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Health Risk Assessment of Soil Heavy Metals in Residential Communities Built

on Brownfields

CHEN Xing', MA Jian-hua', LI Xin-ning”, LIU De-xin', LI Yi-meng'

(1. Institute of Natural Resources and Environment, Henan University, Kaifeng 475004, China; 2. Kaifeng Environmental Monitoring
Station, Kaifeng 475000, China)

Abstract: Nine residential communities which were built on different brownfields in a city of Henan Province were chosen to investigate
the health risks of heavy metals (As, Hg, Cd, and Pb) in surface soils. Concentrations of soil heavy metals were measured according to
the methods described in the national standard. Based on the health risk models recommended by the U. S. Environmental Protection
Agency (US EPA) , non-carcinogenic and carcinogenic health risks of soil heavy metals were assessed. The results showed that compared
with the original brownfields, the heavy metal concentrations in soils and their health risks in residential communities built on brownfields
were significantly improved, and the concentrations and health risks of soil heavy metals in these communities were all higher than those
in non-brownfield residential communities. The HQ and HI values of soil heavy metals in all the residential communities were lower than
1, which indicated that there was no non-carcinogenic risk in these communities. Meanwhile, the values of CR and TCR were slightly
higher than the standard suggested by the US EPA, indicating that slight carcinogenic risks in the communities, but these values were
lower than the lenient standard proposed by some experts. The HI value of the four metals for children was exactly seven times higher than
that for adults. The contribution rate of HQ,_ to HI was about 75% , CR g to TCR was about 80% , and therefore arsenic was the crucial
factor for carcinogenic and non-carcinogenic risk in the residential communities of the city.

Key words: brownfield; heavy metals; health risk; assessment; residential community
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5w BT G AR TR AR B B, A SGIE HRE LR R
Prfiid A4 B T 58 35 1 15 G 7 A B A
F0 S TR I [ 43 T A R T R
APRIE 2 Al AL i RER S AR 4P 5 R T 2004 4F
WA T O T OIS A Ml o i A P R S e B
R TAERIE A , 2012 AEIREEORA AR S 4 FRECS T
BT CORTARBE Tl A 37 3 15T & F I PRI 22 42
AR TY 75 A XS DA | 3B 5 | PR3 )
PR M SEAT AR e EAEAESR W 25 rpr. FRE R
FH AT — Lt KR PP A S s R o
(HX SERFFY F2 EAR T E AR M IR TS G FXUR AR 7
AT, Xof JFL P 3 B 40 I 2 1 AT SR A A ft B DS 2 i A,
HGH. b b, B B 5 n] REAF AL HOR )= 1 Y SR R
Pkt 07 T AR | LR e U PR 5%
PR RS By ) 1 B8 5 A0 A5 JEUIAL PR I A i

W AT BRATYRAEAE — A2 I FR R XURS: 15 3. AR5 ATR]
ARG, RETE R BT R RANX (LT
fRTFRAS b /N IX ) = AR, I 4 TR (As, Hg,
Pb, Cd) &k, i B 36 E AR (US EPA) HEZE 1) il
JRE IR TPk A 7R S e R XS -, 5 A R /N X T
AR AL ORI, JF I E AR A A 3 B 5%
FSCH AR T 5842455

1 RS

1.1 8RR R A

A 3 X0 T 2 T — A N X D A
SEG TR A 0 A PR B0 4 R TR ] R 4 9% AT
2 AT L e B AE 4 K Tolb A T & #ik
() 6 A i/ N R 3 A5 B XA A RABEXT 42, 457N
X fa e L 1.

R1 BERBDRERRE

Table 1 Introduction of the sampling sites

RFE/NX A s 7N DX ] TR/ hm? [CERIRVA
ik BYi 1981 4 YH 2006 4 7.94 St
Epger 1962 4F XH 2009 4F 1.93 ®+iBE
EIHES Eal 1978 4¢ WY 2011 4E 4.00 LSS
T2k Hib™ 1955 4 TX 2010 4F 7.85 g
ek e v Bk 1968 4F DS 2008 4F: 3.40 Eaw
WA E LR 1953 4F XT 2003 4F 1.53 FaRi ot
-2 DI 2009 4F 6.70 TR
XA X D -2 D2 2006 4F 2.58 TBE
1953 4F D3 - 1.13 TEE

1) D1 S i A JH 45 TR ) s R /N IX, D2 2 ph 28 28 FH Ml 3G TR 9 S R /1N X, D3 S 338 FIAILAR) SO T WY @ R X5 2) AR At s R/

DX, IEEE I 5 3) ) B R, TN X A R ]

BRoRFEX D3 A 1 Frafih, e 1| ARAEEFIT
A, HAtl/NXIIREHLAT I 5 A RAEHIG. 7ERAREE
BT 2 m® JEEN LIRS ASREE A AN
BANGTIERZE (0 ~20 em) £ 100 g 2247, TRibAHY)
FRARAIE FLE R iR A MR ZeR A T +
HerES. AR HHER AR 41 4
1.2 LIS SR ik

FESCIEE B R AT AR, 205
(30 sS04 ) BUREZ) 50 o, IS SRR I | 42303
14100 H (0. 15 mm) JE . +4E As| He &R H
DB51/T 836-2008 J5 il 2 , {45 /& AFS-930 7Y Ji
TR EH (dba). +5E Pb, Cd R GB/T
17138-1997 J7 1, FHl 1ICP-OES 0 5 H & &t
XA X Series 2 7Y HL JEAHHE G 45 B TR T3 A (7
). e o b, B R bR ME K GSS-8 Fi
GSS-3 415X As . Hg W i 47 B 454, H ESS-2
XFCd, Pb W #E 47 BT 5 W, AR e 3R A

95.2% ~105. 1% Z|f].
1.3 B 4 ) fa R XU PP A A
1.3.1 +HEE SRR R

As, Hg., Cd F1 Pb #8E A7 12 14 Al 3509 fat 5 X
W, o As Fil Cd [F] B i HA Bom AU, 3T
XUETE 4 Ja LA PO AL R R il R A 3
it 2 g R A2 3 A A, DA A7 of fidt S XU, 3 il 2%
Fa iR B0 () FEESUE (R ARLE) 48
B ¥R R P,

¢+ IngR - CF - EF - ED

ADD,, = BW - AT (1)
- InhR - EF - ED

ADD,, = © PEnF “BW - AT (2)
-SA - CF -SL - ABS - EF - ED

ADDderm = ¢ BW . AT (3>

st ADD,,, . ADD,,, . ADD,, 5510 HEA L WA
B B B il B 2 0 R 4 R B R

=)

=,
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mg- (kged) ' ¢ N HIEEEE A, mgkg
IngR MHEA + R HR  mg-d™"; InhR y FE I B
HKom’ed™'; CF A ZE kg-mg ™' ; EF N 2R
Wi dea”'; ED HREEFR ,a; BW B FHAE,
kg; AT NE 4R V2R E], d; PEF KA HE
BCH T, m’ kg ™'y SA WEREE KRR ER, em®; SL
IR, mg- (em”-d) ' ABS SRy B k% i
K+, o 4.

L SO 4 8 AN R B R iR A A H O3 2
8= a Ikl N W = Rl

¢+ CF - EF
LADD,, = “= = x
(Inchhild * EDyug  IngRgu - EDadull\J (4)
BWchild BWaduh
c - EF
LADDw, = ppp . AT ¥
Inthhi]d : EDnhild InhRadu]t ° EDaduh
+ (5)
Bthild BWadull
¢+ CF - EF-SL-ABS
LADDdcrm - AT X
SA,. +ED SA . * ED
( child child + adult adull\J (6)
BWL‘hild BWadull

1, LADD,, . LADD,, . LADD,,, 43 %} 5 T Ak
A R A | IR R B R A i 2 R s AR 1 L 4
JRZ A H V1 B g2 i, mg- (kg-d) "5 InhR,,, F
InhR,,, 5351 24 JL 2 AL (4 BF A5 3 m®-d ™
ED . 81 ED,,, 73 9 8 JLZE FE N 1Y 2 85 4EBR a;
BW ., F1 BW ., 23 A L S S B AR R kg
HAth 55 12 LR (1) ~ (3).

2 7% 3 B & M 34 5 3 4 5 0] (DB11/T 656-
2009) L K [ YA SR 5T B2 2 (1) ~ (6)
ﬁﬂﬂﬁiﬁiﬁlmﬁﬁlﬁl?:lngﬁaduh% 100 ng'd_1 ,IngR 0
200 mg-d™",CF 1 x 10 ° kg-mg ™", EF & 365
d-a™" ,BW,,, M 53. 1 kg,BW,,, 0 15 kg, InhR,,, H
15m’-d™", InhR,, & 7.5 m’-d™", PEF & 1.36 x
10° m*-kg ™' ,SA_, N4 350 em®,SA,,, N1 600 cm’,
SL }0.2 mg-(em®-d) ~',ABS 2}y 0. 001.

R ITE T BUB AR E SR 0 AT
BUEARR. et A 805 E 4 8 2 8 i, AR
JLFEREE ED 4391 24 a f16 a2 HH: AT
IRk 24 x365 d Fl 6 x365 d. fEiTEBIEREE
RN N AAEY) ED N 24 a; AL EREUE
4B R EE T, SR S A LB RN B AR B B Y
TR B MACE Y, ol P34 ED 2 30 a( Hrp JLE
WIN 6 a, A 24 a), Fits 285 5 V3 0 i 51 %
AHATHA(70 a) , A5 LI W EUE T 4 )8 2 5
AT HHUE N 70 x 365 d.

1.3.2 {5 UG RAF AR Y

HRYEAAIE G 10 T 4 A MR B ik A, 4

SO FNEUE T4 IR A e B UG SR RS Ry 22 -2 2T

3, ADD,
HQ, = : 7
0= 2 R, (7)
4
HI = > HQ, (8)
=1
3
CR, = > ADD; - SF, (9)
j=1
2
TCR = > CR, (10)
i=1

K HQ, MAEBUEE SR i 19 I XU FE 4
ADD, MR BT B m 2 j MR ERIRACH H I B EE
i,mg- (kg-d) ~'; RID NARBURE SR | 45 j Fh#
TR S % &, mg- (kg-d) ~'; HI b 4 P 4
JRim T 3 b R & AR T B 3 B0 XU R 8K
CR, NEUFE SR @ iR e XUS 15 % ; SF, AL
WESE S M REEENME R,
(kg-d) -mg™"; TCR N As # Cd 3T 3 PR TR
PR RO SR FE £ Y HQ, B HI < 1 i, IR
FEBOR R XU T L2 s S > 1 I, KOs AR
EBURAERE XS, US EPA #E7£A#Y CR 1 TCR 1+
HOAEAREN 107° A TR Y HAE 107° ~
10~ 2Z [E] 2 ml A2 1 22 2,

2 7% 3% E 7 H F 55 0F 4 5 0] ( DB11/T 656-
2009) LA K [ AN SERFFE IR P 7 K Fh R R
AR RID Al SF 2 0L3% 2.

®2 TESSEAEEREEM R SF)

Table 2 Reference dose for non-carcinogenic metals and slope factors for carcinogenic metals

RfD/mg- (kg-d) !

SF/(kg-d) -mg ™!

AR FOEA 34 R FOEA Tk e T
As 3E-04 3E-04 1.23E-04 1.5 1.5 4.36-03
Hg 3E-04 2.4E-05 3E-04 n. a. n. a. n. a.
cd 1E-03 1E-05 1E-03 6.1 6.1 1. 8E-03
Ph 3.5E-03 5.25E-04 3.52E-03 n. a. N a. n. a.

1)n.a. ;Hg 71 Pb J& FAEBURE &8, 54 SF 5
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2.1 HEEESE SRR

FRFEX 4% As, Hg, Cd 1 Pb SRS W&
3, ARIRIZE B /N X A 3 4 ~F- 3 5 A 6 EE DL T 1
ME 2. mE3, B ME 2 AT, 4/ 3 4
J& & HA LU R A 55— BR XH, TX F1 D1 Ay +
HEPb Frig, XT ) Hg H &K TS% 1 5l HAib
INXESR SR TERE; P EERE,
FANX 4 FESE ST EY S TERMAE 2,4

FrH/INX 58 As B d 3 R T AR A H 6 RN X
(D1 F1D2) , 28t/ NX Cd &= m T3 RIX
BAIRZHRF/NX B Hg A1 P & Il F X HRIX 5
AR A TR X 28 = B U X i X
(D3) -4 As & EARTH AR /N X Ah oA 5 4
JR SRR TN X R AR R T BN K. 25
B AR X (4 i RN (D2 ) +3E Ph &t T
R BT/ NX (D1) 4b, HoAh F 4 JE % 22 R K.
SN, Sl AU kR IR IX (D3) B E 4R
s TR RN (XT).

£33 BIMX(n=5) i%iﬁ%@%éﬁﬂ'/mg'kg’l

Table 3 Statistics of soil metal contents (n=5) in different communities/mg-kg ~

1

Fam WH EIESES BRI kT VA X} X 7;;;?&,%
YH XH WY X DS XT DI D2 D32 fE"
N1 20.19 9.95 9.76 9.93 10. 69 9.39 7.06 7.17 —
/M 8.40 4.70 7.17 6.67 8.70 5.91 4.78 5.00 —
As  FIfE 11.53 7.31 8.36 8.42 9.51 7.40 5.72 5.96 8.12 4.93
SD 4.90 1.89 1.12 1.21 0.81 1.18 0.88 0.87 —
Cv/% 42.50 25.86 13.40 14.37 8.52 15.95 15.38 14.60 —
SN[ 0.14 0.05 0.10 2.07 0.61 0.26 0.31 0.18 —
f/MHE 0.02 0.01 0.02 0.03 0.02 0.01 0.01 0.04 —
Hg “F¥IE 0.06 0.02 0.06 0.33 0.06 0.09 0.09 0.10 0.67 0.04
SD 0.04 0.02 0.03 0.10 0.23 0.82 0.12 0.05 —
Cv/% 66.67  100.00 50.00 30.30 383.33  248.48 133.33 50.00 —
IS ONEN 0.61 0.49 0.93 0.62 0.75 0.47 0.58 0.47 —
/MHE 0.35 0.28 0.42 0.38 0.40 0.36 0.33 0.26 —
cd  EHE 0.44 0.41 0.63 0.50 0.48 0.42 0.43 0.36 0.74 0.23
SD 0.11 0.08 0.19 0.05 0.14 0.11 0.09 0.07 —
Cv/% 25.00 19.51 30.16 10. 00 29.17 22.00 20.93 19.44 —
B 24.18 13.23 29.82 22.25 52.81  130.28 11.24 49.89 —
/ME 12.15 4.14 8.70 7.7 13.03 11.22 3.41 13.99 —
Pb  FHE 17.15 7.35 18.10 12.62 25.37 39.02 8.09 25.57 60.42 13.90
SD 5.05 3.18 7.61 4.98 15.33 47.22 3.10 15.74 —
Cv/% 29.45 43.27 42.04 39.46 60.43  121.01 38.32 61.56 —

1) HHEE 4RI RSB AR SCER[ 30,31 140119 5], 13 As | Hg. Cd I Pb GEIHREARESIHI0R 6. 4. 4. 45 2) BT D3 HA 1 P, o4t

TR WOl g Bl

BIRTEAR LA bl 3 s BN DI SR T
DR s (H AT REAFAE TG BR TS e R AR, I
Ptk B AT 2 Jm T R IR A B K Bk
K=, KE—ERERE S, NI BT H /N X+
RS E A R T AR BN A A, A [E AR
/N T AR A 7 i R SO [A] S50 A
NX G E SR B S B, 7E X A B Y
JRIBRTSED T TR, U T E A A As 1Y
JURhIEAT O X AT REZ YH /NMX 1 As & B EGS
AN AR HOE A R/MX (D2 ) 4 Pb &5
B A I DR T RE 5 A 1 B DA s B R R R

A Pb AL
2.2 /NX -9 4 AR S0 (R XU T
MR 3 Bl 4= IR (1) ~ (8) iR As 3
WAFILESHEA | B R AR A R 0 4R
PTG B0 R XU 8 85 (HQ ) AR B0 KUK 45
BHD) S5 4 FFks. hFa fMESTI,9
A/NX 4 FhE 4 JE@ X LE MBS AR HQ L& HI ¥y
INT L AR AR BUE R AR . BT LB AR T 5
2 HHGE T T 1 A 5 R T A R AR L AR
AH R SRS R LER HL KT, 24124
TR 7 54247, X 5 B A W45 A —50 .
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Table 4 Indexes of non-carcinogenic risk and carcinogenic risk for children
HQ CR .
e .. 0y, 0., 0y, " Ry, CRey e
TX 0.39 4.01E-03 6. 54E-03 4. 86E-02 0.45 2. 34E-05 4. 63E-06 2. 80E-05
DS 0.42 2.78E-03 7.37E-03 9. 77E-02 0.53 2. 56E-05 5.22E-06 3.09E-05
YH 0.51 2.51E-03 6. 84E-03 6. 60E-02 0.59 3. 11E-05 4. 85E-06 3.59E-05
WY 0.37 2.57E-03 9.81E-03 6. 97E-02 0.45 2.25E-05 6. 95E-06 2. 94E-05
XT 0.33 1.51E-02 7.67E-03 0.15 0.50 1. 99E-05 5.43E-06 2. 54E-05
XH 0.33 1. 00E-03 6.26E-03 2.83E-02 0.36 1. 97E-05 4. 44E-06 2.41E-05
D1 0.26 4. 11E-03 6. 58E-03 3. 11E-03 0.30 1. 54E-05 4. 66E-06 2.01E-05
D2 0.27 4.70E-03 5.64E-03 9. 84E-02 0.37 1. 61E-05 3.99E-06 2.01E-05
D3 0.36 3.04E-02 1. 15E-02 0.23 0. 64 2. 19E-05 8. 12E-06 2.99E-05
®5 BMAEBENEIEHS BEXE
Table 5 Indexes of non-carcinogenic risk and carcinogenic risk for adults
/NX Ho HI cR TCR
HQ,, HQy, HQ¢y HQp, CR,, CRey
TX 5.49E-02 6. 16E-04 1.49E-3 7. 19E-03 6.42E-02 8.74E-06 1. 68E-06 1. 01E-05
DS 6. 03E-02 4.26E-04 1. 68E-3 1. 44E-02 7. 68E-02 9. 30E-06 1. 89E-06 1. 12E-05
YH 7.31E-02 3.85E-04 1. 56E-3 9. 76E-03 8. 48E-02 1. 13E-05 1. 76 E-06 1. 30E-05
WY 5.29E-02 3.95E-04 2.23E-3 1. 03E-02 6.59E-02 8. 17E-06 2.52E-06 1. 07E-05
XT 4. 68E-02 2.32E-03 1.75E-3 2.22E-02 7.31E-02 7.22E-06 1. 97E-06 9. 19E-06
XH 4.63E-02 1. 54E-04 1.43E-3 4. 19E-03 5.21E-02 7. 14E-06 1. 61E-06 8. 75E-06
DI 3.63E-02 6.31E-04 1.50E-3 4. 60E-03 4.30E-02 5.59E-06 1. 69E-06 7. 28E-06
D2 3.78E-02 7.23E-04 1.28E-3 1. 46E-02 5.43E-02 5. 83E-06 1. 45E-06 7.27E-06
D3 5. 14E-02 4. 67E-03 2.61E-3 3. 44E-02 9.31E-02 7.93E-06 2. 94E-06 1. 09E-05
TEJLEAREURE SR T HOQ I STk R A e Bl > BNRIE > AL TR, /N X 1w 4

48.00% ~ 91.67% zZ [al, F-¥1 K 77.76% ;

N

HQ, XF HI A 5T Bk 3 A2 fL7E 45.56% ~ 88.87% Z
&), 344 75. 89% .
I KTk T
R/ N XH B HI AR T 3F ff Hox B /N X
D2 Ab, HoAtA /N X HI Y5 T AR AR L RN X
ANl /N X R T G Y 4R R R DA 1 3
BzER HHIWAE 227, RG>

AL, 3 As AR B XK Y

JERY HI L EAR BB B R il an XT X JL#E AR A
1 HI 23 5% T D3 1Y 64. 00% F11 55. 96% , 135 &

SRR BV

2.3 4R BUE R XS TR
MRAER 3 Bl & B (9) F1(10) 73 B35

F/NX A HE As F1Cd XF S FIT L FE Y BRI 20

fatFRE RURS 5 55 ( CR) Ao XURS: S F6 20 (TCR ) , 45

W4 FFR 5. AT, & /N X 118 As |

Cd XF A%,
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R EASIREM. /N 13 As, Cd XF
JLER) CR M1 TCR #B K F X LA, JLEE K CR, TE
10 HE S, MM CR, TE 10 *Hi 9. NS
X LA R AN, F st /N X FE 4 J B0 KU #5 K T
et /NIX. JLE R CR,, % TCR BT ik 3 25 L 7F
76.62% ~ 86.63% Z I}, V-4 4 78.90% ; WL N
CR, X} TCR Bi#kRAELTE 63.94% ~86.92% Z 1],
W358 79.33% . LA, 13 As A /NX EEAY

B AAE /N X B TCR A /NI 5 HI AR
], R R L8 > BRI > WAl 2k > fh T2k,
55 JEAR M X B IX (D3 ) AH B, 7R H 1 T A /N X
(XT) 89 TCR A Frimi/Iy, J& AU Y TR 19 80%
Lt

FRFE/NX A As 7 R LR 5 At
4R B S Y MR | R IR IR Al
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5 EaR E AN Y AR R T
BRI ARG As 385 TRBUTRE T B AT &
SEAE B3R, TR HEBO « =R TR AR Y
As. PEZ T HEDRGLA 5 (2001 ~2011 4F) i) HE
TR P As S8 0.5 mg-L", 1o i 3k [
M 2K FRES T F A 4 ( GB 3838-2002) iy V 2 4x
#EC0. 1 mg-L7"). SIS oK i 15 3 X 4 3 i
BT As 15Y5 L ARHRT HE R A5 A e B H:
V5 HEIX 2 A B 2 AR RS AT X dE 2 T
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