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Ecotoxicological Assessment of industrial effluents in Toyama Prefecture

REFEBES* | Christian BLAISE®® | fEilesefnr*** | JEARM* " | WIRSEM***** | fiFpycrrers
Takashi KUSUIL, Christian BLAISE, Miwako SATOH, Atsuhiro SHIMIZU, Miki TAJIMA and Kohji TSUTSUI

ABSTRACT ; The ecotoxicological potential of 18 industrial effluents and 2 sewage effluents in Toyama Prefecture
was assessed by using 5 small-scale bioassays ( Microtox test, Daphnia magna immobilization test, freshwater
crustacean immobilization test ThmnotoxkitF, Hydra attenuata acute test and Selenastrum capricornutum growth
inhibition test ). Algal assay and hydra acute sublethal assay had the most sensitive detection capacity and showed
positive results out of 80% and 60% effluents tested, respectively. The comparison of 6 metal bioassay results and
measured concentrations in effluents suggested the significant contribution of two metals (@n*, Cu™) to the toxicity of
effluent from surface processing factory. This suggestion was supported by the results of detoxification experiments
with chelating agent. Other factors contributing effluent toxicity were found to be pH and volatile matters. By
integrating the results of 5 bioassay in each effluents , the relative ecotoxicological potencies were compared. Finally,
the comparison of toxic loading (potency Xflow) showed the relatively high contributions from several large
dischargers to the aquatic environment.

KEYWORDS ; ecotoxicological assessment, bioassay, industrial effluent, toxicity, heavy metal.
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Sample (ca. 2 L Table 1. Characteristics of dischargers

filtrati l GF 1.0 Effluent  Process Treatment® Flow rate
i aloni( F. 10 u m) No. m3/day
Y.
filtration (0.45 1 m) 1 pulp & paper 2 +YPC 100,000
[N, H. ODoc EC 2 chemical production 2 24,000
; pH, Y260, 3 pharmaceuticals 2¥ 16,000
filtration (0.2 4 m) 4 surface processing PC 850
1 5 pharmaceuticals 2Y 1,200°
bioassay, DOC, metal analysis 6 recycled paper 2¥ 17,000
7 metal processing PC 3,000
Fig.1 Sample preparation 8 meat processing 2! 600
9 sewage treatment 2¢ 49,600
DOC: dissolved organic carbon 10 textile e 700
] R T 1 recycled pulp PC 7,000
EC: electric conductivity 12 chemical production PC 24.000
13 aluminum PC 22,830
. . 14 semiconductor 27+ PC 5,000
2. EBRFIL 15 chemicals production 2¥ 2,400°
21 HERSE LUK 16 aluminum be 1,000
- . 17 recycled paper PC 10,000
Pt & L TIE LR TR BIHEK 18 refinery PC 1,600
Y
BOBN 18RO 2 FARK OB % 19 laundry L 200
20 sewage treatment 2 40,000

R L (Table 1) . 1995410 4 23 A ~12 a)Z_Y: effluent with both primary and secondary (biological) treatment.
B 18 BT A EIT -7, Mukrhosesy  PC: effluent with physico-chemical treatment including neutralization,
= Sy S . e 3 A flocculation, sand filtration and activated carbon.
BRTBOBUEBEE 525700 7, 4 b) Samples were collected from effluent of activated sludge process.

FlORE T, REERSNOREL £ These effluents were diluted with used cooling water before
AEE LT, SRMBRAT> TV OHR dlsc;:;g;e flow rates of final effluent were about 5,000~6,000m3/day
TIZORMOMA THEERN Lz, B #5) and 26,400 m3/day (#15).
AL, LEZELE (A1) 21T, # .
RPN LT (Fig. D o AT oA, HBEEH#O0.2 1 m), BE LHETR GEEICA
WORERTE LR 2 Vo, RO, BB Bk BRI (71— AR B 8200
) Z47o7,
2.2 NAFT kA

ABPETIE, M 1 TR, HRdE 2. fIREM 1 fE, BHARGE LR BV oI B 2 MRS
AFT A & AT, BARRIIT RO E S PR ERBR Microtox, LLT, <7 7 1 by 27 235
2 Uik RERER 7Y, Bkl BRI AL S B BR (ThmnotoxkitF)”, t N 5 &t B3R (Hydra attenuata)
1M s A R BE E R R (Selenastrum capricornuium)n)ﬂ) S5HFHDNAAZT v A & Hv T (Table 2) , Microtox
MBI, BEREREETAVDS, Dt BEt. RERCENEAEEER Y V= JRBRTHY . Al
SUBERROBR L OMEMNRREENTWD, IV ok lERBRIY, —RAEER & LV EROEY
ERESEDEHEHOTEIME L, LFPEIHT2ESIMoRW I Vrak B0 #BThy | EpER

Table 2. Description of Bioassays

Test Organism Observation Exposure time Endpoint
Bacteria Photobacterium phosphoreum  light inhibition 5,15,30 min ECso
Crustacean  Daphnia magna motility inhibition 2448 h ECso, LCso,
Crustacean  Streptocephalus platyurus motility inhibition 24 h ECs
Cnidarian  Hydra attenuata morphological change 24-96 h ECso, LCs,
Algae Selenastrum capricornutum growth inhibition 72h 1Csy

ECsp : concentration resulting in 50 % of organisms affected.
LCsp : concentration resulting in 30 % of lethality
ICs; : concentration resulting in 50 % of growth inhibition
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HKkoEMABRFTHRBFES L THRAF TRHHA SN TS, Hydraapperance  Stage
BV F K ERBRIL. R U B E AW HEThH D

B, AT (SR 1) L & 7= 84 % IV CRBR O 5 1L Y Nomal(N)

B HIRE v FThD, b NTAMEERBIL. AR |

Be LTHBShERO—ETHY  BEOIS &, HkOFS Y Clubbed tentacles®

&, v FT om0 05 S) | ISR & OF AR

b5, BAENCIL. H attenuata T EDEOBBETIT5 b | L

B (O . M (S L Faly7 ik (1) L R (D) @ 4 B T Shortened tentacles(S)
FEICHERT LTS (Fig 20 C.S OREECIRFEET 5 = & b B L

BB BLEDKUAR B L X EEET S 2 & ER, 9 "o

C.S HIHEESE, T.DIXEIEE LCHIE L, BBAERMBERBRIT !
KFEREROE—WAERES ThHBRRRO. £ DERIC WY %z: Disintegrated(D)
BEEWEORBLEWETSELAME LTN5, RYEHOE -

DAL T 5 B~ O BB S S~ OB L 72 5 Fig.2 Time-related morphological change
b BRI T 5, DLED S TO S b, YoktkmaEsky ™ Hydra exposed toa toxic event”

ERER, b FOAEEERR. BRARAERROI B~ 12
2/ L— h ECERTEB/NMELRTH D,

EAFT oA OPKRRBRORERIL. ECso CEEFCBIRE. vv %) . LCsy CEEEIERE. vwv %) %
Tobd 1Cs, (SO%RREMEEE, vw%) & LTERLE, FIZ, MAKBICY 2 > T, FHEOM & 2NHE & s
T 51 FEMEHAL (Toxicity Unit, TU) ICZ# L THWE,

100 100 100

TU = or or
EC, LC, IC,

3. BREUER
3.1 HEAAAT vA ORER
Q) ~wA7n0bys AR5

20 B O 14 BBHT0IZ BN THEDRESRRERHBFEOH b (Fig 3-2) « 2055, BE -k
BURAERD G T ECsy ZEHT 5 2 & SHELZOIX, 11 BREHES%) ThH o, Bz, AtEEENmOEE T
I, 10.2%#7), 14.4%#10). 5.9%(#12)® 15min- ECsy #1572, AW TIiL. 15 0% D ECsy #AEMHE & LTH
WTWAR, T HDORE (B2, #7#12) 12 W TIERRNICEME (EHERA) BSME2HEASHED O
7= (Fig. 3-b),

2 Vv kL ERBR(Daphnia magna)

HEE OB S0V B THEPK L E(100% R ER) 3B Lz (Fig. 4-a), L L, 48h-ECs #H BT 52 &
DS D13 6 FUEH30%) T\ 4.10~64.4% C &b - 72(Fig. 4-b), (24h-ECs/48h-ECsp) D HLER 1L, — 3Bt 2R < & #7:
1.78), 0.91~1.36 &RIFNRETILD RV, BEEAIEE L L TR LGy & ECsp X, pH OEENRKE N L
Ez b5 —HREEREFIGER U CTho7% ( LCs/EC5=0.81~1.05) ,

(3) IR R B SEIE K PR 25 X BR (ThmnotoxkitF)

EEREEE(100%)IZ 30T 55%(1120DREHC BV CEERE S L (Fig. 5-a), £ DWW, 24h-EC 5o DR HY

T& 7=30EHT 30%(6 BB T, 37.5~86.4% D & /= (Fig. 5-b),
4 b FT7aMEERR
b RS AEEERROBESIE. —REHZHOWT, 24 BT & D LGy & ECso & 4 #4055 = L 231k S
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S
< 50
£ &
=
- B 0 Jva__JML
£ = |
- #9 #10 #11 #12 #13 #14 #15 #l6 #17 #18 #19 #20
-0 . Effluent .
Fig. 3-a Light inhibition of Microtox at 45% of Effluent concentration
30 O5min W15 min W30 min
E 20
10 N ——— PR B — _—
0 I,

Bl #2 #3 #4 S H6 HT  #8  #9 #}E()fﬂuﬁéx]“l #12 #13 #14 #15 #16 #17 #18 #19 #20
Fig. 3-b. TU of Microtox

effect,lethality
(%)

#1 #H2  #3  H#4 #5  #6  H#7  #8  H#9  #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
. Effluent
Fig. 4-a. Immobilization and lethalith of D.magna at 100% of effluent

OTUQ4h-E) MTU48h-E)
ETUQ4h-L) BETU@48h-L)

m e,
#1O#2 #3 #4 H#5  #6  HT  H8  #9  H10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
Effluent

Fig. 4-b TU of daphnia assay

Ol I

#1 #10 #11 #12 #13 #14 H#15 #16 #17 #18 #19 #20
Effluent
Fig. 5-a. Immobilization of Thamnotoxkit at 100% of effluent

immobilization
(%)

TU
=3 ST SURC N

#1 H2 O H3 #4 BS  H6 KT #8  H9  H10 #11 #12 13 #14 #IS #16 #17 #18 #19 #20
Effluent
Fig.5-b. TU of Thamnotoxkit
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Effect(%)

growth
inhibition(%)

TU

#1 #2O#3 #4 #5  #6  H#T  #8  #9  #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
Effluent

Fig. 6-a. Sublethal effect in hydra assay at 100% concentration

8 C24h M4s8h M72h E96h
6
5 L .
0 E Il E
#1#2 H3 #4 #5 #6 KT HB KO H10 HI1 #12 #13 #14 #15 #16 #17 #18 #19 #20
Effluent
Fig. 6-b. TU of hydra assay based on EC50
100
50 -
0
41 #2 #3 H4 #5  #6 #T  H8  H9  H10 K11 #12 #13 #14 #1S #16 #17 I8 #19 #20
Effluent
Fig. 7-a Growth ihhibition of S. capricornutumueant maximum concentration(91%)
40
30 |— -
20 }—n e e —

lO]
O . el

#1 #2  #3  #4  #5  #6  #T #8 #9  #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20

Effluent
Fig. 7-b. TU of algal assay

Table 3 Sensitivity of bioassay

Bioassay® M D T H A
endpoint®  S.L. S.L. L. S.L. S.L. L. C.
B/A (%)° 70 50 50 55 90 50 85
C/A (%) 55(309% 30 25 30 60 30 80
TU 041-9.80 1.41-244 1.66-23.5 1.16-7.75 1.17-5.62  1.33-667  0.74-373

a): M:Microtox, D:dahnia assay, T:Thamnotoxkit, H: hydra assay,
A: algal assay
b): S.L.: sublethal effect, L :lethality, C : chronic effect
c), d): A: number of samples (=20), B : number of samples with any adverse effect, C: number
of samples which have LCs;, or EC 5.
e): percetages of samples that have ECs of less than 100 %.
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(24-96 BEfH), BOEDIE. BEEIFEARIZFNLH 50%, 90%DRE CHE S (Fig6-a), MHEFELEIZ->W
TEIE (MHEER) £ IXEEME OB L L HER Sh 2 BR800 23580 LIS, #14,#18,#20), D5 b,
LCsy & ECso B TE A DIL, THhEh 65%., 30%TH D, 8ic. HEEOMBEI#H2, #3 .47 #12) Tk
ENC BN E 2 R 2358 8 b 72 (Fig.6-b),
(6) HHEERMERR
—EHORBHIBOTIIRBEEORE LB X b 5 REREDIRMHS, #10, #13, #14, #19, £2005RBDH N

OB TH D, LnL, 2D 85%0RBHIB VT, BEMRENR(90.9%MEE )3 58D & (Fig. 7-a),
IC 5o 12K D 0% DFEEHCHEH &/~ (Fig. 7-b), )
6) HSAFT »u A IEEMOBEE

WA ZTT oA ITBNTRD LN EYRIRIERFII W62 E L RIERO—> LB NG, Bl
REL, RERETOZEORBELVOSBALLHET S, v KT @B > #> v(/nbv s X
>Thmnotoxkit> V3= (FHEFE, FH) =t FT7 () OMEICESMESE L 2o TV B (Table. 3), —F,
BENA AT A DREMEECs) £7203 LCso)S 100%LL T CRE-EEEGTELZD L. BE>E PSS (R
) > v A 7 u by 7 X=Thmnotoxkit=t N7 (¥IE) =I V= (HEHEIE) >IVraFE) OIETHS,
LLEOBERENS, SExSE L Uik  Tabled Inerbioassay correlation coefficient matrix based on
CHNTHE KT () & s foxiclty uis

FLEHIEE OB WREBRTH - -, Biaoassay” M DBSL) T A H (SL)
EALAT veAMTHONERE M 1000
o . D (E) 0.435 1.000
B alhEds e, FREEAVTY T 0.474 0.929 1.000
53Uy o ik E B8R (Daphnia A 0257 0763 0785  1.000
H (SL) 0.605 0.421 0.649 0.613 1.000

y e o e
magna) & B R R A B B e e T (ST daphnia sublethal test. T: Thammotoxkit
(ThmnotoxkitF) ? i & W AR B 2338 8 A: algal test, H(SL): hydra sublethal test

b7 (FEBEI4R %K 0.929, Table. 4),
Table 5. Characteristics of effluents

3.2 HER-FOHEE
HERAFT oA TR N-FBEOKIN 2 MRHAT

Effluent pH  OD260 EC(nS) DOC

(mg/L)
5 L IHEKIC L ABRERBONBE RN 5 L CE #1 6.58 0.572 294,000 712
- - 1o s 4 #2 7.20 0.357 4,690 233

ShD, T ITTHL. B NN, FT ¥ ’
ECH: ARURBRRL OIS AAT B4R 66 086 2700 327
ROBED CHEMHERFOBRRE AT, #4 7.00 0.042 1,000 10.0
AYRKESE > oRiE #5697 0438 1340 370
. . . - . #6 6.84 0.342 772 26.3

%EE*@%W%%O) %{S% Table 5 LHV?LO 5&#‘4’#10 (/”& #7 6.29 0.020 1,120 2.18

M) IRV TR pH FAREBORE L RON B 48 687 0.112 786 5.96
v o = #9 6.46 0.082 280 4.4
. b 2 & o) .

pHC 9.67) & B #t oA en Sk 410 967  2.994 858  79.1
Cd,Cr,CuMnNi,Zn @ 6 MO ES B ORE., KEIE 11 690  0.044 399 587
WHIEEICE S — ek E#ER L R HER (Cd #12 7.02  0.022 529 22
6 #13 7.28 0.002 376 345
0.1mg/L, Cr™ 0.5 mg/L, Cu 3mg/L, Zn 5mg/L, Mn 10 mg/L) #14 1.10 0.011 220  1.73
BB HREHIEN - T, #15 7.42 0.078 458 342
. o o o #16 7.19 0.021 430 6.82

N o 113 3 'S lﬁ%ﬁ’

BN TT A DE %%kgi@ﬁ%%ﬂ PO YRR 17 To2 0101 371 601
PE(ECsp, LCso, ICs0)% Table 6 12779, Mn 2B LTk, 18 #18 751 0.023 419 332
< VB A (MROOYD R M & 0 b B AR #19 8.89  0.092 762 7.08

#20 711 0.078 315 443

(4.44~106 f%), JEICB 7Pk ERE L s+ 5 & o,
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Table 6 Comparison of the relative sensitivities of bioassay

Microtox daphnia  Thamnotoxkit alga Hydra
Chemical 15min-EC50 48h-EC50 24h-EC50 72h-IC50  96h-EC50 96h-LC50
inorganic
Cd» (CdCly 14.5 0.148 0.2 0.173 0.854 0.85
' (K2CnOm 104 0.0291 0.018 0.487 0.005 0.017
Cu** (CuS04.5H20) 0.211 0.0328 0.0895 0.0425 0.441 0.44
Mn" (KMnOs) - 0.13 - 0.286 0.428 1.27
Mn*" (MnClz) 75.5 13.9 - 1.27 - -
(MnSO4.H20) - - 233 - - -
NiZ*  (NiCl2.6H20) 110 1.53 - 0.187 0.443 0.82
(NiSO4.6H20) - - 2.21 - -
Pb™  (Pb(NO3)2) 0.189 1.61 - 3.39 0.524 1.78
(PbCl2) - - 1.63 - - -
Zn®" (ZnSO4.7H20) 0.872 1.16 0.69 0.053 0.446 0.663
organic
SDS? 0.711 11.1 22.8 131 7.09 10<
phenol 282 5.38 71.8 559 7.08 7.89
PCP" 0.755 0.87 0.109 0.535 0.156> 0.156>

All effect values are in mg/L.
a): Sodium dodecyl sulfate
b): pentachlorophenol

S, BEICH U CIIHAREERZHZ L THIZEA LD I T v CHEMMRENDZAfEES DD Z &
VD,
we, RELEZ6EOESBOAER~OFEEXHET 2 L. KEARBEOFMERE(Toxicity
Factor, AT, TF)2LUTOXHICEL LT,
T.F."= ___a
ECorLCorlICy,
TE,™ Bk m OESR | OFMAK
C": Bk m FOELR | OEAEm/L)
ECsg LCsf ICs; : B&R | OF /A AT v A
DFFEAE(me/L)
TF," DEBKEVE, BB i OFEPEB L TW A AREESRY, Bio. E&EMOMEEER % BMIL
LTEZ, bk m D6 BEOBEEGROBRF ., TF £2KkDD,

T.F"= 26: T.F.r
1

TF," 3K m BT 5ELRE 6 ) OSEHEORT ¥y L e2bbbLTWS, LERST, &/31
AT A OBERAMATU & TF” 275241080, BESROBELEETE D,

B REERBROM A Fig 8-a,b IT5RY, Hk#T(IU=37.3, TF '=91.8), #13(1U=13.3, T.F. "*=15.5)
WBWT, E@BOREBNRLEINS (Fig. 8. a), BIZ., TF"ONFLA2EZESBEBICHBRLTARD L, FE
HRT o TV B EERBELBIHEE TX 5 (Fig. 8-b), HEA#7T DBEEIL In (FF.=83.8), #I3 I Ni((TF
=10.4)& Zn(T.F. =3.96)DEENRRR S iz,
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100 40
™

- [F::TF . Tg] 30
= 202
3 *
. 10
. w ' 0
#1 #2 #3 #4  #5 #6  #7 #8  #9  H10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
Effluent
Fig. 8-a. TU and T.F. of alagal assay
100
80 ECd ECr ECu BMn ENi OZn
< 60
2
= 40
20
: . o0

#1H#2 O #3 #4 #5  #6  HT  #8  H9  HI0 HIl #12 #13 #14 #15 #16 #17 #18 #19 #20
Effluent.

Fig. 8-b T.F. of each metal in algal assay

FREOFM 2 2T ORKIZONTITo /R % Table 7W0RY, TOBER, LTFOANKERTE 3,
DETDONRAAT v AICBOWEREEZRUERST (@BNT) ORFIEEELE LTI, CuTHY , 314
7wt DFREMEOREICLY 2B50HFLEITIRR S,
2) ETDONAFT v A BRRWER L7 Lk (B OFERTRIL L TRHLAELRE
LSRR 2 SHE IR D,
3 b FIRBRICBO TR 2flier TMn?YDRD VI, B T B (MO )Y CHEET B At kb
B EEL L, 2ERMIC<r Hr OFSREERTHE L meetns 5,
4) DM F R LalBHI 2 T, Zn, Cu, Ni, Cr, Mn 72 P OB B EM TS EENFHEN D
7, Cd ;t%% IR TOREHIBWTERICHE LTV EEZ NS,
5) LA B & . HBASBRWEEAEIC L h b b THEEE RSB REHY (7Y -0 )
#9 (TM&@) IRWTEEHEMRTGEEEHEY, 4 FERES)SEBE L TV A TEEREZ &
nad,
) DELFNBREC X 2FEOEL
—MIEEBOFEIN L — MLV BRENIFEBMON TS, FL T, BE~DOESROFE Y
T 2720, FL— FRIEDTARMEI R OBEOELERF Lz, 7. EDTA #REHEEDO 105D 1
E(EDTA &HERE 909mg/L)EHML T~ A 7 1 b v 7 AREEIT - 72(EDTA @ 15min-EC50 I 342mg/L),
BE L 6 MOBLED, Cd,Cu™, Pb 2 0BV TEMBER/RD S8, M, NTIeBWTEER
B o T2 (Table 8), FHROEIER, <A 711 b v 7 ARBRICTRBOWTEMEOTED S BRBHIAT - 1 5L,
HEA#T (ERBIML) IZBWTHERBMHA /RS N, LOBEFEOME L, ELE TO EDTA BN
EROFEREHETEZLD L. YAH#7 KBV TIX Zn & Cu ﬁxffocﬂsar_fm%ﬂm‘aé ERAOLMTH D,
— . KRR #12(BEPNCB UV TiL, EDTA M & ARG L A LRD Lo, FiT,
@ﬁ%ﬁotﬁ%\wMMomwa%ﬁK%ﬁﬁ%@Ent:&wa\%mmou%mfipHmp&%@
HRERTEEZOND,
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Table 7. Contribution of heavy metal to effluent toxcity

Effluent M D T A i
#1 Ni [ Zo>Ni || [Mn>Ni>Zn|
e [ Iz Lm ]
s |1 ) Al |
w ol el ]
45 Mn
#6 a [ ] c
#7 "=Zn>Cu I Cu;z_n__“ || Zn>Cu || " Zn>Cu ” lIZn>Mn>C¥'
i G [Zom][ Ve ]
#9 Cr>Cu Cr>Cu Mn>Cu Cr>Mn
o I3 o
#11 Cr>Zn Mn>Cr>Zn
#12 | 11 JL_C || Mo [ MnxCr |
#13 Ni>Cr [ CeNi | [Ni>Zo>Ma [Ni>CroMn |
#14 Mn Mn
#15 ¢ [MoZa||[ Me>Cr |
#16 Mn
#17 Cr Cr>Zn Cr>Mn>Zn
#18 Mn
#19 Zn>Cr Zn>Mn  Ce>Mn>Zn
#20 Cu>Cr Cr Mn
— | TU>S, L 5>TU>I, | | :1>TU>0

bold letter: T.F.>5, nomal : 5>T.F.>1, underlined letter: 1>T.F.>0.5

M: Microtox, D:daphnia test, T: Thamonotoxkit, A: algal test, H: hydra test
H*: T.F. of Mn was calculated based on ECs0 of Mn7+KMnO4)

Wiz, BEARMEERBRICEBV T EDTA #msE
BEIT > = (EDTA HIEE Img/l) . BRFtL7=8E
KEHL #THHIND D B, #7 (&R | #13(7 /v
TH Y INTBWT ECso BENFH., 3.29 4%, 2.76
WM 22 EORMBREPRD LN, v 7
a by ARBREFETEZS L BEVTHRD
EEBROBEB PR IS, LL, BIEDRD
DIRWEEKSIGR ULV 1.89 £5), #8(ERINL.
122 0OV TFRIZERGCTH,  #7 Bk, BMEE
D B(Table. Y T Zn B EAEDOER T & LTEW
bNTW5, BEARMERBIIBIIESE -
EDTA OHEIERICHOWTITS OB 234,

T o= TRAIBR AT DR (EE R
BT, EREMEME OREL LV K ER

Table 8 Effect of EDTA on Microtox toxicity

Sample 15 min-ECsg Effect’
addtion of EDTA®
without with
metal Cd®™ 145 27.7 +
(mg/) Cu” 0211 8.0 ++
Mn* 755 55.2 -
N 110 61.5 -
Pb** 0.189 >104 ++
Zn® 0.872  2.65 +
effluent  #7 10.2 49.7 +
(V%)  #10 43.8 34.0 -
146°
#12 5.90 3.97 -

a): 90.4 mg/L of EDTA was added.
b): - : ECsp was decreased or not increased .
+: ECso was increased
++: ECso was increased more than ten times.
c): after neutralization (pH=6.94)
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BB TRHLE, EREBCTIFAF v 78D v 7 FREH SOmLIZBWTES LRWEEAITIE 48h-ECs
DOBEMPFED BV (51.8%—99.2%), ~ ORI W ERMHEOBEERHENINS, tho A 3T v A (=
A 71 by ZARBLINIE, WTFhb<A 7T Lb— MNEME)TRBREZER L T EREWE 0B kT
LRV EEZ b, EEEDEOREENEIE L Lz THEhS,

3.3 THPKOREFTM

EMOFERBERHL MR LRVFEETHL AT v2A O EARIL. BEDOEY~DEEL R
LTWaEEZLND, LL, BERDAASLFT v A #ERHSKBRE~OBEIMMEE 2 3BICUTOA
PEETHILERDH D,
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