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(9) ZKEf I X B 7 = ~ — /L HEIJK D ULIFE =
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STUDIES ON PHENOLIC WASTEWATER TREAT-
MENT BY CHANNEL FLOW PROCESS

HINEE. #HO oL, BERM"" . BEHER
Kenji FURUKAWA, Hikaru HARIGUCH, Hideki OZUMI, Masanori FUJITA

ABSTRACT; Phenol removal capability of channel flow process was studied. It was shown experi-
mentally that channel flow process could remove phenol perfectly under volumetric phenol
loading rate below 17 mg/ @ -day. The reaeration coefficients at joint part of water channel
were determined experimentally. By taking the oxygen balance, which incorporates surface
reaeration, reaeration at joint part and influent DO concentration, the oxygen supplyed by
algae(biogenic oxygen) was revealed to play an important role in phenol removal. The amount
of attached sludge on string type contactor decreased under conditions in which phenol
remained in water channel, but the amount of attached sludge on channel wall increased
steadily during experiments. Observed sludge yield(Y.») was determined to be 0.270 g-MLSS/
g-TOC based on the estimated amounts of attached sludge at the end of experiments. The
specific microorganisms for phenolic wastewater treatment by channel flow process were
Beggiatoa and Oscillatoria. The accumulation of agar-like substances was recognized in first

water channel in which Beggiatoa dominated. The protozoa diversity in water channel was
decreased with increase of volumetric phenol loading rate

KEY WORDS; phenolic wastewater, water channel, reaeration, attached sludge, Beggiatoa
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Fig. 1 Schematic diagram of channel flow process.

figures in O indicate sampling point

Table 1 Composition of influent wastewater
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Component Concentration

Phenol 1.0 ~20.0 mg/@
Concentrated ADW* 0.105 ~ 0.049 me/1%*
NaHCO; 12.5  ~20.0 mg/2
NaCl 1.25 ~ 2.0 mg/@

KC1 0.58 ~ 0.93 mg/ @
CaCl.-2H-0 0.7 ~ 1.23 mg/ @
MgS0.4 - TH,0 0.85 ~ 1.37 mg/ ¢
(NH4)2504 2.3 ~ 3.6 mg/Q”"
KHPO, 0.6 ~ 1.0 mg/2
Alchol Distollery Wastewater (TOC 191g/2, T-N
20g/ 9, T-P 9.1g/2)

2,
: Phenol and ADW were used in RUN 1 and RUN 2.
; (NHe)2S0. was added for the adjustment of inf-
luent TOC/T-N ratio to 10 in RUN 3 and RUN 4.

*2; In RUN 5 to RUN 8, phenol was used as sole

carbon source, and influent TOC/T-N and TOC/T-P
ratios were kept to be 20 and 100 respectively
by the addition of (NH.):SO. and KH.PO..

—

joint part
of water
channel

14 urethane
6 foam

DO meter

recorder

It LY. KRR 5x5 amicIBEB LAY

DELSTZOMNEEMEBEZREL. Z20ERZ LIV D
W AHAL A O KBS R I B AT LIEMBR EHE L7,

3. EBRRAULTV CFE

Fig. 2 Diagram of experimental apparatus
for measurement of reaeration
coefficient at joint part of water
channel.
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Table 2 Treatment results of channel flow process

Influent Effluent

RUN Phenol TOC T-N T-P pH Alkalinity Phenol TOC NH«-N NOs-N T-N T-P  SS  Temp
(mg/ 2) (mg/ 2) (mg/ 2)(mg/ Q) | (—) (mg/Q) (mg/2)(ng/Q)(me/2)(mg/Q)(mg/Q)(mg/2)(mg/ Q) (°C)

G 81;5/25) 1 20 2 0.7 6.83  20.0 0.07 420 — — — - — 230
(5/26536/21) 5 20 2 0.8 6.85  21.9 0.06 4.05 — —-. - — 2.5 245
0 22511/17) 7.5 20 2 0.7 6.90 24.0 0.04 419 0.8 0.01 1.97 0.69 —  29.0
(7/18:i7/78) 10 20 2 0.6 1.25  26.6 0.01 4.50 0.34 0.03‘ 1.86  0.35 3.0 31.0
(1/29518/29) 125 9.6 0.5 0.1 7.21  26.6 0.01 4.50 0.34 £0.03w 1.86 0.35 3.0 29.5
(&/30fi9/20) 15 1.5 0.6 0.12 | 6.66  25.0 0.43 2.38 0.03 0.00 0.27 0.26 1.8 25.5
(9/211-19/2) 1.6 13.4 0.7 0.13 | 6.79  28.8 2.02 3.05 0.02 0.08 0.36 0.26 1.6 230
§10/3Ei~2/1) 20 15.3 0.8 0.15 | 7.24  33.6 3.31 1.92 0.00 0.00 0.14 0.20 1.0 22.5
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Fig. 3 Phenol removal of channel flow process.
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(BEHHE) = (RAK»SOHALDOR) + OKBEFED S OBRKICL 2BMERBE)
+ UKBERMBTOMEERIC L 2MEMRBE) + (BHOEERICL 2MEMKR)
RLEEKIR 20 °C. WAZKE 1,000 Q/day. AT = / — VIBEE 20 mg/ Q. FRHI 7 = / — VIEEE 3. 3ng
/2. fAFfID OJREE 8.0 mg/ Q. /KEEWFHID OREE 1.7 mg/ Q. WHHE/KD OME 0 ng/ 0 &IRELIS
EOKBOBBNIZBRDOL S iKiX 5,
OHRAKDP SDOFABDOE : (0C)o
WAKD SORKABDOMEESR 8 mg/0&i¢3L, HAKDPSO—HYZVEBAENBZDORI,
(0OC)o = 8 X 107 X 1,000 = 8 g-0,/day
QKBERE > >OHBRIC X 3BEMBER: (0C),
(DA S, Kol 7.63x107° 1/h& R 3, KBEERHA» SHBENZ—-HE/ D OBRBMBER.
(0OC)s = 7.63 x 107° x 24 X (8—1.7) X 900 = 10.4 mg-0,/day
QkBESEMTOHBRIC L 2BEMEE: (0C),
(XD 5. K. i 1.07T 1/h&783, KEERS» SHBENE—Hb/ o OMBEHBRI.
(0OC); = 1.072 X 24 X (8—1.7) X 30 = 4.86 g-0,/day
@7 =/ —VRRCETIEHEHER : (0C),
72/~ NVOEMBRCETIBRERYL 1.4 g-0./g-71/- VP 243, 72/ —NVRRIKET S —
HY%7: 0 ORERIZ.
(0OC)r = 1,000 X (20—8.3) X 107 X 1.4 = 23.4 g-0./day
DEoitEERE b EIcT 5 &, BEOLERICL 2EEHEMIBE - (biogenic oxygen supply), (O C)a
BRIRDL I ICTFHRIT S EHHKB,
(0C)a = (0OC)r — {(OC)o+(0C),+(0OC)sX 2} = 5.64 g=0,/day
COTROHER. (OC)AW(0C)rDUKBICHETZIEBHSM T > 720 COERBBLIIC BT 2
FHEER 0~0.6 g-0./n’day® LHET LBV EWVETH N, ChRIEREBZENIEBE LA
IEMS, KEALSODXDOBRBRTRTH - EBFRLTWS, EUERKE Tk, KEKEICET
ZHRBEARERZEOESL Y GHPLT I LDBTETHLDOT, KBO 7 =/ —VRERENE: BRI LS
B3I LMAREER B,

3.4 KB BHBRINK
OBEREFEBORBEL
KEET7 =/ —VEEKENET I, COBRBEOHERBREEL. EOBREOBREZKBNICEE L TH

RT&ahicowToMRIR, KD 7 =/ — VILEHEE Sr

DEBMFMICHETHZE» 0. KELHFTEET - [11st channel
T . 12 nd channe]

rTcobBBETH S, M3 rd channel /

HEELO b REMMAEFEER. BENEHEERL T 500
KHEEZME LKBHNEBEREOBRE(LLEZATLK
— 7 K-8, K—-9ic/RL7ioe KI—10icid. KB D
NEEES BRAHBOREXAELLTIO0A30HDV S

KR I O KRB H SR B OB HIRBLER L 7o

Weight of attached sludge

o -
OHREMMTEBERIZOA LAF TREML L. meova e 1 W U
- ey ) - Date  (month/day)
RARREL 7 =/ =N DBERY  WEKPET =/ — Fig. 7 Weight changes of attached
VBEETHELICH > THhORD LIt COTEMS, sludge on ring race.



FHEEREOBDIZ. () RAKEROZEICL>TT =
J—NEBETERVMAEMOEBMEES LI, () K
BNICEBET 27 =/ —Vick > THEBROEBEVHEE
%2, ERERLTVWE D EEL LN S,

—%. BEEMAEFRERRED S SRR D EMD LT
e, BEMNEFROEBR 7=/ —NVick->TH
EAZFHNC EPPEL LR - o, BEMNEHBERR. Ub
REMVABERERCESTEREEECEU I EPRHRUTS
. Tofh, EHEBRCLIMEYHCHEMTRER
ERBRbOBWI L SHETL T BE{TEFBRN 7
=/ =Nk AREEAZIH VT 2ERNIERICHS &
EA%o

KEoHAFEIC DWW TDERAMIZ. U bREM
M EBEROBE. —BREOKBT—EE . TRE
TR ->THDT 3. —H. BEEZEUCERM
EBEROBE. RRTRERZERRSNY., 7=/ —
LV, TOCHEEORORDLT Z2=ZREKET-FEL
(AR A

QFERITOD I/ nw 7 4 VEEROBREBE

KERIcB I 2EHOBMELEFMT28AL S, K
REEMAEEY O s e 7 o VIBEERIEL., K-
BIFRTHEREE R, CoBR. KB, HHBERE
T+ 2RXFBOLEBERDOI v T 4 VEERBFLHE -
oo TR, 72/ —ABEIREELER T, MEMEE
HoftERICHELEX LER. BROEHEFENSH
ML EERLTWS,

@B RDINE

ERETHICHE LKBNTOLBERE & EBRHM
FTORRA7 =/ —1E. TOCEDSE,IFONRE
ZR®. Yoo= 0.314 g-MLSS/g-phenol. Y .= 0.270
g-MLSS/g-TOCD %871 CORMIFDOINEIR . AEER
KB A FWT 7V a — VEERER BRIk LT
ToteEZBTHR O hH D

Weight of attached sludge

fQ

Weight of attached sludge

(8)

-

L] 1 st channel
2nd channel %
3 rd channel s

§/23 9/ 1074 n
| Date (month/day)

Fig. 8 Weight changes of attached
sludge on channel wall.

6/1 9/1 121 in
|Date  (month/day)

Fig. 9 Weight changes of whole attached
sludge in water channel.

0 100 200
Weight of attached sludge (g)

Fig. 10 Distribution of attached sludge
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. _ Table 3 Chlorophyll content of attached sludge on channel wall
HORERIY o= 0. 484 and ring race
~0.806 g-MLSS/g-TOC*®
R Attached
LLNRZEDBDEVET Attached sludge on channel wall sludge on
N ring race
it DINEKIZTE]
?5‘7"’ Ripi ORBRER Date 1/21 9 10,731 1/12 1/12
HHEERIC & > TEILT % | Chlorophyll | atb| a | atb| a | atb| a | atbh| a | atb| a
DT, COh#EMST =, | Ist channel | 5.8 | 40| 6.2 4.7 9.8 9.0 [12.6| 9.0 3.4 2.5
R . ¢nd channel | 6.5| 4.7 8.1 | 6.6 14.5| 8.7 (11.6| 8.7 3.5 2.7
— VOIKEIEEIZ B 575 [Targ channel | 6.1 | 4.4] 8.5] 6.8 7.1] 8.1[10.3] 8.1 4.0] 3.0
RINEHBEN EIMET S Average 6.1 4.31 7.7/ 6.2 7.1] 8.6[11.4] 86| 3.6 2.7

ZliTEm LA, WwWEh  unit of all figures are mg/g-MLSS



Table 4 Results of microscopic observation on attached microorganisms

RUN

3

5

6

8

8

Volumetric phenol
loading late
(mg/ 2 -day)

8.3

13.9

22.2

22.2

Effluent phenol conc.

(mg/ Q)

0.04

0.08

3.31

6.93

Temp. of water (°C)

28.0

30.5

20.5

110

Species

Sampling point
S

Sampl

in

1

9

Sampling point
1

5

point

Sampling point
S 1

Oscillatoria sp.
Navicula sp.

+ +
+ +

+H
+

++
++

HH+

il

++

Zooglea sp.
Beggiatoa sp.

T

+

++ +

4

3

Paramecium candatum
Spirostomum ambigum
Euplotes sp.
Diplogaster sp.

931

58 3
19 6
15 73
13

110

220
264

69
2393
822

15
264

19

4 16

32 |

46
121

i 224
7 659

167 | 187
41 94
108 5
10 8

Aspidisca sp.
Spathidum sp.
Vorticella sp. U 42
Aerosoma hemprichi 1 . 8
Tetrahymena priformis b 30 3 4 4

Nais sp. 5 5 4 3 3 7 4 1
Macrobiotus sp. 7 4 4

B

Sannon [ndex 0.09| 0.54 | 0.64| 0.52| 0.26| 0.25( 0.29| 0.38| 0.30| 0.29 | 0.29| 0.37| 0.45| 0.36| 0.30| 0.34| 0.74| 0.49 | 0.39 0.06
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Photo. 1 Attached biofilm on ring race.



BT BeggiatoaZ F ik Table 5 Polysaccharide contents of various kinds of sludge

&3 3% Aerobic Upflow Spherical  Attached sludge Activated®
3 agar-like except agar-like AUSB sludge
Sludge Banket (AUSB) 7w substance substance sludge
£ ZDEHCERBERDOEZHE  Polysaccharide
contents 61.8 50.5 5.3 11.9~62.7

SEERBOHET/RLE, T (ng/g-MLSS)

DFER. 7 = 7 — VKL *acclimated activated sludge with synthetic wastewater by fill and draw

Bk ES I FE e 4 B EREEY) cultivation method.

BUECO SREMMTBEBRET R GEESDPRVOEETETINZ L EBPEL M > e TOER
BEY v —DBREFAEETE LS U BREFY v — LD KBNO7 ) —OMESEES N,
MEKIZS ELDKEAOKSBMFTRETH - b FDSTBOTEREATS » 1o

— AR ICEYME DS SUBEKE2FHET 256, TORELRIOREMMHOEHRETH 5, C TR
EEYEGOMEYD S b, FEAIEEREAFHYICIE > T Shannon Index%:RK®». FOHEERE2E— 4 16t
BTRLTWVWE, 7=/ —VERAMRBRSHTIc >N T, Shannon Index MK -7 ChiZ, 7 =
J—LVERAFRENEE A L. MEKCEET 2 7=/ —VIBENEE 0. FEBYS 2 W EEBYO
HERIMEDEETEN7 =/ — Vit X BHEEER 2RI T, HEBYOZHRENET LA EEZRLTY
%0 '

KEAOEMERICE, 7007 s VEERORAEERP SHOPR LS THARVOBORENERF X
htuni, SAMBHEOKE. BEOH T Oscillatoria BBEETH 7o BEFTTOERFOHEZE
Vonshak 5 DAk THELAER. TR bOFVEAESh, SEMBERERLE I —H L, EER
Bt MWECTHELID BT}, pHOF W EVBEFRLLTEF STV @2 4 35 SEOERT
BE-1LIRLickdic, UEK IS RIEHIHTH -7 &S, pHUAOBRBERZLTWE D LE
ZAohd, Hic, BEOFCREZEEVEETH - LD, EROFBRRELD bBERNESEN P
ERBDSUTVB LD SHMLT, BHIROBVWHEENRELEFBEL TV IOTRE WA LHEETE 5,

3.6 KD 7 =/ —VEIKUBE~DHEHIc>WVWT

L. 742y b 25—V TOKBEERLERBRICED, 20 ng/ LUTOBBEDC7 =/ — 1K TH
NIZKBE~NOFRABMRZLT ng-7:/-¥/2-8H UTicshid, KBOUETY =/ -V E2ER2ICBRERKS
CEBHEHO M ER -T2 7=/ — M BRERIEBREEINIKENEKE, BiREET Y 7EOHEKLEIE
U7eKEBFE 2y 2 7 % nutrient absorber& g 5%-¢y 7 7 vKEkEEc@EE X, B licd 7=/ —
WILEEHIK D SR, BORBEEZRERRZEL D, /0y 7 TV Z2EIEYE L TEBICHENES 3
CENTREE B, Ny VT VIR T 2/ — VHIKUBE B AR RV L + v S —EREVERT
EENBZUOIEDS, Ny I Ty RVt F VS EEBRIKEEOHAR T, ERIEENDLOX
RN 7 =/ — VKBS AREE 5, P ChoDlih s, HFxx ¥ — - BRERE OKELE
7 =/ —VEIKOBREA LIFUEBEE LT, SRERLIRENHGI LS,

4. ¥ & ®

KB Ik ZIEBE T = / — VHEKORME B L TRAEEMA. UToKREG .

(1) KEEZ7 =/ —VERBRAEER 17 ng/ 0 -BUTTEETWE, 7=/ —LVETR2EREST 5 L0H
ETH %o

(2) KBRS EW—DOBMABRBRET I EREEEZH VW, KEERTTOMERBELRE L, K
BEE. KEESH. RAKIPOSHBRAINZAFHREEBEZERLT. 7=/ - VvOKBLEBIIEBIT 3
BAFNXE LD, BRI LD Bis S B8 % (biogenic oxygen) BKETO7 =/ —VUBIRKWIRE



BELTWD I EE@ED,

(3) O bREMMTEFRBRKBIC? =/ — AV WBEET D LI B ERD L0, KEERTEER
BRERNBRHINLET 2o ERETHOHENEBFREEZECL T, KBTO7 =/ —VLEES
F3EPIFOIE(Y b))% 0.270 g-MLSS/g-TOCEHRE L 720

(4) 7 =7 —NVUBEOKEICHRENITHEER T 52 MEYIL BeggiatoakOscillatoria T& » 72, Beggiatoa
BELETH - —BHEKIE T, Beggiatoa *EEK LT I2EMBETO bRBEMM OMMBTY » PENT
D, Beggiatoa MO Ehic LHEREN S F— wﬁ@%ﬁﬁ@ﬁ@%%%%ﬁﬁ%ﬁﬁﬁ?é DMBE
AN, KBICFREST ZEYEFOFRETHYOSHRER., 7=/ - VERAFENS (R BIE>N0T
BF432&xBDL,
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