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Abstract ; This paper introduces the biotic and abiotic factors in soil toxicity and analyzes
the advantages and disadvantages of terrestrial and aquatic biological evaluation methods

( plant method, animal method, luminescent bacteria method, etc. ) by using comparative
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analysis approach. Terrestrial biological evaluation method is more mature and easier to

operate while the aquatic biological evaluation method takes less testing time and lower

cost. As an important supplement for physical and chemical evaluation, biological evalua-

tion can assess the long-term effects of pollutants on the ecosystem scientifically. It is nec-

essary to evaluate the soil environment of mining area scientifically and comprehensively on

the basis of considering all kinds of factors.

key words ; mining and metallurgy area;heavy metals;ecological toxicity

0 51 5

THOREEN AR, A Tkt AW &
&, HHEE 4RI Y H 2 E S AR R
Hh P A AR R KRR Y X ] i A A B A v
B E IR E A N W SRR AT R B ) R
AAEY) R KEEPTE Y, e E AR G
PRpd " X B R, 2R £
BEME 5 e R 2 P S R, BRI e 4 1
b il sz W S 75 G ) ™ R R i 3 L i A
YIPEM v A4y SE X — H AR, i EALTE 5 24D
£, K. Radlinska' ™ FI B2 e | 5o E 46
XA IR T AT A ST B AR, S N A
RICH B H 4w 15 e 3 A Wy a e R T s A
I 5 LI SR % T ( Vicia faba L. ) P32 K
B SR DA T e B - e A T, R W)
AZACTR B A TR 2 4 8 A S XU A
HIA e A7, EE 4 TS el I A AT RN
T 5E B 701 I A 5 Y 25 2 AL 25 R A T 90 I
TR Uk 2 —" ) AR SO AR AW A
B P R - S A T R £ A S
PERRZI, 25 T B A E AN E B AR S EE
W7k R WA L2k PRV IR AT, Ry
FLAA SO 1 o+ S R 4 R A S AR
RS R 55%

1 S2m A AT R IR

1.1 FEEYEE
1.1.1 3 pH{H

1 pH (H A« LR AR T
i 25 382 By Al A B R ] A5 ) 4 S
SIEalFIRYED ) b5 L5 pH (EAYHE i, 145
TR R KGR A AL 2 T e A
R T R WK RE ), §BUE 4 R 1
S0 A A AE R A R R B - e
G BT IR R, BRAIK T 4R T A4 A Y vk
B AL 2 AR SR S SRR TIEE

2

HAs A4 R Cd AR S & R+
1 pH<6 MARICT , BT & i3 in, 4% pH>6
R, DU B LR A S ) AR ek 3
1.1.2 AR

A VLTRSS I LIS RO A 0 &
AR Y, R E S B N E S ER/ N —
Ay BT AETEAL T IEAR Sy FREERY S A AR
AIRRE R AT I R PE L BB AR, R
SIRIEREAL VAR E SZ A S E
SIRTE MG SRR — R, APl
BEESAIRSGASESR ST REEME, 5
AT IR Eh 45 A A S E W A oC, i,
BRI+ A U S T RN E AR A A
R, 2N QAR I TR ZaAR R H ) S 56 & B it
IAEYAE VLS, 23EA S Cd & REHEA L
JE A TR AR, DA T ) T oK R Cd AR
B SRP Pa R A v T4 e A AL A R, HH
54 SRS R A,
1.1.3 HLEBWAES

ANFIRAF Y 25 19 B 4 LA AS [R) A 20 1 A
Tk, HAE KA S S Wi e e i ok, H
MIEE R Z RS RN, BEeRfHESdE
T AR M B HUE RO A W BRI RN
T A — 48, AT S R T A
Ariji]l;‘[%] .
1.2 &¥EZE

AR A%t + 18 T 4 @ 15 Yl 0 U AN ]
J. Hou ™ WF5E e W A= 32 %) Cr 75 Yt + S Sl i
Ok, MR A T 4 S PR BT W 4
A TS REASHE N+ LR, A B RS
T AR LR T IR AL A S R A R
25 W SR VA B 4 R V5 et R LY R R
GRIRZ I | 28 HU B ke 151 % B 1 AR b S 0 B ARURK

ol A A 2o 2% b ARG Sl s e 3 4 TR
fESU0TE, UEY RS T A LR S - E
SIRAA W K A BN SR 5 ) H 4 TR 1Y) S 4



5 36 B4 4 H)

JEIRV-S5 - X P G A ST RN B S

2022 48 H

A1 A g v — S A B R L T g 4% b AR
FH Ui DUTE 456 AR AR T Ry ) el As He
rh e 4 AR R B BTG R 4 R A A 1
PEVER 4 RN AR 5T & B — Rl oA DL L1
YO (R ) HAT R Y E 4w sz v Ho AR/
A3 FERIVIRE 15, A HIZ o 1 3 26 & 4 AT A 2
i PIEESE, FAAT A KR A VLR
HATT 2 IRAE 5T M), X S8 7 WA R K i B
T HESEESSFER, EUTEY), IR E 4
JE R R
1.3 +iEEs

IR 1 SR B G A A RE AL A ik
I, e hin s 5 Z2 R IS ALY o RA AL R A

VRT3 & B 55 FE R R e e |l SRt | R
WEFR B X + e 4 B V5 Yo B BURR, R iZ 5 e
BRHERTERR ™ 1. 0. Yeboah'® 48 1 44 vh i
EALE TR R B XT Cd 55 5 4 Jm BURR, I S R
PhRE Cd e BE B REAR T T 5, HenT 3R AF & 4 @ X
A Y R R
2 HEE YR AT T
2.1 FEEEWHEETEMAE

Bl A A W B R S0 DA - R S A T H R

S HY)  shi A e+ SR 5
#1 PR,

x1 BEEMSBHENRFE
Table 1 Methods of testing terrestrial biology toxicity

BEI MY REEmTE/d MR REVEVEHY

R UNSES 4~5 FF 25 AR AR B Al

+ i N 4 FhF2E ARG B 2 AR

T+ B 5 i FR7R LS Y iR R Y b

T+ ke 45 14 CERLINCIY:: [e 387 Ay SRR

T3 B i 2 f1oh AR B AT Tk DK P3RBT A R K-
JONEFF REAE SRR B B

+ 3% 2l 4 AR ETFRE B U, TP N R T

TIEANKBIRGY R 60 TS ZREME T IE S5H T 16S (RNA 53 B e S5 42 ik
HARTT

TIEAHBIR A e 1 i 1 FWr 5 BT A WA RE R

2.1.1  hIERYE R A M TR A S AR A A AR RN

YR E A S RGP R E ARG Wy KRB (An sl o) BB (Bt

RAEEEAEN, A & S AR AT IR VR
RERFHAPM N EE I NEZ —, R SE,
INEZ L TAEY W T R RS BRI,
TS BN R AR R 585 Y U R R Y
DR L A BALFERD 0 28 AR ] | A
WA K B RS Rl L, TG
T AR AT AH L TR 2E AR
KR RGM LR HYERER A kR
B AR A e i v B A7 S B B 52 i L 3K
JAE IFAE A G Y2 T
2.1.2  HHETCEMES L

TCEME S e £ 2 R G rh B4 2R
M EHEEER AR Z i)z 5 T B 145
EIRI e Reia A A ) Gt w4 SR iy R

H ) AR Sh i (R sh ) Y
Hge ] DR HC EE EE T )2 T R R SR

T TCEHE S P ML 0T BB (AR
B R IR A AR 5 R AR RN A A 4, SR AR R
SEUTIIR ST Y e 0] R 2 AN B B A R 4 R
TS YRR (B R b, 2R AR WY R 4
SR YRR S B N kR IAN E SR S BT
F%,ﬁqﬂ Tk = Onychiurus sp. AT BEE Isotoma
B = AN AT AR S AR W B 4 8 V5 G R SR 4R s
i, TIETCEMES PNy A AR R (E
KA 0 A R AR AN Bff e, 5 S80I sl ST 30 ] BB AF
TEABE P 25 2R B S50 A i, PR A7 7R — JE )
PR



5 36 B4 4 H)

AR E AR (A RBHERRD

2022 48 H

2.1.3  HIEREY

TR e - S RE B R AL 57 o i s AT
FiF P A E IR — ok,
APy 28 o5 R I HEVE Z e BV
TEPEFIRER S5 105, UEM S B N 4R i Y
T AR PR R A, LA Bl A %) - g
4R e T T S N AU S, Romdhane !
PEH LT 16S rRNA (P J5 15 BE S AR - 1Al +
B gkt - SRR MR TR AR AR RN, HAE
Yk S A T, DI A YRR 2 i
JE I SR AN ] - SR AR I RE TR 450 S R AN
], X5 YL i R U R TR] S BUR ME AN [H]
IR 78 AP
2.1.4 +IERED:

- R 1 U W3 B AE AR R 4

DL B R AR o S ), LIRS R G T &
A=Ak I IO A A 5, %o 4 S AR I o 7 S K Bl A
R e e A W T A A, H
5 WEIE P, M. B. Hinojosa ™! BIF 9% B 0™ 15
Yext 14 C N P S JA P HH G Bl 16 1 1 1 A 75 1
SESUIN R RS FE A IR T A T 1 S50 v S R
BRI - At | B8 U T 1 S e T - SR AR
fefie 1, WA A WA IS R FE s . E F
By RSB s AN [ Bl il A 22 S .,
55 JE 5 R TR T X 0 5 e S 1 i SR, 48 T IR T
P 408 5 A0S e b Xt - 38 0 V5 YRR
2.2 KEAYMBMEENFE

IR A W B P 2 DA A 39 B BGR 3E A K
HR G SE I A 0T, 5 R S B A a2 R
RIS ROCHTE A TEREE, sk 2 Fios

F2 KEEMBHEMRFE
Table 2 Methods of testing aquatic biology toxicity

BN A BEERT MR 5, BTN

TR B 4~5d ML FETOR BE GEEIRE S BREME S iREA Y

THURERGE KRR 5d B JETR EEH INAFRUESE I A

THURIGE KOG 5.15 5830 min K X 4 R 9 e - S A

THGRRGE Wk 74 AN AR DA A PRBETS Y A bR A 0, W A s e

THURERUE  MER 96 h ARE N LN PO R T 4R Vs YR

2.2.1 fak IR
TR A Y EE T, AT R 2.2.2 RAEGE

NOKIREE S5 il R 265 45— RIIVE FITE KA
IERE AL, BB A W e SR B B A 3, DT 52
AR AR R E R S A Rl A B R
Py Fhon A A7 R 5E 1Y) SN e F WK AR AR AR AR
TEYRBL S RS IR 2 A A A7
15 Wi JE DNA 45475 | IR A7 Ay | i I 2k 72 Ab 55
BEEy 0 5 N HE PR 1 B R | B A e AR
BAR 5y TSR, U B 0 £ o 4 i R R A AL LA
R e B B I PE R 6 bR O AR 2 5835, PRI
R RE R S — PR A W) AT e B 2
TR LA S A B ) 46 s i RE VAT R GE
5847, J. Lourengo ™ 2R I BE T f1 I il 47 2tk
BEPESES VRN S R K B4 R BTk S BT T
Tt AKGE A R R AR K OB R R E A,
TH AR ER EF, WAEEY DL
(Oryzias latipes ) {2 55 50 A= ), W 58 HX AN 7] 5
5 R B 5 e 1 BRI A, 45 R 3R T B X 4 B
A SRR, IR W AR P R 95 7 K A o 48

4

KRBV KL TR HES W), AE K AR RS &R
G B, TR W)k FE AR A, D B R
IR R L R KA A R S e o
I AR AR R I B T S S e S
B M SR S0 A ) T R B AR 2 XU
PPAG Y, LSTIG IR 4 B R KA A P
Y28t et 1 o R s s S e | B
R, H A BB R R s B ) 8 A 45 bR R
U

FE AP R AT C +  HAE AR
ASTEHFIT A E 2R Z I RO A 2 2
BAES & 42 (organization for economic co-op-
eration and development, OECD) | [& Fr x5 £k 20 21
(international organization for standardization,ISO) |
K FE B (United States environmental pro-
tection agency, EPA) % [El 471 2% 2% ( British stand-
ards institution , BSI) ¥ [E B HEAL PF 2 (association
Francaise de normalisation, AFNOR ) 45 & i, 3¢ [€



5 36 B4 4 H)

JEIRV-S5 - X P G A ST RN B S

2022 48 H

T 1973 HEE i O TR B VR R S A v Ty
o H. Kim ™ BFFETURR A 7] 43 J %) R 280 326 B4
PG AR B 52 Gl 48 h Sk BE 1 S
5, VPR AN [R] H 4 Ji Xof DR AR yok i M R P B B
J& LC50 , WF5E & B o 4 Jm 22 s B R B AR AR T
Xof RZH SR AR TAIR AR A L4 il T Pt
BRI, S. Loureiro ™ Fi| F A B 3 ¥
Mm% 4 W e A L G S T g IR AR R
HH DI AR o) VP Je 4 L1 38 T 4 Jim A 6 v R
P, KRB 812 S VBT D BE X 32 S , o4 Js
JEBAR I P KA AR K B2,

PG R IR o H T A, 3K T 1991
AEHE 1O TR (R BE) 2k E Ty
P AR AR RS U SR AR S vk RO,
SRR WIBEAG F 8RN E] S U W EERG I, R AIESE
TR b, U A R B TE s U B AR . £
PEEFETIESY Cd R X R R A 6E ) S ok
BYFENE AT 58 2R W R B 40 R S P AL RE
(T-AOC) S Cd & 3£ B i 22 4 Fae 41K
2.2.3  ROCHH

TR G B I i DR Sy SR A I )
A AT A Sh w1 R A R S Y A A
PR X A2 Y5 G A IR e S
AR AR ORI . RO A W S R
L HACHIE PERIE L, B9 T A0 IRt
RSN RO, H TR E RO T A
P AR ( Vibrio fischeri) . BH %5 & YGHF I ( Photo-
sbacterium phosphoreum ) F1 7 16 3K B ( Vibrio qing-
haiensis) , Fo i, 2% FCO TR L BH 4% & OGCHT 1 Ry 1 7
T N BN A IR K. BN
PLASGERTE N 32 1A 1), T A L R — R 75
PRSI . XSS5 L IR E Q67 19k [LIR
WA 2 A, %t L K B RN T ST 5T
g LRI N Q67 EC,, {H I/, R HUE i
=, ATE BT LI K T RS PN e R AR
C. Zhang %' F| 55 M 9B Q67 XL 44 R i
TR it T 4 S V5 Y LA T VR4 B9 e BT T
R FALBUK A 8 R fe e B2 2 s S i 5
Wi, Zn A Cr B2 UURRY)REVE F 2R RN 45
REW AR THE TR R, U RE R,
2.2.4 WK

WRBEKAE S REWR L, 5 HAL S
GRAYIAE L, BRI SRR, BRI S
MR SO SR AR T2 b R

FUT RS £ 10 B s R A5 ook & 7E
A N R R e AR Bt R — JF
HL AT e e 0 R A 8 R SR A AR OB, R
AN BESSEE PRSI T 5T, RS 5
TEA ) B4 S B 1 F3E N R E A AR A S R
PECHRFIE Y SN, G5 R R B Cu® F1 Zn®" X AL Al
AR KA ROCR B35, Hoh Co™ I 8CR 5l
B, K. Hund ™' R FHBE2E 96 h 2tk ddil it
X ZWT7 e (PAH) 15 % R SEFEVESEAT T B D
i, AR R B Z 05 R B m U, 7T
FRAR7R 215 Y LI RENE
2.2.5 B
MIERIET/NIRSE s, Y
)z R S TR HiE G S B R
— ZRINEE R H 8RO AR ST BV RS
Fift, HEE PRSI MR O TR B R A
AR R R A S Y T o U R R
BEfl BRI KA FE /R A=, P. Sivalingam' ™ F1|
S SEX BN EE B ERFERE 1T 1A [T P
G TG OB AT KU PPAS WS HLBE T A A
OISO, SRR, 4w T B 1 5 B B
BCT BG4 K2 B, e 5 i X
W R Sl F 5% & B, Cypridopsis vidua F1 Hetero-
cypris incongruens W Fi & A HKAE U W E 2
8 TR G, TR H 3 B 0 A2 AL AR XS A A v
U W JE AR FEAT 678, A2 ) R, U & i i
1%, [ ZIREKR

3 LIEAEISTRIEE U IR

BEPEIN Ty 2% A - T Y R B[R] | A P i
JEMEAFAE 22 5755, AR 48— i s 3 7 6 e
DAERf R GE VA 15 Gt e A S MR, TH I
SRR 1 1 S5 LR S SR ) AR S vk

MO XA ], A= R T MR SE S AN ], Bk
A TR VA T T RE I AN IS TP L IX
PRI, BT XA Ml AR 25 R G AT A S R B WE A
TR RA M A ST AT vk . BRI — 321K
PR RN o A, (B AR S 2 i X AT BE AN = L 2
L 2 A AT BE IR AT, PRI G AR 21 3 52 i
UL, RFE B W R AT A S RS2 5, P
Greenslade'® % BBk Bt Folsomia candida TEIR K
FIE A $F b o3 A A SR B K A D A i
3R, SR PR B A 50 B Sinella com-
munis Fl Proisotoma minuta 1 73EPR2F 2 | X R

MR PR A2 BB ELA S 1R, B8 A

5



5 36 B4 4 H)

AR E AR (A RBHERRD

2022 48 H

UMl EPREE T R PP, 45 AR W] 5 2L A W 4 %)
S B o S N BURR LU AR HER B F. candida
AN H R RS F M, P M. C. S, De Silva
AL RSN R A S R M ] 3R T Ol 25 S FE
H Eisenia andrei F1 Eisenia Jetida S h A T
F AR IR T Hb X , Perionyx excavatus m E I
TR B i AT M DX PRL I X R b X
PEIF R VEAL I, P. excavatus bt At 95 i i 5] 55
HARH,

PEREPRE | R AR 28 55 1 8 e AR A
R — D ROD E R BR T U LIS, A
Yy bm S 30 TUE L BOR B2 BT E AL, WFSE
FW R A bR S T R R E LS YR Y
N4 R A AR 1, REAE R 1 Tt 4 A Hh A4
FHEME, B 1k 5 4w b aE AL T 4 s
TR AR 48 78 LR IR T 6 Jm T5 e A W bR ol
Wy, )2 TR A S

TR

1) S A A5 TR N R A 0 pH fE
AHUSTRIRA I 25 55 AR A W IR R K shid ¥y s
Yy IR IR

2) i 2 R W PPN 7 U5 U HR A A B AR
B AR

3) ARAE AR RE AR VEAN O I R AR W )t
SR BURGHEA T B S REEAY . IR I — o
PEPRIFAR R A W) W RS QAU o, T R g
N s 3 R S VN

4) BRI ik A IS A OERE R,
1575 JE AR A P AU | - SR 5T 25 DN K il I
R4V WIE

A AT B PN O IA A )T A L i
s AT — 58 O L HA HAR AN 7 ok
A BB , AT A - A AT PRI ST 5 I A A
I EAE,

S 23k

(17 gy, &, @A, 5%, 5N BB IX - 4y
o 75 e R BOR R A AT (1] 3 PR 5 3R 8, 2022, 50
(4) :506-515.

(2] B2 BaEHE, 2000 A5 P L B & 7 5 XA
5 SRR R TR i 3 o A T g 5 A S AR T AR
[J]. A2 7%k ,2021,40(8) :2324-2333.

[3] XU L, WANG T, WANG J,et al. Occurrence , speciation

and transportation of heavy metals in 9 coastal rivers

from watershed of Laizhou Bay,China[ J]. Chemosphere,
2017,173 .61-68.

[4] YAN T,ZHAO W, YU X, et al. Evaluatingheavy metal
pollution and potential risk ofsoil around a coal mining
region of Tai’ an City, China[ J ]. Alexandria engineering
journal ,2022,61(3) :2156-2165.

[5] IQBAL M,ABBAS M,NISAR J,et al. Bioassays based on
higher plants as excellentdosimeters for ecotoxicity moni-
toring; A review|[ J]. Chemistry international ,2019,5(1) ;
1-80.

[6] ALVAREZ-ROGEL J,PENALVER-ALCALA A, JIMENEZ-
CARCELES F J, et al. Evidence supporting the value of
spontaneousvegetation for phytomanagement of soil eco-
system functions in abandoned metal (loid) mine tailings
[J]. Catena,2021,201:105191

[7] LU Q,WANG S,BAI X, et al. Quantitative assessment of

human health risks under different land uses based on

soil heavy metal pollution sources[ J]. Human and eco-

logical risk assessment,2021,27(2) :327-343.

X, EBE, WA, A 0T X R AR R R T

YU PEAN [ J]. BREEL24 2021 ,40(4) :1127-1137.

(9] WRIESE, 2596, e, %, HRa i) X e
G BT SRTE Y R B H X A R T 5 R 1 R
(1], ARSI 4% ,2021,30(3) :596-603.

[10] SIVALINGAM P,AL SALAH D M M,POTE J. Sediment

[8

[

heavy metal contents, ostracod toxicity and risk assess-
ment in tropical freshwater lakes, Tamil Nadu, India
[J]. Soil and sediment contamination, 2021,30(2):
231-252.

[11] JAUME B, BETTINA V, ANDRES N, et al.Ecotoxico-
logical risks of the abandoned F-Ba-Pb-Zn mining area
of Osor (Spain) [ J]. Environmental geochemistry and
health,2017,39(3) :665-679.

[12] skl , Fei, Wi, + A Sy ik 27k
[J]. AR ,2017,12(4) :76-97.

[13] RADLINSKA K, WROBEL M,STOJANOWSKA A et al.
Assessment of the “ofawa” smelter (olawa,southwest Po-
land) on the environment with ecotoxicological tests[J].
Journal of ecological engineering,2020,21(3) ;1286-191.

[14] Ryl , —ng 20 55 4w s Y IR Yt
B R TR S A [0 ). A T3R 4R, 2019, 39
(5) :538-544.

[15] E2¢0,kam R, Fiaf, 5. Wm0 4Rin g | 1
EhESBMASKEMR )] ERFEER,
2016,25(5) .877-884.

[16] PLEKHANOVA I O,ZOLOTAREVA O A,TARASENKO
I D,et al. Assessment of ecotoxicity of soils contaminated
by heavy metals[ J]. Eurasian soil science,2019,52(10) ;
1274-1288.



5 36 B4 4 H)

JEIRV-S5 - X P G A ST RN B S

2022 48 H

[17] JULIA C N,SONIA C,JOSE P S. Soil ecotoxicology in
Latin America; Current research and perspectives| J ].
Environmental toxicology and chemistry,2017,36(7) :
1795-1810.

PHILIPPE C, AURELIA M, REMIGIO P, et al. Trace

metal availability in soil horizons amended with various

—
—_
oo

[

urban wastecomposts during 17 years-monitoring and
modelling[ J ]. Science of the total environment,2019,
651:2961-2974.

[19] DORA N. The role of soil pH in plant nutrition and soil
remediation[ J ]. Applied and environmental soil science,
2019,2019(1) :5794869.

[20] JIA X,FU T,HU B, et al. Identification of the potential
risk areas for soil heavy metal pollution based on the
source-sink theory[ J]. Journal of hazardous materials,
2020,393 :122424.

[21] #7580 AE) 81, 25300, 45, L0 pH (EXT & R P
SN S AR SRS [T ], P E Ak, 2017, 26
(6):79-83.

[22] HizA:, BB, kg, + 340 Wt i 2 (X
ROTTHE R [T]. R 3R BT R 47, 2002, 21 (3)
272-275.

[23] &N FERPE MO, 55, T3k B 4 JE e

AR [ )], A T, 2018,8(12) :38-43.

/N AT TR 4 it T A A AU T R AT

K Cd i FR S S AR LB ()] TRk

W BRaE 2021 ,49(8) :96-101.

[25] B A iedl, BACH 55 . |UDFNAR IR T 5405
Pt M R BFsE [J]. LHEE AR, 2015,46 (4) .
977-984.

[26] Z5M2, AR 22 ) F i, 55 T g R R E vkt e
[J]. IR TS IR BRS04, 2003 ,4(5) :42-46.

[27] HOU J,LIU G N,XUE W, et al. Seed germination, root

[24

[

elongation , root-tip mitosis, and micronucleus induction

of five cropplants exposed to chromium in fluvo-aquic

soil[ J]. Environmental toxicology and chemistry,2014 ,

33(3) :671-676.

FCIE, AR Bl A T HE S I 1 R TS

B[ 7. AL 88 ,2011,23(5) :119-120.

[29] il X0, BUATEE. 88 5 PR MU Wi
SHBTEH [ T]. Y5990k, 2018,38(2)
114-121.

[30] HERIHL, Jrih , BESCHE 45 — Bk AR I 1 3 8 2 0E I
O - i AR R AR [ 1] B 5 BRI
WA ,2014,20(3) :420-425.

[31] #3C¥ Mt INA AR 25 ZRIAT e R R T
THBE RS RE[1]. BT R 5 A,
2021,43(6) :759-763.

[32] APONTE H,HERRERA W,CAMERON C,et al. Alter-

—
[\
(o]

[

ation of enzyme activities andfunctional diversity of a
soil contaminatedwithcopper and arsenic [ J ]. Ecotoxi-
cology and environmental safety,2020,192.110264.

[33] YEBOAH J O,SHI G,SHI W. Effect ofheavy metal con-
tamination on soil enzymes activities[ J |. Journal of geo-
science andenvironment protection,2021,9(6) :135-154.

[34] 7800, &8 R, NIRRT 3 FEW YT
PELT]. A A55E BAR ,2013,8(3) 1442-446.

[35] SANTORUFO L, VAN GESTEL C A M,ROCCO A, et
al. Soil invertebrates as bioindicators of urban soil quality
[ J]. Environmental pollution,2012,161 ;57-63.

[36] ARICIE, ik A5, XIS, 5. LIesh ¥ 241k SRR
SINBE[T]. A 2244 ,2015,35(20) :6614-6625.

[37] SRAERRL, TR, XUSF DR, A5 Mieds| A= Wb 5 7 15
A FR G b i AT TR [ 0] AR A B
#2,2020,15(5) :69-81.

(38 =ik Mk, Z5AE 25 HVRET DXJRI AR H - e Bk R
TR S 4 R 5 Y A ORI [ 7], M4l 2021,
58(3) .732-743.

[39] HOFMAN J,BEZCHLEBOVA J,DUSEK L, et al. Novel
approach to monitoring ofthe soil biological quality[J].
Environment international ,2003,28(8) :771-778.

[40] B5m. 54 J@ 2 & 5 Y Xk e 0 W 1 52 i BIL )
[J]. PUJi| 3445 ,2017,36(3) :167-172.

[41] ROMDHANE S,DEVERS-LAMRANI M,BEGUET J, et
al. Assessment of the ecotoxicological impact of natural
and synthetic B-triketone herbicides on the diversity
and activity of the soil bacterial community using omic
approaches[ J ]. Science of the total environment,2019,
651:241-249.

[42] BRUR,JEHEAS 245, 45 IS e 1 S A Wy g R ik
JriErsR )], UIEREE,2019,38(4) :193-197.

(43 ] B 720, SRR A5, L) G 5 Je

Wi 1 R 4 R FgEE R [ J/OL]. 3R dR . 1-15 (2021 -

11-29) [ 2022-03-31 ]. http://kns. cnki. net/kecms/de-

tail/32. 1119. P. 20211126. 1624. 010. html.

HINOJOSA M B, CARREIRA J A, RODRIGUEZ-MA-

ROTO J M, et al. Effects of pyrite sludge pollution on

[44

[

soil enzyme activities : Ecological dose-response model
[J]. Science of the total environment, 2008, 396 (2/
3):89-99.

H R, RIS R LR, 55 Bl TS Gt LT A A
AW REZ BETE R R R [T ] AR 44T, 2020, 34
(4) :896-903.

[46] ZHA J,WANG Z. Acute and early life stage toxicity of

[45

[

industrial effluent on Japanese medaka ( Oryzias latipes)
[J]. Science ofthe total environment, 2006, 357 (1/2/
3):112-119.

[47]) E5°, 8T X7 H 55 A Y S e G s



5 36 B4 4 H)

AR E AR (A RBHERRD

2022 48 H

—
N
3

i

[51]

—
W
|8}

[

[53]

[54]

[58]

MR B REMER N R[], 3 B2 200K 2021,
35(4) :340-345.

LOURENCO J,MARQUES S,CARVALHO F P et al.
Uranium mining wastes: The use of the Fish Embryo
Acute Toxicity Test (FET) test to evaluate toxicity and
risk of environmental discharge[ J]. Science of the total
environment 2017 ,605 ;391-404.
TELLAE INR, AT, 55 DO i 4 o 2% 8 X 7 g
WEAT A 0 BE MR [ )], K AR A 2= Ak ik, 2019, 40
(5):91-98.

KIKUCHI M,SYUDO A ,HUKUMORI M, et al. Changes in
aquatic toxicity of potassium dichromate as a function of
water quality parameters[ J]. Chemosphere,2017,170;
113-117.

ALVARENGA P,PALMA P,GONCALVES A P,et al.
Evaluation of tests to assess the quality of mine-contami-
nated soils[ J]. Environmental geochemistry and health,
2008,30(2) :95-9.

MUNZINGER A ,MONICELLI F. Heavymetal co-tolerance
in a chromium tolerant strain of Daphnia magna[ ] ].
Aquatic toxicology,1992,23(3/4) :203-216.

KIM H,YIM B,BAE C,et al. Acute toxicity and antiox-
idant responses in the water flea Daphnia magna to xe-
nobiotics ( cadmium, lead , mercury , bisphenol A ,and 4-
nonylphenol) [ J]. Toxicology and environmental health
sciences, 2017 ,9(1) :41-49.

LOUREIRO S,FERREIRA AL G,SOARESAM VM,
et al. Evaluation of the toxicity of two soils from Jales
Mine (Portugal) using aquatic bioassays[ J ]. Chemo-
sphere,2005,61(2) :168-177.

[l GRS (AP LR K BT B s 2 (R A=) bk
TR E 7k GB/T 13266—1991 [ S]. ALt i
PRI SRS RS 2 1-8.

ot ) B R, A5 o ORI i d
B[ J]. R 5 TR 2021 ,41(4) :869-875.

EB, R, 2 AR R R B R O A DG AR
PASPRE L WA [ )] KRR 241, 2018, 42 (3) ¢
616-621.

HEINLAAN M,KAHRU A ,KASEMETS K, et al. Rapid

screening for soil ecotoxicity with a battery of luminescent

[59]

[60]

[62]

[63]

[64]

—
[N
W

[

[66]

[67]

[68]

[69]

bacteria tests[ J |. Alternatives to laboratory animals,2007,
35(1) :101-110.

XMUSE | B, RIRLL, 46, R 5 B m LI KX A= )
M SEREERT ST [ 7], A A5 B 47,2018, 13 (4)
203-208.

ZHANG C,SHAN B, TANG W, et al. Identifying sedi-
ment-associated toxicity in rivers affected by multiple
pollutants from the contaminant bioavailability[ J ]. Eco-
toxicology and environmental safety,2019,171.84-91.
VR, X/ NHi AR R A NS T E 4 S
KA S ()], K7 240k, 2022,
35(1) :89-96.

FIE, X, 20 AR R R R B T R E
HFBEAE K St S R VORI [ 1], AR SR
FIEE 7R ,2015,31(5) 1 743-747.

HUND K, FLIEDNER A, LEPPER P, et al. Ecotoxico-
logical assessment of a decontamination method for a
PAH contaminated soil [ C ]//International Symposium
Soil Decontamination using Biological Processes. Nether-
lands ; Journal of Hazardous Materials,1992:176-183.
PARAMESWARI E,DAVAMANI V,KALAIARASI R,
et al. Utilization of Ostracods( Crustacea) as bioindicator
for environmental pollutants [ J]. International research
journal of pure and applied chemistry,2020,21(7) :73-93.
SIVALINGAM P,AL SALAH D M M,POTE J. Sediment
heavy metal contents,ostracod toxicity and risk assessment
in tropical freshwater lakes, Tamil Nadu, India [ J ]. Soil
and sediment contamination,2021,30(2) :231-252.

Mot , B R XL, 4. JE T B A SR PE A )
FHEAI 1L SRR O PR BT [ ], R T RERR R 4
A ,2020,54(8) ;1355-1360.

GREENSLADE P, VAUGHAN G T. A comparison of
Collembola species for toxicity testing of Australian
soils[ J ]. Pedobiologia, 2003 ,47(2) :171-179.

DE SILVA P M C S,VAN GESTEL C A M. Comparative
sensitivity of Eisenia andrei and Perionyx excavatus in
earthworm avoidance tests using two soil types in the
tropics[ J]. Chemosphere,2009,77(11) :1609-1613.
AT R R AR BRI
(1] ZRAN R 2018 ,46(25) :15-18.



