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Review of Hazards of Crumb Rubber Used as Infill on Artificial
Turf

Toyoaki AOKI

Abstract
Concerns for the hazards of artificial turf fields have been raised on multiple occasions in
various kinds of scientific reports. This review of the reports published from 2010 to 2016,
resulted in a significant number of studies evaluating the hazardous implications of crumb
rubber used as infill on artificial turf fields. In this review, these studies identified hazards that

could be divided into two parts : inorganic effects and organic effects.
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1. ®8 TEMBEAIAT STV D, 201448 B 13§

ATEWE, KAEO LS8N 720, 220MHRAHAT S, 20 bOR1/512h

BKL72) &) B A%, KA 72 B AGKGEE AR ) B2 I T o7z v T
STV EVI FIEDDH Y, HEE, AHIC XA VAT O 4RI 8 10 FLRE & 2

R AHEA TV D, 19605EANT B L7255 — HNTED, 20094FEEEHD Sk D B2 A
MRDONLZEZ LTSN, VDR TH - W2ZIRD7z, TNHOWIZIE, AR— ViR
7o, ZOtk, 19804 o A TEA < U (toto) BB =) CHAf L 2Rk b &
B L. RHEWE LTBAANRS A, V. B2 IE20144E, 20154E O B4R TOT MR
NSV oML ZMEL2F XL DK ZZ T Tn5E. FORICIE, .
2. FhOOBREKEELT, EBICHED S A FEFRONTEZEmOETN T 5.

YOWWY (1-3mm) THDHILF v T4 ik, ZofE=ton s roif v NLE
OB LZMEEE L7z, NI VOE DR EORBERE IOV IR TV
E2B0mmPL Lo = o v 78 LV A (HA, 2016). N LZEF ¥y OREEIZDO W
TEMFI90ERICES; L. 2o v g TREMFAIREZRGT 52 &, F7oKREBR
WANTERAREHNIZH D THAT S 7zl SORET, RENHEERELERES, BX
20004ECTH 5. UK B TR~ & — 1338, 2016

HTAE iR 438 (2015) 12X b &, & 2 HI2HIC AT ZOFHA QR & LT

1) b 2RI A R — Y K2 %
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HENTWEHIAXICER SNLHILEWE
DfekRMEIcOWT, WEZBHG L. HAK
BWTIE, 20165E3 H 9 H, 3 HITHOZ=GH
be P HZ B A TIHBEFIRA, ZOREE
0 B JITHBEFRA 50 HARTOREIR
WO MG, ERE AT RE L, [HATIX
FOLIBHFLFT T L CRn] EREL
TWh.

KIRETIE, FOEICBWTHESRZA
TERMHAITH DT LF v TOHEICET
B R . FREL LT, 2010-
20165E DM eI LA & L7z, HARIZBWT
i, 1 FEAL, ZOMORIARY S Rh
o7z, M, BERENEZ RN E L.

2. ERHOZE

ZOIZBVWTIE, TAFy FICEIND
EEBE % EOMEEWIZOWTOREZHLY |k
5.

ANV AV DGomesH (2010) 1%, TAF
v 7 ZF O H O (DC0814) &, polyvinyl
chloride (PVC) R &ETIT LT v TR EL
7 Hi¥ (DC-0814/R1 : =< VY 3 v #
#, DC-0814/R 2 : &4 T-446) o ofiE
YWoBRHERRTWES., BEEOBH TS
LTk, T2F vy 7 1IZxLTCpH4-5 DK
BIRI0OERILTRA L, 24FH OB H#HE
BBV, 045umA YT IFI VT 4IVE —

THBLZRAB KT OESRZ 5L Tw
5. Fi, AVTIrTA4NVT— OB R
b B, 24RER OB MEREE B I %481
MoREKELTHMLTWS., #HE%E
TablellZ/R L 7.

ROLWOMICIX, FA Y ORI
HWEINTWwSE, #FIvA (Cd), zai
(Cr), $ (Pb) EHIFNITHER LA, Wi
NHBBEILEMELD T TH -7z, A X (Sn) »°
TIAF v 7 (DCO814) » HIXAEMEd, #H
BLETLTF v 7ORDSIEEMED EORE
THEH L, ZoZEeEH5AX (Sn) 1&, #
BHEICEEINTOATRESE W E,
GomesH1Z# 2 T, Hish (Zn) X, &D
HBE2rLBHEHL, FICTAFy TEOLD
(DC-0814) 25 D REEIL N A v OBk
WML ETH 7285, T2F v FE2HE L
¥ (DC-0814/R1, DC-0814/R2) % & ®
BRI, ZhX Ko 7.

4 %1 7 ®Menichini (2011) 5%, EINI10
T DOI3EHT OBBI O T L F v 7 % FREL
LT, 25MoEE & AR O EHREZ R~
7z. Table 2 \Z#EHR AR L7z, BH G0 H G
W) D L HEAE DS 72 D 45 B ORIC “green
area” (2B A THEHYICRE 9 5 ALkl &
HLTWAD., HEWIZELTIE, XO3HT
DT 5.

25D A/ O, HiEHE & Ok Lkl

Table1 Heavy metal content in acidic water leachates prepared from raw and coated rubber granulate

samples, lot DC-0814.

Limits 0814

DC-0814 DC-0814/R1 DC-0814/R2 18035-7 16
Heavy 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 48 hr
metal

cd 0001 <0001 0001 <0001 <0001 <0001 <0005
Cr 0.003 0.002 <0001 <0001 0002 <0001 <005

Hg <00008  <0.0008 <00008  <0.0008 <00008  <0.0008 <0.001
Pb 0.003 0.006 0003 <0003 0019 0.006 <0.04

Sn <0005 <0005 0.02 0.009 047 031 <005

Zn 69 16 17 03 3 09 <3

Notes: Values presented in mg/L
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#BATBY, 2L 2 U EOEGHETH
ZTCWwiz, ZOREKELT, 74 YICERILE
SASINE LTANSN T WD EEZ
Twhb., E512aNv b (Co) & AX (Sn)

b, IEPPESoORBCREMEB LTV,
7, A FIYA (CD, zai (Cr), &
(Pb) ICBLTYH, LY 0iEETEALT
w7z,

DEoEHEOHVEREIL, LIRLE
Gomes® (2010) D L 7= WIRE O R W
EREMNIBLTWE EFRITEZ TS,
Gomesb (2010) X, AR (Sn) 2SH B ¥}

IEERTWATRESHCOTHEL L,
z‘:?ﬁml,f:z‘)‘, Table 2 D#HEHE L7z T LT v
7" (Coated recycled tyres) &8 L T
W ? (Recycled tyres (uncoated)) DA X

Wb B AR =Y KEWMEALE  H145

b, TXF v THhLOEEEOERIEEI
High (Zn) 258<, #F¥3IYA (Cd), 7o
2 (Cr), i (Cw), # (Fe), ¥~ 4~ (Mn),
<7 Ay A Mg) Ik D ikro 7. mﬁi
Y CO AR OBINRA T, — B
(Zn), #& (Fe), ~ v~ (Mn), TII=
& (AD) BELBIHRWTH LH0%, HEDK
DERRTGHRYIREFLIEME (MCLs) Z2\Wih
LRz Cnhhoizl, HELTWS, T2
T smMwE L LCHlish (Zn) 2387w
5. LH»L, HRRZBVWTEARSh, £

FEPWEOLND LR LTS

4 #1) 7 OMarsili (2014) 51, Tuscany
LLlaziollH % 9 BT v =Y I L F
v 7ML T, ML TrLOEEEDOE
HEORIELLZE TS, Table 3 121

(Sn) &A=

CRENLEVWT ENS, TAF

v T OBEROW RN B VwE Eb s,

HE@OCheng (2014) 51, ANLZOBEE:

j’o :1: U‘{%)%E'/ =

T AR EHE L T

L7z&91, BB5E LS, Thnrbsdy
A=Y DANLTZIEAESNDEEDTHS. L

2L, #AE69E 1425 8 4Rl

AN

2b0THbH. T, RES5IEY A YOFF

Table3 years of installation in sporting infrastructure of the rubber crumb samples analysed.

Sample Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6 | Sample 7 | Sample 8 | Sample 9
ptE ITES 0 0 0 0 0 8 2 6 1
installation

Table4 Levels (mg/kg) of cadmium, lead, chromium, nickel, copper, zinc and iron in samples of
rubber crumb. The triple horizontal line separates new crumb (samples1-5) and crumb sampled from
sporting installations (samples6-9). Values in bold exceeded the limits set by the Italian National

Amateur League reported in the last row.

Cd Pb Cr Ni Cu Zn Fe
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mgrkg) | (mg/kg)
sample 1 1.81 27.86 792 26.12 46.42 3474.00 489.60
sample 2 1.77 1751 17.52 9.86 39.96 3732.00 7256.00
sample 3 0.47 13.97 4.12 4.11 5.59 5314.00 129.12
sample 4 2.05 33.58 3.34 5.27 84.49 13202.00 657.40
sample 5 2.68 11.23 2.84 8.95 9.50 6462.00 355.40
sample 6 2.38 22.84 2.95 543 2747 4866.00 1577.40
sample 7 047 10.76 3.58 5.14 5.49 4168.00 543.00
sample 8 151 29.44 191 3.90 14.43 6006.00 262.00
sample 9 153 38.99 5.37 5.75 65.11 4194.00 346.00
(LI\?II)I,I;(gl n 2.00 100.00 150.00 120.00 120.00 150.00 N.D.
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MOWHWTIZ %L, FloITLAF v I TH
5.

Table4 ICEEBOFAIRE (mg/kg) %
RLTWA, F7z, m FElItalian National
Amateur LeagueD i KiFAIEE LI
Twb. # Pb), zuxs (Cr), =v 7
(ND), 1 (Cu) ZLETORE CRRFEILE
UFThoz. LaL, #FI7A (CD I
FLCEAINLHE4, 58, BRICEAR
NTWRE 6 TRRFREREL LTH -
7z, High (Zn) WCBL T, $XTORET
WRHFRREZBL W, Hig, #B1T
205D ETH Y, FAE41IRKT, 12IT04F
UETH-7-.

3. ARHOZE

ZOMIZBVWTCIE, TAF Y FITEEITNS
HEWIZOWTOMEZIY L5,

KEOLL (2010) 51, iz ofHGHRO T
ATy TS OFEFEM L BB A TR O
Hiax FITHR TS, ik LT, %k
HTHMINITAF v T2 AN, —E5MHET
E LT, AT E AR = e
LTwa. 10fOAEW 2RI L7225, Th
5 dbenzothiazole (BT),
l-methylnaphthalene (1-MeNA),
2-methylnaphthalene (2-MeNA),
fluoranthene (Flu), naphthalene (NA),
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), 4-tert-octylphenol (4-
t-OP), phenanthrene (Phe), pyrene (Pyr) T
5.

Table 5 12, KM TE AR YEL
RL7z. 54 (T1-T5) OITAF v Fidat
F91 v PO 5 DDFRDIFARIRAFE L T
Wb THAH. 8l (T6-T12, Te) O T A
Fo7BLO3E (Al-A3) ORBETLF v
TSP LOMEHDLDTH L. £2TD
TIRVOIT AT v TIZHROBEMIZES 5 S
nTwiw, F72, 2ff (F2, F4) 13T2, T4
DI LT v T ZAEFNIRINEAF A O T

LF T Thb.

e oONT, ff5M Dbenzothiazole
(BT) 7%, #AREETCHOITLF v I TRDE
WRTAHPICHE L2, LT iRnT
LF v THhH1569ng/g, L TRETLF
v 7 51382-10ng/g (CRM) D#FHHN TH
Sl F72, THERNIRIMNIGE A FAD T L
F v FhH1EBTI20.76, 0.86ng/gk 47 <,
%72 1-MeNA, 2-MeNA, NAIIHH Shz
Moz, LA L 4-t+OPEBHAIX, MHLT
WRWIT AT v T 5 OHREEDI0%EZ 5
BETRBESNZ. 2ToflLTwiRnT
LF v THhH0EIE, BHA, NA, 4-t+0PT
2660, 041-34, 046-4.1ng/g® # P TdH o
2. ZTOITALF v 7T 1-MeNA, 2
-MeNA20.23-1.1, 0.48-1.6ng/gD i TH -
7208, RBTLF v THhoidmtEnitehro
7. L2 L, BHTICB L T, 130 T4 F
vy 7ONO 7 HETHEESNT, 5 T09-
12ng/g TR E N, &To 3FOET L
F v 79532, 39, 54ng/gDETHIB S
7z.

FEHEIN T WITLF v T (Te) &
RAL D FSRBEBE L L 72 4 T20094E 8 H
SHM»HI0A12H FTHEL, 6 FEOAHEY
(BT, 1-MeNA, 2-MeNA, NA, BHA, 4
+-OP) DOXAHIENE % —HEM B ICHE L Tw»
5. ZHAMT4FEOEEY (BT, 1-MeNA,
2-MeNA, NA) &, W#Ho#20-30% F T
B, BIF—EIl% o572, BHAZ T
50%LL EEAE L, 4 -t-OPI360%LL EFAr L
7. IO DS L, Table5 DFER LD,
TLF v 7% HREEICB L84, 100
HHY OFRAALLRIE LT ORI 5.

Flu/Pyr > Phe/4-t-OP > BHT > BHA >
1-MeNA > BT > 2-MeNA > NA

F 5 ¥ # ®van Rooij & Jongeneelen (2010)
Yy A —BENY Y h—% BT %) I
B2 oM E»DH HPAH (polycyclic



122

Wb ZRBEA R = KFEMEEALE 145

Table5 Volatile organic compounds (ng g™) in the headspace of CRM samples (RSD %)

;g“me&mmmr gﬂf“wn 1-MeNA 2MeNA 4+0OP BT NHT NA  BHA
11 Schooll August09  052(16) 0782 1422 153) nd. 18(1)  34(3)
storage bag
T2 St‘:ohr‘;‘;fbag March-09 026(1) 054(3) 160 693  nd 078(7)  54(9)
T3 iﬁﬁz;fbag September-09 066(13) 11(3) 37(7)  22(1)  113) 2202) 524
Tq  Schoold March-09 0856) 12¢4) 2514 4520 nd. 2503)  49(1)
storage bag
15  School5 March-09 10100 156) 2213 3220 nd 34(1)  400)
storage bag
T6  Company A August09  023(7) 048(7) 10(18) 236) 10(3) 061(3) 4.0()
T7 September-09 078(2) 12(3)  39(4)  34(1)  nd. 25(1)  5.2(5)
T8  Company B March-09 0326) 054(3) 25(1) 522 121 133)  560)
T9 September-09 029(1) 049(3) 246)  32(1)  13(4)  0906) 50(3)
T10  Company C March-09 064(3) L1G3)  250) 392 0947 1903)  6.0(6)
T11 August09  053(1) 089(1) 1809) 392  L16) 166) 5.10)
T12  Company D  April-09 L16)  16@4) 4114 283) nd 192)  55(11)
Te  Company E  August09  074(1) LI(1) 217 161 nd 24(1)  36(7)
Al Company A August-09 n.d. n.d. 0.586)  10(1) 3.9(1) 0.46(7) 2.8(5)
A2 Company B March-09 n.d. n.d. 35(15) 97(2)  542) 0682 29()
A3 September-09 n.d. n.d. 046(7) 8203  3203) 041(1) 27(4)
F2 School 2 field October-09 n.d. n.d. 1.4(1) 0.86(7) n.d. n.d. 2.6(1)
F4 School 4 field October-09 n.d. n.d. 1.1(7) 0.76(2) n.d. n.d. 3.0(5)
LOQ’ 0.2 0.4 0.4 06 0.1 0.2 0.02

* Relative standard deviation (RSD) given in percent on the basis of duplicate samples measurements.
® The limit of quantification (LOQ) was determined in the lowest standard when S/N=10.

aromatic hydrocarbon) DIRPI~NDOILY A A

ME TR LB W,

PRAGTHT &, TR

FHRELTWS. Z ok, R% oHpy
(1-hydroxypyrene) ZPAHDIAPN DY
AABD<—H—& LTz, TOHpyld 7
— KRV T Ty 7 B WHMEERL TLHERD
RHIZ, DR DOLNLVTRODSTWA,
WHE LYy h—RFEIBT7THTKRS
YFATELTBMLTWwS, BIIhz40
& LT, FEBE, %7, PAHsICHEE LA
9 BRI L TR\, R OULE
EZUITwiw, HEThHbH, ALELETOHR
B0 % G B IZ25ETH SH. TR
BEOMHICKBFOREZTRNL, fizeDgH
DNy 775 FELTEEICLE. AL

DA FETRERINT 5. HIUE 3 HE &
Frc—AB7z020MB %7,

Table 6 2 v # — DO it OHpyH Hi % EE
DR ER LI, BFTHOND 3% (D,

E, F)3»% ) @<, PRbSEEEEH L.
Fhs kLT, o444 (A, B, C, G)
PR EETH - 72, 4% (A, B, C,
G) OHpy#EEE L ~NVIG#EE T, A%
By /hEhotz. LHL, BEFOAD, K
G EMBHRICHHLEER 22 DR L Tw
2. L, FOBROBETFEAOR XD
T,??%F-hyﬂ—ﬁ—%x¥—7ﬁ@
BICENZZZ L2 X AR E Y. KAD
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Table6 Pre-sporting and post-sporting urinary elimination rate of I-hydroxypyrene in football players.

Pre-sporting Post-sporting Difference Statistical
Person excretion excretion between post significant
AM (SD) nmol/h AM (SD) nmol/h and pre-sporting increase
A 0.04(0.03) 0.03(0.01) -0.01 -
B 0.03(0.02) 0.14(0.13) +0.11 P=0.004
C 0.10(0.07) 0.07(0.01) -0.03 -
D 0.35(0.34) 0.15(0.11) -0.20
E 048(0.14) 0.20(0.07) -0.24
F 0.33(0.16) 0.24(0.07) -0.09
G 0.08(0.05) 0.11(0.04) +0.03

DiETFHEEEICERTED, JemHE %
4y, WRLTwi.

LR, ZoMoER»5E 2T,
van Rooij & Jongeneelenld T & F v 7 % il
L72ATEZ EToOYy 7 —RFOPAHRE
EBUEN TR VA E#wmO T Tnb.

K E ®Simcox 5 (2011) 1%, Connecticut
MO 4 EFTORIE 1 EFTORENO T4 F
vy IRMATE LE, 1@EFIORKE LOK
M OMEBEAERILEGY (VOO), PHEFME
HHELEW (SVOC), benzothiazole (BZT)
RPnitrosamineZs & O T A B L FYE B L
R FRWE (PM10) ZFXTw5. KK
ZLEOBBHINy 7 7T FOL RV ER L
LTwa.

Table 7 I21ZVOCHE X USVOCH: &% &
PAH® & B 2878 & L T\ %. Benzola]
pyrene’s EOBMOWEIIENTLF v T
FHANLZ L TORENNy 775 FXD
bENoTz. 2, BENOITAF v THREAN
T 2 F T & l-methylnaphthalene,
2-methylnaphthalene, fluorene, naphthalene,
pyreneDEEN Ny 7 75 » KX ) H106%
UWE®»o 7., 4 TOPAHO H T,
naphthalene D FEA5113ng/m* & i b Eh >
7e. 7272, DLLOBNIT AT v THREANTE
F 1 LMEL TRV T, BAEH
EEbEDEMLVESimeoxH DT
W,

Hiffi 2 (EEWoRE) THiNLIA 5
7 ®Menichini (2011) 51, EN10#T D13

AT OBHI NS TAF v FRFELT, 9
MOPAHsO GEHBEZHNTWAD, T/,
O —~< OB 1 o T A F v FIZHLT
&, PCBs2 &L ¥ A+ F T VHEIBHED
PAHsO &EH&F 2TV 5.

Table 8 I21d T —~< D FH Y 1 fEFFo T 4
F v TOHEMOEHREIRINT VS,
PAHsO# A 7)) 7 o L3R % 3 1%
2 Tz, % 7zbenzolalpyreneld —#Hik &
(B ZTWiz, 30FEDPCBs&E ¥4 4+ F v~
Ho®REIE ThL2h018 B LT
0.67x10°mg/kgT, A %) 7 O -13gEIL#EfE D
3B LU 2/ 3RETH 7.

LM Obenzolalpyrenei B 1L Hid s &
A5 22X D04ng/m* T TR L2, %
WS E LT, ZoREEHWTERED
S0SEMINREY L 72356, 2O 2R H5s4:Y
A 2713 1x10°8 B Sz La L
BHEAERIFEH LY, TF 27O
OEE, TOBME VKL 2D ETFHSN
5.
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TABLE7 Comparison of VOC Personal Air Concentrations( p g/m®) Across All Fields (Outdoor, Indoor,

and Grass)
Outdoor turf A-D, Indoor turf K, Grass field L,
1 g/m’ (N=8) ug/m’ (n=2) 1 g/m’ (n=3)
Volatile organic ) Number . Number ‘ Number .
compound LOD/ of Maximum of Maximum LOD of Maximum
detects detects detects

1,24-Trimethyl benzene <0.49 3 1.16 2 211 <042 1 8.83
1,2-Dichloropropane <049 1 1.14 0 NDP <0.39 0 ND
1.3.5-Trimethyl benzene <0.49 1 1.37 1 1.18 <042 1 458
1-Ethy-4-methyl benzene <0.49 1 1.86 1 1.37 <042 1 7.11
Acetone <1.19 8 52.17 1 92.48 <0.95 3 40.3
Acrolein <1.15 4 3.66 2 3.89 <092 3 297
Benzene <0.32 3 1.56 2 1.18 <027 1 1.3
Bromodichloromethane  <0.66 0 ND 1 0.62 <0.66 0 ND
Bromoform <1.02 4 13.29 1 34.75 <0.87 0 ND
Carbon disulfide <0.31 2 05 2 0.87 <0.26 0 ND
Chlorobenzene <0.46 1 0.78 0 ND <0.39 0 ND
Chloromethane 1.16 8 1.7 2 157 <0.17 3 1.23
Cyclohexane <0.34 3 1751 2 10.3 <0.29 1 481
Dichlorodifluoromethane  2.28 8 247 2 3.02 <042 3 2.72
Ethyl acetate <0.36 7 11.87 2 11.87 <031 3 8.27
Ethylbenzene <043 1 4.29 2 477 <0.37 1 2.14
Halocarbon 11 <048 8 1.85 2 207 <048 0 ND
Heptane <041 4 5.72 2 10.22 <0.35 1 2.13
Hexane <0.30 7 31.29 2 11.25 <0.30 1 6.96
M/P-Xylene <0.87 2 10.83 2 12.13 <0.74 1 4.64
Methyl ethyl ketone <0.23 6 294 2 44.15 <0.25 3 7.83
Methyl isobutyl ketone  <2.04 4 3.39 2 22.08 <1.64 0 ND
Methylene chloride <0.34 2 14.08 2 10.3 <0.29 0 ND
o-Xylene <043 1 39 2 403 <0.37 1 243
Propene <0.17 7 0.89 2 0.76 <0.15 1 1.46
Styrene <043 1 1.96 2 3.53 <0.36 1 251
Tetrachloroethylene <0.67 1 3.29 2 1.34 <0.57 1 14.48
Tetrahydrofuran <148 1 247 2 353 <1.18 1 1.58
Toluene <053 8 52.66 2 135.4 <0.45 3 39.12
Trichloroethylene <053 1 23.39 2 2.23 <045 1 3.35
Vinyl acetate <0.35 2 1.23 1 295 <0.30 2 1.88

alLOD=limit of detection. LOD is the same for fields A-D and K

bND,concentration below LOD.

% (UAE) & L <I3ME T ol (PSE)
THBEMEMLL, S &7z, Figure 112
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Table8 Concentrations of PAHs, NDL-PCBs,PCDDs and PCDFs(mg/kg,dw) in the recycled tyre
granulate from the playing field No.2.

PAHs NDL-PCBs
PY 14.2 2,2,5-T3CB[18] 61610 *
BaA 0.51 24,4-T3CB[28] 6,28 %10 *
CHR* 501 24,5 T3CB[31] 78%10°
BbFA +BkFA® 2.3 2,3, 4-T3CB[33] <0.10x10°
BaP 181 2,24,5-TACB[49] 927x10 "
P 1.02 2,25,5-TACB[52] 824%107°
DBahA* 0.36 2,3,4,4-TACB[66] 397%x10*
BghiP 6.93 2,345 TACB[70] 6.16%x10 *
DBalP <0.05 24,4 5-TACB[74] 236x107°
DBaeP 0.18 2,2,34,6-P5CB[91] 093x10*
DBalP <0.05 2,2.35,6-P5CB[95] 6.78%10 *
DBahP <0.06 2,2.4,4,5-P5CB[99] 328%10°
¥ 13 PAHs 325 2,2.455-P5CB[101] 9.99x10 *
Itallian soil legislation” See footnote®  2,3,3'4,6-P5CB[110] 9.62x10°
2233 4,4-H6CB[128] 352x10*
2,2.34,4,5-H6CB[138] 129x10 *
PCDDs+ PCDFs x10 ~° 2,2,34,5,5-H6CB[141] 37x10°
23,78 TCDD <0.08 2,2,34,5,5-H6CB[146] 222%10°
1,2,3,7.8-Pe-CDD <0.10 2,2,34,5,6-H6CB[149] 102x10 *
2.34.7.8-Pe-CDD <0.15 2,2,35,5,6-H6CB[151] 298%10*
1,2.34,7,8 -HxCDD <0.11 2,2,4,4,5,5-H6CB[153] 162%10°
1,2,37.89-HxCDD <0.12 2,2,3,34,4,5-H7CB[170] 534%10*
1,2,34,6,7,8-HpCDD 409 2,2,334,5,6-H7CB[174] 416x10*
OCDD 288 2,22,3,34,5,6-H7CB[177] 229x10°*
2,378 TCDF 0.26 2,2,34,4,5,5-H7CB[180] 116x10*
1,2,37.8-Pe-CDF <0.08 2,2,34,4,56-H7CB[183] 234x%10°
2.34.7.8-Pe-CDF <0.07 2,2,34,5,5,6-H7CB[187] 44%10 3
1,2,34,78 -HxCDF 0.3 2,2,3,3,4,4,55-08VC[194] <022%10°
1,2,3,6,7,8-HxCDF <0.20 2,2,3,3,4,4,5,6-08VC[196] <025%10°
1,237.89-HxCDF <0.25 2.2,34,4,55,6-08VC[203] <0.19x%10°*
2,34,6.78-HxCDF <0.25 ¥ 30 PCBs 0.18
1,2,3,4,6,7.8-HpCDF 149 Ttalian soil legislation®. ¥ PCBs® 0.06
1,2,3,4,7,8 9-HpCDF <0.11 NY soil legislation”. PCBs*
OCDDF 292 unrestricted use 0.1
> 17 PCDDs + PCDFs 334 residential use 1
WHO — TE PCDDs + PCDFs 0.67°

itallian soil legislation”.

WHO - TE PCDDs +PCDFs

1

PAH abbreviations as per Table 1.DBalP : dibenzo [a,l] pyrene: analogously for DBarP.

DBaip DBaiP. DBaip. <..: see footnote in Table 1.

a See footnote f in Table 1.

b Threshold values for soils to be reclaimed for use as “green areas’.

¢ See Table 1 (column “Green area use’) for the threshold values of ¥ PAHs and individual PAHs.
The threshold value for each DBP is 0.1 mg/kg.

d Medium-bound estimate (<LOD entered in the sum as 1/2 LOD).

[¢]

Congeners unspecified.

f New York State. soil cleanup legislation. Concentrations requiring no use restriction and
concentrations allowed for a residential use.
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Fig. 1. Extraction of real samples by UAE (black) and PSE (white): (a) playground sample and (b)

commercial paver.
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