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Tab.1 The basic physical and chemical characteristics of soils in different railway depots

W CREESBURE pHIH  CEC/(emol - kg™')  Eh{/mV BALBEE/%  BIEF/ (mm - min~!) HHEFE/ (g om?)
M55 BE 16 8.14+0.16a 12.43+1.6la  429.25 £50.05ab 37.69 +3.27a 0.87 £0.26a 1.194 £0.018a
KR T2 16 8.160.12a¢ 12.86 £1.62a  466.13 +41.40a  37.09 +3.43a 0.82 £0.24a 1.193 £0.018a
ETHi] 6 8.09+0.03¢ 10.27 £3.91h  401.83 £30.13b  38.63 20.92a 0.94 0. 10a 1.185 £0.017a

0 3 ARR/NG F R ERR ARG ZER B E (P <0.05) 0 5 b ZAHFEERELES a b5 ab ZMAEEEREES,
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Tab.2 Descriptive statistics of heavy metals in soils of different railway depots

57123 FRAE MY As Hg cd Pb Cu Ni
FHRTEHE/10 ¢ 10.00~19.60  0.024 ~0.048  0.07 ~0.26  23.20 ~76.60 20.00 ~40.00 32.00 ~40.00
M5B TFHME + bRE2/10 76 13.51+2.17a  0.038 +0.0085  0.14 £0.05a 33.48 +12.39a 28.00 +5.5la 34.56 +2.09b
A5 R % 16.04 19.89 33.22 37.03 19.68 6.05
/10 ¢ 8.20~15.40  0.035~0.048  0.05~0.24 25.30~53.50 18.00 ~64.00 33.00 ~47.00
LB P « brifE2E/10 7° 11.49+1.88b  0.043 +0.005ab 0.13 £0.05a 36.09 +7.58a 26.81 +11.09a 37.88 +3.37a
A5 5 R % 16.41 12.77 38.39 21.01 41.37 8.90
FEEE/10 ¢ 11.30 ~14.00  0.036 ~0.048  0.08 ~0.13  23.20 ~30.20 15.00 ~23.00 34.00 ~38.00
WY THME « brifE2ZE/10 7° 12.73 £0.94ab 0.045 £0.005¢  0.11 £0.02a  26.89 +2.60a 20.17 +2.67a 35.17 £1.34b
5 RE % 7.39 11.29 16.27 9.65 13.25 3.82
FRAER T ot R A g1 10 ¢ 12 0.059 0.13 23 27 32
AR RS bR/ 10 - 60 38 65 800 18 000 900

TE: F—FAR NG FRFIRARS B 257 B (P <0.05) ,a 5 b ZIFERE RS a b T ab ZIAFFAERE XS BB HIH X
W A4 b 2 BB 2 AT E 1
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Tab.3 Soil sampling sites in different railway depots
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Fig.2 -1 Heavy metal content in soils of different areas in each railway depot
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Fig.2 -2 Heavy metal content in soils of different areas in each railway depot
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Tab.4 Correlation analysis of heavy metal content in soils of different railway depots

bo1E FE R As Hg Cd Pb Cu Ni
As 1
He ~0.083 1
- Cd 0.500 * -0.073 1

BB Pb 0.115 -0.068 0.554" 1
Cu -0.011 -0.063 0.328 0.238 1
Ni -0.373 0.410 -0.087 0.109 0.250 1
As 1
Hg 0.052 1

KA Cd 0.387 0.298 1 y
Pb 0.316 -0.229 0.690 * * 1
Cu -0.260 0.268 0.285 0.450 1
Ni -0.024 0.030 -0.384 -0.203 0.055 1
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W R P<0.01," F£R P<0.05,
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Tab.5 Grading standards of Nemerow comprehensive

pollution index
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Tab.6 Nemerow comprehensive pollution index for

heavy metals in soils of different railway depots

Y P, 25 TGy
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B 0.139 1 I
P 0.154 1 NRG
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Tab.7 Grading standards of ecological risk index

&l £l Nigs MBS RR R

1 Ei<40 Nig<40 TRAIOR RS
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Fig.3 Ecological risk index of heavy metals in soils

of different railway depots
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Tab.8 Comprehensive ecological risk index for heavy

metals in soils of different railway depots

W Nigi g5 ARG B
BL55 Bt 24,948 1 RO
ERREL 24.178 1 R HORE
WY 23.328 1 B AORES:

F 1 AT DA% 37 BEOK [) 5 4 J 00 2 0 A 25 KU
Y B A A 25 KU 359 1 SR AR AR A SOXURS: , 1
U % 7 B AR £ e T 4 A AR S KU AR
EL TN K/ 5 4 T8 AR B 1) 8 1 28 4500 H A
KPR FEM He Cd B2HMERBEENELSE,
As .Pb . Cu I Ni #H 1T 5 B0k R B 25 G
SO B 4 TR A A BT, TR R
B A - HEPR B [ A 4 R A 2 IR 4 4 v B A G
TEVS KRR be CAnBs 4 B ) | il b A T n g
U5 BT ) R W TS A (A FUAS T | %o e 1 |
TERHTEVE) IV 5

6 b

HERTE AR 5 Y B 4 M 4 @ 23 W] 43 A B AR LA
Fom Yt B AW G0 R AR B2 2 A R BE AL 55
B BN i 3 N AN TR o ) )2 g i
D7 45 05 - 49 T 4 5 i JOAH OG0 BT, T T 4k
%37 B H 4 I O e oy A S (LR AR B B9 (]I A T
Y B M 4 R IR TR RN A AR S KU TN, 32
B AT,

(1)ML55 Bt 13 As Cd.Pb Cu Ni i, 4%
B3 Pb I Ni &, dwdl &% 1458 As Pb A1 Ni %
T ITAE R R S (E, A e R T (GB
36600—2018 - IR 5T i At i FH Ml A 38 XU 4
FERRUE CRAT) ) BRAE, RIS kB ) B A E 4
JEREIMG (HFR BB AR

(2) M55 Bt Ph Cd & F 4230 Bt 3% Cu,
Cd .Pb 2 M MfEfE2E 5, RS B e
SRR Z N MG S, W55 B 4L
L P BRI s 4 Ph & el Cd 5 HE D e, 4R
BEER Dy AR T TR TR I 0 0 B A8 [B) R4
Hurp 3 Cu &8 Ph ok Cd % &1k &, 2
BB T 22558 ESEAETHEPHE,

(3B Cd Fir 5 Pb it As T RED
FIEAISE,3 FhEE 48 T BEZ 3B be RS, il A AT



F3

TREBE: BRI B I R A RHIE S AR S XU A

- 135 -

TR T A R BRI o i 4 R B, 2 Bk
BRI E SRR, Rk Bz &
B ) | B S DO RITRTE

(4) S Bezr sy TR O FE 45 R 0 o i

G, 25 Y Be R S MR AR BEAL T i AR 20, Bl
TR , R WISk % 7 B 1 M T 4 J 9 e R P A

1";:750

VRS F ER R Brscit Gz 8 A KRR

WA DA H B A SRR il (0 FH R AR 35 o
FTRE WA 5 T A XAy - e G s o5 i DR Bk I
Yy B £ RN

£ 2% Lk ( References ) :

(1]

Malawska M, Witkomirski B. Soil and plant contamination with
heavy metals in the area of the old railway junction Tarnowskie
Goéry and near two main railway routes[ J]. Roczniki Panstwowego
Zakladu Higieny,2000,51(3) ;259 -267.

Malawska M, Witkomirski B. An analysis of soil and plant ( tarax-
acum officinale) contamination with heavy metals and polycyclic
aromatic hydrocarbons (PAHs) in the area of the railway junction
Itawa Gléwna, Poland [ J ]. Water, Air, and Soil Pollution, 2001,
127(1) :339 -349.

Wang L F,Bai Y X,Gai S N. Single — factor and Nemerow multi —
factor index to assess heavy metals contamination in soils on railway
side of Harbin — Suifenhe railway in northeastern China[ J]. Applied
Mechanics and Materials,2011,71 —78(71 -78) :3033 —3036.
Zhang H,Wang Z F,Zhang Y L,et al. The effects of the Qinghai —
Tibet railway on heavy metals enrichment in soils[ J]. Science of
the Total Environment,2012,439 .240 - 248.

Stojic N, Pucarevic M, Stojic G. Railway transportation as a source
of soil pollution [ J ]. Transportation Research Part D: Transport
and Environment,2017,57:124 —129.

M BRI TR R G TS SRR AE SR IR M [ D] R
VU 3838 R, 2018.

Wang Z. Contamination Characteristics and Source Analysis of
Heavy Metal in Soil in Vicinity of Railway[ D ]. Chengdu: South-
west Jiaotong University,2018.

JEING SR B 5 | S VTR LR o A BT R
SR TRE B E ST [ )], L 3EE i, 2023,54 (1) .
161 - 170.

Zhou Y,Wu Q M,Fan Y N, et al. Spatial distribution and influen-
cing factors of heavy metals in soils around typical highways in
Jiangsu provinces [ J]. Chinese Journal of Soil Science, 2023,
54(1):161 - 170.

Wierzbicka M, Bemowska — Katabun O, Gworek B. Multidimen-
sional evaluation of soil pollution from railway tracks[ J ]. Ecotoxi-
cology,2015,24(4) :805 - 822.

Chen J S,Li T T, Wang L. Soil heavy metal pollution in the soil of

railway traffic :a mini — review[ J |. Academic Journal of Agricul-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

ture & Life Sciences,2020,1(1):1 -8.

WEIH, RV, KRB, AF BRI SR LT 4 R TS Y o
FE[1]. BkiliD5 3l e 4 TR 5 3R ,2010,37 (1) :29 -31.

Gu Z J,Jiang H B, Song J, et al. Research on heavy metal pollu-
tion in the soil in railway freight yard [ J]. Railway Occupational
Safety Health & Environmental Protection,2010,37(1) :29 -31.
AZSIREES. HJ 964—2018 FRFRE AN BOR PN L HEFRI
(A1) [S]. AbnT . th E BB AL 24 T A, 2018.

Ministry of Ecological Environment. H] 964—2018 Technical
Guidelines for Environmental Impact Assessment — Soil Environ-
ment[ S]. Beijing: China Environmental Science Press,2018.
BT, 254G 2R A T R AR LR R BHE S
B[] 5= H12%,2014,21(3) 1265 - 306.

Cheng H X, Li K,Li M, et al. Geochemical background and base-
line value of chemical elements in urban soil in China[ J]. Earth
Science Frontiers,2014,21(3) :265 —306.
AZSTREER , E T 3 B BLUR R, GB 36600—2018 14
bt i A XU B bn e (101 7) [S]. dent. b
[ BRETR A2 R, 2019.

Ministry of Ecological Environment ,State Administration for Market
Regulation. GB 36600—2018 Soil Environmental Quality Risk Con-
trol Standard for Soil Contamination of Development Land[ S]. Bei-
jing: Standards Press of China,2019.

Niu S P,Gao L M, Wang X. Characterization of contamination lev-
els of heavy metals in agricultural soils using geochemical baseline
concentrations[ J . Journal of Soils and Sediments,2019,19(4) :
1697 —1707.

E AR, M A AE STIHTTER X PM 2.5 hE &R
TUE (TS e RRAE e U5 K Ad B XUR: AR [ ] IRl 223
2023,43(6) 110 —118.

Wang X Q, Fei X H, Yang Y, et al. Pollution characteristics,
source apportionment and health risk assessment of heavy metal
elements in PM 2.5 collected in Huaxi urban areas, Guiyang[ J].
Acta Scientiae Circumstantiae ,2023,43(6) ;110 —118.
XL, X BE I, A DR BERE B b R e S i
R g [ )] BN T 525 HH ,2020(12) 283 -87.
Zhao H G,Liu Z P,Wang H M, et al. The emission test of com-
bustion and pollutants of small gas heating boiler[ J]. Coal Pro-
cessing & Comprehensive Utilization,2020(12) .83 —87.

YL ERE B, B =9, S AR Rl i L R R A 5T
W), HEER2E 54K 2021 ,44(S1) 120 - 125.

Che K,Yu J X, Gong Y Q, et al. Investigation and evaluation of
soil environment in substation [ J |. Environmental Science &
Technology,2021,44(S1) :120 - 125.

(RSN, F . K 5 il PR 1 3 B 45 Jm T g% £ e KU O
(I O AR, 2021 ,45(4) 1100 - 108.
Ren J F, Wang B. Health risk assessments of soil polluted by
heavy metals at the site of an abandoned oil depot[ J]. Journal of
Anhui University ( Natural Science Edition) ,2021,45(4) ;100 —
108.

W L s i B b i e A A K R 3 e ) ST AR e AL A



- 136 - rh Moo EOE A 2025 4F

e[ D] At P EA R (b st) ,2021. Bay and ecological risk assessment[ J]. Geological Survey of Chi-

Chen Y J. Investigation of Soil Pollution and Study on Migration na,2023,10(5) :82 -90.

and Transformation of Typical Pollutants in Xinjiang Oilfield[ D . [25] Jisyin} s [ 7. 32 A % W ) - 9 4 iR 43 A AR A 3E ey

Beijing: China University of Petroleum ( Beijing) ,2021. (I mdededr =z Besdl . A AR, 2019,35(9) 249 - 53.
[20] RHEMAR ALES, w5 RIEE E IR MR A S Mei M, Min N. Distribution characteristics and pollution evalua-

JEER[]]. BB L4 45 ,2019,39(2) :119 - 124. tion of heavy metals in soil on both sides of coal railway[ J]. Jour-

Kang X D,Ren Y X,Gao C,et al. Evolution and prospect of rail- nal of Hebei North University ( Natural Science Edition),2019,

way passenger car carbody structure materials[ J]. Railway Loco- 35(9) .49 -53.

motive & Car,2019,39(2) ;119 - 124. [26] TH#i. % PiHL5 B AN R W LA C4 18 T2 7 R WF
[21] 5. HBkME Co6 A1 30 « b & L3 Br T 2038 i M 3 F FE[1]. BhikriEit,2016,60(11) ;153 - 157.

5[ )] Bl bRAEBE 2018 ,62(8) 174 - 177. Ding L. Research on harmonious electric locomotive C4 mainte-

He Y. Process adaptability design and research on C96 30 t axis nance process program for Baotou West locomotive depot [ J].

vehicle depot of heavy haul railway[ J]. Railway Standard Design, Railway Standard Design,2016,60(11) :153 —157.

2018,62(8) :174 - 177. [27] Men C,Liu R M,Xu L B, et al. Source - specific ecological risk a-
[22] FFFRY, 2508, UM, 45, SR04 5 4 8 00 16 FRAE & nalysis and critical source identification of heavy metals in road

HG YT [ J]. FREER24,2023 ,44(3) 11657 - 1667. dust in Beijing, China[ J]. Journal of Hazardous Materials,2020,

Wang S Y,Li C,Zhao H W, et al. Distribution characteristics and 388.121763.

pollution assessment of heavy metals in soils of a testing range[ J ]. [28] ZFJB, 2% 2P, S5 LT 2R S AR UL 22 N R Y

Environmental Science,2023,44(3) ;1657 - 1667. O FECER W T 4 I 9 Y R AE R KU AT A (0] BRBE AL,
(23] 20, E5pH R, A8 TR I Hb S 75 Qe R R 0 7 2 AT 2024 ,43(7) :2340 -2355.

W ATEPUN [ )] A AFREE A1 ,2020,29(4) 1810 -818. Li X,Li J,Li K M, et al. Characteristics and risk assessment of

Luo S,Ma X Y, Wang D, et al. Analysis of soil pollution charac- heavy metals contamination in sediments from the Lanzhou Yintan

teristics and identification of industry sources in contaminated wetland park based on Monte Carlo simulation model [ J]. Envi-

sites in Chongqing city, China [ J]. Ecology and Environmental ronmental Chemistry,2024,43(7) :2340 —2355.

Sciences,2020,29(4) :810 - 818. (297 EH4E, S2L0E, B lifif, . oo 24 B i Jol b e o J 75
[24] FHRJE, KGN, TR, 4. 3N 75 g 52 1 1 10 4t 32 22 4 4 FHE S ARSI [ T]. 3888 M oT,2021,7 (4) .75 -

TAJBICR AT S SBR[ 1], [ 5T £, 2023, 84.

10(5) :82 -90. Wang X J, Dou H F, Huang S Q, et al. Heavy metal pollution

Yu X C,Zhang ] H,Wang T Q, et al. Heavy metal elements distri- characteristics and ecological risk assessment of roadside soil a-

bution in the surface soil of coastal wetland in Southern Laizhou long expressway|[ J |. Transport Research,2021,7(4) ;75 —84.

Distribution characteristics and ecological risk assessment of
heavy metals in soils in railway depots

XU Bailu
(China Railway First Survey and Design Institute Group Co. , Lid. , Xi’an Shaanxi 710043, China)

Abstract: Railway transportation is an important potential source of the heavy metals in soils. In order to explore
the spatial distribution pattern and pollution level of soil heavy metals in railway depots, the authors selected a lo-
comotive depot, a vehicle depot and a marshalling yard in the northern part of China as the study object and meas-
ured the heavy metals ( As, Hg, Cd, Pb, Cu, and Ni) content of the respective 16 samples from locomotive dep-
ot and vehicle depot, and 6 samples from the marshalling yard. The distribution characteristics of heavy metal in
each railway depot were analyzed by comparing with the standards, and their correlation relationships were identi-
fied. The environmental quality and ecological risks of heavy metals in the soils of each depot were evaluated by
Nemerow comprehensive pollution index and Hakanson ecological risk assessment method. The results are as fol-
lows. (D There is a phenomenon of heavy metal accumulation in the railway depot, but the accumulation degree is
relatively light without a sign of exceeding the standard. @) The spatial distribution of Pb and Cd content in the lo-

comotive depot and Cu, Cd, and Pb content in the vehicle depot has huge variations. The accumulation of heavy
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metals is greatly affected by human activities, and Pb and Cd content in the soils of the oil depot, washing work-
shop, and boiler room of the locomotive depot is higher. Cu, Pb, and Cd content in the soils of the boiler room,
substation, pre — inspection and pre — repair warehouse, wheelset overhaul workshop, and command center of the
vehicle depot is higher as well. Furthermore, the divergences in the process of each railway depot will lead to the
accumulation of different heavy metals in the soil. 3 There is a significant positive correlation between Cd content
and Pb and As content, and these heavy metals may be influenced by the factors such as oil combustion exhaust
gases, storage and usage of oil, vehicle exhaust gases, and railway coal transportation. @ The results of compre-
hensive soil environmental quality assessment show that there is no pollution in each depot, and the ecological risk
degree of each depot is at the lowest level. This research results could provide references for the design, opera-
tion, and soil environmental impact assessment of railway depots.

Keywords ; heavy metals in soils; railway locomotive depot; railway soil vehicle depot; railway marshalling yard;

ecological risk assessment
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