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ABSTRACT

Objectives: Excluding in their homes, children spend most of their time at an elementary school, daycare center,
and/or kindergarten. For educational or recreational purposes, they make use of many children’s goods at these
places. Some children’s goods contain phthalates and heavy metals with polyvinyl chloride (PVC), so due to
their physiological and behavioral characteristics children are exposed to high concentrations of phthalates and
heavy metals. This study aims to measure PVC and heavy metals, which are harmful substances in children’s
goods which can have an effect on children’s health.

Methods: Six samples of children’s goods were selected through cases of detected harmful substances and the
results of previous research, including assembly blocks, model toys, household toys, bags, indoor play
equipment, and floor mats. The selected items were measured using X-Ray Fluorescence (XRF), and the
presence and content of environmentally harmful substances such as PVC or heavy metals in the materials of
children's goods were examined.

Results: The highest detection rate for PVC was observed in floor mats, and bags and indoor play equipment
were higher than other goods in this regard. The highest detection rate for heavy metals was found in bags,
followed by indoor play equipment, assembly blocks, household toys, model toys and floor mats. Except for
bags containing heavy metals, five goods showed the highest level of Pb compared to other heavy metals. Floor
mats contained the highest level of Pb, Cr, and Cu among all goods.

Conclusion: Many children’s goods contain PVC and heavy metals, and high levels of heavy metals have been
detected in some goods. It is necessary to manage children’s goods to support their health.
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Table 1. Preliminary studies on children's goods and detection of harmful substances

Previous research

Product category Product family

Target substances

Korea Consumer Agency (2010) cosmetics

manicure

phthalates(DBP)

Korea Consumer Agency (2009) stationery

color pencil, clip,
stickers, watering bag

phthalates(DEHP),
heavy metals(Cd, Pb, Cr)

Korea Consumer Agency (2008) mats

baby play mats

phthalates(DEHP, DINP), heavy
metals(Ba, Pb)

sticker book

heavy metals(Pb, Cu, Zn)

. . stationery school
National Institute of

colored paper

heavy metals(Pb, Cr, Cu, Zn)

. supplies
Environmental Research (2009) crayon heavy metals(As, Sb, Cu, Zn)
ornaments metal ornaments heavy metals(Cd, Ni, Cu, Zn)
tovs baby tovs phthalates(tDBP, DEHA, DEHP,
4 Y 1oy DINP, DIDP), heavy metals(Ba)
. lip care products Ehthalates(DlEll;), Cr. Sh
National Institute of cosmetics cavy mefals(Ba, Cr, Sb)
Environmental Research (2008) baby lotion heavy metals(Ba, Cr)
bath goods baby cleaning products phthalates(DEHP)
toys clay toys heavy metals(Ba)
mats play mat phthalates(DEHP, DINP)
Jastic to phthalates
toys p Y (DEHP, DBP, DNOP, DINP)

National Institute of

plastic dolls

phthalates(BBP, DEHA, DINP)

Environmental Research (2007)

wooden toys

heavy metals(Ba)

toys and trinkets

wood block, children’s ornaments heavy metals(Pb)

toys

wood block

heavy metals(Cr, Se, Zn)

Table 2. Targeted children’s goods by school type

Children’s goods N Eleme(r;lt;:nlyz )school Day ((:izégenter Kinzine;glil;ten

Assembly block 196 14 140 42

Model toys 222 179 37

Household toys 175 128 44

Bags 99 30 56 13

Indoor play equipment 52 0 51 1

Floor mats 80 0 67 13

%, A% ex: Al 120°C0]T ohes) o 1 S S, B Y 7
ZHEYF, BEAEY, A s SR 52 2 2 278 H2} W& & (relative percent

71% 10 x 10 cmZ FA &om, 200 g 9RO E A difference, RPD) ilO%—,—z Hojubr] ¢ies A=

e T, AU Bol/lTE sul] AWs Be  #eE Adst =3 =g /18] 99 2

FRE S48, nigvlEE AT 24 9] Plastic-type(PVC & PE)9] SRM(Standard

kAt Reference Material)Z} NIST(National Institute of
XRF 23L& 2208 H9S 2 v R5RFo| Standards and Technology)Z%-8 73+ 57FA] A4

o|FoH 23T AF] BAS 25 Sl ’$(White : Blank 33H)°] Paint Film-type SRMs

J Environ Health Sci 2017; 43(3): 176-184

http://www.kseh.org/



Table 3. Material of children's goods that hazardous substance is detected N (%)
Children’s N Plastic Wood Metal Fiber Leather Rubber Etc.
goods total detected total detected total detected total detected total detected total detected total detected total detected
Assembly 196 38 144 29 24 2 3 2 1 23 6
block (73.5) (763) (12.3) (5.3) as - ) T (1.0) (2.6) (11.7) (15.8)

176 26 12 1 5 14 4 15 3
Model toys 222 34 793) (765) (54) (2.9) Q2 ) T (63) (118) (68) (8.8)
Household 175 27 151 20 16 1 2 1 ) ) 6 5
toys (86.3) (741) (92) (3.7) (1.1) (3.7) (34) (185)
B 99 56 3 2 32 14 16 10 1 1 47 29
ags B0 (36) . (323) (25.0) (162) (17.9) (1.0) (1.8) (47.5) (51.8)
Indoor play 5 13 29 7 4 3 2 1 1 2 1 14 6
equipment (55.8) (389) (7.7) (16.7) (38) (5.6) (1.9 (3.8) (5.6) (269) (333)

1 1 10 7 2 62 8
Floor mats 80 11— ) 5 g09) - . (125  ~ @88 (182) (775 (727
*: not available.
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Fig. 1. Detection rate of PVC-containing products by
children's goods.
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Fig. 2. Detection rate of products containing heavy metals
by children's goods.
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Table 4. Average content of heavy metals by children’s goods unit: ppm
Children’s Heavy metal Median (min-max)*

goods (N) detection, N(%) Pb Cr Cu Cd
éf;g)mbly block 38(19.39) 502.5(19-22333)  217.0(67-26069)  129.0(26-3129)  103.0(49-217)
Model toys (222) 34(15.32) 906.5(20-6141)  853.0(32-8327)  122.0Q21-853)  217.0(36-431)
3‘;‘;61“’1‘1 toys 27(15.43) 1135.0(32-2641)  580.0(123-46016)  73.0(21-5034) 149.0(39-598)
Bags (99) 56(56.57) 1056.0(31-11368) 2060.5(106-15185)  187.0(30-1127)  137.5(35-1079)
Ie‘(‘lifl’;;g;y(sz) 18(34.62) 1342.0(86-10893)  560.0(70-8788)  222.5(38-2340)  345.0(250-554)
Floor mats (80) 11(13.75)  3984.5(799-10282) 2490.0(448-2887)  290.0(57-1663)  268.0(268-268)

* Median, minimum and maximum values of detected products

2 2T 9.7%, =0l F 5.6%, 7HY
F 4.1%, AUE 01717 3.1%, HIEE 2.6% &
ot AFLE =R TF AF HEES MY
F7F 41%2 7P R0, T oR AEe] 9t
T 2.6%, THEHRF 2Pt 247 2.0%, A
W =071+ 1.5%, vIEE 0.5% ol ATt

o AFE o, 27, 7, 7t=F T TS
o] AZd AFe] W+t TS Table 49 2t}
AFTE TF50) AEE Ao HE2E $55%
‘FEHEA ANy 22 YERRL
AEEL 7PLFIA 56.6%9970 = 56
N FTE& AEE 7P Eokon, tgo= 4
Y 501717 (34.6%), ZHEHF(194%), LHE
o] TLF(154%), BFFET(153%), v E
(13.8%)°] oIt Ta&o] HEd ol AFE 5
HgmEs tE AlFael vE] 7t=ES AL

S Blen, 7}
=2 e BT

I\
Su)-9] olglol8E falBA AEAE B A
T IS B A U oldolgE o AF

J Environ Health Sci 2017; 43(3): 176-184

49l o}gio] g Fe] thslel XRFE 24395, PVC
FEE, 3F, 79, =) 2
9 B o B BT 2ASIL B0 o
(e}

o] 7

o]:omo

o] Ao A ARE-EH XRF= 10-30% Hhol| =34
FokaL, ofE Z7]¢] AMRF AlEe|d S/ &
o}, Fuizt 7Sk, 7)o EAAu]el vlwy)
u H)go] AP}, &, ZeliE, Ee

s 21 — s

=
o
& BRI YT S AT R

e

NEHESRF: 19671, 23337 222070, fgsol
5 17590, 7P 997l AUl ol 52
A, v E: 807)E tdo= &% W SHAsl=
1S FU& XRFZ A% 23, pvC Al 4
vl EVE 55.0%2 7P =9k, PR
o7 FM S HEES EALE 4 A
N FFE& AFES 7PEFOIA 7HE Bl A
FEoH, AL Zol7| ¢, THEYR, AyE
R, B, Al E o g =9t T
&2 o JPEFA 24.0%, A% 7PLROlA
14.3%, T2l 2HEGFANA 13.8%, 7I=F2 7t
WA 4.1%=2 AZEAT 550 AEE ol
AEF F 7HERE AL BE AEFFM | F
frol e & va =2 FHEFS Bie

T miro=
o, vl EE g2 AlEe v8) =S A9

T

[ DA T
=
oo rlo
s

=

http://www.kseh.org/



olo
P
)
(M
i=)
o
o

'I§I’E

g, 3F, 8 59 sE&e] 7MY B2
Hola YAt F3lEHe] HEH ool
ANAE AR Ade Feknd, 7]
ToFE BUT
frallEde] A4 ool &F
7] 2 ofelo]&-Fe] A EEE AN A=
Table 394 g1 4= Qo] T+
o] AL ZEpREH 7IE AHo] B2 Ao %
AEIE 2ev faElEdE AEE
:/_Eﬂx] ore o]Zo] L EE7ke] A% xjo|=
7 QT o] o] S T}l ofdo
A Ga FETF 1% ©)/delH PVCE At
 q%E Fdsid=d, Pvert srE
$-, DEHP, DBP 5 ZE|0|E 7}4x
9,

g 2
A= 5ol FE% Trsﬂmeﬂ EECERE

;1
2
S

Jo 1o o %

:L

_OL

sk
Moot i

2384

ofo
e
1o

A A& A5, ICP A

LR 02 Q1 AI7HY v]84 A E s A stHA]

Aol B AFH FlEd 4L st

wEA 4 ¢ Jde AR YEuth? g A

£ XRF To2 ojgo]&¥e] FaflEds %@éﬂ
71

] =1
oBE o= 76‘: AT F U=
Ao 2 AR EC} Gearthart9} Posselt(2009), Parsons
9} Mcintosch(2010), Sanders 5(2013) Aol =
XRFZ Z4 A& AT 5 QY.

A3 5(2013)2] A-FA] ofdo] ok Eol g
S e E Jl=F, 9e 43R, AR
2 Edo| glFEQ] A= Yepgtt 7119 =
SFNA FlEE-S 140(1.97%)14 %

2 10371(14.49%)01A4 ZAZ& =T Sanders 5
(2013)°] AFelA 10709] oA o= 270
doll AA 460719] ofHol&FS A A3} 5670
o] AElA 100 ppm ©]% 91 FTEE o] A&
AL, o= AL 12%° T
=2 o] dEd e
ARSIV Az ZAshAl, Ao R gs AR

AEEAL,

ol © §2 o

I

ru[o

o -

o

[

s

rO

I
Wt off

http://mwww.kseh.org/

o=z L]—E]—‘/"E]— /‘]LH o e=0 /\].gpﬂ ;q]-a]-x% T
o AFle] vEbsith ol A&d 5 =7 A
SAZHE ool FHF oA E A&HH o7 A
FE AHESIERE ofglo]54] Aol g = 5
o] dl71#] Z3k f1de] vepe 5 Stk R

Radu$} Diamond(2009)2] 17l }
o:loﬂ)q sﬂ—/\]- E—EOE /\]o].y_" omg E XRF
o} FARES-E3H (Atomic Absorption Spectrometry,
AAS)C F 8], o}, S A SISt Foi-8 XRF
A= A 7uke] AAS WHe| Aol %
HAAE BolFE Ao R SRIFATEY B Allen
5(2008)2] AFoME TV, HFH, A3V, 49}
el 22 20709 &HAR; AlFolA HEBryE
XRFE 4305 7t 7Hrnith =438 HAE
o' GC/MSE AsHA BHas SRIgh A, 3
< AYrel AYgeE vehlin o A3yt Hlsg
Aoz Yepth') o] Aede 4 EF(H,
g, 78, Jl=E)He 93AT, XRF =4 23
o} A S Fall A1 At A= @ o4
XRFO] A= s ] ERIANA F Ayt & &
At

o] A7 FUlE XRF 2=e|d AFWyos o
A, ofdely, fFALolM AMgehe ofdel&E F
=S ST BLEAS B8l o] A+ 4

],

K o
ol off
A

r& pata
I

o
FUQ
)

=

A4
AR A AFEE AT JAE =AY
A, S AE x589l fERe] dae o
T AApE|ojof 3 WS AAJE Ao AR HT

ofdlole el wlsh % BRI
o Fksrhs HE vFoin
FAE 7 o] S|
Ase FUAY F U3, AN FFE
wgeks ARZA Fag Asjolth £
77N Sl ojel8E ezl sl W,
£, 72, =g 5ol vl T F3EE AL
FYU dole o) 7 A8 o5l faIE

4 w2eE Wrhele, 9498 e B
e A9 71ZARE ANSHIA Aeke W 2

SI9IE & 4 .

ofN o2

U

[ (1 o% ol ol -

1 of o ox _Il->

HU

2= 3, sl 7P W "

J Environ Health Sci 2017; 43(3): 176-184



1$E A thge] FANZ AYEA G, A%
A] ohEs] AP B A1 el ol mAs
Q] Wl BENS 7H AT B 4 gitks
2 5 5 vk B4, FHE XRES 544 A9 A
Fol 275 WYL AU BAH Aske 2
o7 e & Qo] ABeA 1 BHIFL WA
B FE YUtk A, oIS FEL TANZ 13

57k ) Wi el
2ol St me) 9eix7) Holtt. el
U 2Ah o of@le] §ES] XRFE &

3 2
Sisk 38 oAk ¥3) AL Fol L

=
@ Ro8 nelth, =9 ojdl AW ofelo|§E
N FR%0) §F0] § £eAE WL BAl]

sk Hav) Qo

fo,

Asted MEAl 7709 ShrEssta, of™old, &
A)E A3 st 14

7t 82 AdS 2ARSIAL, PVC 9 $E5(H, 2
&, e, 7hEE) o felEd el o
2 XRFE ol8sto] S4ssin

ME ddez &3 U $Ffleds 93 2
3}, 2+ AFEA PVCY HEEL vHIHEZ} 50%

=3
ZES HioH, $5&5 AEES /PERAAA 50%
oz 7t mskon, tE £FdAME 10-30%
= AzH ol AEF
g el
Hlg| =2 RS Bt BlaA

oM PVCS FEHS e HEE

N
o

e
o
2
o,

0oy Lo
N
ol

£ ol
I

o 2

(ol
)
i

J Environ Health Sci 2017; 43(3): 176-184

Hola, A AFMME 2 v T35
Z5o] o= 93l Fale] FeAo] 9t

o] =2 20149 A5 APoE A&

7.

10.

11.

12.

13.

References

. Heudorf U, Mersch-Sundermann V, Angerer J.

Phthalates: toxicology and exposure. Int J Hyg
Environ Health. 2007; 210(5), 623-634.

. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton

DJ. Heavy metal toxicity and the environment. EXS.
2012; 101: 133-164.

. US. HR 4040-CPSIA, Consumer Product Safety

Improve Act. 2008.

. Joel RR. US Consumer Product Safety Commis-

sion. 2008.

. EN 71-3. Safety of Toys, Specification of migra-

tion of certail elements. 1995.

. Parsons PJ, McIntosh KG. Human exposure to lead

and new evidence of adverse health effects: impli-
cations for analytical measurements. Powder Dif-
fraction. 2010; 25(2): 175-181.

SHA. ot 8o faAled ==Y 4
BjzAbeh Sl FIEAT3D): AT eE TSR
2008.

. Beckhoff, B., KanngieBer, B., Langhoff, N., Wedell,

R., & Wolf, H. Handbook of practical X-ray fluo-
rescence analysis. Berlin: Springer. 2006.

. Kalnicky, D.J. and R. Singhvi. 2001. Field portable

XRF analysis of environmental samples. Journal of
Hazardous Materials 83:93-122.

Roh MO. Study of soil pollution in landfill area by
X-ray Fluorescence. Department of environmental
engineering, Graduate school of Miryang Univer-
sity; 2007.

#4A, 7159, o], Bench-Top ED-XRF ¥ F
& XRFE o|§3 B A8 39| 3% va ¥
A H& 785 2009; 22(4): 293-301.

AR, Wgw, 7%, 4, sk, 8x1S, vt
A 4. Portable XRFE ©]-8-gt o]2l o] o} o] §-F
o] T54 3. FEF AR 2013; 22(4): 471-
479.

Gearhart J, Posselt H. X-ray Fluorescence Spectros-
copy as a public health screening tool for the pres-

http://www.kseh.org/



FHE XRFE OISt M=Al st W OEI0|8E & 27 RFall=2 & A 184

ence of hazardous chemicals in plastics. Society of concentrations determined using AAS and portable
Plastics Engineers - Global Plastics Environmental XRF techniques. J Hazard Mater. 2009; 171(1-3):
Conference 2009, GPEC 2009. 1168-1171.
14. Sanders M, Stolz J, Chacon-Baker A. 2013. Test- 16. Allen JG, Mcclean MD, Stapleton HM, Webster TF.
ing for lead in toys at day care centers. Work. 2013; Linking PBDEs in house dust to consumer prod-
44 Suppl 1: S529-538. ucts using X-ray fluorescence. Environ Sci Technol.
15. Radu T, Diamond D. Comparison of soil pollution 2008; 42(11): 4222-4228.

http://www.kseh.org/ J Environ Health Sci 2017; 43(3): 176-184



