#* %" # 5 H45% 4

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

2024 4 4 H 15 H

H e
o T BRI 25 008 B A BT BB, evvvveevesseessssess e HET,IH, ABL, FH, E LB, TR
ARG A2 0 ) B HE TS R 25 S A T A BT v vvvvvvnmmnmmmnnnsn et HE, EEHR, YEA
E?j’}h@ STIRPAT@;@ LMDI&}’@E‘]@%ﬂFE&Hﬁ.%W% .......................................................................................... gﬁ /Iié
JEF LEAP HUR A Tl D35 8 0« DA SRR RATF R K] evvenseemnesee SEM, 35, RY, AXA, BA, BRA
B HE AL B 52001 LLAG BT A B RE] ovvvrreeeeeeeeeemeteeeiti R CHA, kLM
AU T 3 T PR I [F) AR R AT IR R 22 evvnrnereeeeeee e W, EEL, B, KW, kHA
THEA A S i 5 A B PR o U JIEAJE -+ eeeeeeeeeeeeree e 2EH
o [ 95 T PMZ‘J‘IJ PMloﬁqé%jﬁ%ﬁm%uﬁg%ﬁ ..................................................................... Ei O R I
2017~2021 4F i fig 3438 L X I pMM*ﬂ OSH\J-éﬁri{tﬁhm;&%u@ 5 R PP T PP PSP PPPPPPPPPPPRRR W, A 3 E
R BRI % PM, 0 O35 J AR BB G -ovvvvoeeeeeeesssssemnes Rwesr, ki, 37, HXE, kK, #FF, 20H
PN R rﬁ*}(%‘%PMz_S{hiéﬂﬁi%ﬁﬁ&‘rﬂﬁﬁ ........................................................................ TE, T M, He
fﬁﬂjt)a}i?éﬁ%ﬁ*ﬁ%PM“ﬂéiﬁ ............................................................ B, AT, Ry, HE, BE, BHSE, AEE
ﬁﬁﬁﬁ?ﬁ?ﬁ—ﬁpmﬂliiﬂ"l?ﬁfitﬂ%lﬁﬁ ................................................... WRE ABE, PEL, EnY, ERE, AH

WA ot 4 2 PM,, 20 42 J JC 05 YRR MU AT BRI AT oveeereeeememememeeimenneeie wam, RF, B, AW, EWE, U
e S TR B M VO Cs IR AP ERRAE «veovveerereemmemmrmneenneeeeeene B, bR, MBI, BB, YR, FREE, UEAH
JE T Tll FE XV O Cs 5 Y R AT B f e IR A 2 081 < i 7 AR 7™ e 1) 57858 52 1)

.................................................................. T, hE, THE, BES, £, TEMA, 24, 554, Lk, &
o T A S K S M ) AT S — LA B PG AR P AT oo FEWE, KE, P, K, DA
IKINEE TG TR LI Y AEAE AT G cvvermeemmemmrennssen BARE, i, ERA, HAW, KE, A8, T £
B /MR RS K P2 b K R T 4 i A I s 28 A0 5 M S (i B KU <o IR, NER, THE, T, NER, LTE, hH, ks
T 25 20 AT S B B K AL 2 R A L B T 26 wevvvvnnnnnnnn EHA,HER, THE, kT, ki
T 1t PR KR ) 7 €06 28 0 A BB PORIE oo AR, EHM, K, K, KT, 22T
HF KA 2 TS AR Z 2820 K A VR M T KNS SR T B TR AL AT L weveerrrrer A
P 58K T KK R BB R oeeevveesssssssnsnsssssssnnsnn KT&, RAM, ETH, BAR, AT E
SR BN I T AR BRI B E ooeeeeeeesemssn Ik, BRE, kPE, PEM, 25, £44
T RE T S JBL X 7 2 M T K KA 2 AT 5 (e KU A e evvvmmmmmmemeee e A, EE AL, R, THE
L TR0 385 77 ST 5 35 ) Fo8 S R 25 A3 A R v ee e e e e e B, E— L, &%
AR NG R € A U S S Ik, BRR, THE, RE, REH, T, S0H, BhN
o S 10 U0 A T TR TR B % RE R IS R MR I ) B RO Y R B s PR e MR, B, T54, ZAT, 2R, EF
1y B A URE P T UL 85 H AR B TR AT RN +ovvevmveeememmmeenmmeeneenneenns A, KREE, ZEK, KB 0, KRR, kY
KW e EALTE E M RE IR EBE PRI FIFITHEIE oo, IBME, XA, LR, KieH, Aad
184 SR S W 5 W B KPR S U B I B LU weveeemrrmmmmn GEE AR, RE ZEE, BX
N2 AV S 20 K A ) 06 2 B B T V0 S B B ML AL <o oo eeeeeeeeemmmm e Dk Bz HMET
0 L DEED A I N PR Bre s Ui ke S Z 8 S R ) AR LR LRI BEE, AR, T-H, K&F, kR, 78, Bha
S Y380 00 o 20 TR R 22 R PR R 35 R A TR DR E TR T oo ML, %, BA, xER, BES, RER, TEE
AT LR MR R SRR L S EATBAI IR e AR, RBRA, BAZ, A, £%
5K AT R K HERONS 52 98 100 3 20 T R L TR G L U RE TR TR BE I oeemeeemmmeememenmmeeneesncee e AN, &0, X, &L
T R A 2 W VR B AL B B U K T A B ) TR AR AR S LT RE oo VR, T8, ARk, RS, TEH, 2%
R 1 DA 35 T 1 25 R AE B 1 AR - A TR BRI -oeeereererememmeneenineeeens HEF, KRE, BEX, KAk, 4, TEH
ST /NI L SHAP I XGBoost I A LT i @ GRS oeveemeeeremeensmenneeees A, A, KK, BE, BEE, 2N
FFA I NT RHLEE H EEBUR UM e M, EAK, B, LS, BEE, 25, HETF, IAKR
0t FE A LA S - S92 15088 R T A B R S R U B IH] oeeeeeeeeeeeereeeeniiiiin, Fkam, D, HEKN, AFa, ik, TE
i%%ﬁﬁ”ﬁ{tX‘TNzOﬁFﬁﬁl?ﬁﬂ@:%TMetaﬁﬂ‘ﬁ ............................................................ HEH AR, $HH, WE, BAE
T A R 8 ok 225 75 Al B B R TS DX A A AN S5 T +eeeeeeereennn HEHD, HER
T InVESTHUR R 4 110 0K A 25 ALt 2 A AR wovevoveeeeeooe KA, RRA, A, BER, R, BXE, AR
RS S e LR G RN TR L Ci e ] S WA, Hal, HE, F 4
KRR BB £ A UBRT AL AE BRI Sy oovveeeeremmeserssescnnes MEM, BObL, BE4, B8, AET, ART, Akt
AL NE A w0 4 P SRR B HLBRRT AMLEF 28 B4 1 32 )

.................................................................. SR BEE, 2E R, S, TEE, B, B, REE, uks
LT R R 25 5 BT R R AR RE  oovvoeeoessemssssmesssnneennss A, Fmk, ERK, BlK, HHE, BH
i S A L DA ) 5 U 3 S BRI oo KkU, HEE, BE, XEE, TRE, FHL, rak, BEFH
PR ¢ 55 AN ) 2 R UL TRE B 0 3 98 S W AL AR TR RE VA TR B +oeeeevemmemmesmmenmssnenseine Mg, AEN, mHE, 2HE
K AR MRS A T IMAAE R PERAE  vvvrerrmimnnn, LUH, BT &, 8, KHE, BB, XAH
e SR TG TR G0o) g ¢ €Y SRR IR K, Bk, GHE, RIH, BEE, ARE, SR
TR - RS PP A A TR [ 22 8 DR 2 gt 4 5 D 7 e O S R 4

.......................................................................................... EF A, AR, EE, 54, BN, B, RIS
VIR AN ST 2860+ pH B 4k T 4 i RN G AR LE B TTAL -oeeeeeeee wKiEEE, KW, AW, HE, KKE, kFF, EFE, A EY
TR X 2 B 39 A S TS T BRI ARAT «oeeeeeeeeee BER, ZRF,LEN, 2VE, PES, B, K&, 2XF
SRERXKJEDR S RAEY T 4R RS AL vvrrrrrrereeee B, W, e, FEE
TR KBNS L L RIE Y TSGR v, M AkFE, HEA, BEET, FUR, 2T

BE R BRPE - HE /1 22005 T 2 BB E B oo evevreessnnenecssmessssesmessesssssessssssnees N EAE AE W DT

(1938)



5545 558 4 ) N B R = Vol.45 No.4
2024 4F 4 A Environmental Science Apr., 2024

ETHER-RNEFMGEEN=MNETXELE T
BEEERITRMTET RS

AR R, IR, S, BEAE Y, RS, BRAE Y, MR
(1. Z MR 2= BES T PR BT 24 Be, =20 7300705 2. VGGl K= Hol A SR IR b8 5 nl Fp s R R B S0 s, =M
730070; 3. =N RER AR B, 220 730020)

FEE oy MO AR T T B S DX gt i, T G s e IR SR R RS i, DL M T T KR R R KO X, R AT
M2z 64 A4k b+ HERE T 4 )8 As. Cd. Cr. Cu. Hg. Ni. PhAIZn (& RS F15 Y38 50k FN5 U 0 45 50k B0
SRR, FIRL4 X H T 1550 -2 504 1 B3 (APCS-MLR ) B 8 Xof £ dtb + 18 7 45 Jg U647 IR AT . JF32 i APCS-MLR B 5
3G AR A IRV 8 ORI A (e R DR, D1 (0 A5 R R R 5 T L R T 2% T % DX A 2 IR, AR A i e XU 1) DT ik % . S5 RSB T, B
CrfINiZ Ak, As. Cd. Cu. Hg. PbAIZn &3 (E & T2 MW HIOTRE Sl , ARG eR S m N T (HEARSE R i
T b A= 39875 G AU 45 AR ) (GB 36600-2018) (i i B . B 715 Y48 825 R Wn, As. Cd. Cr. Cu. Ni. Pb M Zn R Ti5
P R YK, i HeJ@ TR TS §e  T5 e Al d8 BOFN 45 R WoR, gt B8k B8 TREETS Yok R R, &t
Mo AR IR A TSR . SRRV TR [ AR - TR, STRRER AR 34.79% 23.12%%1118.49%.# R -ZR A R A KU
A REY], CAFIHg AESRKEILetEHonE, AR- Tl IR0 St Hili5 Je i fFi?'zE/J? @%nmmmwwﬁ %i_%‘ﬂﬂ,
As FINi D ARAERROLSe R M e R, B AR - A IR R Ui e 45 il s Y i ’ |
SE: T APCS-MLREUE: WERHT: AR U [ |\ a7 e
FESSHES: X53;X825 XEAARIRAG: A i%zﬁ%:025053?’361(2024)04—2428—12 DOI::“lO,-.13227/j|hjkp‘202304165

|
_J' 4

/o ~— .;;ff

"'IJ v

TourlstL ‘bf Lanzhou -~

U Jup" LI XA, 11 Keeming™, JIAO Liang', TA{X shengﬁ JANG Fei’, CHEN Weil, 100 ’xmrymg 1 | s
Cl College qf Urban En\rromnent Lanzhou City Um\*erslti'l| i L3nzh0u 730m0 Chm.a, 2} Key Laboratory oﬁﬂesource Plonvironment and Sustainable Development of Oﬂbls Gansu
Pro'vn‘ce, Morlhwest %mlal Unner'iltv Lanzhou 730070 Chma 3 Qﬂlege of. Pﬂ{ )

[Agriculture Science and Technology , Lanzhou Urm versity, Lanzhou 730020, China)

Abstfact: Itp Porder to 1dennfw the priority control factors and pollution sour-ccs‘for heavy metal contamination in greenspace soil from urban riverfront park areas, the Yellow River
Custom Tqumt Line in Lanzhou was selected as the research area. Sixty-four soil samples were collected and analyzed for the concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb, and
Zn. The"‘.'éingle-factor pollution index and pollution load index were applied to assess heavy metal pollution. Then, the absolute principal component score-multiple linear regression
(APCS-MLR) model was used for source apportionment of heavy metals in greenspace soils. Finally, source-specific ecological and human health risks were quantified by combining
the APCS-MLR model and comprehensive ecological risk index, as well as the human health risk assessment model. The results showed that all the average values for As, Cd, Cu,
Hg, Pb, and Zn concentrations, except for those of Cr and Ni, were higher than their soil background values in Lanzhou City, but all heavy metal contents were lower than the risk
screening value for the Soil Environment Quality Risk Control Standard for Soil Contamination of Development Land (GB 36600-2018). The results of the single-factor pollution index
revealed that As, Cd, Cr, Cu, Ni, Pb, and Zn were at levels of no contamination to low contamination, whereas Hg presented moderate contamination. The results of the pollution
load index demonstrated that the overall level of heavy metal pollution in greenspace soils was mild. Source apportionment indicated that heavy metals in greenspace soils primarily
originated from traffic sources, natural-agricultural sources, and natural- industrial sources, with contribution rates of 34.79%, 23.12%, and 18.49%, respectively. Source-specific
ecological risk analysis showed that Cd and Hg were the priority control elements for ecological risk , and natural- industrial sources were identified as the priority sources for ecological
risk. Source-specific human health risk analysis showed that As and Ni were the priority control elements for human health, and natural-agricultural sources were identified as the
priority source for health risks in the study region.

Key words: heavy metals; APCS-MLR model; source apportionment; ecological risk; health risk

PR ER MR AE S R G EEA NGRSy, B PE, FAUER(Co) . B (Zn) L #(Cd) . B (Ph) Al
A IR R AR A S R GRS . Wi RAR R (Hg) IR “ITE &R JSuRC Moy K FE 295
B ] R A A A R R A T SR S

aBL1-3] 42y HE L 5k 17 45 4 Ly : 5| Wi B H#A: 2023-04-19; 1&1iT B #1: 2023-06-26
A S b R RIS AR T M, R BT H A EHE I H (2LRIRA319) ; H 4 58 7 57

PR B o 1 A= W ANy e 2 BEVE AR SRR A . A6 55 R gk R E g 98 & JF B IR A
(COR§202102) ﬁﬁ?éw%%&ﬂfﬂma(zozm 116)

FI B f R ) 3 A B R, R B T AR R R A B 2H(1984~) 5, W+ BI202 , E BB 1 0 LR
4 B 5 Y 51, E-mail : lijunrock@163. com

‘H%iii‘ﬁﬂf B wﬁﬁﬁiﬂ’.ﬁﬂ E/J j:i}%%i{ij:{ﬁ‘ I'ﬂ%ﬂ El ﬁ * WEVEH , E-mail: lkm_wd@126. com



4 4 ARTEAF TR A R - KU D38 R ) 22 B ) XU 2 2 - 09 o ¥ R A Sl o R 0 A 2429

Qe Ll SRR M ALSh E RGBS . KR
ATl =087 e B R R A 55 i e 2 AR

THEZ A, A (] (Y SR H BN R AR B Y T
PG T A R S Y AT MR AR L R T
P R P A AR M 3 R S L A T R S R R T 2
HAF ) A 0 B W) KRR W R A A R TR I, L
e g ) 2 b 2y N 2 B Al R R A A RS TR
I, JF JE Sl T o il - R < T GOR LR A L XU
DA 00 DR M AT S, AT A R T b M R 5 I
R AR 2T B R R R H AR K R R
A R OR P HE R S, B A e S B

i%ﬁé%ﬁu%m TR XIS 4 2 e
JB& 15 G kg v By 4 B A ROR O, 4 Y 99 U

I3 R AL ST TS B IR E R ET . — BBk, B A A
2225 R H A 7 43 B (factor analysis, FA) . JRZE51
CA) F1 E B 4+ 4r H (principal
PCA) % Z I Ge it or M Js ik e

WU T T 4 I e i R ORI A .ZLJTﬁfdJ
bR R TS QUK A BRI T R E’Jﬂ%lﬂiﬁ

SR, PRI TS G ﬁﬂﬂ%&miémﬁ@mmm
ST NN ST L ST E e
ﬁg?ﬂ% (jg‘(chdrméal mass balance 'CMB}-"’ ij_?
) A R T b f%&ﬂﬁ%
(prmmpal compoh‘ent analy51s/fact0r a.’naIysw*jnu]tlple
hmigr regressmn u"PCA/FA MLR) .| Q@ Xj Bl Z}:ﬁgﬁ}’ Z

(cluster analysis,

component analysis,

ot é& fi IE] Eﬁ/i (absolute principal cpmpon@nt sé?__r'gﬁ;; )

APCS-MLR) 11 i 5 i [ A
%ﬁ’ﬁ W ( positive matrix factorization, PMF) &5 57 R 458
AR A R A & 75 gL I M I 4 B T R W ot ek
TR Sy - T A JE TS YOS o B TR RS 40 10 A 4
TﬁEﬁTﬁﬁﬁE’]ﬂﬁiiiﬁ.%m, T 4w TS g
RG5O [ 4 Ja 1 22 S W LR AR AR R
SRR B S e AN [, T2 N R
E e DNIREE S SIS SURERAS TS i DN LN 35 31
JS G KU B G2 SRyt R S TS e U A 4 I
D SCE A?E/JHIZJJ\@kij‘j%E'L’H T 25 175 L P
o 4 R Sl i Y TTRR B LU I 5 i S YR A T 2
PRI '3@!5* AR At R JXURS: VT 1 5 0 R A 5 4 4
XIS PP 4SS 3 T T 5 AN () 9 G Y v 4% R 4 Je O
DTS, DT R dE A A ] 75 G P00 AR A AR
e R IR 114 A A i DA% 5 Ty vk R ) R
AR AT Al KU J BR A 1 [R] ), 38 T LUK ff A6 A
[Fi) T 4 J 75 Gl R YA R A WA U, T AT R 5
R e AU 1y B A T e 5 RN 0 Se 4 1 XUBS: R, A
T A Bl 7175 G KU B8 A7 28097 42

multlplé. hnear regression,

A Ry I A AR AP RN 1 BT o R R A R K
|| B e B R 1 SR DTN A - e A
1 S 2 =% M T i T B U KA A R S AR IR TR U

M 4 R AR, 22N AE Sy — s A
M) 5 A T T, RS e o e
R O AT WFFERT =2 I B IAT XU 2 ] 300 2k b+ 48 o 4
BTG YR BLIEAT TR A SIS, EX 4 R TS e
e 5 S FLAR X DTk AN TERE L AL, AR SCRL SN
BEIA] RUIE 4k L b 3 S F SR R S, AR e 4 g
As, Cd. Cr. Cu, Hg, Ni, PbHlZnZE L X &H K
Heah b, ot E A JE 0915 YL RRAE s SR APCS-MLR
AU i BT A U T e IR S AR X BTk, O 4
B LR A 25 IRV i 5ORIT AR it R JXUIRS: DAt A5 78 o o
S MR ATT AN T 75 G U A A 2R i R XU BT RR A, AT
Bl I e T G DR RS e U, DU R 22 T KU
LR b+ S 4 i g H&mﬁﬁﬁfﬁm%m
ﬁfﬂhﬁﬂ%mﬁ

=
1 Mﬂ%ﬁ&. “ /<
1.1 anmﬁ u\ -ﬁgy

*LJHfﬁ(35 58’~37 02'N, 102° 58’~164 57fﬁ)
o A e i Y %ﬁﬁééAwﬁ‘mE
3 g 1 — ?wwﬂWéﬁﬁm S L A
P T 5 @ﬁ @@ﬁmﬂféﬁ:@%ﬁwm
”ﬁ3MmmEE KT 1~4 2550 R
i — mmmmﬁnﬂ*%,ﬁ&@&ﬁ@ JH 11T P
BIX, R & INTHIROC X, b 1 Lk 22.87 k'’
AR 20 km. Wi E A 22N BRI L BB R
JEA%R . I b SCAk 2N B R K Y T A )
I T 3 R T R T { B AP GE W A AT
FAEY) . HERRLEE R SR RN A Ry S A
W Segg i, E R b E R A VT A
GES SURAEROS N NPl | T NENE PP /8 V1 SN N
L R RN B A L LAk, B T T
M Ak X 25 B — R Ak HE R R T e, Tk U
A8 3 YR AN AR T VR HE R TS Y H gS 3t =z 2
MARRIR SR AT B RS R Z , BLAG T 5449
ST G NG =+ I ol 0 il N W 1 34 B N B B2
5, DT A 25 0 o RS At A7 7 4 R IR
1.2 FESCRE S SCR T

R 455 B Y] SR 2 T 3k = R el R el ) 4 At
(8 43 A 1 B0 e AT B 0 RN, AE 0 3 B A 5 A
b, F20204E7 A ST d L E R TR RS Z
J& . RAMAETE AR g R AR SR S 4 - 3 RE O, 1
A A= HERE 5 B AR BB 500 m 22 A5 9 5 AN 42 B IH A
25 emx25 em, N0~ 20 em B FJE HHRENR S



2430 7S

[ 45 %

MR, 2 )5 B3 T A AR dh AR b, SREERE N 2 kg,
LSRR R T . SRR AL 58 AL AR bR FIR AL R
PEAEREAE B WP SR B AL B AT 1, B

103°41 103°43" 103°45’
N

36°05'

36°04'

Ef 0] #ht [ S

KEFE S 644, RFE R R R IR (R
WA ARFIEY (HI/T 166-2004) B4 AH 6 2Rk 347 030
BEAE, SRR SRRE RS TG Y

103°47' 103°49'

103°51°E

B kit [ Ak (5] S EHORELE

ECE EemE R
H1 ZHEARELEHBERESSHRE

Fig. 1 Distribution of sampling sites for greenspace soils in the Yellow River Custom Tourist Line in Lanzhou
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Table 2 Reference values for exposure parameter and its definition of health risk assessment model
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Table 4  Descriptive statistics of heavy metals in greenspace soils from the Yellow River Custom Tourist Line in Lanzhou
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Table 5 Comparison of heavy metals in greenspace soils in the Yellow River Custom Tourist Line and atmospheric

dust in Lanzhou and in greenspace soils of other cities in China/mg- kg™’
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Fig. 4 Ecological risk assessment of heavy metals from greenspace soils in the Yellow River Custom Tourist Line in Lanzhou
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Table 7 Source-specific health risks of heavy metals from different sources for adults and children
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Fig. 5 Proportion of source-specific health risks from different sources for adults and children
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