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F| 96h B}, Cd X & A%/ NEREE . RUEMEE . FMAA T
PRI ECs, (HIA B W/ N, BEPERUN YA rdiag . 7
FEMEAGI IR 7 T, R G A T i R OGS

Toxicity data of heavy metal Cd based on different toxicity detection methods.

R L

Pe ZiRAEY ZARWFh A MRS G2 Jo F [E] ikt FEMERUE 30k
[ERZN
s R s . -
T ©< _ e R cd 96h ECs, 0.302mg/L et |
(Microcystis aeruginosa)
Iy
PRy 2. I 2 "']Z/H; 93
2 wx (Scenedesmus quadricauda) R A Cd 96h ECs 1.80mg/L G
NERE
Sk K- 12 2 ""ﬂiﬁ 93
3 S (Chlorella pyrenoidosa) AR cd 96h ECs, 5.60mg/L 2R2L
TN .
D He K 2P
4 A (Cyclotella hebeiana) AR A Cd 96h ECs 0.12mg/L A
RHEE MR
WA 12| Mo 2t [o1]
> % (Scenedesmus obliquus) R cd 24h ECs0 3-38mg/L 0%
PR . | Mo 2 Lot
6 e (Scenedesmus obliquus) AR cd 96h ECs, 0.88mg/L 0 %
H PR
S K. | Mo & [o1)
7 B (Chlorella pyrenoidosa) A KA cd 24h ECs, 3.52mg/L o %
E BN N
TS . | Mo 2t 1]
8 wx (Chlorella pyrenoidosa) A Cd 96h ECso 0.86mg/L 0 4
‘ A e 1
9 WK . EEAMH cd 24h ECy 6.34mg/L Mo % o
(Selenastrum capricornutum)
. FAAA B
10 W% ) ERIH cd 96h ECy, 1.57mg/L Mo % !
(Selenastrum capricornutum)
LN AEN-
TS - A Gao 4 [92]
11 Bk (Dunaiella salina) A cd 72h ECs, 3.32mg/L a0 4§
" H PR et st [65]
12 H% h EC 1.46mg/L Gan %
(Chlorella pyrenoidosa) (PLygs) cd 3 0 6mg/ N
BEDfa LC stz [94]
1 S iy = 120h v 15.20mg/L t2s =
3 - (Danio rerio) e cd 0 CESOEHRE) 3-20mg/ N
B fiy LA s s (95
2 ek E . Wi
14 (Danio rerio) AT «d 6h b B R 2mg/L
. W2 RO A . st [
15 Kk e RIGRE  cd 15min ECy, 1.03mg/L Qu % 1
(Photobacterium phosphoreum)
B2 ST 0.05 ~ 0.74mg/L e o0
1 RICH RICHRE 15mi EC e o2 s Qu %
6 (Photobacterium phosphoreum) - cd Smin 0 (FER[E Ca™", Mg™ %355 F)
ST 3% - 0.35 ~ 1.21mg/L e o0
17 &% Btk cd 24h EC Qu %
o (Daphnia magna) * (pH: 9.0 ~ 5.0)
, KA ;
18 &% e peand cd 48h ECs 0.054mg/L Traudt % %

(Daphnia magna)
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IR REXT A R R R AE b, S S
P A o) S5 R RS U T v A L, B 1 e N7 A T
25y 24h K DA EFEAGE 3h H B0, I P Rb
PRI T 1A IR 5 R M 4 R 2R TS YK IR R I
PR A W s E SR, S H AR A
I 5 VR A L, R 6 BAASE I 7  2He L 7 2 iz s i)
S, BEME Y R ROV A SRR A, 7R A JE T
KA EE ARG I 7 T EL AT 28 A3
2.2 REGEMFH LI

R T HA W E A R
YEYD & 05 7= 5 B D3k, B B A A = v ok
LA M . (H i T 2576 it H A A R
FHERMAR, 29T FH & 1Y 70% 23 FERERT . HEBE ., Hh 3%
ST AR e A KRGS, WK A A 2 4 e N 2efit
SRS ™ B g b, PRI, T A 2 X K A A AR 1 7
PERLON 5 9 B, XK AR 2 RGeS PEAY B A
F o JmEeask, M0 IR 2% 4 R FH A (6] 2 A i
B H TR EEE AT T RS TAE,
2.2.1  ARHGFIAEY R

R TN BRI K A AR W) 1 B 2 TR, Zhang
5 71 T Gao 45 1O SR R TR MR I 7 1, 43
TEREFEMR RE TR, R . SRR AR R BRI [A]
PRI TEPERLN, R 1T 4 R HOFRI 8 25 ol A e ok
FIntaRER . N W B, SRR S R LB biE LR
AT Xt A K R A IRk, e, R R B
S 96h-ECs, {4 0.572mg/L 7, 4 st e X 2 14
1% /NER B4 48 ~ 96h-ECs, i 3.5~ 2.8mg/L
Tien 25 10 ISR PO 220 KA E, X L T REAEI
FET W WMl =R A U X RE 88 (Nitzschia sp.).
W5 (Oscillatoria sp.) M AR AR/ INK B EEVE SR
JE, 28 S 3 B A [R) 8 2 0 2% 500 o 1 A T A2 14 T
Z 5, =R R Ik B (Nitzschia sp.) B 48h-ECs,
{E4 0.30 ~ 1.68mg/L, X} ¥ ¥ (Oscillatoria sp.) Y
48h-ECs, fH M9 0.33 ~ 7.99mg/L, % 55 4% /N Bk 38 1
48h-ECs, fE K 1.29 ~ 41.16mg/L. Sarmah 4§ - %7
Zsggi s VO T Sanches 45 110 SE it SR I BE T £
PRSI 5 okt B 2 SN e . SR A T L BT R 2%
IR R R A R R X BRE A P B PO R AT
T, B T X SR BRI Y AT S BB ) A AT A A
R &AL OB DN B R B | LS
AT 3 (1N I = 53 S SN RN i RN 1 1
Je) R JRE R ik e a5 « MG & B ARSI (AR
R AR L Sk FNHR G T AR AR /), e 2 BV G 41 i
FET S B RON, JH B 2 S R e X BRE ) £ YR i 1)

96h-LCs, {2 0.156mg/L ', SRk 4k X 575
WRJIGH 72h-LCy {84 0.756mg/L 101 | By 4 1 25 %
BE T f1 AR B4 48h-LCso {H N 59pg/L 1127 Zu it
BE B RAG Y 72h-LCso {2 23mg/L 1 i st
BE o i S JR) A A B BERY 96h-LCso {5 N 147 ~
246mg/L M1 Man 45 1109 SR B3 S MEAG I T 12,
o E A BRI AL b, PR AR HUE | MR EE XS KA 5 7Y
Ak B sk EHEAE ) . B AL AR K A
SIS PEARA R, e A R EOR A R AET; Wang
sz D100 BE g 4 32 WY B A R ol R RO B e
(Broflanilide) Xf K %! & b B A 8 % 5% my, H 7E
8.45pg/L B B2 X KA 25 (1% HH 52 28 L 00 e 2% [T e
FHURH 5 3 PR Ay 2R3k 7= A= 3R R0z, I %0 R B <5 1Y) I
AR L7 R EFHHR 2 IR Fan 45 1070 SR
KGR, BFFE T e HUPK L R Dk oK | G IR
4 B el T 2R ORI 2 CQ O TRT 1) B M 200, IE
W 4 2% AR X6 2 CCOI R AR 2 AT B2 i, HOG 7
fifEF= A3t 4 RS HUGRIAR RS TR 1 1 5 R T
i VD b T T B 2 AP T 2 R R R X A
A W RN R Y 3 I AR, & L 640mg/L ] 4 B
2 S AP T K R 96h J 0] AR AR M A A R R
K 55.73% F1 41.84%, {HX} KA (1) 48h-LCs fH (O
BOEBEH D) 43 90 1.43ug/L 1 0.51pg/L, 7% B Wi fil
A& BRI AR 2 HA B0 1) B MO0, (ET A
WM

MAKE, RZmFIxaE FA L WK ROLH
oK A A Wy a8 S 7 L B R RRORE, AR [ 32 3 A kot
& B B PR B R AT A 22 5, BLAR H AT s>
fii] — o 2% H XA [ S A2 3 A ) B [l — 2K AR [
AR FIEE I RGN BT IT, (AT E AT TR
P B, SR ZERT A HU A B e 107 L e SIS R £ 2 BT
H R
222 REFIAED S

AT FINE N B VA R A ) ) — 284 24, A1 E
TN R A [R) A i A I 1k 2 R S 6 7K
At 2s . IS ROGEZE . WA S,
Hirh, Zhang %5 17 SR AT A KA, BFSE T R
TR 791 = G BT B 4% 0 A AR, R T
96h-ECs, {24 0.43mg/L; Schmidt % ' 1%/ 5% I 5
R iR % B 3k, AT T 22 R R T R BE I fa iR i
(OB PR o 24 L BE 5 40 IR i 2508 1 40 7 A [
B )R B R R, £ B R ) 96h-LCs {H N
1.25umol/L(0.24mg/L) 1'% | =4{A: 11 120h-LCs, fE K
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0.51mg/L 1) JEAZR 149 96h-LCs, {H 7 649mg/L 1107
ETGE R SRR 48h-LCs {H 4 1.4pg/L 112, T B xf
BE 5 £ R G A [] Az A B Be ) 96h-LCs {H 2l 5.2 ~
10.3mg/L ') ; Mendes 2 ' Sl RS L R AN B
FUCERERFEAE 11.8pg/L B BI 25| & BE ) £ 32 s
e A, VR LS R B A LA Qi 4 LT SR A
F S AR AT 7%, 8T T AR B rac-Gme
Pt % S- 5 s i K AR B (10 B 1k RN, 2 B A
48h-ECs, 1H 7] A 3.53mg/L il 2.74mg/L; Hernando
i LU D Sp FY 0% M T 1 AN 2 20 Sham ik v, % 1L T 4%
T S4B R AN Irgarol 1051 X 3l FG R B A K AU 25 1)
FEPEAE FH, WF5E e BRI B8 R A Trgarol 1051 X % FG3K
B 30min-ECs, fH3514 0.06mg/L 1 15.5mg/L, Xf
KA # M 48h-ECs, {54354 1.05mg/L Al 7.3mg/L,
H v g PRI RR T 410 BT 22 B o 7 G R SR A, R
X Trgarol 1051 [ R 4 i b 2R B 22 55 T KA 3%
H i, T8 AN R 27 5238 A 3o TR — b 2% B 55
BEPERUN Y R G 9 5 0 Lo, JEF B AT A 7
X AN [ 32 1A A 1) T M R, X L ok S TR R L
A RAEE R R A2 E RS
223 BREFIAEYEES

B R R R KR H 4 S R R VR 7 R 1Y
) e, G A K BRIt 2 6 7K 2R A W 7 A 7 N
R XK e — e AR R 2 5 R A S
MBS )17 e . ST KMl vk, Zhang
2 L7V RIF 5 2 W R B0 70 2 B Bl o e ik P S 4%
W14 96h-ECs, fH 4 0.14mg/L; 28 TLFHEE 1) 5@ it
FEARIL T 5 T Y 5 fe ot Ak 24 A s B 3 3 /N Bk e 1
96h-ECs, {H 73 %] & 0.15mg/L 1 0.083mg/L; Vidal
g LS BE o 2 B R BOREX 2F f  F BE1G 48h-ECs,
HR 3.22pg/L, X 3 B A % 1Y 48h-ECs fH N
0.266mg/L; He %5 11167 5 F 3 5% A K 0 o v o 252K
FET 2R3, S BRI T W R B3 4 5 BT A e A T
Jiie Xef sk A A R B AR 2 1 B R O, b B Ay
PR T B X R AR B BER 96h-ECs, 1EL 43 Ol
0.0147mg/L 1 2.31mg/L, X} % if 3% 1) 48h-LCs, {H 5>
SN 60.6mg/L F1 3.40mg/L, H I AT UL, 32 ER AL
FBI M 7 AP T 22 Gatidou 25 11 R &
SCHNBRTE, 43T TR B FIARRE AR = R R
FR 6 B EC I BRT 114 B 4 5 i), R BT = R BR A
30min-ECs, {8 43 %] 4 9.2mg/L. 82mg/L. 11.2mg/L;
FEMFIE N BRI BE S iR B & & ik, BIE T
AD-67[”8] . 7}}'{,{%% [118] . ﬁﬂ% [118] R ﬁﬂﬂ:@%ﬁ
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Jie 1z R T R T e 12 A
B w4 ] S OB 0 I A ON B A K L B AL
ISR T L 38 SRR A SRS P i | T P4
FEAE A AR A DG R ik T L AR DY IS A
AN, T B DA IRTE S R B 5w B
RN, A REIRIRIET, B S MRS R,
Hrh AD-67. S5 s ig AR, FeU X B 5 0 IR iR 9 96h-
LCs, 4352 2.52mg/L. 1.26mg/L. 2.01mg/L ')
B 45 437 L) 48h-LCs {8 36.8mg/L 12 | S 2E
() 120h-LCs, {8 K 61.4mg/L " 2*) | Ef B [ () 96h-
LCs {07 6.5mg/L 1'%

DI [) A= g P AN 7 32 i AR A A [ o 5
MFEMERAES T3 2. TUEH, 583, tmk,
0 2R L, B R0 e 2 LA B 1 B RO, FEK
HBRGR, BRI Z R AR5 e E
IR A A W, DR I T B A O 3 AR 3 o K A S
&S5 WA T e T BRI o BBk, T RS
I 550 114 B 1 e 1 B Sk R, 0 2 iSO A VR X
B LA PG i R, PRI, TR A
TIN5 A ) PR A I 12 2 B B ) 28 0 oK
TRFE IR P R R A ) T

i _E IR R BRI IR A L AR 2R
B8O 3 B 8 0 FH AR R 20, AN [R]85 SR 9 A2 1 AR Mk
AN TR 28 AU B e Wy 1) W iy R PR A AR 22 5, o
SR R C TR 2 T 4 i 25T Y 7 e e 1 R R
B, 3 20 % HUFR) B e iy SR AR A T A S A
SZARAE W, T 3 20T B3 B 70 8 G 1) 5 1 il . R
MERL . PRI, 2S5 SEBR AR A 5 7K B g M A 7 A
TR, 76 B RHIK ARG 2R B D0 T, LA 1 ek R
B0 32 W I R K BT B PR A I A, T A ) T4
1 KRS LR B ) BRI . (H B PR S YL )
RIS 2, MEKABEIE ARG H B2 24/
IRARIE A5 e [n) 81, 3 TR [A] 2 R K A A Ut A []
V5 4Ly ) dE PR R R AR 22 5, ROk T
EAEY Y Gt/ UEZ <t 7y Wi ta st 7/ k2 e el ESp o
T7 15, W 2 K I A A KB DA Sk PR35 4 42 4 F
H R e,

3wk IR KL S E RIS
PRSP EIRLH

IR A TEVEAE SR BOK B 25 5 156w, th T

REAS A R AME L B HE AR ALK JTEA D7 T P A

A, DR T 4 WA SR T O SE 8 AR A A, K R
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%2 AFEV TR IAFERIER AR R, K, BOEFER, SRR TR

Table 2 Toxicity data of herbicides to algae, fleas, luminescent fungi and fish obtained by different biological toxicity detection

methods.

75 ZEY ZA AN AR AIUXTS  mARE ] REMEEERIA T BRMERUE S CHR

Lo CEAAAR e wrstoe oo EC, LomglL  Ralston-Hooper & ('
(Pseudokirchneriella subcapitata)

2 % (Scenejiiﬂ}iﬁqm) AERAMEH BIHRRDE geh ECy, 0.0147mg/L He % 111
30 WK (Scenejiizf?iﬁqm) ERAH SRTER o6h ECy 0.150mgL TR
4 W ( Ci]iji/i\zi ) AR BRI o6h ECs, 0.083mg/L g e
> Wk (Pseudokirj:;ife?l;%ubcapitata) AT HREH 48h ECso 3.22ng/L Vidal % 117
6 WE dii?in pardiy KA AR 48h ECy 0.266mg/L Vidal % 11
7 WK ( Lemiiimor) AN e 7d ECy, 30.5ug/L Gatidou 4 117/
8 W% ( Lemii‘]:inor) KA G 7d ECy, 28.3pg/L Gatidou % 7/
9 WK ( Lemiﬁmor) KA PR 7d ECs, 0.3mg/L Gatidou % 1117
10 &% Dap hf?jmm) FEToH BPRERIHE  48h LCy 60.6mg/L He % 111
no &% ( Dapszagm) iame WHEERIEE 48k LCy 86.19mg/L.  Herrera % 177
12 &% (Dapzlifigm) BEE R 48h ECs, 8.6mg/L Hernando 4 "%
13 E% (Dapiffagm) i@tk FIA ke 48h ECs, 70mgL  Hernando % "'’
14 ®E (Dapziifigm) EESIEIE B R 48h ECs, 3.7-10.6mg/L.  Cuhra % 2%/
15 &% (Dapzlifigna) T S 48h ECs, 4.45mg/L Vidal % 115
16 &K (Daphniﬂjgiispm) B! A 48h ECy 2.73mg/L Vidal % 11
17 %k (Di?fm) WERETETE  BRRR 48h LCs 36.8mg/L  Wiegand % |1
18 A% (Djjffm) WERGTEYE BRI 96h LCy 29.06mg/L Yan % 112
19 ik @ lapiaiiii‘m picus) RS SRR o6h LCs 8.8mg/L T g 1130
20 % (Cyprjfiwpw) WSS oen LCs Somgl M)
21 fa (Djjfffm) VR 36 AD-67 96h LCy 2.52mg/L Liu 25 118
2 % ( Diiio) WRIATEYE  JFREIAR o6 LCy 1.26mg/L Liu % 118
23 (Diffm) VR R P s 96h LCy 2.01mg/L Liu % 111
24t (forﬁjrm) IR i e SEH 120h LCy 614mg/L  Stevanovic % |1
25 Mk (fofm) Ut v R 96h LCs 6.5mg/L Velki 4 [129]
26 faX (Dj?iio) IRRGTEYE BRoRE sd ECs, 0.818mg/L  Ivantsova % '
27 a2 ( Di?fm) U TN 72h LCs ;i;}; :ZLL) Xu % [122]
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e Zildy SZ YRl 3 LIV =gy AR YT L R 556 S U W i 44 EZPUR
28 ROt (Viiieszeri) KA Flr b 30min EC, 5.5mg/l  Hernando % '
29 ROt (Viii&;}fiﬁ) R wOH 30min ECs, 442mg/1.  Hernando % ¥/
30 KW (Viffiie/izjfferi) T F4rbE 30min ECs, 8mg/L  Gatidou % 7/
31 ROt (Vfiiszeri) KA e 30min EC, 9omg/.  Gatidou % 1117
32 FGH (Viff;}fim R AL 30min ECs, 11.2mgL  Gatidou % 117
33 KtE (Viiiiszm) BHCFEE 2,4 TS 15min ECs 138mgL  Bettiol (13
Mo RkE (Vii?ﬁﬁirt) RICRFHE — 15min ECy 567mg/L  Bettiol %/
35 KOCH (Viff;i}fferi) R RN 15min ECs 0371mgL  Bettiol % |13
36 R (Vl_ff ;f fm) R S 15min ECyy 785mglL  Bettiol %
37 KT (Vifi?;lfferi) R IR 15min EC;, 730mg/L  Bettiol 4 -1
E L (Viff;[ffm) FFFE L i 15min ECs 482mgL  Bettiol %

FEWITE PRGN B 2 BT AR HE R WS L K et
BT | 58 R MK 15 Y S O 2 W ) A PN A
It 25 4% 2K T A W TR VARG T 7 0 1 % R, T R[]
52 IR AE W T A 7 v 1 A% R SE PR AR, U454 T
APHERBEAK | A 57K . BRI R R R A
HCA T Z R 00, i ) R e
WX RIHIAC TR 0 (AU BY) S5V R Ty
B K (AR M M HEAT TR, R AR OE I &
SR JE R A T AR [) s S A AT A ] A 1] F) 75
PRI Kok m e U RRER AR OGN B O L R
R R 2400 T AL T Al 75 A AL 3 3k K
(¥ MK 7 Zhang 45 1107 DABE D fOBET %N
R, R FBE 1 £ B MRS I T RS T 39717 35 7k Ak 34
I B4R U4 (AO) T R R B T £ 2 M R I 1 2k
B KBRS 2 LISE R 2R A Y, R
2 KA A o B G G 22 T A 37 45 K A B 45 b
B TTE K A I EEE AT TR, JF L ECs, K
PRI AT I B R 244 (Toxic Unit, TU) %4495k &b
T4 b TR B K RE B A ) B P AT T ORAE
(TU=100/ECs,, 7~ 285 LRV K F] 50% 15t K (1)
WRAEH0; BEfT s L R B T M R IG5 RO
e, XFH M 6 FAKALFRT K 5 H K B A= Py 3k
77T IR, 35 LA TU FRK BREEMESREE, % AT T
TR AR -l AR -1 4R (AY/O) AE TR 20 4% Y5 K b 3T
KB B4 71 9P 5 Heisterkamp 25 1159 SR %
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e S TSN o e G Y Ol R S I D e
A Ve B FEPEDEAT T AR, I LA LIDORAR IO
TREIE) FAT T VEBOR T3 s R i s 17 R
FA e, W BT X — e RO K PRk
IR UL BAE WK K B b A T 1 PRl 2, F:-LA LID,
EC, (& T & G BE I 50 20% B AE St () 9k B
{H) 45 ECsp HFR KR 7K ST RE 3R

RS TAERR A, 2R EE A 5 kX K
AR A 7K A 40 2 T A T ARSI B, K AR T i B A
TiE B oAl =0 AR o R, 252 AR i o 4
PR32 B M AR B (AN & 6B A OGHE BE B 1 %) L 8
BN R FE (ECso) M FLFTX I B B X i (TU). ik
TCRN e B (LID) =)y 3ol FAE K Ak 7K 4
BT . Hvh, B R A AR 2 5 e R RE A i
IR T, 1T ECso(8% TU) J LID #4/27EXS 7K
TR B A BT OLF PR 3RAS K AR B 1R B, LT
S W R A R K AR VAR R . PR TR TR
FAE T L AR B BEbE B SCA PR R, 43 Gbr i
A 2 5, 245 Rl — K AR FHAS [R]85 1 R AE i ik
T VEAS I, HL T S W17 2 1 58 B /K7 T RE 2 T AN
[F], 0L 7 I . Pk, mlG I A A bR AE 7 =X
(BEEMA N FE bR A2 M FR | ECso 8¢ TU, LID), #57
RIS 4 T 2 18 38 WL Rk B v 7 7 M A K R A i vk
FAEHT 71 SORH N 0 B 1 5 B A3 bR o, X4 TR
B WK AR5 YR | WERATEAT K AR AR | A 8L
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AR, BT KB AE B HEAE S — R R 1)
B KARZE B FE AR A8 52 1, K A W e il 7 ik
S T KRR, IR R T 3T AR Z R EY
(a2, 3. ROCHZE, W) MK TR I
JrE, IO BAEI R R AR Y A5 Y
YKL SIS YRS | W, P T
Horf, BOGTE K 2O A d ki T AT 21 m
PR | B T ARG I M R, SR 5 R MK TS
YLV P A W Y TR BRI
BRI IR IR IS ) (N AR L R 2h) B
BN A3 AIT DA R S B KA K B A ) g P A D 5 1A
T 4546 7 L, B R 52 358 A 4 0 R [R] 26 580 35 ey
(B 1 T b R AR A 25 5, IR 2R 5 RO TR X E#
o B T P 7 e Ay SR, 9 0 I ) A i

o R I ELARSEBR KR 897K 5T A W) 2 PEAG I 5 3
flirf, BA B =M R TR RAE SRR, T ik B
R ARHRSZ RN FEIE | ECso(8 TU). LID, H T HPr &
B IIREE B SORIRL, BEE AR EA B2 52, BT Bk
(19 ] — e DA AR T K2 BT A [, AT )
Bt L ] AL, R R R R BF 5 Y R L
Ot [a]— S8 238 W vh o U 21X b,
SEPOK A W TR SR AR D5 o BRAT i T [ A
b 32 R Y R A W R N T YR AR S &, s
FT M, B FOLRR MR Z)ZGUREAY)
Z M N AEAR A GE— BIK B AR DI BRI S5 PP T ik,
PASE IR PR B ) A2 TRTAGEIN 5 (OPRE IR 48 B 52 2
JE | ECso(u TU). LID =Rk BUA 75 1k R AR T 2R
FRMPRARINRENE | I eV EAR R &, S KA TR
RN 75, SEPUK R EETER 42 Rk 5 1A,
I HESL G — WK BT 2 bR s HE S K iAW)
TR K A 2 XU T8] ) SC IR, A 7K 5 A ) 2
PRSI 5 PPAG 7K PR3 22 4 A vh R RGBT

A Review of Research Progress and Application Status of Biological
Toxicity Detection Methods in Water Quality
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HIGHLIGHTS

(1) Fish, fleas, luminescent fungi and algae are the main four types of organisms tested for biological toxicity

detection of water quality.

(2) The toxicity detection method based on luminescence characteristics of luminescent bacteria and photosynthesis

of algae is an important means for rapid detection of biological toxicity in water quality.

(3) The detection and assessment method of water biological toxicity based on multi-level aquatic organisms and

multi-indicators is an important development direction of water quality and water ecological environment safety

supervision in the future.
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ABSTRACT: Faced with increasingly serious water pollution problems, water quality biotoxicity testing has
become an important means of water quality status investigation and water environment safety supervision because
it can reflect the toxic effects of pollutants on aquatic organisms in an effect-oriented manner. In view of this, based
on the domestic and foreign literature on water quality biotoxicity testing in recent years, the existing water quality
biotoxicity testing methods are systematically summarized the toxicity response indicators and toxicity testing
principles used in different testing methods combed, the characteristics of different testing methods are compared,
and the development status of existing testing methods are analyzed here. At present, water quality biotoxicity
detection methods based on different tested organisms (fish, fleas, luminescent fungi, algae) have been widely used
in toxicity analysis of typical environmental pollutants such as heavy metals and pesticides, and in actual water body
toxicity detection and evaluation. In the future, developing a multi-indicator water quality biotoxicity detection and
evaluation method based on multi-level aquatic organisms, establishing a new comprehensive characterization and
evaluation method of water quality toxicity that integrates the apparent toxicity and potential toxicity of water
bodies, and corresponding toxicity grading standards will be the key development points and difficulties of water
quality biological toxicity detection research direction. The BRIEF REPORT is available for this paper at
http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykes.202412110256.

KEY WORDS: water quality biological toxicity; toxicity detection; water quality safety; environmental pollutants;

aquatic organismy; toxicity test method for photobacteria; toxicity test method for algae

BRIEF REPORT
With the rapid development of socio-economic systems and industrial-agricultural activities worldwide, there has
been an exponential increase in both the variety and quantity of chemical substances utilized globally. Substantial
volumes of industrial effluent, agricultural wastewater, and domestic sewage containing toxic and hazardous
compounds are being discharged into aquatic ecosystems without adequate treatment. This has precipitated severe
water contamination issues that critically disrupt aquatic ecological equilibrium, while posing significant threats to
aquatic biodiversity security and human health!"!. Water quality toxicity testing, due to its ability to reflect the toxic
effects of pollutants on aquatic organisms in an outcome-oriented manner, addresses the limitations of traditional
physicochemical indicators that cannot comprehensively detect the numerous toxic pollutants in water or accurately
assess their harmful effects on biological organisms. It has become an important tool for water quality investigation
and environmental safety regulation, playing a crucial role in safeguarding water quality and aquatic ecosystem
safety”” ¥, The development of existing water quality toxicity testing methods and their applications in different
types of polluted water bodies are systematically summarized, and the key future development directions of water
quality toxicity testing are discussed.

1. Water quality toxicity detection methods

Currently, the commonly used test organisms in water quality bio-toxicity detection are aquatic organisms at
different trophic levels, including fish, daphnia, bioluminescent bacteria, and algae. Therefore, corresponding water
quality bio-toxicity detection methods have been developed based on different types of test organisms.

1.1 Fish-based water quality toxicity detection methods

Fish, as lower vertebrates, are commonly used in toxicity detection due to their high genetic similarity to
humans, with similar signaling pathways. As a result, fish are the most widely used test organisms in water quality
toxicity testing. Currently, toxicity detection methods based on various physiological indicators of fish have been
extensively applied in environmental pollutant toxicity assessments. For example, the zebra fish survival rate
method has been used to analyze the toxicity of perfluorooctane sulfonate!'”, and the zebra fish embryo method has
been widely applied to toxicity studies of pollutants such as glyphosate!™, heavy metals like lead™ and copper'®",
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bisphenol A and nanomaterials'”?*!. However, fish-based toxicity tests generally require exposure times of 24h
or longer, making these methods more suitable for observing the long-term toxic effects of water pollutants.

1.2 Daphnia-based water quality toxicity detection methods

Daphnia magna, a species of large water flea, is recognized as a model organism for water quality toxicity
testing due to its ease of cultivation, short reproductive cycle, rapid reproduction, sensitivity to toxicity, and
transparent body. When exposed to toxic pollutants, the growth, physiological functions, or behavior (such as
predation and phototaxis) of Daphnia are affected, interfering with their reproduction and development, and
potentially leading to death. Currently, toxicity detection methods based on Daphnia, such as those assessing
movement inhibition and mortality rates, have been widely used to study the toxicity of heavy metals'®, organic

(33-34] pesticidesDS], microplastics[36], and actual water bodies®’*”). However, these methods still require

pollutants
considerable testing time and cannot meet the need for rapid toxicity monitoring and emergency detection in
polluted water bodies.

1.3 Algae-based water quality toxicity detection methods

Algae, as primary producers, are crucial for the material cycling and energy flow within aquatic ecosystems!*'***.
Due to their short growth cycles, small individual size, and the ability to observe toxic symptoms at the cellular
level), algae are key organisms in water quality toxicity testing. When exposed to toxic substances, the growth rate
of algae is inhibited, and physiological elements such as protein content, antioxidant enzyme activity, and genetic
material are affected. Currently, methods based on algae growth inhibition and other key physiological factors have

74491 organic pollutants %%,

been applied in the toxicity analysis and assessment of environmental heavy metals!
and water bodies”™ ", However, these methods often require long exposure times, and the complex extraction
processes for proteins, enzymes, and genetic material make them unsuitable for on-site rapid toxicity detection.
Recent developments in algae-based photosynthetic inhibition detection methods can detect toxicity within Smin to

2h of exposure®'**!

, showing promising prospects in water quality monitoring.

1.4 Bioluminescent bacteria-based water quality toxicity detection methods

Bioluminescent bacteria, which are facultative anaerobic organisms widely found in freshwater, marine, and
terrestrial environments'®, exhibit unique luminescent characteristics. Bioluminescent bacteria toxicity testing
methods involve measuring the light intensity emitted by the bacteria using a bioluminescence photometer, with the
degree of inhibition of luminescence reflecting the toxicity of pollutants or polluted water. With advantages such as
simple instrumentation, ease of operation, and rapid toxicity response, the toxicity testing can be completed within
30min and has become one of the most developed toxicity testing methods internationally. Currently,

bioluminescent bacteria toxicity testing methods have been widely applied in the toxicity analysis of heavy metals'®!

and organic pollutants'’"-"! [67.74-79]

, as well as the on-site detection of water quality toxicity in various water bodies
Although this method can rapidly detect the toxicity of pollutants in water, its application is hindered by the fact that
the revival process and activity state of bacterial strains are highly susceptible to environmental factors, which can
lead to poor reproducibility and stability of test results.

2. Applications of toxicity detection methods in typical environmental pollutants and actual water bodies

This review focuses on heavy metals and pesticides as representative environmental pollutants to analyze the
methodological characteristics and application efficacy of current toxicity assessment approaches in environmental
contaminant detection. A summary of the literature reveals that test organisms at different trophic levels exhibit
different response sensitivities to different classes of toxic contaminants. Daphnia and bioluminescent bacteria are

89901 while Daphnia exhibit higher sensitivity to pesticides than other

311061 - Algae show the highest sensitivity to herbicide pollutants!''>"'®!,

the most sensitive to heavy metal pollutants!
organisms!
When applying toxicity assessment methodologies to detect aquatic biotoxicity levels, significant divergence
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exists in the characterization protocols and evaluation frameworks for quantifying waterborne toxicological
intensity. Currently, toxicity is generally represented and assessed by the degree to which toxicity response
indicators are affected (such as the inhibition rate of luminescence intensity in bioluminescent bacteria)'", the half-
effect concentration (ECs,) value and its corresponding toxicity unit (TU)', and the lowest observable effect
dilution factor (LID)""**. Among these, toxicity response indicators reflect the apparent toxicity of water bodies,
while ECs, (or TU) and LID provide information about the potential toxicity of water bodies obtained after dilution
treatment.

3. Concluding remarks

In recent years, water quality toxicity detection methods have made significant progress, and methods based on
different test organisms (fish, Daphnia, bioluminescent bacteria, algae) have gradually been developed. Among
these, the bioluminescent bacteria method and algae photosynthetic inhibition method, due to their rapid toxicity
response, are important tools for the rapid investigation and monitoring of sudden water pollution toxicity. Although
different toxicity detection methods have been applied in environmental pollution and actual water body toxicity
testing and assessment, there are differences in the sensitivity of different test organisms to various pollutants.
Furthermore, toxicity grading standards vary in actual water quality testing and assessment, leading to potential
discrepancies and contradictions in the toxicity levels of the same water body.

4. Future perspectives

Future research should focus on the following key areas: (1) Developing water quality toxicity detection and
assessment methods based on multi-level aquatic organisms and multi-indicators. (2) Establishing a new method for
comprehensive water toxicity characterization and assessment that integrates apparent toxicity and potential toxicity,
along with corresponding toxicity grading standards. (3) Developing correlation models between water quality
biological toxicity and aquatic ecological risk, to enhance the role of water quality biological toxicity detection and

assessment in water environmental safety regulation.
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