Journal of Environmental Health Sciences

L)

Check for
updates

pISSN 1738-4087 elSSN 2233-8616
J Environ Health Sci. 2024; 50(5): 322-331
https://doi.org/10.5668/JEHS.2024.50.5.322

Original Article

D175 O, R O, OINE' O, F3ia 0, ZE 0, AXIE° O, HUS' O, F2' O, HYE* 0, YUS™
'CH7HE RIS QRS 4(3)0[0 SRUHS BRI 51T}, “OtUTHS I BHA0) L XIS St

Health Risk Assessment and Establishment of Exposure Limits for Children and
Adults from Heavy Metals in Indoor Dust

Gihong Min', Daehwan Kim', Sanghoon Lee', Hyeonsu Ryu', Jeong Kim?, Jihun Shin®, Kilyoong Choi*, Mansu Cho',

Youngtae Choe*, and Wonho Yang™

'Department of Health and Safety, Daegu Catholic University, EILAP Co., Ltd., "Department of Health and Safety Management, Songwon University, Department of

Environmental Energy Engineering, Anyang University

ABSTRACT

Background: The increase in population density and human activities due to urbanization and
industrialization has led to the release of environmental pollutants through various pathways. These include
air, water, and soil and result in environmental contamination.

Objectives: This study aimed to conduct exposure and risk assessments for five non-carcinogenic and three
carcinogenic heavy metals in indoor dust and sought to propose dust exposure limits for children and adults.
Methods: The study collected and analyzed indoor dust from 20 households in Myeodo-dong, Yeosu,
between June 28 and 30, 2023. The exposure scenario for indoor dust was assessed for children and adults,
calculating inhalation, dermal, and ingestion exposures, followed by a risk assessment categorized into non-
carcinogenic and carcinogenic substances. Exposure limits for heavy metals in indoor dust were determined
by calculating concentrations where the hazard index (HI) for non-carcinogenic substances remains below 1
and the total cancer risk (TCR) for carcinogenic substances stays below 1x10™".

Results: The highest concentration of heavy metals in indoor dust was found for Zn, with a maximum value
of 4912.01 pg/g, while Cd had the lowest concentration at 0.001 pg/g. There were strong positive correlations
observed between Cu-Ni (0.590), Mn-Ni (0.706), Co-Zn (0.601), Co-Pb (0.930), Co-Cr (0.961), Zn-Pb (0.728),
Zn-Ni (0.611), Zn-Cr (0.709), and Pb-Cr (0.982) (p<0.01). The assessment revealed no significant health risks
for the five non-carcinogenic metals, as the HI remained below 1. However, two of the carcinogenic metals
(Cd, Ni) exceeded the recommended exposure limits (TCR>1x10"°). The exposure limits for carcinogenic
substances were found to be relatively lower compared to those for non-carcinogenic substances, and children
had lower exposure limits than adults.

Conclusions: This study focused on Myeodo-dong in Yeosu, a region vulnerable to environmental pollution,
assessing the potential health risks and proposing exposure standards for eight heavy metals found in indoor
dust. The results showed no significant health risk for the five non-carcinogenic metals (HI<1), while three of
the two carcinogenic metals (Cd, Ni) exceeded safe exposure limits (TCR>1x10").
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Highlights:

- Positive correlations were observed
between Co-Pb (0.930), Co-Cr (0.961),
and Pb-Cr (0.982) in the correlation
analysis of heavy metal concentrations
in indoor dust (p<0.01).

- The risk assessment indicated that Cd,
and Ni posed potential health risks.

- High health risks are associated with
Ni in indoor dust, indicating the
need for ongoing monitoring and
management.
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& (exposure pathway)& B ZE|0] $74 0 F-S of7|g 4= It
AdgAto] ofshd tieAle] Abdsl= lsf AY oleh-&} A
TE 571 VI Al A0 By QoY
ERL =] 204 o)/ k=FotE AHAE S FHAIG o) g
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FYHEE, HA W S5% s FHAAY] @77 B A7
7ol Aol 858 Wrgeths” F5of BRste] Hoye
A= AR (e 2HADERE ofyEt theet AE Wi - RS,
A%, Aol B 4 kY B3], WA W AR Aol
st S5 R 4 ] whieo] WA U eFEde &
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F| o= Al JA WA (indoor dust) Hl T5% ezl W&
F9FE 7ot e At X3P
AAA A AR b= 58S 7F
A, 250 SA =] 7] &4 AEHA
2 AFA ] JFE v $ Yok AgEge] JwR=
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352 Rkt Zhar gl Hls| A5 thH] 52 A&
SFECl =2 F¥CE FE5 W =40 v v
17 QY AR 9} EAIR ol A A Ao EHE
Qlof H]3f| ofoloflAl ¥ & HIred H b ¢
L0082 HuEy QIet®
AAx]e] ZotE FE&o =22 ¢ U= AR
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AP A 0i5A] BEFL &
AFIEA), o ARITH] 5 TR 4H) o
Aol sl B4 020 Jare 37 Be 4 9
L A ] Astka ik E3, A7 Aol A
ok gl FUEY vl @ RUEY Sivt 27} gt
e A0 BuET 93, 98 A% Ao B o 1

2493, FFt

Bt 2 AtolAs Adgs (A Ratel 7 5), A5 AA
5 99 0 A48 B $9) A BRd] S5 72
(Cu). BEHM), THE(Co), oFizn), H(EY), FH=B(CA), |
AN, TECD) F 85 T34 BARFO 2 AR,
w2 A7) B ok REE] A AAUAE 3
Foto] 1w R AV ok, vt kel A7
Aa7122 & A4 (Hazard Index, HI) 1 9|9k & &4
3} &= (Total Cancer Risk, TCR) 1x107° H|glo] H& ZHS A4
AH(back-calculation)sto] ofgdo]e} AJRle] Au] JAHUA] =&
71%& AAISkaLAL Sk

Il Xz 3 2t

—_
A= FF7MIADA, AeAtdeA], S24ded
&

2. NZAS L 24
A AARAE A AR T2 ALE T R WA,
&0t 9 7hE |l FollA AFHBEH AL, ASTM D 7144-05a5 &
g3to] AFeHAE? A FAHAE PI(Gilian Air plus,
Sensidyne, USA)°|| Efo]L FE(R-3603)E AZsk1, 3T 7+
MIE(SKC, 225-3-01, MCE, 0.8 um, 37 mm)E Zgs}o]
2.5 L/minC. 2 28 & AF6IA AFE WA= A
W(LDPE: &3] 22 cmx 25 cm, =)0 Hol Yadt - A9
Az pHbeto] AAdx & FF2 S7gsto] Basilth o
H FE5e TS 95480 FE2 WIS EAEY
A 3 M HNO;¥} 2.23 M HCl £%-89)
& AHgstet BAL REAREAZINCH FE BHY=
Z|(ICPE-9800, SHIMADZU, JAPAN)Z 0]-85}0] B45}9lch
(Supplementary Fig 1, Supplementary Table 2).

o
e

Zn, Cr’* 5%o|0, WAEZHL Pb, Cd, Ni 3522 F 859
222 A8 4 ()9 YA %403 (nhalation
Reference Dose, RfD,)2} 2] (2)°o]4 STYAZ TAIFAE
(Inhalation Cancer Slope Factor, CSF, ;)= Cd, Ni, Pb, Mn2]
59 = A2 %] (Reference Concentration, RfC)2} SUTHL Y
Sl &= (Inhalation Unit Risk, IUR)O]| A|E3 S&E-S 118 o}0]
/&%5}9&\:}.23‘27)
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RfC (mg/m3) x 20 mS/day
70 kg

RfD,,,(mg/kg/day) =
o714, RfD,, = SUAFE FAFAA], RfFCe SY=3%L
Z]o]tt.

_ IUR (ug/m3)71 > 70 kg
20 mg/day

CSF,,,(mg/kg/day) ™" % 1,000 g/ mg @)

o]7]4, CSF, = SUAE FAIAE, TURS
ojct,

2 (3)9] AFAZ EAZ X (Dermal Reference Dose,
RfD,.)%} 4] (4)9] A4z LA (Dermal Cancer Slope
Factor, CSF,,)= Pb, Mn, Co, Zn, Cr9 HAFA=Z 4%
A](Ingestion Reference Dose, RfD,, )2t AFH =2 A
(Ingestion Cancer Slope Factor, CSFmg)Oﬂ AT S4E(ABS,,)
< #85fo] AAslTEP 0 ZF40] A 29 RfDQ} CSF=
Z}7} Table 13} Table 20] A A|5FgTE242652

FYASA

Rf Dy, (mg/kg/day) = RfD,,,,(mg/kg/day) X ABS¢; ~ (3)
o7]A, RfDy,+= BHBE F4HILA, RID,, .= HAFB=E
EAZAA], ABS, = 9T % S(Pb: 1.00, Mn 0.04, Co:
0.25, Zn: 0.25, Cr 0.013, Ni: 0.04)°]ch>
_,  CSF,,(mg/kg/day)™'
1 _ ing
CSFdey,(mg/kg/day) = ABS,, )

71 A, CSFpiz W2 T HHAE, CSE, = AFEE T
FAE, ABS, = T E4&(Pb: 1.00, Mn: 0.04, Co:
0.25, Zn: 0.25, Cr: 0.013, Ni: 0.04)o]ct>

zul—ﬂoﬂ E]"j/]' =, A3
E —?—-—0} R, =EF7h= = 3
1 5 %(United States Environment Protection Agecy, US EPA)

Table 1. Reference dose (RfD, mg/kg/day) for the heavy metals

I gt FHF S EATF AT A (National Institute for
Public Health and the Environment, RIVM)9] r&d78]=S
Fslelct ) Sgestiele] sele) el 2o
Am AGARQ02DANA EY eE3AU2] E Farsto] ofd
010~6A)S HRAI9A] OO 2 FAAFTEL TR F
7¥7+0] - 2A|5 5 A-8-519]THSupplementary Table 3).°°7? 4]
(5)~4] (7)9] Ay AW LE2ormalZe Ay AW}
FH U3 31 B SUske nEAD, 3 3
X o] m] B, AU AR HFHE 12kt

Cx InhRx EFX ED
ADDi: LADD = = ppm pwear . (5)
o}71M, ADD,, = LLBAFU=EF, LADD,, = W“Eg

BEFEL=EY C WA W S5 5, InhRS 5%
EFE =245 EDE =27)7h PEFE YAEAS, BWt
A, AT BatstrIztolct,

- 2] &
L = R B

CX SLXSAXABSX EFX ED

ADDyeys LADDyer = BWXAT ©)

o7]A, ADD,,,= Y¥BH+4T =&, LADD,, = FHLY

FAAYEEYF C= JAHHA Y S55 55, SL2 oF- 52k

A4, SAw= A HHA, ABS= TH S48, EF= =EHI% ED
= 227171 BW= A, AT= BdshA|ito|th

_ CXIngRx EF< ED

ADD;g LADD;, BWXAT @)

o}7|A, ADD,,,= ¥¥ %&ﬁ%i%%k LADD,, = BAYY

FAAHEEYE, C= JHA Y S35 55, IngRS HHE,

EF= 24T EDE L2771 BWh AF, AT= HoshA|7E

ojct.
A HAH
ﬁ

= 1A

AW Fe5H &0 IE 95
w7io) w2 slo] AT e 2 BT
2 AP F = E3F(Average Daily Dose, ADD)Z AF
RfDE #-&35}9] {-3A4>(Hazard Quotient, HQ)S
S, HQZF 1 olel A% AR 7SIt ol

2 Basigeh Y wtEdL

¢
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-1
Heavy RED,,, RED,, RED,, Reference Table 2. Cancer slope factor (CSF, (mg/kg/day)™) for the heavy
metal 8 metals
) -2 -2 31)

Cu 4.02x10 1.20x10 4.00x10 Heavif CSF,., CSE,. CSE,, Reference
Mn 1.43x10°° 5.60x107 1.40x10™" = meta

Co 5.71x10°° 5.00x107° 3.00x107* » Pb 4.20%x107 8.50x107° 8.50x10~° 2

Zn 7.50x10 7.50x10~ 3.00x10™" 2 cd 6.30x10° 6.10x10° 6.10x10° 23

Cr 1.95x10™ 1.95x10™ 1.50x10° %0 Ni 8.40x10™" 4.25x10' 1.70x10° 2‘“
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(Lifetime Average Daily Dose, LADD)Z AF&3H & A HAA| S A 85to] AU JHHA] w&7]|&S AHESHIT]
Z*(Age Dependent Adjustment Factor, ADAF)2} CSFE H5}9]
HFOFOIE)| IE (Cancer Risk, CR)7} 1x107° 0]AFQ1 A< &2 = BWXAT
e e TnhR SL<SAXABS . IngR
o] 273 iohE Weslolch ) N R AL A HOE BB+ g ) (D)
9toto] HIE AFEotla, IEd2 42 CRE 1T §o
o] TCRE AH&3HL o714, C= LH AHHA Y 5% 55, BW= A5, AT
L 7} EFL: L =Hd AN 7 ° 55
ADDoyy s s = WA SHAIZE EFeE wERIE, EDE =27|7) InhR 55

HQinh,den ing = Rf'Dinh (8) %, PEF":‘ ?:]X]' %Zﬂ_l‘, RfDmht g?j%i EAJX}I-X] SL‘—

WREBEIAAS SAE A EHZ, ABSE WHLZFE, RfD,, = 4

sder,ing

o714, HQE #3415 ADD= YUFH &, RIDE & IHE S4HJLA, IngRS HF &, RD,,= AFE= 543
‘gFaL Aol aLA|o]tt,

o= 1.00<10°° X BWXAT

CRinh,‘der‘iny = LADDMIL,der, ing x CSEnh.der,ing X ADAF (9) EFXEDX(%WJrSLxSAXABSX CSEy,, X ADAF+ IngRx CSF,,,, < ADAF) (13)

o714, CR TAHSE, LADD= ALY A =S, 0%71*1 Ce Al A W S5 55, BW= AlS, AT

CSFi= HIoHAE, ADAFE 18 RgA|%o]t, HISIAZE BF= w2HE DL w27)7h InhRS 55

%_r, CSFe= U2 LA, ADAF= AP EGA < PEF

HI=XHQ=HQ,,,+ HQy, + HQ;,, (10) = YALEAIS, S HREAA S, SAE A EHE, ABS=

HE G5, CSF, = AWAR WAL, IngRe HHL,
7M. HIE & RO1A0% HQut BY RO HQuE SR, H342 Berapeold
A5 o)A, HQ,, = 43 fal7I5zolk
6. SAEN

TCR= 3. CR= CR,,, + CR,,, + CR,,, (1D A JHHA W S5 see i 2 7lesA 24
AIE AR HAHA U 55 s=1e] S &

o]7]1A, TCRS & Tz, CR,,, S T A=, Q15}7] Q8 1ol AFA|4=(Pearson correlation coefficient)

CRy > A9 A=, CR,, = A5 T A ol £ AFESHlA, §-9lE0] 0.05 ITHY Z-(p<0.05) BAZ
° 2 {ofsirial Witk A2 A A4 SPSS
5. AL ZXMHX| | S2& =7\ 0 ver. 19 (IBM Company, USA)E A}-8-5133Ch.

wlrerg el A AHEA f B34 w12 4 12
9} 220 K/} 1 BIfte] s 58 Ak, WeEalel 4
S 4 (1334 o] TCR7H 1x10° vjgto] Hjt =8 AL

Table 3. Concentration of heavy metals in indoor dust

Indoor dust (n=20)

Heavy metal
AM=SD (ug/g) GM (GSD) (ug/g) Min (ug/g) Max (ug/g)
Cu 264.38+280.59 194.25 (2.05) 85.49 1,206.94
Mn 355.18+186.26 311.91 (1.71) 109.27 905.80
Co 8.11+ 6.35 6.01 (2.30) 1.35 24.60
Zn 1,768.34+1,304.81 1,332.61 (2.23) 361.53 4,912.01
Pb 159.92+124.80 115.99 (2.39) 26.98 438.01
Cd 3.73+7.47 0.08 (41.48) 0.001 28.33
Ni 67.45+42.03 56.97 (1.81) 16.85 169.08
Cr 220.02+181.00 159.69 (2.32) 41.82 609.67

AM: arithmetic mean, SD: standard deviation, GM: geometric mean. GSD: geometric standard deviation.
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U7 - ZChE - O|AE - BHA - AW - MXIE - EZG - X0HL - HYE] - Y

. &2 1} 9] G2 AABAE HAH(p<0.05). EZE, Cu-Ni (0.590),

Mn-Ni (0.706), Co-Zn (0.601), Co-Pb (0.930), Co-Cr

1. AL} 28| L} S24 52 (0.961), Zn-Pb (0.728), Zn-Ni (0.611), Zn-Cr (0.709), Pb-Cr

AU AHHA U $F<4 ST Table 30| Jeich A (0.982)= f2J4=0] 0.01 PRt 2 BAH 2 {9511,
W HHHA W 525 B 55+ Zn (1,768.34 pg/g)>Mn 73Rt F(H2 A2 &2 Ut (p<0.01).

(355.18 pg/g)>Cu (264.38 ug/g)>Cr (220.02 pg/g)>Pb
(159.92 ug/g)>Ni (67.45 ug/g)>Co (8.11 ug/g)>Cd (3.73 g/
g) =0 & UEpylth AU JHUA Y F5& 529 W
ZnollA 4,912.01 pg/g2 7P £, Cd= 0.001 pg/g=2 7+
% 2k

2. AU AHEX| I S35 4EHEY
AW JAHA] W F5% Fkol tigh goj& AaE A Ayt
= Table 40f YEFHACE AU AR W S5 7He] At
Ao A Cu-Mn (0.561), Cu-Zn (0.463), Mn-Co (0.504), Mn-
Zn (0.452), Mn-Pb (0.540), Mn-Cr (0.499), Pb-Ni (0.462)

< &l 0.05 VRte = SAX 2 Rofoi F3F A=

1%

~

Table 4. Pearson’s Correlation coefficients between different heavy metals

3. &L

o

HEUX W =

I

LE X PloHEYL

3.1 EHt

A JAEA U S5 =5 A AEYEE 539 4=E
ADD+= ofgio]9F IO A >3] F>F9) 02 Uehydth
(Table 5). A= HLUEE 559 ADD,,+= ZnoJA] ofglo]
9} 491 742+ 9.43x107 mg/kg/day, 2.82x107 mg/kg/dayZ
7P 9k ADD,, 2+ ADD,, o4k oot ARl 5 Zn
o] 7H &3tem, CoollA 71 H3tth

A FHEA] Y F35 =E A AAEL 359 429
LADD+= ADD®} 5UsHA| ofdo]eh Al A F>u] 7>

Cu Mn Co Zn Pb Cd Ni Cr
Cu 1
Mn 0.561* 1
Co 0.098 0.504* 1
Zn 0.463* 0.452* 0.601** 1
Pb 0.116 0.540* 0.930™** 0.728** 1
cd -0.231 -0.311 -0.164 0.006 -0.026 1
Ni 0.590™* 0.706™** 0.280 0.611** 0.462* -0.020 1
Cr 0.101 0.499* 0.961** 0.709** 0.982%* -0.061 0.364 1
*p<0.05, **p<0.01.
Table 5. Non-carcinogenic ADD of heavy metals in indoor dust
Heavy Group ADD,,, (mg/kg/day) ADD,,, (mg/kg/day) ADD,,, (mg/kg/day)
metal AM+SD
Cu Children 1.41x107+1.50x10” 2.76x10°+2.93x10° 5.28x107*+5.61x10™
Adult 4.22x107°+4.48x10™° 5.04x107°+5.34x10™° 7.86x107°+8.34x107°
Mn Children 1.89x10749.93x10°* 3.71x107°+1.94x107° 7.10x10*+3.72x10™*
Adult 5.67x10°+2.97x10™° 6.77x10"°+3.55x10™° 1.06x10™*+5.54x107°
Co Children 4.32x107°+3.38x10™° 8.46x107+6.62x107 1.62x107°+1.27x10™°
Adult 1.29x10°+1.01x10”° 1.55x107+1.21x10” 2.41x10"°+1.89x10™°
Zn Children 9.43x107+6.95x107 1.85x107*+1.36x10™ 3.53x107°+2.61x10™
Adult 2.82x107+2.08x107 3.37x107°+2.49x10° 5.26x107*+3.88x10™*
Cr Children 5.62x10°+1.51x10™° 1.10x107°+2.96x10™° 2.10x10*45.67x10~°
Adult 1.68x10"°+4.53x10™ 2.01x107°+5.41x10” 3.13x107°+8.45x10™°

AM: arithmetic mean, SD: standard deviation.
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Y =02 7MY ¥UdtH(Table 6). FE2E HAEH 359 7 AUk CR,, 2 NiolA] 1.03x107°-4.99%10°2 7H &
LADD, = PbojlA] ojgo]Q} A9l ZH2} 6.18x10™ mg/kg/day, ok, CdE 1x107° o]Ao 2 A7 71540] Y= Aoz
7.72x10” mg/kg/day2 7H =9tth A2E HUEL 359 ettty UEE 359 &AM CRS BF 1183 TCR
LADD,,, 2} LADD, Ol A% &4} 55t PbollA] 7 =Skt oA Cde} Ni ojgolel Aol =& ARl A7 e
20 2 UJEPFTHTable 8).

3.2. Yaiagrt

AY JHAA ff T34 S HEYELY =E34E HQ 4, =
oA HQ,= MnollA 3.96x107-1.32x1072 7H &=%2 A JAHA W SF4 =27 A8 ol EUER 4
M, HQ,°IAE Mno] 1.21x107-6.62x107°& 7} &gtk %% HI®} TCRE
Co%t Cuts HQ,, oA 27t 8.04x107°-5.40%1072, 1.97x et =27|ES st
107-1.32x10728 71 =2 Ao & Vet vddE4 5 Table 9°]] A|A[5H3 L, Cr>Zn>Cu>Mn>Co =2 & WEFH T

ook
o
jus]
P

9
i
o
ol
1o
H—a
i
N
N
Mo

50| Z7k0] LB YA HQ<IZ AH A4 IRl WHEA 350 1eE71EL Table 103} 21, PhoNi>Cd

o, & HQE BF 1T HIAE HIKIE A48l 0% tehgth weteae] w37]2S uet wdv]20] )

A7} Q= A0 2 LT Table 7). o BlaA e Ao Uekda, ofolst Aelo] wls) wor
A FHEA W B B R A crolH T

CR,,,2 NioflA] 2.73x107-6.57x10°2 7} %&9kt} CR,. Ol
AENi°] 1.65%107°-6.51x10°2 7} =9kom, ojglo|9} A
o] ol LAt A % CR9} 1x107° o]A}o 2 ZAfAQl A7)

Table 6. Carcinogenic LADD of heavy metals in indoor dust

Heavy Group LADD,; (mg/kg/day) LADD,,, (mg/kg/day) LADD,,, (mg/kg/day)

metal AM+SD

Pb Children 6.18x107°+4.83x10™ 1.21x107°+9.45x10™° 2.32x107°+1.81x10™°
Adult 7.72x107°+6.02x10”° 9.21x107°+7.19x10°° 1.44x107°+1.12x10°°

cd Children 1.44x107°+2.89x10 ™" 2.83x107°+5.66x10™° 5.41x107+1.08x10™°
Adult 1.80x107°+3.61x10™" 2.15x107°+4.30x10™° 3.36x107+6.72x107

Ni Children 2.61x107°+1.63x10”° 5.11x107+3.18x107 9.87x10°+6.09x10°°
Adult 3.25x107°+2.03x10™ 3.88x107+2.42x107 6.06x107°+3.78x10™°

AM: arithmetic mean, SD: standard deviation.

Table 7. Non-carcinogenic risk index of heavy metals in indoor dust

Heavy HQ;,n HQq, HQing HI
Group
metal AM SD AM SD AM SD AM SD
Cu Children  3.51x10™° 3.72x10°° 2.30%x10™ 2.44x10° 1.32x107 1.40x10°° 1.55x10™ 1.65x10™
Adult 1.05x10°° 1.11x10°° 420x10"  4.45x107* 1.97x10™ 2.09%x10° 2.39x107° 2.53x10™
Mn Children  1.32x107 6.94x107 6.62x107° 3.47x10 5.07x10 2.66x10° 2.49x107° 1.31x10°°
Adult 3.96x10°° 2.08x107° 1.21x10°° 6.34x107 7.54x107 3.96x107° 5.93x107 3.11x10°°
Co Children  7.57x10°* 5.93x10°* 1.69x107* 1.32x10°* 5.40x10 4.23%x107 5.49%10 4.30x1072
Adult 2.27x107* 1.77x107* 3.09x107° 2.42x10° 8.04x10°° 6.29x10°° 8.30x10~° 6.49x10°
Zn Children  1.26x107° 9.27x10°° 2.46x107° 1.82x10°° 1.18x107 8.69x10 1.42x10 1.05x10
Adult 3.76x10°° 2.78x10°° 4.49%10™* 3.31x10™* 1.75x107° 1.29x10°° 2.21x10° 1.63x10™
Cr Children  2.88x10°° 7.76x107 5.64x107* 1.52x10°™* 1.40x10™* 3.78x10°° 7.07x107* 1.91x10™*
Adult 8.62x10” 2.32x107 1.03x10™* 2.77x107° 2.09%x10°° 5.63x10°° 1.25x107* 3.36x10°°

AM: arithmetic mean, SD: standard deviation.
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Table 8. Carcinogenic risk index of heavy metals in indoor dust
Heavy CR;,, CRyer CRiyq TCR
Group
metal AM SD AM SD AM SD AM SD
Pb Children 7.79x107"°  6.08x107"° 3.09%x107 2.49x107 5.91x10” 4.61x107 9.00x107 7.03x10”
Adult 3.24x10™"  2.53x107" 7.83x10°° 6.11x10°° 1.22x107 9.53x10™* 2.01x107 1.57x107
cd Children 2.73x107° 5.46x10™ 5.17x10” 1.04x10°° 9.90x10™° 1.98x10°° 1.04x10°° 2.09%x10°
Adult 1.13x10”° 2.27x107° 1.31x107 2.63x107 2.05x10°° 4.10x10°° 2.18x10°° 4.36x10°°
Ni Children 6.57x107° 41010 6.51x10 4.06x10° 4.99%10°° 3.11x10°° 1.15x10™* 7.16x10°°
Adult 2.73x10”° 1.70x10”° 1.65x10°° 1.03x10°° 1.03x10°° 6.42x10°° 2.68x107° 1.67x10°°
AM: arithmetic mean, SD: standard deviation.
Table 9. Non-carcinogenic exposure limits of heavy metals in indoor Table 10. Carcinogenic exposure limits of heavy metals in indoor
dust dust
Children Adult Children Adult
Heavy Calculated Exposure  Calculated  Exposure Heavy Calculated  Exposure Calculated  Exposure
metal concentration limit concentration limit metal concentration limit concentration limit
(ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ug/g) (ng/g) (ug/g)
Cu 17,050.1 17,060.0  110,806.6 110,810.0 Pb 177.6 180.0 796.5 800.0
Mn 14,250.3 14,260.0 59,930.1 59,940.0 Ccd 0.4 0.5 1.7 1.8
Co 147.6 150.0 977.6 980.0 Ni 0.6 0.7 2.5 26
Zn 124,110.5 124,120.0  801,778.9 801,780.0
Cr 149,035.6 149,040.0  845,118.4 845,120.0
2] 37o] Beo] &g Ao Witk wheta, ol2fgt
AIAE 53 58 NEee 2, AR 5 At AL
V. T &t A A3t Zlo] Wasik
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