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Effect of High Salinity on the Respiration Rate of Activated Sludge
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Abstract

Oxygen uptake rate measurements were performed on activated sludges acclimated to
glucose and Polypepton (sludge no. 1), and n-dodecane and Polypepton (sludge no. 2) cultivated
in fresh-water medium and subjected to shock loads of three types of synthetic sea water
which had a wide range of salinity.

On addition of saline water, the specific growth rate in glucose medium increased with
chloride ion Cl~ concentration C up to 4 g/[, then decreased in accordance with the following
equation, showing a similar relationship to that of non-competitive inhibition :

/1o =15.53/ {1553+(C—4.85)}, C=2.7 g/!
where u, is the specific growth rate in fresh-water medium.

The endogenous respiration rate of no. 1 sludge was decreased by an addition of saline
water in the range of C=3.36—33.8 g//. At C=14 g/!, the endogenous respiration rate was
4595 of that of fresh-water sludge.

For oil acclimated no. 2 sludge, the endogenous respiration rate was scattered around that
of fresh-water sludge at C<10 g/l. At C>10 g/, the endogenous oxygen uptake rate was
equal to or less than that of fresh-water sludge.

Respiratory activity in the glucose or n-C;, medium was mostly increased in the range of
C=4g/l, and was decreased at higer concentrations of CI-. The relation between the relative
activity and salinlty (C) could be expressed by the following equation, which has the form of
that for non-competitive inhibition :

R/Ry=26.4/ {26.4+(C—4.04)}, C=0.95 g/!
where R is the total oxygen uptake rate minus the endogenous respiration rate, and suffix o
idicates fresh-water medium.

Respiratory activity during acclimation of sludge no. 1 to a synthetic sea water was also
examined experimentally for two modes of salinity elevation. A faster salinity rise took 13
days to reach that of 1009 synthetic sea water and the slower one required 23 days.

Respiratory activity in glucose medium increased transiently then decreased during the
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salinity rise. The faster salinity rise depressed the activity more rapidly than the slower one.
Within the same salinity in the range of 9—19 g-Cl7/!, the respiratory activity of the sludge in
which the salinity was increased more rapidly or in ashorter period was higher than that of the
sludge in which the salinity was increased over a longer period. When salinity reached that of
1009 synthetic sea water, the respiratory activities of the two types of sludge were 30—509%
of that of the fresh-water sludge. Thereafter, the activities increased gradually, taking 62 days

or more to reach that of the fresh-water sludge.
1. 3 A H»° &

IR 5 S LA, K2R T AIREOREMIEOBRKSS, RISVl
B ITH 0K, 3ot ﬂ/\ﬂﬂfrﬁ;@%ﬂ(-»'%m@ﬁé Vv, IS DB OB TG F IR
ists, XURREIZ BT 2FRBREIZ BT, HKIFFIRICEL N VA, kot
R A Hbﬂ’(wé%w L oY, RO L - TRFEEFAROBRENLNIZL» T, #TIC
FEL T RBRDBAGETLNT, HoBEIFrGVRENT 2 étq%kfé‘i%:ﬁbb T b6
B2 Lk b, 2 DH A (Saline water) % &UGFEAKDIEEFHIREIC & 0I5 5 M
3, CiYVETBEITRISEVCIRECEE I N TH L IRELC, BliaREy A,7J<7b‘ut/\[,7 56
HIEGIE ORI E S D & 5 I BB T B9, (i )(ﬁli(ﬁ(t&%”ﬁ(ﬁ%& s & e U BEAGC R
flichlz» THBT 2B A80BFOKT, STHH9,

PBIED BB AIEMEHBEROEEIC OV T, g & ZAY, Kincannon & Gaudy®,
Ludzack & Noran'® oy#issa 4k 0, EEGRFERE, COD e, s IESIINHEEICH LT, &
GOREN R 2 HFO%E EWICHEDREFFHOBEDI2EIMLNT D, L L, #BKIEE
0 ~100% D &Pz b 72 2 FHRI L BET 24T - 7285 3 A,

B, S E UKD EBRE BT 5354, Lo keo BOD, COD kg
124D, BOKDBENKMHENGA L DOWERE L INTER, SIBERSD D AKOREILHE
KTHY, L”n‘oi‘i EOERE L THEE HERA 4 i C @/DrBubilsd, bl Al REDHE
7J<E137La’77‘(§*2 , PE, HC=19g/lTH B, EMBUEDEWHIR 77> P TOW G OBEIZD

i, ZIK&bZ) 2 C=2.2~7g/l, £IEL%HY 13 C=11.5~11.8¢g/l, EBREHETlE, X%
t#i“)f) C=16g/liz TR et 21TV, KBS E T, HADBEEERL TUI&A
EFEAMEDH LN RS T v 5, Ludgack & Noran'® & ~>F 25— ILH 75 > k TEE
ATV, C= 5~ 8g/[1Z THKMEBOINEIZ D TURIRAKIEMEHIR & ZhE s, C=20g/l1c%-
oHa, BOD BR#EgeaE T L2, —BAMEBEX1 C=0.1 X2 20g/l ¢ B XG50 C=
20g/Licth-> 725 £ 0BA LN L, WTEKD BOD 136 4 2553 2 BT 5, Stewart 5% o)
XA Wy b T N RRG R TCIS, HERE A 309% (C=5.7 g/0) LT CIHIEEBIRIC L B
BOKDKEICI G OFBIIFICERD 17w, X, kD & 100%#EAK 7 ’E"/ﬁ(ﬁ’i A L3¢ T
b, £ 100% 7 & FOMEAKEEIZEL I $ T L, HoREZTOBE L 518, RFBAKDKY
WIE R E LIRS 517 WS

RIZE B E D A KANDENZEE EOBEFIROREIZ D TEBEEOR N & 5, SeH® (32,
10D 5 4hr % A EE NaCliikhn o & T ok TBEA L, 16hr 24Tk (C=0.9~1.
05g/H) P TIREREELHNTR2ZIIETEESY FH &Y, 25 H2F ¢, C=0.53 245 5.33g/0 %
TEAREE, 2R, EEFIRO BOD BREFICOWTIEH 2BRERIRE I 20, Bk
L, 1hr @S LEAUDEREGAKNZBLL T, FOEERHTE2e0HELL LY,
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HIFII I Th-o72, A EEARY 2 C=0,2,5,10,20g/lD 5580 2T, Fr, EEE
ez 15 HHBIZE L 72, 2R, C=5g/012T, KABEOMZICITER M, C=10g/l Tl
HEEINLIEENRE»RD SN, X, C=23g/lEEIFE L, A8 H R LR 2 &)
BIZERERI3 60 H2#ZE L, RO, BRI EASERHPEIELSWELTWBEY,
Lok Sz, EHHBRICE 2 IS 0BBIZ oW T SHOBEH»RZIT LN 555 kiR
B0 ~100% D HEFIZ 72 2 KEFLOBRERNMRIZITREL T2 0 BKTH B, 22Tl 7
NT—=ZERY)T b B L 2EEBER (BR1ET2) &, RY7 L EmmRiAbK
FZn—FTH(n—Co)ICBEEL (BR2 £95) BB RICOWT, ANLlEKEHE~
DRMZ, HEORELEEEOEICAE SIS ADBENTREE~NBER Y, HR1IHOAL
HEKADENFE S OB EEE ORI W TERIICHRE 21T R 2 HET 2,

2. WBEERABMREEE, SHETIHE

MRS L Ak OB R E T I T A SRR O & ISR 2 HES T 5 FERICDWTTE
BT 5, FNORERELX, BEWERE2 0. 6352 (1), (2) XKL T 2", (RBHIEE
RS ERESR)

dX

ar e (1
dOc¢ _ _1~
a =Xgt+pX Yo (2)
ST, el WRGEEEL, g MAEFBGREE, Yo BESRICHY B MAEINERE
(1), (2)X&Y (3) XLy 5. (3) A %lﬁﬁpﬁxgij = (qlut1/Ye) hegegerh—
dOc¢ _}‘ _[4q 1 \ydX
& _< + Y() X= <u+ )df (3)

SET, Ho =012 T X=X, Dl Oc= (q/u+1/Ye) Xi % EBONCHEEICED 2 HiEr biug
X3t O 35T 1 L OBIBEFRE L), X 2EL 2 & EHEE O 2 Xt «ﬁleL
T, (D) Ko w2 RKDBEHSHEL, UTIERZDFEZSHT S,

(3) Ke#rv56E (4) X285, HL, Ould ZnEBETIIEL 2O ERTH D,
Oc—0c1+f< +7()//-de (4)

4 u Yer¥EP—mEEHETHE (4) 3 (4a) Re%s,

Oc=0Oct Yo [ Xt (4a)
Y=gq/u+1/Ys, Yimg— 0. H¥E/g—flHk (5)

Y ofiEix, 560'7, 8007 mg/g F2E TH Y, g/ui3 Tables 4, 5 NfERE L LK 50 LT Th B, (4),
(da) ROFNEEAEEMNEENIWEHBRETH ) =0 THEBRZEELE LB 0y

WEITHE, DFNBEEDHEBEEDERTIE Ou=0 B DHFERTHB, 22 T3, O

PHARE S EBEIE S5 2o0, ko k 51z, =010 THEET HHEL 2 Ew» N 12
B EANL S NBREL O b75, (1) X2 =0 X=X T
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X=X, exp(rt) (6)
(6) X%1535,
P ARERIHET 5 20 0EE L B 5 2o DFEFE (preculture) 22w T, (4a) Hic (6)
HAEMAL, HELWEE L RTIREHEHoKE (=T T E2TH) & (7) XE2H5,

Ocpr=0cpi+ Y(Xp—Xp:), Xo=Xp:iexp(uT) (7)
ZIT, INEDIEETEEE AR, KXo 2 BIEEICHE L 2 HAE, (7) R, Xo> X 518 (8)
ek b,

A0cp=0cp— Ocpi=Y X (Xp>Xpi) (8)
=T, AOp |2 ETHEEERIMGE: S HIgHEIE RS T CiciB S @iz E (mg—0.), X
i3, = TI2 BT 3 HEEOEKE (g—dried weight) 2R3, AR5 T, X=0.006 g/4, Table
37082 &L TR 72HM TR Xo=Xp: (uT)=0.2g/1, 8-> TH 3 BNDIREICT (8) KRBT
5, (8) XTlE, AV WHIFEZRNLRBTH B,

S0, RERICHCLEBRIE, ggENRAHR Vemhnibh, v (ml) T % o ChifE
ENHEEIZ (9) ReEhd, X, WMESNLHMEMI»ERT I 2HICHEIN -BEEIL

Xi=vXp/ Vp 9)
vXpY/ Ve TH DA, (8) Ik ) AOepv/ Ve &% B, 2% O EES,

Oc=4 Ocp v/ Vs (10)
(8), (10) X% (9) HKicKATHE (11) KE %5,

Oci=Y X; (11)
Bl 6B o) t= 0 Oc=0ci=YX; 2 EBINICHEICED 2 Hik3 (10) Rtk N 526N bHE
h, (4a) Rz, (6), (11) XERAT B & (12) X&HEL, 2 iaﬂf’)i)“:, O & XDl

Oc=YX:exp(ut)=YX (12)
PIREBIRE =T, (12) &0, (13) 2B/, (> T O K tORME 7Ty P DEE 6 1

dlocflg; Oc -4 (13)

2ROBFEIHKD, %W»‘ﬁﬁ FBEEENEDE (4) ROMBE_BOFSTHY, O 338
INECDT, uDPRFEDT2HITNE, EBH (L8 2RIHE O DESZ 7%, BAKERM (35
) &3Ked B2, Oc““ﬂ]ﬁkk Ocs £ DEE &Tmﬂ-rFaﬁ%??&)é LBz Fig Lok iz, Axd
Bk T O DERIBSDIEE & O & DFEEH LB 23K,

3. B H &

3. 1 EMFRE ALRH AR TAMBSSDEEFRE M E L ¢, EHBEICB - TATLEK
BN L 72 Bl v ALBEKI 2R3 T2 Dl % Table 1 IZ7RL 72, 2 2 3 L EFBEENES
BEBABEL, —HiR 7N a—RERYST (V1 HR1ET2) TLRUE fiFiEn—
Cio & RY~7 b V2, HR2ETE) ¢15 ALE, 18 1R filland-draw 32 L 9 B
FELRY, INLDOFEIRE EE I AERICHEET 25 & L TH 2, B E O BlE
oIl Wz FisgEEE g (Table 3 0 S2 2H) n &SN & F 23 Table 4 DIFEICRL 72
LOEFE—THY, &FFE Vo3 2llml, 7ia—2FEmE:0.10g Th b, A fEfEFER
1% &»C Table 32/ L 72,
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3. 2 AIfK Hva7z ALK Table 1. Synthetic waste water® for acclimation

3HE T, FOEUHM A & Table 2 (2R, vessel V1 and V2 (working volume 3 ).
SSW 113, 3% NaCl skigig, SSW 2 Sludge ) ,
13 van't Hoff o ALk, SSW 313 Vessel V1 V2
IROUFRDF % BiA + > AKizidhr Lz b Nutrient
NDTH DB, WLEIZE LT Table 2 OfiLA, KH,PO, 10 g 0.45° g
%dE L 7o ALK 2 VER L 72, Albuffer) 10 m! 5. ml

3 3 BEEBEOHE & IEBEERE B 0.6 0.6
DA E g—ua A—F—F% [ 8 C 0.4 0.4
BOD i # (KA B A (LR st i e b 0.5 0.5
MERER )T & ) BT R £ R L 2 £ 05 L0

o Glucose 10 ¢g

(REANIE SR> 2], Polypepton Lo 20 g

—HENEEIZDS 620 500—mli{€%§ n-dodecane 1.0 ml
ExEHEL, R—Eo7va—A, ) City water 1.0 ¢ 10 1

wmOMBREMZ, 123K T, &Y
e . = N TN “Refer to JIS K01027 for basal salts A~D.
N5 TR OEIME 22 2 i
AL k_ IR EZEZTROE b0, 2175, KHLPO, 8.5, NagHPO, 12,0, 44.6, NH,C,
HY—uaA—FIZKEL, 66T 1.7g, deionized water, total 1 [

H*‘ g—(~{ﬁf’fﬁﬂ§'r‘f‘<%%b§%§ﬁ‘flo 33[%?%}] B : MgS0,7H,0, 22v.5g., deionized water, total 1 /.
C : CaCl,, 27.5g, deionized water, total 1 /

o DH 12 7.2+0. 1512888 72, e D : FeClg6H,0, 0.25g, deionized water, total, 1 L
BT 20°C TH D, Table 4 |z FEE &4 E  (NH.SQ,, 200g, deionized water, total 1 £

. The working volume of each vessel was 3 [ based on the mixed
FEEHTRLI, liquor. Immediately after the daily feed pH was adjusted
3. 4 [REMOEE N0 T to 7.2+ 0.2 with HC! or NaOH.

YKL,HPO, was sometimes used for pH adjustment instead of

DOMFEEHT, BHEORERTHEL, KH,PO..

BRI TR IV a—2 2 HEH &

L, B2 Tdn—Ci 28E & Table 2. Synthetic sea water®
THIRO & 5 1o f 5 b3 % 204

L " %J fi'7 - l‘%f%ﬁ*" fafflj SSW1  NaCl 30.0 g/l

7~° fﬂk"%fl =P 36 DKL SSW2  NaCl, 26.75, KCI, 0.75, MgCls, 3.42
1 H LEo ATBEKE 2 2 ik CaCly, 0.51, MgSO,, 2.1 g/}

SV o6, 54miDBESH % &J&Lﬁé SSW3  NaCl, 35.33, KCl, 0.95, MgCl,, 5.73

EBiRE Lz, NTHKOTRINE*ZE 2 CaCl,, 1.52, MgSO,, 4.3 g/l and others

pH # 7.2+£0. 15 (2FR% L 72 1%, 7“_ = "Resulting ClI~ concentrations are:SSW1, 18.2 g/ SSW2,

R—FIZEE L, 5~15h BRI E RS 19.5 g/ SSW3, 26.9 g/l More concentrated solution was
?}Eﬁ%é'ﬁ‘f:o sz VJFV)T? M\(r'}'é 519 g/ S:lct(j :(f)llllzxtlagicessaxy in keeping the composition ratio of the
LELLThH B, MEBEDEMES S DM
ARINHAEIEFFIEL, WAEFRGERE ¢ & L7z, R TEERE > OEICTHOREL 27

O — ZPEH (72— 2 20 XiZ 40g/ ARE 100, Ed 20mi/L A, EmWifgid Table 1 od i
H) 5mlzZIML, BEHE» S 0.2~0.9hr OFREFIEH MMM E 23K, BERWEEL Q%5
B,

AR n—Ciz [ZBIFE L 2780 2 122 T R FIB TR AEPITGERE, n—C HET T

DEEFNEEGEIE 2 WE L, BB V2(Table 1 B) 55 37ml # R L THML, iﬁ‘Jﬁi
RO 0.43 g/l Ll & U 7z, POAENTWRGH B2 1 d JE R BA 1A 1% K& 4 hr o W i H il o
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BB DEE H HKDT2, n—Cr DIFIFEEE, REHI XY —Txeny s> (n—Cp, 4,
Bai 1.0, Citi1.0, D 1.0, Ef 2.0 X% 4.0ml/l, K;HPO, 0.2~0.5g/0) S5z B, =
& 8.0 20.0ml IS i Fer B L, EBRBHIATE 4 ~ Qhr I THEEEE Iz L 72, &N
BroT =)Ly g | i(ﬁ]ﬁﬁflk@%‘l?’ﬂ LR 2, TR (CTEHliEaER 2.5 um) &Iz, ?Eﬂ‘i%@ﬁ?\ 213
KB B, n—C DIRMMERD 5 2 ~10hr F TOEGGOMEE H 5, BRIEEHREL FTHE
L7z, AEiEB ST Table 5z 3 & TRL T,
T]uﬁ(ét#??%g‘il&gﬁ% Vi, VaORAH Table 3. Inoculum used to measure the effect
A LB L, JISK 01027 o5 gic & of salinity on specific growth rate.
N, FEEEAEERE (MLSS X1 S5,
Mixed Liquor Suspended Solid @#8%) &

S supernatant of aeration vessel V1

S2 sludge acclimated to glucose medium

U SESEIEE R E & (MLVSS 243 VSS, (glucose 0.472~0.474 g/!)with small
Mixed Liquor Volatile Suspended Solid inoculum size and sampled at the end of the
DEG) ERE L7, EEREIL, MEEL exponential growth phase
AEBEBEEBE> LFTEICL DEKRD S3  mixed liquor of aeration vessel V1
7z,
3. 5 ATIBK~OBIBERS 3IoBFM%L 3 OHEL (VL V3, V4§ 5), V1§

MoV ezzng v, 1o 2 DIz Dn» TR 23 E Th= I AL#EKD] *"W%L%é%
7z, HEBIEIE, EBRBAERC, FIEOBR 1232 L T3MicmmLz, VIZZDF IRKT
fill-and-draw #:2 £ VBIZE R AT L, V3, VA ATHEREZHFML 72, 02 72 ATTHEK & ATk
% T Table 6 12k 72, 75 SSW2D 14, Table 2 oo A T#iEK SSW2 @ 200% DigE% 4D,
BIEEE X, ERIBE B (&-SS/0), 5B ARIEE X (¢-VSS/1), 30 min ##E RN L TABEKD
H R SVie (mi/]), WHENERE g 72— 2RNBOBENEEEQ TH L, X, HBRA
B5HE SVI (=SVa/B) (ml/g-MLSS) y Kp72, B 7NV a—20FEM=EI1F0.12~0.37g/
(g-MLVSS), 7 —u A — 7 B MIANEEL > P pHZ 7.220 2 10T L 72, LLENERIZT
NTIRBEIIERAECL ) 20C IR - 72,

Table 4. Experimental conditions for the measurement of
the effect of salinity on the specific growth rate.

Run Sea [noculum O Glucose Volume?® Lo Lo
No. water (ml) (mg-0O2) (g) (mb) (hr™?) (hr)
1 SSW1 S1 20 0.60° 0.10 227 0.215 33.8
2 SSW1 S3 4 unknown 0.10 211 0.103 —
3 SSW1 S2 5 0.66 0.10 212 0.244 3.31
4 SSW1 S2 4 0.76 0.10 207~209 0.204 1.6
5 SSW2 S2 6 1.36 0.10 213~215 0.249 3.8
6 SSW3 $2 5 0.91 0.10 212~215 0.237 13
7 SSW3 S1 40 unknown 0.10 246 0.175 —

#Culture medium contained basal salt solutions (refer to footnote to Table 1 for solutions A~E) A:2.5~5; B,
C, D:0.5 and E:0.5 in ml unit. Its pH was adjusted to 7.2 = 0.15.

vAssumed value giving a linear relationship between In Q. and time. See also Nomenclature for definition of
symbols.



7 EHEBIR ONFIE B BT Tl R S o 85

4. RBERCZDEE

4. 1 BIEENEHE & HBERE  Fig 1 8RR O o&EBE(ILE2 RT, SFEICHW
Oc:i i3 Table 4 (2R L 72, B w13 (13) S & BEHHME, XosT7 A — S I3EFE A A lEC (g/
0) T, FH8EIC & D K72, Ingram DFEEY 12 & 1 Bacillus ceveus TIRIFRIEEZ 7 = 4> T
K AFF DN BELRTIC > TS EENTVWEH, pAKICEBLZA A LT Cl %
BHLESOREETLZLIZT S,

SENEEE L(hr) (2, Lodge & Hinshelwood'? (2% & » T 77 7 koMt & - 72 (Fig.l),
FEBEBIZONT, #BKDTOME o, Lo % Table 412, XERITTILL 72 L/ Lo, 1/1o % Fig. 2,
3WTIRT, L/Lo L, WIEAMSAEIRE no & CIIEFET D 252 L 1'Y, REBR T, #o WERE
FHEICELNIETE 000, L/Lx Cl3sEBE 2o 513 (Fig 2), MRIEEDRE T, %o
WREL, BUIBB I N kr»r -7z,

Fig. 3shonE#IZ, JEFEMOBEE oK (14) XE (15) 2HTRHRLDT, HEIZRIT
ferhic k-2, NIEEWERE, Co 2 HERMERAACBEL LT, [=C-C,,

ul o= Ki/ (Ki+1)=1/{14 C/K:— Co/ K:} (14)
/lo/ﬂ:1+]/Ki:1+C/Ki_Co/Ki (15)

(14) ROBE FHGIZBE (REOKEVWERT— 4 382KV (16) X4, XEHES1~5
DT —=FIZDnT (15) ROBEHEA L T (RENKE W6 HEKRWT) (17) ik,

ulpo=15.53/{15.53+(C—4.85)} , C=2.7 g/I (16)
ol t={11.2+(C—6.35)}/11.2 , C=2.7 g/! (17)

Fig. 345, Wizl & k&L EIEN, C=5 g/l TIESOFRME B ntgs, C<4 g/l Tl
WICAR N ED b D, Lp b s s HEESEERD LN (Fig 2), Mk (C=20) T,
LAZRIKDIEDH 50% 0 E, BARMIZHRKOEEN 3 ~20ME%bIEH I 222 b,

—~ Keys Sea Run
L water No
0100_— ®  SSwi 1 ]
- S & A SSW1 3 o s |-
S 13 ,L]e SSW1 4 ]
o - Tl o ssw2 s /9]
E 4 H oo
= 1 E O SSW3 8| ¢ / i
%) — 2 [}
o 2 — o / °
o
%10 1 o 10 =
= 8 Run No 3 |1 — o g / —
s, Keys  C @ | . 6 q V4 "
—0 0.0 1 ¢ A
S 2 &—o 3.97 4 = 4 4 -
g &—a 119 5 P ]
o
1 A—A 159 I 2 9/ B
S, o—~n0 19.9 3 & o B
|B—a 27.8 ]
B8 27.8 ma_ B4
0 20 40 60 80 100 120 1= m .
Time t (hr) | | ]
0 10 o 20
Fig. 1 Effect of salinity on the growth curve of Salinity C (g/l)

activated sludge in glucose medium. See
run no. 3 in Table 4 for experimental con-
ditions.

Fig. 2 Effect of salinity on relative lag time. See
Table 4 for Lo and other experimental con-
ditions.
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4. 2 WEWREE:EEEETONRE
LRI TR DE N AEMIGR g DR
KIEH AR T go l2 X T B 0% Clzsd L Fig
4427% 3 (go 1 Table 5 HBM]), Bk 113, AL#
KO LY, qi3AEL % 5,75k 2 T,
C<l0 g/liz T BT8R THY, C>10
TIRPORF OEL D A B vy, L v (Fig 4),
EIROTE KA DB R E A 2l & mARD
MR L, C=1~4g/licT, g3k nEL
DLEy, Btk BE (Fra—2k
n-Ci) BETTIE, C<4 g/liz TEERINEHRE
RS OTMIC & DkKFR LD L&, AER
DMar n-Cia & 22, EREO TR OEEBIL,
MBEANC E DAEnTh, EoksBOD 2k
WICBT ERET2 EHRZOq L LS
ROFERD (3B A (, Fig. 4 » Ingram® o
Escherichia coli & B. ceveus OFlitE3En 7 —
ZIEE# O Fig. 29 oF— s » LFE»BEE

Bk 8
L ' Keys Sea water Run No
] SSW 1 1

+ L vV SSWi 2
- L A SSW I 3
3,5 ®  SSW 1 4
3 L v 0O Ssw 2 5
. L O Ssw 3 6
5 B © SSW3 7
2 -

< -

§ 1.0

S L

2 I~

3‘5 |

v

2 -

0

© 0.5

2 —

5

L]

p |

0 0 20 30
Salinity C  (g/V)
Fig. 3 Effect of salinity on specfic growth rate of

activated sludge in glucose medium. See
Table 4 for uo

Table 5. Experimental conditions for the measurement of the
effect of salinity on the respiratory activity.

Run Sea  Sludge Vi 28 5S¢ Vs o RE Keys to
no. water no. (g) (ml) (g) (ml) Figs. 4~6
SSW3 1 0.475¢-SS 210 2.15
SSW3 1 0.414 209~213 2.17
10 SSW3 1 0.353 199~200  3.39
11 SSW2 1 0.306 210~213  3.27
12 SSW2 1 0.293 190~194  3.57 0.10 195~199  55.9 52.3
13 SSW2 1 0.314 230~234  3.76 0.20 235~239 66.7 62.9
14 SSW2 1 0.256 191~194 3.85 0.20 196~199 62.8 59.0
15 SSW2 1 0.234 191194  4.69 0.20 196~199 66.3 61.6
16 SSW1 2 0.140g-VSS 238 7.68 0.024 246 18.9 122 ]
17 SSW2 2 0.144 237 7.66 0.024 245 23.5 158 €]
18 SSW2 2 0.136 287~288  4.42 0.060 307~308 14.2 9.78 L))
19 SSW2 2 0.161 300 4.05 0.060 320 215 174 @
20 SSW2 2 0.140 300 4.29 0.060 320 26.3  22.0 )
21 SSW2 2 0.138 300 4.22 0.060 320 31.4 27.2 @

“Culture volume for endogenous respiration measurement.
"Endogenous respitation rate in fresh water medium : mg-O,/hr/g-biomass, biomass is MLSS for runs no.8~15

and MLVSS for runs no. 16~21.

“Amount of added substrate; glucose for runs no. 12~15; n-Cy, for runs no. 16~21.

“Culture volume after addition of glucose solution or n-Ci, emulsion.

°Total oxygen uptake rate in fresh water medium containing organic substrate; mg-O./hr/g-biomass, biomass
is MLSS for runs no. 12~15 and MLVSS for runs no. 16~21.

‘Rois Qo minus ¢o
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1.5 |-o . -

)

Oxygen uptake rate Q./Qo(-)
o
3]
]
[0 ]
[os]

0 10 20 30
Salinity C (g/l)

Endogenous oxygen uptake rate q/qQo(—)

Fig. 5 Total oxygen uptake rate in glucose or n-Ci.
medium. Q/Q, vs. salinity of synthetic sea
water. See Table 5 for Qo.

0 10 20 30
Salinity C (g/l)

Fig. 4 Endogenous oxygen uptake rate g/go vs. C.
See Table 5 for g, and keys.

Vv : Sludge no. 1 in sea water SSW3, runs
no. 8~10.

O : Sludge no. 1 in sea water SSW2, runs
no. 11~15.

Other keys for sludge no. 2 in sea water

O : Glucose medium (sludge no. 1, runs no.
12~15). Other keys for n-Ci» medium
(sludge no. 2, runs no. 16~21, see Table 5
for keys.).

< 1 Kincannon and Gaudy® : glucose, 1.0 g/
{; MLVSS, 0.73—1.3 g/l ; Q,=45.2 (for C=
18.2), or 53.8 (for C=27.3) ; SSW1.

SSW1 or SSW2, see Table 5 for keys.
&= tIngram® ¢ Escherichia coli, pH=
7.0, go=9.5, SSW1.

& — @ : Ingram® : Bucillus cereus, pH=6.5,
Go=23, SSW1.

L7z, E coliizxt L Tix C<35, B cereus T C<07 g/lizB T, o0zt -T
QiR RELCH B, EDkE v Clok L TIMERZT 5, Ingram® @ ¢o 13, 9.5, 23mg/g/hr &,
AEBIZHAKRECHEERICIE BOD 28> T wikEz L, BROESHIERL T
HeM E N5, (EEBRBEIMRE, BIFHTBRIRNTEENMET 280, 77— & LT3, K THNHE
FHALEY), wTFRICLTL Fig 47— nix s 2513, TOREIZ O TARWE L Eh %L,
TN a—ZAiEin-Ca HE & T a8EMPIc BT 2 2MEMEEE Q3, Table b, Fig. 512 F
& TiRL 72, Kincannon & Gaudy OfSHIEHY nF— s LB EPBEHELZLOTH B,
C<4 g/lizTikkPEN L 5~20%KkEL, C>4 g/lTid, Cokghe KT 24Em5 %
0, £ (Fig. 5) BAREBHT—212 (14) RoBEEH L2 (18) Rl 7T,
Q/Qo=31.29/{31.29+(C—4.52)} C>0.95 g/! (18)
QlF, BEAKFOEBMENEEICEEL Tnwb 2 s, EWMEHERD 72D DN AR ¢
L8, o T QqnHHE DB NKEEALICELEL ZRETHALH, ThE REL, MR
EE LM LD ST 5, Figs. 4, 5 R » 5 R 2 RKey, A TOE R TEKRTLL T Fig. 6
IR, FEMUT (14) RoB2EH L2EBER (19) Thd, R/IRIFTFHE LT/ L H L,
R/R,=26.35/{26.35+(C—4.04)} C>0.95 g/! (19)
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{EnE*RL T2, Figs. b, 6 2 LB LA 7 k
G, C=4 g/liz TEBEHEBE~DHE LS
%, KREDHAKBE (C=20) T, WAKkH TH
# 62~ 67T % DMFRIEM Z R TISEE v, 7L
=2, n-Colz DWWt d 2 & C>4 g/i
TR IZNa—20K» n-Ci L1 4, R/Ro, &/
Qo FrIz/NE v FEIFIEVEART Ao i R P
BhrnizEae, MilaNo K, Nat, CImSaoq +
UBEES, ARRELEE R (NMEMRRAA) ok B
o, BEEICHEIcE T, KIBIE I ES
EBEAHI LN TH D Figs. 4, 5 0 H 2
DELDIFREFEE L TWb EEZ LN
5,

4. 3  AIHK~BIES EOPEEHE
EBafER A Table 6, Figs. 7~10 2R L 72,
WHERAABE Cx Fig 7(@) 17R$,V312 13
H, V4.3 23 H T 100% A Lk oIz B sy
CEESE 2, Fig 7 O) IZEERBEZRL 2
7%, MLSS, MLVSS s 2R3 108 & 70 v,
Fig. 7 () iz SVI%7¥, ColEs L5b, SV
KL D L3 WEZTL 72 30min HiE

Table 6. Synthetic waste-water®

W% 10

o

Activity R/Ro (—)

o
(3]

0 10 20
Salinity C (g/l)

Fig. 6 Respiratory activity us. salinity in glucose

medium or n-Ci, medium. Data were
reduced from the results in Figs. 4 and 5.
See Table 5 for Ro.
O : glucose medium (sludge no. 1, runs no.
12~15). Other keys for n-C,, medium
(sludge no. 2, runs no. 16~21, see Table 5
for keys).

fed per day to vessels V1, V3 and V4.

V1 V3 V4

A (buffer) 10 ml (0~9 day) 10 ml (0~9 day) 10 ml

© day~) 0 (9 day~) 0
B 0.6 0.6 0.6
C 0.4 0.4 0.4
D 0.5 0.5 0.5
E 1.0 1.0 1.0
K,HPO 0.65 g 0.65 g 0.65 ¢
Glucose 1.0 1.0 1.0
Polypepton® 1.0 1.0 1.0
Sea water SSW2D¢ 0 ml 500 ml (0~17 day) 250 ml

(17 day~) 500

Total® 1 ! 1 4 (0~10 day) 0.5 ¢

(10~81 day) 1

“See footnote to Table 1 for solutions A~E

"KH,PO, was used for the first 10 days instead of K.HPO,.

“For the first 29 days 2 g of Polypepton was added to each vessel.

4200 % synthetic sea water of SSW2 shown in Table 2.

“Working volume of each vessel was 3 /. Immediately after the daily feed pH was adjusted to

72102
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[
1

SVI(ml/g-MLSS)
S,
4
X‘ [e]
)
3
G
0D

Keys Vessel
® Vi
@ V3

B_IIIIIIII(III

6] &/B(g-ssm %
= BN
S 1L me | e _
g: 4—_ /;;ys Vessel
S o Vi
< T (b) V3
0- 1) V4
20— T i i -y
E, ] Keys Vessel | | ]
8] 10 T B—i@ V3 7
] v ] 0 20 40 60 80
] (a) ] Time (day)
0 10 L Ll L Fig. 8 Respiration rate during acclimation to syn-
0 20 40 60 80 thetic sea water

(a) Endogenous respiration rate q (mg-0,/
h/g-biomass)

(b) Total oxygen uptake rate @ (mg-O,/h/
g-biomass) in  glucose medium.
Biomass is MLSS for first 6 days and
MLVSS after 6 days for both ¢ and @

Acclimation time (day)

Fig. 7 Acclimation of activated sludge to synthetic

sea water

(a) Chloride concentration C (g-Cl~/{) for
acclimation vessels V3 () and V4 (O).

(b) Actvated sludge solid concentration, X
(g-VSS/!) or B (g-SS/).

(c) Slugde volume index SVI- (ml/g-
MLSS) for 30 min settling.

B LEBAWOEWEZENLL, —HBL CEBESHE T INLERTELT, FiE & ka8
DREELTH SVIDER % Jen 120 T, Fig. 7(c) TlE—8HT— 5 % &\ 72,58~65 Hi%IZ V3,
V4 4z, FiEANFE S E SVIZERORER & RRE YWz,

N A IRRGER I ¢ & 77V 0 — 2B TR R EERIE @ % Figs. 8 (@), 8 (b) o733, K (VD)
T go TIKTTILL 72 V3, V4o g% Fig. 9 (@), NIFREN R (=Q—q) % ikKp OE TR
KIEAEL TFig 9 D) iz 72, B & 0, RIZESEEMOMIN T HRAEEFRL 0 b k5<%
0, DB b, manB e R (V) ovFa5Bv EA (V4) L0 LisRigEollE s &
A, 100% ATk CofEIizE L2 (#3521 L) V3, V4, 213 L A YR UMERENE 2
WY, Clcdf LT RIR, 2% 720H Fig. 10 TH 5, Fig. 6 DI a— 28 T— 8 DA% D
HMLTHE7oy FLTHs (Fig 10), Fig. 10 kgL, Fig 6 n 7 na—2ani7—2iz,
# (15) OB ZHWTHR/AIERIC L DESERER (200 277,

R/Ro=20/{20+(C—5.73)} C=3.3 g/l (20)

Fig. 10 & 9, Eod LAz, Bo kR (V3) oFsaBu B (V4) L) LE—a C T
T 5 LSRRG, X, 4. 2HORE GESEZER) 13, 10<C<ITiB v, V3, V4
Db 2,

Fig. 9(b) &1, V3, V4 I zipiEiEsigkk (V1) OfEISED DI 62 H 223 58 %
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B rEAY L2 HOBMAEL 2, AEBRTIE, 28 OES EAREHIEETICEY
BRI K C BB TSk oo 727 b, SV IRIRIEHE & b RE L RIEBHHLNLN 1%

[[" TTKeys Vessel No T ] [T T eys Vessel o
r 1 i} V3
-0 — . 15 o Vé
i 1 T I Eq.@o A shock load
i 1 % {
~ L 1 « 85 B
T 1 = 65
505 o i
LI “ 81
x [ (b) ] 62,62,81 |
ol i -56 ]
~ (a) Keys Vessel No| | §
~ 1 5: -] V3 |3
DR o V& I3 o5 g zfo‘
. r . ~21 2
Z 1.0F . B 14 A7 ° -
i /W: ! v
[ . { { | 1 | { |
0-5¢ ] 0 10 20
0 b N Salinity C (g/l)
0 60 80

40
Time(day)

Fig. 9 Time course of relative respiration rate

Fig. 10 Relative respiratory activity vus. salinity C
(g-Cl7/1). Numbers indicate days elapsed
from the beginning of acclimation.

(a) Endogenous respiration rate relative to (4A) is the same as (O) shown in Fig. 6.
a control (vessel V1). ¢, is equal to ¢ for
Vlin Fig. 8(a).

(b) Respiratory activity relative to a con-
trol. R, is € minus ¢ for Vlin Fig. 8,

R,=21~50 mg-O/h/g.
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Nomenclature

B :dried biomass (g-SS/0)

C  : chloride ion concentration {g/[)
Co, : critical value of C (g/0)
! : concentration of inhibitor (g/{)

K, : half velocity concentration of inhibitor (g/{)

L :lag time (hr])

Lo :lag time in fresh-water medium (hr)

#o : initial cell concentration in new medium (number/cc)

Oc : cumulative oxygen uptake including O.; {mg-0,)

Oc: :initial oxygen uptake, defined by Eq. (10) (mg-0.)

AQep: oxygen uptake of preculture necessary to consume glucose {mg-0,)

q . endogenous respiration rate (mg-0O,/(hr-g-biomass))
qo :value of ¢ in fresh-water medium {mg-0,/(hr-g-biomass))
@  : total oxygen uptake rate in glucose or n-C,, medium [mg-O,/(hr-g-biomass))

Qo value of @ in fresh-water medium {(mg-Q,/(hr-g-biomass))

R @ minus ¢, respiratory activity (mg-O,/(hr-g-biomass))

Ro :value of R in fresh-water medium [mg-0,/(hr-g-biomass))

t : time Chr)

v : mixed liquor volume of preculture medium transferred as the inoculum {ml)
V, : total volume of preculture [ml)

X biomass [g-VSS) or (g-SS] unless otherwise defined

Y : mg-0, consumed/g-biomass produced including endogenous respiration

1/ ¥6 : mg-0, consumed for growth per g-biomass produced

Greek

u : specific growth rate (hr™'}

uo : value of ¢ in fresh-water medium (hr=')
Suffixes

i : refer to initial value

0 : refer to fresh-water medium (control)

P . refer to preculture
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