05

Eco-Environmental
Knowledge Web

- ol
o i — % L
i e ]

J‘E SSvene

- B EEE o [y pe—p—— — <! 1

-. mBEN F EEE Fr—— -_-"."I‘-.II

= BN W =T ._.._._.'..- pr— --'I-:.::: ]
| BN R | LEm P

& — T il .

|y -

= Fo P .1-_.

- = ) 7 | == ir ! - . B o el it e il i

Ha3E HTH
Vol.43 No.7




w % # 3 Ba3 % BT

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2022 46 7 A 15 H

H

PRI Rt E s & B AT & SRS B e HIR B2 AT o vveeeeeeemmeermee e XNEE, BEW, B, B0, 2F#(3375)
FT LEAP B 22 M 1738 iR 28 S AR S5 e DR T B ETILL cvverereemee e

.................................................................................... }?ET gﬁa—, % f? ’f}ﬂﬁ’fﬁ 7?]‘5%% :J‘Lﬁﬁll /éﬂ,% 7%72(3386)
e S UGl U 151 Ay ppe 7 ERE, AHH, B%, BRT, KRR, A, XK(339)
T T PM, T 4 B 5 R T AR BT v YEB, KEE, $7§ HE, TR, REH, ZAT(3404)
[ D7 Gl G TS F R RN F 1112 [ KEH, THM, KEF, TH, BEF(3416)
T M R PM, BRI AHT  oeeeee e FANZ, EEK@ HtH}] B, 3, MR (3423)
SRR AT Tk S A B BB R BT e evveevveeveeveeveenee WHE, RER, kUE, TG, §&, AEE(3439)
TR T VOCs T5YLHIE JRUFFT SOAP  weeerevvereeesnmreeniiiii IF, 2HE, TABR, MEL KEF KHE(3451)
KRR 8 J1 VOCS TG UBFIEBARIIHT v Pk, KEH, AR, AHF, B, RS, KEOT(3463)
2019 4E7 AT O BUBUBHE BRI RISEMEAEIT +ooerverereeemne SRR, FEH, BUES, KEF(3473)
AEJL T AOD B ZS JHAL G LM RIS covevvveeeee e HE,ER, DY E(3483)
HET RGBT A K 2% X E RO AR R SRR G R - AEE, Th, ERA, BT%, KF, HHK(34%)
TR P - A7 RO ) R TS Y] 25 0 A0 B R oo E%E,%%%,ﬁﬁﬁ,?ﬁ,%aﬁ EHEE, FA(3508)
AR E B ORI BT DT eereereeereeneees WAF, X¥&, £ W, F7, BFR, TAH, BHHE(3523)
[t R B B = U Y N el DA 62 WiE, BEF, TR, KETY, BRE, KA, BRLE(3532)
S WK EA RS B KR A B BIERAE o RER, T, AR, HIER, REE, HE, FLW(3543)
LRI IR VAR A LR AN BRI oo BAY, B, DAk, #0, oA, EXHE(3552)
Y SRR RILBU T R AL & IR R | SRR RURATAS ooovveeeeeeeeeeoeees BRE, R, BRE, BHE, AN, EH(3562)
T WA PR W RE S5 M T M AR BRI woovvveeennes Een, R, DA, %rﬁ ERE, HEX, ERE(3575)
IR K B TR B AT AE T 75 T LS [ AR AR R AE «vveeveemeses e KT, kAT, THL, HEA, THE(3587)
W R B MR PO ACRCE R BER HII eeens A%, Gy, Bk, %; B4k, TAOE, £/4H, Kk (3597)
SRR W B LG T BB R S A v Wi, ik, B, T5E, EHE, KE (3608)
oy S PN DY RS G Jhie T T LR (2 N 2 R ppeeses EH, KEE, TRE, A8, R (3623)
KU IR ST TR X R IDREHER - oovevveesveeeen AET, £, BT, KE, FEE, 2EHE(3635)
[IESIS S ET AT A Rl & (T L PN L[ [k R YA, ¥5%, AR, $54%, KE, £4, £5(3645)
JE BT M DK T3 PO R 2 B 25 TN T TETESRTE AR oo vreervsereseseemsese ettt

............................................................... "JHMgﬁﬁg Z:_bu aﬂg*‘k XVJ@‘% %):L%k ﬁﬂ;’?‘ﬁk ﬁj;f\% %%,%%@%(3656)
(D 0L S N L 73T (G /N iR 2 R HER, 281%, 2o, Kk, XA, BAE, KEX, T H(3664)
ARRIZEBIBE K 25 50568 S U8 B AL RO AL E BRI S +oeeeeermmmeermremneeeeni, e, B ERIR, BEHEE, FHR, £TE(3672)
1y AT A2 W e B SE R TR G2 W BRHRILA]  <eveeemmee e Dy EmA, G, M E(3682)
TRV ) B X T T BRI B LM P22 +eeveeereemereeme et A, WA, 4%, FER, £4K(3692)
Mg-La-Fe/ s 1 2 A BB 5 S FCAb BRAHR BE S BRI K A PERE --oveeeeveoe BER, RANE, THE, BZF, B8, A, EM1(3699)
#%ﬁ%ﬁﬂﬁ%ﬁ%ﬁi%Iiﬁ%@%ﬁiﬁ%ﬁﬁﬁ*ﬁi%ﬁ@@%&Hmmam ﬁwﬁﬁ ------------------------------

......................................................................................................... ?ﬂ%’ ]‘;j;]}(, %[5::{’ ﬁ}]ﬂﬁﬁ, ]%%;’ %%@L(3708)
AR TR R LR P BB B v WA, AW, KEW, S50, BRE, YA%E(3718)
2000 ~2020 AR RITHIBRAT B NDVI SIS SIEMAHZIRD -oveeeerememeemsesneseeens ®E, AZE, FRE, ZEM, FTH(3730)
A 40 AFRAREEE KRS AR o R SR A SR, - TRP B, SR, IR, W, B, e R, Mid, KR (3741)
b 0 72 1 0 VA SR R R B PE LR €L N PARSA T EAFAE RN oo 7, BER, T8, THRH(3752)
JL:(I %ELUJ:EL%%E JE 5 YL &ﬁi@x“&ﬂ:m ............................................................ gﬁﬁ)f’ F?)E, E/@\%’ ?%ﬂ;ﬁ/’ ET(3763)
lﬁﬂEi’ﬁ, R JE A 4 B IS YR E SHIMITENE v eeeemee e M, EH(3773)
s AR NI b LR IR o 7 v R S 4 | R Fw, kR, BA, KE, KEA, HARK, x| FE(3781)
I PN T 0 545 % T 0 SRR B I oo EFe, af, FkE, REX, BE, §8 (3789)
VUL DB AT R SRR B PP BLIRIREEEUE oo W, B, HAE, REH, FHE, 2%(379)
F IR R A TR IR BT ovveeeeeereeeeeenmeeees KX, B, Z&&E, R, KR, X%, TrE(3811)
AIEEDIR7E S PON: TPl s i) i) 2L R, BHK, TIE, B, BRA, KAS, T&, HEX, hEH, FFH(3825)
ARIFEVER S LM CH, FEHEVE T G PEH AR vvevveeeererr e ;tﬁ;ﬁ%, ﬁi’:f},?:, gjﬁ—%’ %rﬁk, fﬁ"ﬂ"(3835)
LR X B M MR E T A AR o vvevree e D& HXE kMK YA, BRT(3844)
IR SR 58 A 7 6 06 L A AR P ST B R AR 22 5 BB IR TR R oo ?%%,%ﬁ?,%%,%ﬁ%,%%uﬁm
AT S ARETE DORTE L AR R A SR RESAELLRL v Hils, 3PRiL, %%, 2EH, EWR(3865)
S PR I RE TR 5K BN R IE XS 130 pH I 25 TR - vevevemereemsmessns sttt Fad H5E(3876)
AL T SRS T 38 DOM BRIERIHRE FIHIBAM v eeevveeremeeemmies i Yith, Bl HR HEE, Bk, TEA(3884)

RERFEVIEIT R (3403)  (RBERFEVIERIM (3462)  [FEL(3493, 3655, 3834)



)
er_j;ﬂré In BB R = 55434 7 2022471

Eco-Environmental
Knowledge Web Environmental Science Vol43,No.7  Jul.,2022

HAEVEYE B E SR RN B EES X EN

fitkgba', te' ", g, ek, EE', ke
(1. WP EBR T HEAT I A RA R, dbst 1001205 2. JbRU R SE 8B, db5t  100871)
TE. RETEEY ., K55 FBRX =X 4 RO bR 0 A Y B R 0 ~ 10 em F2 8,591 7 8 fE4
JRIGYLYI(As, Hg, Cd, Cr, Pb, Cu, Ni fll Zn) B9 BEEG & I 4R BRI RN | 154K | e A 28 XU A A P i
FEABHEAT T M ApEAl. £5 R KW, s MESBEE AN BER ST EAAERRKNER, 0(As), w(Hg), ©(Cd) ., o(Cr),
o(Pb) . o(Cu) . w(Ni)Fl w(Zn) B FHME S8 8.92,0.25, 0.10, 31.56, 14.81, 21.27, 23.69 H162.75 mg-kg™", As Fl
Hg M8 P 35E 4 Ak 8 7 188 5B 1.26 A1 5. 21 fiF; MIRMEANIRA, s HESE S BN S HIEAIA S EE2IK
SRIEARSE , B He Z4MY5 38 pH EEIIEAE B As SN S8 & i B IIEAC. AL S5 G 18 L R0 7e AR 28 KUK 48 B0 4
Wres R0 B He Z AR A 7 P 48 1975 Gk 7 R AR 25 B 441K, 52 He V5 Y 1920, A= W i oA 15006 B 4 T 43 B 5 ek
L B A A XU e TR, Hig % IR B A7 7 — 28 BOVE 7 M. 4 ZIR0it = 4 )8 I S0 UG 76 W] 12 32 1 16 P9, 3807 ARG i 35 78
107 <CR <10 *JERIA, Hb As S EERI RSN T 4 FORF SR b (5 42380 ﬁ&%%é%/%%’uﬁ@ﬂ’m%%%ﬂai
YUK | A AR RUBS: B A ARt 5f XUz 57376 e B DX 7=l [l [XC -
aegzﬂ PRI T AR BB S ARE , KUK T, P , -
RESES. X52 XMIRIAE: A XEHS: 0250-330142022)07-3608-15  DOL: 10.13227/j. hjkx. 202107218 S B

g— | i e

Distribution Characteristics and Risk Assessment of l\\“Aécqmulz'lted Heavy| Metals' in

Bioretention Systems N B> f. ¥ 3V

== i j

p '

CHU, 'Yang yang1 YANG Long1 *, ZHOU Yuan', WANC lon WANG Si-yu', ZHANG Mln 1 /) - L
(L. Chmd Urban Cons;rhctlon Deslgn & Research Ingtitute Go Ll Bel]mg 100120 Chinaj 2. College of Lrbdn and Envirgnmental Sciences Pekmg Unlversltv, Bel]mg
100871, China) |, Iy a

Abstract Topsoﬂ samples (0 10 em) from four bloretem;;)n systens with' different land-use types were collectedy: including parking lot, roadside, residential aréd and
industtial park systems. The accumulation contents of s, Hg, Cd, Cr Pb, Cu Ni, and Zn were analyzed and evaluated, as weresthe influencing factors, pollution level,
potential ecological rlslﬂ' and hunian health risk. The resuls showed-that there_ w_(;rF ilcrnlﬁcanl differences in the accumulated contents of eight heavy metals. The average

o(As), o(He), (Cd) o(Cr), o(Ph), o(Cu), o(Ni), and o(7n) Were 8. 92,0.25,0.10, 31.56, 14.81, 21.27, 23.69, and 62.75 mg-kg ™", respectively,
and the avqrfi;ge contents of As and Hg were 1. 26 and 5. 21 times the soil background values, respectively. Correlation analysis showed that the contents of the eight heavy
metals wére positively correlated with soil organic matter, pH value (except Hg) , and phosphorus content ( except As). The results of the Nemerow Comprehensive Pollution
Index and Hakanson Potential Ecological Index showed that the pollution level and ecological risk of the other seven heavy metals were relatively low, whereas the pollution
level and ecological risk of Hg reached the level of severe pollution and strong ecological risk, respectively. Affected by Hg, the comprehensive pollution level and ecological
risk were relatively high; thus, Hg was a potential threat to the soil environment. The non-carcinogenic risks of heavy metals in the four systems were acceptable, but the
carcinogenic risks were all beyond 10 ~® though lower than 10 ™* | which indicated that these four systems had a certain carcinogenic risk, in which As was the main risk
factor. Among these four land-use types, the accumulated pollutant contents, pollution levels, ecological risk, and human health risk of parking lots and roadside bioretention
systems were much higher than those of residential areas and industrial parks.

Key words: bioretention systems; heavy metal accumulation; distribution characteristics; risk assessment; maintenance suggestions
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Table 1  Basic information of four bioretention systems
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Table 4  Classification of Nemerow pollution index for heavy metals
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Table 5 Classification of the potential ecological risk index of heavy metals
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Table 6  Parameters for human health risk assessment modeling
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Table 7 Reference dose and carcinogenic slope factors of different exposure routes of heavy metals
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il Co, & 4E Pb, JF HUA MK AL Cu SBIFE s 3
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Pb 1 As!% %) s 5 1 & 32 ( Viola baoshanensis ) fig %
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FEIAS B S5 WUAACR 7 o 4 i 15 e ™ L A )
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Table 10 Summary of multi-metal hyperaccumulators

75 lER7Li S HENZAEE)E SRk
1 K 5t K (Sedum alfredii Hance) HEHE Cd, Zn Co,%’% Pb,%“?&kfﬁ Cu iR it P [53,54]
2 ZZBHE (Viola principis H. de Boiss) HELE Cd, Pb Al As [55,56]
3 FIFZE (Viola baoshanensis) HESE Cd A Pb, & 4E Zn, Cu l Fe [57,58]
4 WRWA B ( Preris vittata L. ) HEE As, B4 Pb M1 Sb, Zn SRR [55,59]
5 =B 4+ 55 ( Bidens pilosa L. ) S Cd 1 Pb [60,61]
6 FoHEAE )& ( Dicranostigma) HE % Pb, Zn 1 Cd [62]
7 2[R R ( Leersia hexandra Swartz) HEE Cr, B Cu [63,64]
8 [RI4E R I+ (Arabis paniculata L. ) HEHE P, Zn Fl Cd (65,66 ]
9 BEELM [ Saccharum arundinaceum (Retz. ) Jeswiet | HEE Cu, 4 Zn, Pb 1 Cd [67]
10 BT (Arabis alpina) HE 4 Pb 1 Zn (68,69 ]
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