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In this study, the contamination of urethane track samples with lead (Pb) was investigated, and the previous
results of human health risk assessment for Pb in urethane track samples were critically reviewed. Two
extraction methods (i.e., acid digestion and ultrasonication) were applied. An acid digested urethane track sam-
ple from an elementary school showed the highest Pb concentration of 1,526 mg/kg, which exceeded the guide-
line of 90 mg/kg. The same sample was ultrasonicated, and the concentration was 1.51 mg/kg. This level is
lower than a mean concentration of Pb in soils, suggesting that the exposure of Pb by urethane tracks could
not be serious. Since Pb is classified into a non-carcinogen, a Hazard Quotient (HQ) can be calculated based
on an Average Daily Dose (ADD) and a Reference Dose (RfD). It was found that the total exposure of Pb could
be overestimated by the estimation of hand-to-mouth exposure. Furthermore, a RfD of Pb was not established
by the US EPA, and the WHO withdrew a previously established Provisional Tolerable Weekly Intake (PTWI).
Therefore, the results of health risk assessment using previous RfD values are quite uncertain to be used for
the management of urethane tracks exceeding the concentration guideline. In conclusion, a more systematic
approach should be developed to deal with this issue.
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Table 1. Information on sample types and sampling locations in Ulsan

Name Type Location

G-1 Artificial turf 1 Nongseo elementary school (Dalcheon-dong Buk gu)
G-2 Artificial turf 2 Hakseong elementary school (Bangu 2-dong Jung gu)
G-21 Artificial turf (infill rubber chip) Hakseong elementary school

U-1 Urethane 1 Ulsan sports park (Ok-dong Nam-gu)

U-2 Urethane 2 Beside the Taehwa river (Taehwa-dong Jung gu)
U-3 Urethane 3 Nongseo elementary school
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ADD: average daily dose (mg/kg bw/day)

C: concentration of pollutant (mg/100 cm? hand
load)

HT: daily hand load transfers to mouth (e.g.,
0.43/day)'?

ED: exposure duration (year)

EF: exposure frequency (event/year)

ET: exposure time (hr/event)

BA: bioavailability (e.g., 0.6)'V

BW: body weight (kg)

AT: averaging time (day)

_ADD

HQ=%ip

)
e HQ: hazard quotient (constant)

* ADD: average daily dose (mg/kg bw/day)

e RfD: reference dose (mg/kg bw/day)

al
=

iél-

3. &} a

3.1. 3% ZLEHY

311 &2 QlxziT) e et EYO T4 o9

A G A eA jH G A= (G S E
EYU) NEE FFHoE FEIo] 4% A 9
3 (Fig. 1), ¥A&@Ed 1.8 mgkeet Z=@EHT 6.7
mg/kge] Bl AEe® AEEHRNoH, FE|Hd A
mg/kg)el BT 58 mgkg)el T SR HE
HA3, G 228 mgke)e] 7MY AEER HEH
Atk o3 Ea Aol S EYSAY AR PE
H|SgE 2024 (F A9)), 7180 2] = 54
g Edoflx AL He FEES wWolirh

- w9+ H



62 B - sy - A - ola - 2 - AYE
1,400
1200 4 mG1 mG2 mG2- U1 mU2 mU3-Red mU3-Black
_\@ 1,000 A
g
= ggo { 100
=
2
2 6004 10
=
o)
o
S 400
1 |
O 1A
As Cr
200 A
0 . - . II - - ‘ I.I.- . B
As Cr Cu Mn Pb

Fig. 1. Concentrations of selected heavy metals in artificial turf (G) and urethane track (U) samples collected in Ulsan.

ANEE W EEE AFoR AE A B A & A3HE AMEE, 3 SR AR Skt 2009
AU S et EY AR ¥ 551,526 @ FAE BuAMoME $HE AlFo] ARREE 1%
mg/kg, 23} A2 A|go] Fdaitia /), SEE A A AL H AR, s 58
7} 953] %M(Flg 2a). olBf3 FE FFe 71Ee] dYew FSnh

SAFAANTEH NN T AHelA AF st A%

A3H(US-E, 1,693 mgke)st SAFE £F0 24 KS 312. F=Wd 9 8443
712290 mgkgys A A3t A BEF A FEol we}t FE st 4es 2 4
F(U3-Black, 312 mgkg)ell vls] HoM Ad $dgt omz HEd WS Aeshe Zlo| Fosh) 4
A E(U3-Red, 1,214 mgkg®] W 557} 48] HEk 35
& FEo|nR (Fig. 2b), A2 |t Az ol o 27l o, F34% oﬂ*ﬂ 4%(Pb, Cd, Cr5*, Hg)
1=
o

H
o,
é
Ho
o >
T
l‘
o,
Ps'
O
2
N =2
r 4
oL
4
N
)
N
A
5
o
%)
o)
o)
®

Fol ol A7 Zoz FAHC, AL ST E o o RAsw, Lol 145l Sh As, Ba,
Y AzFAANME AA A IAZ Ags] ¢ B, Cr, Co, Cu, Mn, Ni, Se, Sr, Sn, Zn)> £=WS

2=

1,800

(a)

1,600

1,400 I
(b)
1,200

200 .
Guideline of Pb: 90 mg/kg i
0 1===
0 _—_-_-_-';,_

G1 G2 G2 U1 U2 U3 U3E

1,800

Pb concentration (mg/kg)

Pb concentration (mg/kg)
[}
o
o

U-3red U-3black

Fig. 2. Concentrations of lead (Pb) in artificial turf and urethane track samples.
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Table 2. Mean concentrations, daily exposure, and risk of lead (Ph) in playgrounds of elementary schools in the capital

region of Korea?

Exposure routes Data

Ambient air (ug/m>) 0.000

Surface of artificial turf (pile) (mg/kg) 3.048

Concentration Surface of rubber chip (mg/kg) 1.860
Surface of urethane (mg/kg) 1088.726

Surface of hand (pg/hand) 0.518

Inhalation Ambient air NA
. Direct ingestion 3.33E-08
Average Daily Dose (ADD) Ingestion Surface of hand 8.61E-09
Hand to mouth 6.18E-04
Total LADD (mg/kg bw/day) 6.19E-04

HQ (Hazard quotient) 1.2370
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