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The Relation between Oxygen Uptake Rate and Biosorption of Activated
Sludge against Chemical Substance
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In this study, the elucidation of the toxicity mechanism was undertaken regarding the ICs, of the oxygen uptake rate
(OUR) with relevance to the biosorption as a toxicity evaluation of chemical substances for activated sludge (AS). At
the ICsy 0f <100 mg/1, malachite green (MG) and crystal violet (CV) were confirmed in the group showing relatively
strong OUR inhibition. These dyes were markedly biosorbed by AS in a short time. The biosorption for AS showed a
weak tendency in linear alkyl benzene sulfonate (LAS), alkyl ethoxy sulfonate (AES), alpha-olefine sulfonate (AOS),
sodium dodecyl sulfate (SDS), formaldehyde (FA), benzalkonium chloride (BZaC), benzethonium chloride (BZeC),
rhodamine 6G (R-6G) and fuchsine (Fuc) in which the ICs, belonged to the 100—1000 mg/1 group, when it was com-
pared with CV and MG. In ethanol (EtOH), isopropanol (PrOH), nile blue (NB), evans blue (EB), methylene blue
(MB), methyl orange (MO), paraquat (PQ), chlorophyllin (Chl) and auramine (Aur), the ICs, was large, and the
biosorption of AS was weak at 0—15% . The biosorption of MG for AS followed the adsorption isotherm equation Y=
0.002X0511 of Freundrich. The correlation coefficient was y=0.998 (n=8), and a very high correlation was obtained. In
the qualitative OUR curve by AS pretreated with MG or CV which belonged to the ICs, small group, the inhibition of
remarkable OUR was observed. Therefore, the findings of the present investigation suggest that the inhibition of the
OUR for AS by the tested chemical substances was markedly affected by the biosorption.
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1. H= Paraquat (PQ) IXHFIYEHI 3 T 36
DYEE AR ] PQ fZ¥#E T, Alkyl ethoxy sul-
fonate (AES, 57> T & 428) & o-Olefine sul-
fonate (AOS, V3418 308) &, WinbH o
A F CHHETEOEESINZEDTHS. Z 0O
DIFEIZDONTIE, WIN B IO Z 6 L
7z,

2. DWEE Sodium dodecyl sulfate (SDS),
Linear alkyl benzene sulfonate (LAS), AES, AOS 72
EDBA 4 > FmEmiE E#E Methylene blue (MB)
12 & % Hefay%, Ethanol (EtOH) Isopropanol (PrOH)
3 X7~ 7 < 7%, Formaldehyde (FA)
/¥ 4-Amino-3-hydrazino-5-mercapto-1,2,4-triazole
(AHMT) i2X % bfaik, 9 Benzalkonium chloride
(BZaC), Benzethonium chloride (BZeC) 1Z Orange

LB ALY PQIXTIVAUBRIITIEICL S
{439, © Crystal violet (CV), Malachite green
MG), ZofioaFEHIL, wWinbNy 7 <l
DU-68 B4 e FERHT K 2 & MR IR K 1T B
5tk Tt L.

3. EMBE  ASIIEBMEBENONFIX 8E
TGO BREARNEEERR N 550 L 725 D &R D&
B FAK-T (R k2 3g, Y ABBNIFA 2g,
R 500 mg, NaCl 150 mg, KH,PO, 500 mg, KCI 70
mg, CaCl, 70 mg, MgSO, 50 mg, F5#Hi/k 11, pH
6.2, ‘EYMLFEMIRFETKE (BOD) 4200 mg/1) 12
MA, TNZE 2.51 %580 F A SRR 8 e X0
HUe%EiE (ASS 2.5P) T/KHE RV A KRR 2 24 h

ICRE L, 20£2°C DIEIRSGM: N THIKAYIC 3 L0
b EL - DEMRA L.

4. BEERPSEE (OUR) AERE 75—
IRMAR—507 I 7EFRE (DO) k¥ —idt
CRINEEERAF ST 8BEMHL, Kbt
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HMEEREL7ZH DT, Gk FA-TT LiEHiER
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Table 1. Effects of Various Chemical Substances on the ICsy Value and the Biosorption by Activated Sludge
Chemical substance IC@% V7ll)u e Residual chemical substance in the supernatant®
& S min 30 min 60 min

Linear alkyl benzene sulfonate (LAS) 360 90 72 67
Alkyl ethoxy sulfonate (AES) 480 92 84 80
Alpha-olefine sulfonate (AOS) 260 96 88 83
Sodium dodecyl sulfate (SDS) 290 91 80 76
Ethanol (EtOH) >10000 100 100 100
Isopropanol (PrOH) >10000 100 100 100
Formaldehyde (FA) 400 67 47 37
Benzalkonium chloride (BZaC) 270 46 13 12
Benzethonium chloride (BZeC) 180 42 10

Crystal violet (CV) 32 18 9

Malachite green (MG) 28 20 14 10
Nile blue (NB) >1000 90 82 80
Evans blue (EB) >1000 92 87 85
Rhodamine 6G (R-6G) 690 89 60 55
Fuchsine (Fuc) 960 92 68 64
Methylene blue (MB) >1000 93 89 85
Methyl orange (MO) 1500 100 99 99
Paraquat (PQ) >12500 100 100 100
Chlorophyllin (Chl) >1250 100 98 99
Auramine (Aur) >25 100 99 99

a) The concentration of each chemical substance which remained at reaction 0 min was regarded as 100% .
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OUR FHEMN LR <, ICs (100 mg/1 LLF)
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KIZ ICso A% 100—1000 mg/1 D7) —FIZ/@T %
LAS (360 mg/1), AES (480 mg/1), AOS (260 mg/1),
SDS (290 mg/1), FA (400 mg/1), BZaC (270 mg/1),
BZeC (180 mg/1), Rhodamine 6G (R-6G; 690 mg/
1), Fuchsin (Fuc; 960 mg/l) 72 &£ Tli, ASITEL5
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Fig. 1. Adsorption Isotherm for Activated Sludge of
Malachite Green (MG)

MG at various concentrations was added to 2ml AS (6000 mg/1
MLSS) . The mixture was allowed to react at room temperature for 30 min
and filtrated. The absorption of the filtrate was measured, and the amount of
MG adsorption was obtained from the residual concentration, and an ad-
sorption isotherm was produced.
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Fig. 2. The Comparison of the Qualitative OUR between Un-
treated Activated Sludge (Control) and the Activated Sludge
Pretreated by Each Chemical Substance

OUR curves are shown for AS treated with each chemical substance at a
final concentration of 100 ppm at 30°C for 1 h and untreated AS. For meas-
urement, 1.8 ml synthetic sewage—II and 0.2 ml AS were placed in a reaction
cell (2 ml) with the stopper open. DO was adjusted to 100% by exposure to
air by stirring, and OUR after sealing the cell was serially measured.
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