.4 268 13.0

2 10.8 316 7.17

3 12.1 282 7.01

Roadside dust 4 16.7 248 3.10
5 252 279 823

6 16.7 293 6.67

7 9.35 299 735

8 11.7 283 595

Underground parking lot dust ! 42.7 309 27.8
2 333 232 9.29

1 4.04 399 6.47

2 ND 461 238

3 3.24 394 173

4 ND ND ND

Urban area soil 5 5.11 ND 3.04
6 421 310 2.55

7 3.29 299 3.42

8 3.39 380 1.90

9 2.95 583 1.76

1 3.79 491 299

Background area soil 2 3.97 284 1.88
3 4.82 509 1.08

Table 5. Pt, Pd and Rh concentration in roadside dust in other cities

Locations Concentration range (ug/kg)
: References
Country City Pt Pd Rh
Canada Toronto 26-69 88-121 7.8-15 Wiseman et al.(2016)
China Beijing 7.9-84.6 10.1-131 3.5-30.6 Panetal. (2013)
Greece loannina 3.2-306.4 - 6.1-64.6 Tsogas et al. (2009)
Poland Biatystok 110.7 375 19.6 Lesniewska et al. (2004)
Australia Perth 53.8-419.4 58.1-440.4 8.8-91.4 Whiteley and Murray (2003)
Spain Madrid 317 - 74 Gomez et al. (2001)
Italy Rome 14.4-62.2 102-504 1.9-11.1 Petrucci et al. (2000)
Korea Daejeon 9.35-36.4 247.8-315.8 3.10-12.96 This work

Apge] uret A AlmofA

Uk AR ot i H R O] BGF AlRoA =& 2H A9(17.4+9.2 ug/kg, 7.3+2.7 ug/kg)o| Hi
&7t HEE ST E3 Pt} Rhe 5571 94% o] 782 9(4.2+0.5 ug/kg, 2.0£1,0 ug/kg)oltt gt
A}o] ¥ %= A 4x(Coefficient of Variation) ZE& Ho] TAJA]2(3,840.8 ug/ke, 2.9+1.6 ug/kg) R} =
= W, PdY] 5= 28%9] HsASG ks Kol Pt = A 02 e =21 299 WA 5 Ptel Rhé
o} Rho| =7 A 02 vt 32 E Ko e WAEAYY B W FEECE 22 4 169}
I Qle}, Pte} Rhe) k= A SAER 27 A5 3.7 =2 &0 A stalgo) 79, v 7 ]

5oL Pdo] 77

Z214(38,0+6.6 ug/kg, 18.5+13.1 ug/kg)dt =
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oo EoFrT 747 9 089} 9,34 =& ol qir,
I8y P 5= Uit E v A A A (428+£12.5
ug/kg)dt Lut A 9(404+96.6 pg/kg)o] =&
H 2% (284+£20.5 ug/kg) i A o2 o9 F
AL & PotE]= kAl (271+54.3
ug/kg) Bt A Uep, Pt Rheh= Aol 4
F& Bt} o] PGEse Fu|5e] A4 U4
o7] iZof| AFH o7 F&= FE7} tpeFstA Uet
o4 glon R Ao} AstEapde] 49w
A Algo|al v A 1t dR AR G2 EoF AR
2h= Ao 7t glo] 71 A7k Al Ao ' wiek
e},
APAFEoA Bgt =2H WA F PGEs &
T O] Bl the-9] Table 50 29F%] o] Qlt}, Table
5ol Lhebdl uke} o] =29 WA F Pt, Pd, Rho]
= AAHCR Z47F 3.2~419.4 ug/kg, 58.1~
504 ug/kg, 1.9~91.4 ug/kg®] HelolA st
A=t 2 AFLHAAA G A A Y Pt (9.35~36.4
ug/kg), Pd (247.8~315.8 ug/kg), Rh (3.10~12.96
ug/kg)iﬂ = A o3 B2 Yol Qe AE o
= qleh 2eju Asds B i Aol o]
itﬂA A WA B BEOF # POEs 559 XS
AA B YA, POEsE Fruleko] 27k U4

o]7] wEel AolH o S Bas} thopsizl vheh

[e]
Fe S

e -
g% glol 9] Aol B v E BT Hole
20.0
@Ptvs Rh
APtvs Pd

15.0 B
g A
2 A
c '
2 10.0
s
£
s
2 ® 9 )
] *
o o
£ 50

e}
0.0
0 5 10 15

20

Ao 2ol 55710l olelgol gk, webd
A5 QU] AR A 1% POEs] &
X B71e 37149 BUHPE Botol 28 54
WSS G/ 4 Gl o R AEolof & S0

U o
e
ut)
i of
O,
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