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Health Assessment of Heavy Metals in Roadside Soils at Different Operation
Time: A Case Study of Zhengzhou-Shangqiu Section Along the Lianyungang-

Horgas Highway

GU Lei, TONG Zhi-qi, SONG Bo, MA Jian-hua

(1. Institute of Natural Resources and Environment, Henan University, Kaifeng 475004, China; 2. Henan Open Laboratory for Key
Subjects of Environmental Change and Water-Soil Pollution Control, Henan University, Kaifeng 475004, China)

Abstract: Two sample transects of Wanliu and Xiaowangzhuang on the Zhengzhou-Shangqiu section along the Lianyungang-Horgas
highway were chosen to investigate the health risks of heavy metals (Cd, Cu, Pb, Zn, Ni and Cr) in roadside soils. Wanliu transect
was opened in 1994 | and Xiaowangzhuang in 2001. Mixed topsoil samples (0-15 ¢m) were collected at 0, 5, 15, 25, 35, 50, 100,
200, 300 and 1500 m from the highway. Concentrations of soil heavy metals were measured with the method of AAS. Based on the
health risk models recommended by US EPA, noncarcinogen and carcinogen health risks of soil heavy metals were evaluated. The
results showed that the heavy metal concentrations and the health risks increased with the increase in operation time, indicating that the
operation time might play a decisive role in heavy metal accumulations in roadside soil. Both the heavy metal concentrations and their
health risks showed skewed distribution or cubic polynomial distribution with the distance from the highway roadbed. The highest
concentration and the highest health risk occurred between 15-50 m from the highway roadbed. HQ and HI at bothsampling sites were
lower than 1, which meant that there was no non-carcinogen risk. CR. and TCR at both sample sites were beyond the standard
suggested by US EPA, which meant there was possibly carcinogenic risk, but lower than the lenient standard raised by some other
experts (10 7°-107*). The contribution rate of CR,to TCR reached 97.83% , and Cr was the major carcinogen risk factor.

Key words :roadside soils; heavy metals; health risk; Lianyungang-Horgas highway; operation time
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A SR R A A R R AR E AR, A
77 %o A By o 5 5. A S D B 1 N AN ]
A AN R] B4 40— 5 B (R B ) AT B —
B (R #6655 -3 R ) AF IR SRR RN 4
JER SR E LA A US EPA B XU D7 45
R 4 W 2208 440 2 6 T S0 4t 3 XU 164791
W, BFEE 5 3 4 RS PPN BT S 0, 4
P AN R B N A B, R B R SRR 1 A
515 PR AR

1 #MR5EFZE

1.1 HEACRE S

2005 4F 10 ~ 12 H 75 % 2 = s T Bt (1994 4
12 F3E %) v 22 BV ) b A 7 Bt (2001 4F 12
JRA) B BB /IN T B A 3 SR Wi
Sy WS AT XS Fom (B 1), REEWTIA S5 & A
S S e L N = 2 35 2B~ % N WY 7 Al o X il
N BE T35 S A .

E1 REHETE

Fig. 1 Location of the sample transects

TERFEWE I Fe im0, 5, 15,25, 35,50,
100, 200, 300 F11 500 m X FR A6 B R AE 5, Horp iR
FEFEL 500 m AYFE AT X HEFE L AE AR S 12
W — 25 5 A BT L K250 m B IR LB L
SRR AT S DA 1 m® BRAERATT; RIGIER

FERTT N MGAETE " T SUOR4E 5 > HIER)Z (0 ~
15 em) FHE, BEATHEL 100 g5 S Jmbs REN 25
NFREFTR AT 4G Wik & 2 AR, IR
B 1 kg ZEAT 10 B FE. FEXTHRAE S L BEREHL BT
AR 5 205 WD ARE s A R] L T R A K
P e W I8 A s A JSORSE 20 ST A, 7840
BIGH VUL 345 1 kg ZE 4 0 k. ABFse 4t
RAE IR A FEN 40 A4S, o BERE AL 4 4

FESCI =, ek BRI T B R, R 1
mm JEE T ; RGN 1 mm FERH L2 S BAEL 10 g,
FHHE SO BT | 230 1 0. 149 mm JE Je 0. R H
ERTR - R - S TRUR - e SRV 1A R RS LI 43 )8
FF I
1.2 HE4JENE %k

+3E Cr. Cu, Zn Ml Ni AYI5E K AAS ¥, Pb
F1Cd AU E K GF-AAS k. il A g8 2 H A 1)
HAA-6601F B JF WO 436G BT, 78 aof A
o TR RS R A LR L AT RE RN A 1]
AT RS U AT AR R 25 Y/ T
5% ,FEEINFRIEDECRTE 96. 4% ~103. 1% Z[H].
1.3 (XA EOT
1.3.1 RHBEEM5S5

I 4 JE T - A R R Al
MFIE A 3 B 88 i R 0 AN, &5 Flag 12 1Y) 2 22
E16 17 N1/ W - AR
¢ - IngR - CF - EF - ED

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

ADD,, = S e (2)
-SA - CF-SL-ABS - EF - ED

ADDderm = < BW . AT (3)

s\, ADD,, . ADD,, Il ADD,,. 7> 5 A | WA
FRZ R il 72 H ¥ B #E i mg- (kg-d) "5 ¢
FHEE SR S E, mg-kg ™ IngR R A 1 4 4
F omg-d™"; InhR HIFHAR m'-d™"; CF HEE#H
A8 kg mg™'; EF HEBIR d-a™'; ED NEFE
AERR a; BW B FIIRTE , ke; AT HE 4R FH2
#EFE], d; PEF AARAHEHE T, m’ kg ™' SA N R
o Fm M, em®; SL N Ok B FE,
mg- (em’+d) 7'y ABS N EZ R F, Jo 2.
%% US EPA i XUG TN 731 1 | e EY
HER B2 I M 45 w7 LA & B A A O BF 5T R
SR 230811000 (1)~ (3) H Y S BB AN
T :IngR 24 100 mg-d ™', InhR & 20 m’-d~',PEF &y
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1.36 x 1091n3-kg7], SA & 1690 cnf, SL. & 0.2
mg- (cm’+d) "' ED } 30 a( ALK HBHEE B AY4E
$0) ,EF 2 180 d-a™" (4% AR B A B () 4% 341
6 N, A% 30 d iH5) ,BW 4 55.9 kg, AT Ky
5400 d(IESUEY) . 12600 d(EEY) ,CF M 1 x
10 'kg-mg™"',ABS 4 0. 001.
1.3.2 TG XS PPN 5 i

ABFTERY 6 i e 4 Jm #P AT 18 R AR B e X
K, i Ni |, Cr Al Cd (R ELAT B0 KUK 44
3 S0 RSO T 4 1 R XU AR 1
3. ADD,

HO. = 4
Q, g;mm (4)
6
HI = > HQ, (5)
i=1
3
CR, = > ADD;, - SF, (6)
j=1
3
TCR = > CR, (7)
i=1

S HQ, o JE B T AR ¢ (0 T i 1 AL 9

$; ADD NIEBUR E AR (5 j R R EEIEA N H
Py gk e mg- (kg-d) ~'; RID,NARBUE E 4R
BiMBRREEENSHRE, mg (kg-d) ™' HI
6 FhEE 4 JE G O 3 R R BRI 4R T B0 JE BUR
MR R 24 HQ, B HI < 1 B, 6718 A8 2o i
BB AT DL 20w 3 24 H > 1 B, SRR A7 7 dE BUE
@RS . CR, o BUR 4 Jm @ 0 5 000 5 XU
FRE; SFONBURE 4R | 5 j R R R R 1 10 BURE
JRUI: 8 28, kg-d-mg ™' TCR N 3 P80 &
4 JE L 3 R B R AR T B BUE XU 48 2K
KR REE RN RID M SF S L% 117 84
Y AR O RO Cr 0 H
HI US EPA i3+ i JC & Cr [ RID 1 SF & %
fH, HA C° fil Cr'" (9 RID 2% {H A1 C°* 1Y SF
BEAH (42.00). HHF5E > BAE R HERZ W
AR R HE AL (Eh) — K F 400 mV, L5 iy
Cri* KEBAF B 8 Ky €, G i UK 10 1L ] 24
T0% . 25 5E 3 H5 KRB T D) 0 951 22 4 1 A
8K Cr®* 4 RID il SF {H.

*1 ELEARRZIREM RD M SF/mg- (kg-d) !

Table 1  Reference dose for non-carcinogen metals and slope factors for carcinogen metals/mg+ (kg+d) !

E 20 Zn Pb Cu Ni Cr cd
RID;,, 0.30 3.50 x10 73 4.00x10 2 2.00 x 10 72 3.00 x10 3 1.00 x10 3
RID,, 0.30 3.50 x10 73 4.00 x1072 2.06 x10 72 2.86x107° 1.00 x10 73
RfD,,, 6.00 x 10 72 5.25 x10 74 1.20 x10 2 5.40 x 10 73 6.00 x107° 1.00 x10 3
SFi, — — — 0.84 42.00 6.30

US EPA XU TR HA Ni, Cd #il Cr /9 RID,,,,
Bl , (A 55N R Zn . Pb Fl Cu /9 RID,, 7] DA%
[l F HAH R - H A GRAR W RID,, . 5340, T
US EPA HEH T SF,, S Z 1, F AR5 Hit
N R R T S BUN EOE AU . FE US EPA X
BitRirh K CR, 8 TCR<10 ° (R 5 S8 a i
N — AN R ) 1R Ry A B AR o 10
1111 575 b — & G221y SO KU AE 1070 ~
10 2 AT LA A2 1.

2 HRE5HM

2.1 THEHELSENSES SR

MORAEW I 3 4R 8 50 (R 2 fik
3) AT LAE Y, AN TR T 4 7 2 I 0 %) A1 T X 3
A AT IHESG A 2 R R, —Fh e 4w o B R
BN S S B R RN AR, SRS P B
Pl N ZE 0 B (S 0 A ) , 3% Cr, Pb(XS, WS
Jb) . Ni (XS, WS dt) . Cu(XS) I Cd (WS B, XS

Ab) a5 B 43 A0, % A K 2 Hh 0 A g i
15 ~50 m Z[A], T WS Wi pE M Cd A1 Cr 1975 5t
{E43 53] HE BRAERE B JE 100 m 1 200 m 4, XS BT Ni
f) & I B 100 m Ab. 3 S 1% 0 T Rk 5%
B Ab A3 B (FRRE R AR 25 B ) 4 O, AN
WL, 55— A T R S B T B 4 S A
150, BEIRE 251 Sl NG B R 2 BN | i) A
Wi/ N =X HEMEL (3 By 23000534 ) , i -4 Zn | Cu
(WS) . Ph(WS ) Fil Cd(WS dt, XS ) = as
()50 A , & IEER 2 HIAE BB L 15 ~50 m 2
[E]. MR F #5531 Cr, Ni Ml Pb & 21451
O3 JE TR 1 Fh2EHY Zn J8 T2 2 Fp2EHY, Cd M Cu
3 A T2 W AN B A, T 2 2 A ST 2 ). iX 2
Pl 4 JE 25 R A I 205 B 2808 I 2518 A —
ii[BN}O: .

AR 2 i 55 - 4 4 IR A R4 A JE AR
HOUE B . 3T 4 R 10K IR 5 A A G R % V).
E NSMR 2058 3R, 5% -8 %) Ph, Cd, Cu I
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Table 2 Heavy metal concentrations in roadside soils on Wanliu transect/mg-kg ~!

WS iRy

FES B IR d/m

0 5 15 25 35 50 100 200 300 1500
Pb 14.85 14.88 14.41 15.19 14.55 14. 68 13.62 15.23 15.21 13.49
Cd 1.34 1.06 1.02 1.53 1.37 1.83 1.45 1.18 1.27 1.05
W i A Ni 69. 65 69.87 54.45 60. 06 53.47 72.00 40.77 40.40 38.10 69. 68
Cu 87.44 83.82 66.00 69.70 75.60 86.34 76.50 65.78 65.70 59.96
Zn 143.00 141.00 96.00 140.00 169. 00 159.59 135.20 117.30 110.50 99.92
Cr 49.61 55.03 58.20 54.86 62.01 66. 65 61.70 56.70 48.60 68.45
Pb 15.50 14.24 13.23 16. 14 13.18 13.69 15.22 14. 66 14.05 14.47
Cd 1.79 1.12 1.34 1.38 1.22 1.05 1.86 1.38 1.19 0.98
W e Ni 122.44 57.60 39.99 39.15 61.47 74.06 30.61 45.75 42.69 75.44
Cu 77.00 69.39 73.20 79.08 72.10 74.53 61.58 76.37 71.94 78.75
Zn 120.15 75.60 91.14 122.85 82.00 159.47 114.40 120.90 80.31 114.06
Cr 25.63 38.09 48.60 64.47 49.66 51.82 73.65 86.40 77.61 50.46
R3 XSHEEHRTEESEAE /mg-kg™!
Table 3 Heavy metal concentrations in roadside soils on Xiaowangzhuang transect/mg-kg ~!

XS Fof PSR B ML d/m
0 5 15 25 35 50 100 200 300 1500
Pb 12.66 12.96 13.45 11.99 13.33 12.28 12.87 12.58 12.46 12.18
Cd 0.97 1.02 0.94 1.05 1.27 1.13 1.09 0.93 0.98 0.95
W I Ni 37.34 34.83 41.50 38.54 37.00 24.71 31.72 30.52 30.80 33.51
Cu 44.91 47.59 50.89 50.57 45.60 35.07 34.45 34.69 30.86 29.75
Zn 92.86 68.17 100.45 95.44 95.69 80.21 97.54 96.12 96.36 94.69
Cr 35.70 44.07 44.86 49.26 55.00 45.08 49.41 41.05 40.55 39.66
Pb 12.06 12.28 12.81 13.51 12.60 12.10 12.27 11.20 10. 87 11.74
Cd 0.93 0.89 0.86 0.91 1.14 0.95 1.01 0.81 0.88 0.91
W e Ni 30.17 34.53 33.37 35.18 31.33 32.14 36.87 33.62 33.03 36.90
Cu 31.89 41.34 53.04 53.42 55.44 54.27 48.12 46.70 39.40 44.88
Zn 100.37 82.89 98.46 104.22 102.79 103.02 92.73 95.54 95.51 96. 60
Cr 45.70 47.68 51.97 59.17 56.25 57.99 42.00 46.00 44.30 41.78

Zn FEOR AR RS, SRIGFILAFES )8 T
VR 4 JE; L3 NiRT Cr BRSO R RERA OC
S SR EERMA —EXR, B TIRGHES
E[26,28,29]‘

W A R 5 I A TR A R T RE R
SN 38 AR TR B 55 I 4 S b .
11 a( BRE T RFERFE]) (1) WS Wi 4545 48
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Fig. 2 HQ of soil heavy metals on the studied transects
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Fig. 3 CR of soil heavy metals on the studied transects

55 1 e 4 Jm B0 KU Y s IR A P AR A



3582 ®om B % 3%
WS Wi £ FE 51 CR, . CRy T CRo, 23514 2. 72 Lsmoc He—> &t
x107%,5.48 x 10 *F19. 38 x 10, 1M XS Wriai 45
H2.22x107°,3.21 x10 *F16.97 x 10 ~°. 4, 1L
3 Cr, Ni 1 Cd 19 CR 1975 1] 4345 5 HQ g
AR i 25 5 B 3 18 228 S 0 92 17506}
P RO SRR AR BT PR AL 25 ~ 50 m Z [H].
3.0E-06

2.3 FHESES RS
2.3.1 THEH SR AREUE DK

2 Wi A A R A R (% HI WLEl 4. T
L2 WA ANEE L HI B/ T 1, A EAEAESUR A
B, WS Wi REB /R a5 HI KT XS W i AH Rz A
S TRV 2R B 3 2 ) (i) o) 26 55 1 98 o 4 Al 380 X
W T BE AT B, WS Wi B9 HI 224678 4. 24
x1072 ~7.32 x 10 > Z[A], "4 5.56 x 10 %5 XS
bR T 1 HI 84K 7E 3. 69 x 10 72 ~5.23 x 10 2 2], F
¥R 4.35 x 107°. 2 Wi 45 FF 5 3800 HQ,, B X
HI 1Y STk R ASARAE 37, 75% ~T4. 62% 2 [a] -3
66. 13% , 32 Cr f& 85 =21 AR B0 U -

He—> it

8.0E-02
—— WS
—=— XS
B m’/\‘\\/
- 4
=
4.0E-02 .
20B-02 Lypdypdyptypt L\ 1 p Lyl gyl

1500 300 200 100 50 O 50 100 200 3001500
PRBEFERAE d/m

B4 SHREETEESEIFBELRBIEY

Fig. 4 HI of soil heavy metals on the studied transects
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