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Biodegradation of Organic Substances by Biological Treatment
and in Natural Waters

(FY 1976 ~1979)

K. Murakami, K. Hasegawa, H. Watanabe and K. Komori
Public Works Research Institute Ministry of Construction

Effluent from a sewage treatment plant contains various kinds of refractory organic
substances. These substances, after being discharged into a receiving water, may accumu=
late in the water body and may cause adverse effects on watex use and the environment,
although at least a part of these pollutants is decomposed gradually. If this is the case, it
will be necessary to provide additional treatment function in 2 sewage treatment plant for
removing these refractory pollutants.

Therefore the study was started from 1976 to identify the refractory organic sub-
stances, to investigate the process of the formation of these substances and to clarify the
fate of them in receiving waters.

In this fiscal year, four kinds of investigation were carried out. Summary of the
results is as follows:

1) The chemical composition of primary sludge and effluents

This analysis was carried out for primary sludge and effluents of two sewage treat-
ment plants. In organic matters of primary sludge, protein, carbohydrates and lipids
accounted for 29.7%, 20.5% and 19.4% respectively. Likewise in organic matters of
primary effluents, those accounted for 30.3%, 16.0% and 4 .4% respectively. The sum of
the three components is from about 50 to 70% in total organics. For investigating the
chemical composition of organic matters, it is necessary to analyze other components,
such as ABS, tannin, lignin, fulvic acid and Humic acid.

2) Identification and quantity of trace organic compounds in wastewater

Trace organic compounds such as n-alkans, fatty acids, phthalate esters, sterols,



indol and so on were identified in wastewater.
The average percent removal of trace organic compounds

was more than 90% by secondary treatment.

in the order of ppb or less.

The concentration of these compounds was

3) Biodegradation of amino acids, organic acids, aromatic compounds

The metabolic compounds remained in the solution after the biodegradation of amino

acids, organic acids, aromatic compounds,
pounds exhibited nearly the same pattern,

Gel chromatograms of these metabolic com-

4) Decay of organic pollutants in natural waters

The first order decay coefficients ki for the secondary effluents from wel] operated
and maintained wastewater treatment plants were founded to be less than 0.04 per day at

20°C. The magnitude of k for river and 1
tion to the concentration of organic polluta

ake waters seemed (0 become large in propor-

Major portion of these pollutants decayed

within about first two weeks and the refractory organic substances remained. The

magnitude of k; for the latter period was from
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diisobutyl phthalate caffein
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methyl stearate di-n-heptyl phthalate
oleic acid grichlorobenzene
stearic acid acetophenone

eicosanoic acid 2-phenyl-2-propanol
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silicone oil
cholestanol
cholesterol
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sitostanol
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methyl palmitate
di-2-cthylhexyl phthai-
ate

dichlorobenzene
1,2,4-trichlorobenznen
diethyl phthalate
o-toluenesulfonamide
diisobutyl phthalate
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TNLOTHD, HREVD 3 BRBREHMENILL LD
IKCET 5, WHIT, I, VCORBEISHAD Vo2
YOS LS, RHOTOCOHALZHETEE LEE, 2
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CHH ML WA, BT SUAIR -4 1 LIRTH Do
RERREHE K - 4.4 10U 1o
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W-5.1  AKMKENOITEHOBS

o ae ML EH, 1/
AIMARE WS Wk fmefl T -
0 T~00H SOHH 0%y (g~50)

50.S E @ BODs 12.0 3.6 2.8 0.235

D-BODs 4.2 6.42 1.8 0.423

CODyn 16 6 6.2 0.164

D-CODy, 8 5 6 0,099

I i BODs 8.40 3.0 1.9 0.669

D-BODs 5.80 0.62 0.8 1.46
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D-TQC 5.40 2.28 0.786 0,096, 0.009~0.018

BOD; 16.5 2.37 0.94 0.179 —RA R ATURM

D—-BODs 2.86 1.04 0.87 0.059~0.074

CODy, 10.4 595 5.19 ~0.058 NO., i

D—CODy, 6.55 5.08 6.75 0.028 (0.010)

TOC 11.3(3.9)  39(39) 53(42) ~0074

D-TOC 9.9 4.9 5.1 0.021 0.001

BODs .75 4.46 0.81 0.154 [} ATU#RM

D-BOD; 3.14 2.10 1.01 0.050

CODy, 9.51 6.28 6.54 0069 0 NOz HiiE

D-CODyn 8,88 7.33 7.36 0.031 0

TOC 81(6.6) 63(57) 52(52) (0.028) 0

D-TOC 7.7 (8.1) (81) 5.6(4.3) (0.020 0
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Biological Nitrogen Control in the Activated Studge Plant

(FY 1975~ 1979)
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Public Works Research Institute,
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S, Ando X. Kobori
S. Ochi 1. Yagihashi

The objectives of the study are: 1) to determine physical, chemical and biological operational conditions
for effective nitrification in the conventional activated sludge process. 2) to define optimum operational
variables to maintain effective nitrification and organic removal at existing sewage treatment plants with
the least modification of the facilities. 3) to develop recovery techniques of organic carbon from anaerobic
digester supernatant, for carbon source of denitrification process.

in FY 1977, Nitrificatioh—denittiﬂcation study was being conducted by operating Laboratory scale
plants to determine: 1) Optimum opemtional conditions of single stage nitrification denitrification
process. 2) Effect of fluctuation of hydraulic Joadings on the process. 3) Effect of trace elements (S, Fe,
Mo,) on the acceleration of nitrification. 4) Possibility of recovery of organic carbon from digestor
supernatant for the every source of denitrification by the phisical chemical processes.

Beside above, field survey was conducted at a relatively low organic loading plant to obtain ni(riﬁcélion

profiles.

Summary of the Results

In FY 1976, nitrification in activated sludge process: 1) Biological fauna in activated sludge is de-
termined by the length of SRT. Generation time of the each organisms at the temperature of 20°C in
mixed culture system was; ammonium oxidizers 7.4 hours, nitrite oxidizers 11.6 hours, activated sludge
ciliata 2.5 dyas and rotifera 3.5 days. 2) More than 10* Nfml of nitrifiers would be necessary to obtain
nitrate in the effluent. 3) Nitrification activity of the biomass was not likely to be interfered with a shock
load of 2 hours when pH was kept within 4 to 11, 4) Above nitrification activity is affected by organic
loadings. When pH of the system goes down from 8, which, is an optimum pH lebel of nitrification, to the
Jower, effect of organic loadings become sovere. The long SRT is necessary to obtain the same extent of
nitrification. 5) As for the biological fauna, activated sludge ciliata and Rotifera were dominant when pH
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was within the range of 7 to 8 and Sarcodina was easily to appear when it goes down to 6. This tendency
was much clearer when STR of the system was kept longer. 6) Rotifere and Sarcodina could be used as
index organisms to determine whether nitrification could be expected or not in the system. 7) Optimum
pH for nitrification was 8. To achieve substantial nitrification, SRT of the system should be kept more
than 3,6,11 days when pH is 8,7,6 respectively under the temperature of 20°C. 8) Removal efficiency of
soluble organics was more than 97% in all the experimental runs regardless to the pH and SRT. High solid
removal efficiency was obtained when SRT was maintained between 5 and 10 days. However, when SRT
was less than 3 days, solid removal was deteriorated due to the bulking of the sludge and when SRT was
more than 10 days, solid washout was observed due to the defloceulation and floatation of the denitrified
sludge.

Effect of trace inorganics: 1) Growth rate on ammonium oxidizers in 40% mixture of seawater under
the existence of Tris-buffer was about 1.34 times as much as that in 20% mixture. This was probably due
to the favarable effect of Mg in seawater. However, ammonium oxidation rate per Nitrosomonas was more
in 20% mixture than that in 40%. 2) In a system in which culture time was less that nitrifiers’ generation
time, phosphate was effective to acceralate ammonium oxidation and optimum dose was 13mM. Nitrifi-
cation acceralation effect of Mg was not observed when phosphate dose was 2mM. 3) High dose of anions
deteriorates the rate of nitrification under the existence of phosphate. Deterioration effect of anions is
summarized as follows: N03'(29mM)>F'(48mM)>SO42'(76mM)>I'(SOmM)>Br'(]40mM)>Cl'(l70mM)_
Numbers in parenthasis are the critical concentrations which deteriorate the rate of nitrification down to
50%. Br” and I', however, acceralate nitrification 1.1 to 1.2 times when dose concentration is low enough.

Bacteria culture procedure: 1) Dispersion technique of activated sludge for bacteria determination
applied here was ultrasonic shreding. Selected power for the apparatus was 25 W and 2.5 minutes for
shreding. Those are recommended values. 2) Recommended procedures for bacteria determination for
counting are 10 day incubation for heterotrophs in 20°C with Trypton media and for nitrifiers 20 ~ 40
day when IBP-PF method is applied.

In FY 1977, 1) Laboratory tests. i) Little effect of hydraulic loadings on the rate of nitrification was
observed. However, the amount of nitrification was affected by fluctuation of the loadings due to the
charges in operation (reaction) time. ii) Single stage nitrification-denitrification in which influent organics
are utilized as carbon sources for denitrification is an effective process to remove nitrogen when proper
operational conditions are maintained. iii) Effect of trace element (Sr, Fe, Mo) addition on nitrification
acceleration was tested by both a short term contact method (contact time less than cell generation
time) and a long term contact method (contact time longer than 10 days). Little effect was observed in
all cases tested. 2) Carbon recovery tests. i) Soluble organic carbon could be recovered by the com-
bination of lime precipétion and ammonia stripping processes. As to whether this recovered carbon is
effective for denitrification or not is being tested. ii) Solid separation was extreamly defficult and residual
nutrient concentration became high, when supernatant obtained from the upset digestor was fed. 3) Field
Survey. Effect of temperature on the rate of nitrification was found to be the primary factor. There is,
however, a difference in effect when the fluctuation of the loadings exist. Namely, when loadings are kept
constant, higher nitrification rate was observed at the same temperature.
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Case of Inflow water
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Item I 1 ! [
SRT (day) | 1831] 11.17| 10.72| 1571
4s (giday)| 896| 0978| 11.54| 973
PH G P K 98 K
€ MLSS  (mg/e)| 2600) 1875 2110 2420
g IMLVSS (mg/e)| 2270| 1516] 1787| 2190
§ MNII“ZSSSS (%) 87.1| 809 8470 905
sVI 135 165| 129| 112
5 [BOD  (mg/g)| 1059[1080 | 111.9] 1119
Slcop  (mere)| 549| 559| 535] 535
Elk-N (mered| 325 311 321| 321
E [t - (mgred | 1635] 1831] is27] 1827
Te (em) s30<| 400 s501| 328
s (mgred| 18] 41| 87] 160
BOD | Total 6.45| 1037 4.48| 1077
b (mg/¢ )| Soluble 1.53| 130] 048 123
£ |cop | Total 501| 668 405{ 665
2 |(mese) | soluble | 338 356 273| 347
g K~-N |Total 432| 555 178| 844
(mg/¢) | Soluble | 3.99| 534 1.21 7.26
NHi-N (mg/e)| 353| 519 121} 7.26
NO; -N (mg/e)| o008 026 007 040
NO3—N (mg/e)| 1330] 593 9.27| 319
~|BOD 0.1656| 0.232| 0.220(0.1976
=3
g¥cop 0.0848(0.1195|0.1054 0.0941
EOT -N 0.0504}0.0669]0.0621 0.0542
sop LT 939 900| 959| 902
g Soluble | 986| 988| 995| 988
e Total 909| 881| 925| 877
F¥[cop
N Soluble | 938| 936| 949| 935
2 oo p LT 455] 621 e654| 623
Seluble | 465| 627( 67.2| 660




Case of CH;0H
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Case of Inflow water
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F— 22 BRSICHATREN fo—BRERLIRAEN: DMIC & 5 BRI T OFGROULE

1-F-N| a-s-N |S7OB ) noj-N | NOS-N | NHI-N | NeD-N N:—N others
R @=0- (@@= |B=0-(®
o ® ® | o ® ® o | %0 \on <0

a/day | 96 lgfday| 9% |giday|%\aday | % lgiday | %6 leiay| % lg/day| 96 |eMay| % | 96 |glay| %

i 1.211715.40 0] 0]0.017|0.22§2.269 |28.85|0.269| 3.76|5.430] 69.04]2.848 |36.21]52.45] 1.224 | 15.56
—17.865 [100
1 1.091}13.87 0| 0]0.120|1.53(0.781 | 9.93]1.777]22.59]6.029| 76.66|3.351 |42.61|55.68|0.745 | 9.47
N MLVSS
A*§—N= e A4S «D--N= i s
C.H,NO, YT N+D - N = by equation ®,®

F-2—-4 BRECHATRENOKKRICES M—2-5 BREFKHEAFREMBOLKRICKS
—BRERY L 92t & 7 4l —BERe Rt Stk e v {l
Run- | Run= ]l Qu | P, i

Denitrifi - [Nitrifi
cation
Hp

Qe Nitn) o Nula}

Nitrification
AN

2 Denitrifi— Narification
N+ cation  #D N
Qe * Nala) o NNal

Qr * @2*Nijo) , %n® Npja)

Qr : @a® Nign) o @27 Nn(n)

) : flect of
sign mean of Sign elfect
(Ran—1) sign mean of Sign Slect of,
QueQe@x | Mux (UT") QuiQ:0p
=1:1:047 QuQcQr | flux (LT QuiQ¢:Qp
¥ | nitrifiable K-Ninflow water (ML) ? < — : T 2131047
= = = = Higi = Nin inflow water ;- hd
Nre (NOz +803 )~ N in inflow water (ML~) trace D miritiable 1o in =
Nida) | NH{ =N of n-th recycled water (ML ] 117 mgit Sy | (NO, #NO;)= N in Inflow water (ML7) trace
I3 (NO; +K03 ) -N of n-th recycled water 802 ma/t Mo | NHI-N of n-th recycled water (ML7) 172 mgit
I} 1 i By 3 Nata) | (NO; +NO7) = Nof n-th recycled ‘"?ii'm 372 mgre
2D denitrification rate 0.925 itD denitrification rate 0.867
N mitrification_rate 0.892 N [itriticationraié 0975
@, |variation rate of NHi - N 1856 QU 0224
7 - Toa @ |variation rate of NH{- N 1,085
@ |wariation tate of (NO; 1NO3) - N [ LI A— S 1001
7 S 0% @, [variation rate of (NO;+NO3;) - N 0241
= B - 0.9%0
T — Nia)= #a~ Niiny+ B+ Nunp T = Na)= Aa*Nyta) ¥ Fa= Npn)
= %3 3=l
(1=pNORse Qe § piet M= AL, B
Nyg) = oA
(Qu+Q. +Qx) =1 . BB
_ Nt ((CO—B-D)(H—(]—FH(D-)E)]'F""
Nz SATEDIN5Qu 8 g1y = _
R R T TR a o U =aN)Fx-Qy
- (Q. +Q. +Qx)
AN Nk*Qu & pi-1 -y
FRNLAT.LEL U s Y BN (B Sb T B 9 I IR 15 _ U =rN)U=AN )Qc +2:°Qr )
Q. 7o +Qe) 1= B- ot o s
Ao L1-ANXQ +aQs) ¢ = {=BNI1-gN ) - Ny - Qu-(Qe +02- Qp)
(0. +Q: +Qx) (Qu #+Q: +Qe ¥
BN -V Qu
_ p=AN-NeQs
B= (1(3?25‘:3:.5%) Q- +Q:+ Q)
g = S1-#D)Ny-Qu
(Qn+Qc +Qr)
§ - U=AD) (Q 4007 Qx)

(Qe +Qc +Qr)
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ki, Bgics & — 22NV L L LIGAR,

BEDOOMMRBH D, 2hicks A2/ —wid, B
# 1., CH, OH (mg,/£) = 087D0 (m§2L)DhiA
FAMTHIEL 155 o A Db SR A LY
o ICHECRIER SR S 2 B A, szl ba' e
LT o a3, 222 TLEELALILT 0
— ¢, ARSI D EKITE LY, REBHT, A
Tokic & ATBUEEB O RN E 4 &2 7 - THIEE D
EAWAFRC Ao 2 2 7 - wERALTHE
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ZABHCETHDe

(2) RULIRSHICHATREZRMT 3 &id, i
FHLTRTHY, KURTIE, —REEMLRSENE
U T Mo MHENHT & 5 FIUNEE R Lo iHEE
BT B 6, WHDOMEERICK 5%
HOBRERIAARESRTT L. LAL, AFikick
pEBiopkRy L 23, WEKEERPT U
HH D, WMEKLERP U2 EE, Bt o
BHMNTTLE Do ML EMEWMDIFIENE, TOM
Yedr S IV RO—RMISANE L B &, REIFL
ICHZDPTWLDTH B, BILILE~ OYILF
ML T 07 <, HRAIAMPT L EICRDS
Rolk$r Ld s L Lico, 2OBEMBRYLICHL
THROHENTH B N DL ILRENGHENE T
{ Bo —J7, WAUKE S 1clify, MALKINCIIS,
A Ffrleg s, LA s E LTHRIRR
P TH 212 S B E LA, LKl fErFE 18
TR ARRE LTPROWHICEET,, H<E
THHAARETTHEAL TED LD, XhoF
WD AT B o —MMIIKEIRETIENC LTI,
EYS RO L, ARSI LHTL TR 3,
®: 51 FLRENH

3 EENSEHESESIBEAOMILICETS

EEERRUBE

TEARIEE TIC, Fica YR 2 Y MITERE AFKO
e, Rifuiclld aliEe L TE . L,
K77 v HCEOTR, Hift, AR BEMMICEL
TELDTHDL. £ TAEER, L LOHERPA
Ha—HY A4 7 v TRIEMICEAS 8 A, Eok
3R 2 = BBbN AN E, HBKRICEDR
Flfce X, HEMSMELETABUTHT IV IO
WMALAHL o

3.1 ERRURESL®

MERIT, LI Lo kR ER R O & AT
FTADZH Y, 0°COERMSE TR . Hili, AH
OB R, WA TR DIEETREE TR 2L
2EZ 4, KnosbEsisc LRk o ATENE
535X 31U, CETOWHORME L —
12, B FREMMLTHET 5 » t OHZIGH L
foo X, BRI, HHE LT 22 v FINTiEA
fifick abm (1) ZRscHEL, cad (1, D
ZHRICOWVWT, 2T v=va v i sNEPpHa v}
- Uiifd, LEOLBABICDOTHB L. W,
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teBi G DN (Q = 2448L/day) TH D, Hik
WihuE, 047Q Tlidn L. ANERES L LS
DBRIGTELR, RIFE LA X FHRIC047Q & Lo
NS OREBRKEORIFT A G, WATRE, %
R AR & Lo Zikustk o kT — N & i
ST Lo X, BRIASENIIC & BRHLDIIES I~ 51
WDIT, TT =g ¥ i ) NEGHI 24NN
el EARIE S H A SN BN AT 720

WT 7 v+ DBMI, AHRO AT RN
BT, AT L7z AR, Y TP 0—
ARSI RS, zTOMRELKRETT L -3
YAV NE GHUITAS L, BHATOKITE 20
RS T 2400 LA o

ASEH IS B B R ST O T H i iR I
DQEHDBIE,

3.2 EEREELEE

- 3 — 1 ICHBREE L O MG & SRR
RUTco RUBRBMOMIEGTRIL, RMMNGEDS,
ZOVARHFRIS o 7o b DICIS - Fodd, RULHUET 55
DS 18 H SRT A7 ~ 9 NIl T o fed,
HRYUEHTORLIIINTH Y, ARREMED B 1IN
0, L Sh ot

BRERGRIC B DAAKE, —H ISR KT il
HNE Clodid 5 &, SRR A 7o i il e
ST Do COPIMIR, MIILTRDNER DR B
SAFTRIS - 1 T LMK A, B, AR A TEA ISR
P L b s, KEBRTHLD, AIFEG) SR
TRV E D4R EY Shite —JF, Rifk
ICIL TS, WAKTH DR AR R % 1 in
TOHIRIE 13 > T B0 KREREHTOTmEN RO
RN AR LS, pHo v bu— LIS bR
2, [=166x10°N/SS+g, =125x 10°N/”
$S.gTHY, pHa v bo—aLBiid, | =
343 X 10°N/88+g, I = 1.63 x 10°N/SS+g T
Hoteo CORPNS, BUMBENTONBFANE
12, #NEN (264, 213, 490, 262)XI10°N,/me &
Ty, BN D oRMLEEHET 5 &, Ak
WS, BUTE I E LA 2 AT ROBIN & 18 5 T
foo

AR E BZRKUAK~DESE, 27 L —
a ¥ # 7 7 HCORTLO LSS ARFEMAIC X D~
reDHBH—8 -1 ~—4Thb, -3 -1&-2i3
pHa v ba—LIEWEAT, M-3-3&—4i3pH
Ay ba—wLEBOTH S,

=3 —1&—3 CoHRMMKTDOMBE( 245

X—3 -1 AERICIT 3B DM HIRAT
Run 'rJ\Ign control pH control
Item I 1 | I

SRT  (day) 771{ 125 847| 888

4s (g/day)| 11.56] 13.60{ 1271 11.32

PH 20612 16| L 105 s

£ |mMLss  (me/e) | 1591| 1701| 1428| 1609

= [MLVSS (mg/e> | 1a0] 1522] 1350] 1304

g MLVSS o6) 893 895 875 866

SVI 233) 305| 531 190

% |BOD  (mg/ed| 718 733| 1160| 1150

¢ [cob  (mwe)| 356 s10] 562 562

Elk-n (mwo| o228 236 285 285

E NH{-N (mg/¢)| 14.18| 14.80| 15.84] 1584

T Gm) | 245 lesl, OB %

s (mg/e)| 215 234 88| o0

BOD Total 13.08] 16.46] 10.70| 17.78

5 | (mg/¢)| Soluble | 1.54 2.27| 165 238

g [cop | Tota 13.92] 17.50| 1067| 16.19

2 [ (mg/o)| solubte| 533] 652 606| 813

;é K- N [Total 953 12.20] 294 s5.64

(mg/2)| Soluble | 872 956 246] 4.20

NH7-N (mg/e)| 859 941 219 400

NO7 -N (mg/e)] o015 osi1| 132| 269

NOS-N (mg/e)| 1074 879 1603] 11.39

> BOD 0.1949(0.1639] 0.364| 0.307
&

g% coD 0.0938(0.0903)0.1649|0.1395
n

] P 0.0595) 0.0573)0.0942|0.0762

sop LT 779 754 907( 844

@ Soluble| 97.6] 97.0] e8s| o979

i Total 544 467| 793 683

§§ cop Soluble| 828 80.0| 881| 842

;‘5’ T—N Total 11.46|— 5.85] 258| 309

Soluble| 1508 338| 21.5] 359
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#K—3-2 WHEUALRKTF v b OMAMIBNIC
BIFBRLT U= g i 20 0kE

Analysis Inflow Qutflow Removal

item water water rate 09

pH 7.8 1.1 -

TS 620 464 25.2

STS 542 453 164

SS 78 11 859

alkarinity 150 50 66.7

BOD 153.5 12.8 9L7

BODatu - 6.6 -

NOD - 6.2 -

NO; =N 0.77 7.43 885

NO; -N 0.19 2.69 ( Nitrification

NH7 —N 15.32 1.32 rate

Org—N 8.02 5.09 36.5

T—-N 24.3 16.53 320

fflid 2 LT o1, T, TRANEDE
HA 1 BHOBRICHT 2iRE 2w, TOMR,

) AMEYSITEYRECEZ bR, ANE
L ZEML0 OO LA, BEEN X8 S
D S8 Hth & LTORHDI T HA &,

(2) AWML SZ %83, TTr—-va
RV IHABTYTAH 0B K0T, BREHLED)
i BEENHIC X D BLI SR L IBRE LTE
HhTL 3,

B %77 FOWTICLY, ANEHLETIcS

DBERFT LI, QEEROT EMBEL D,
—b.177/b@%ﬁ,ﬁmﬁﬂwﬂ1 BHEFFE L
Filidp &< B~ OUENY, AREDOMENIER
ELCH OO B iEMMS 2, Thid, WKL T
75 R, BMETAFRCH L D TH Y, MEFER
FH2OLOBEELNTLL-TL 5, #HELLL
MH TR, DOSHBRT L >TO7eis, 8L D
~NEBLEMEZTEELY, T, MAUKhOTE
MEERsE TP T MR LT - T,

m%“mm*#%k&m BE, EFHissAT

, BT SIC & QEM:BA%&%M%E Lz hid,
fﬁyrmmﬁmmumm,ﬁWLEMKmbkM%
DYHMARDHE, ch o, HERICEVTIZ,
b EM AN ES A, £IUCk AL, BE
ADEBEHRL, hhT)r, K77 v ORIk
p, ZORETPBLLSS, Ffiy — REH0TD
BREEEDBTETH 5,

@ STAEERES

4 WEBEFOFMHSBILBECHRIZTREICHT
BEARR

NAEIE DD &, G K3 b EEoBE
ZMEST 2 DI, Phosphate buffer ZHit5 did,
L OGE & SHA X IZULBRHERE LAENTSH Y, X,
Tris buffer i, FLMEHENZR Ui LOXINT E
o, MLHKERIC butfer ZH VB DIk, HED DT
L<ud, pHBMEMAMO . pH 2 ¥ Fa—rD
DEASTR SN, 22T, SENE, pHEIRSER
ZHey, pHT.5 ~80iC L, HERET 70

41 mEEME

I, WRHERIE N KO S W AREITRAE %
BIKT2~3Egki L, BENOME( 25w,3~
Smin ) &5 L L&,

TR AR ORI 5 pH fIREMER 0D/

1LorRyYv&—i, (NH,), SO, (ZERIE
5 50 (mg/ £ as NJ, BEAU2cifithiGle (BEML-
SS#IE s 2000 ~5000792 ), HEGBAEE

EWME(ER-4 - 1)) KKIEZEICHENL, E-nz
12 —EMOBER U, MAKIZ, 06h ~ 10hE &
KL, BibIAM HeCl, # 1 ~2754TFL, &
Laoret ( 2000r.pam, 3min ) Licif, EXB#EH
5 2BH VI ZITAR, 4 COERETRE L,

#£-4-1

Elemeni| Compound

HoBREOR RN

Atomic
weight

sr | SrCf. 87.62 [ 0, 107 10%10% 10% 107

Concentration (M)

Fe | FeCl. 107, 107,107 107

Ma Na;MoO, |95. 94asMd 0, 107, 107 10, 107, 10

55.847 | 0,

NazHPO. |56, 97376 | 0. 107, 102 10% 10% 20

P
Na;H:PQ,| as P [1d% 107 (pH=80)

SRR SR DIRIE 5 pHAIPEEBE RO DY
3L 422 )X~ (NH, ), SO, (UL 50
mg/ L as N ), #f LacifiitGie (B MLS S B
5 01 ~1.0mg7£), Na,MaO, ik (RERIE; 0,
10781075, 1074, 1073, 1072 (V) ) 2 2 h e aEl
BRI B X HITRML, KT LRN=-2T v
L, #7220, BR L, ZHRIBRORKR,
K%, BBHICAMHCL,1~2Hi4FL, 4°Cof
MBTRIEL 1. MEAHUkI3, 3~10 B3 &gk
L, Hbiciiz >,

S ik, BHEIEICHET B,



4.2 RBESR
421 ‘GRIRIEREER

WER 1) MSlkicHd B Sr¥t o

A, AUE CRERINIC R Y B RHEELE I ) &
KX URiEIYE ( Nitrite bacteria 1 M9 OR§{LE
) s 5 8r2t guEow
ko, s QLS L, | nMUERrS
HHUEY, 34mMT10%, 24 mMC 50 %o
AT ULfo R, Sr¥tidNitrite bacteria i€ LT
b, ImMEELSMEL, 100mMEMIZ, MEEM
et L, #1761 BT LT, UL, Bt
ki LT OREE, Rohisdh o,

To o
_____ O e e ——
2l (Activity of nitrification) g 0
L

1.0r0 Q O

(Nitrification rate)

/

Sr*4/Comrol X 107 Gmg=N/£-h-MPN)

)
o
A A A A
10 (Heterotrophie basteria) N
~a
[N o
01
ol p
= (Nitrate bucteria) &
e
= (o)
5 |
g 10 o )
2 (Nitrite bacteria) o\

L . . . .
0 10 Hind jad 10?2 107
Concentration of Sr*+ (M)

A, Wmumomm itkizxg
T35 Sretopw

B—-q-1
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THK=N(rry— L) oS, B - /o/
ELTRT-N (BB obirhd L, s t ° /f y=x
T ) EES N (eAlk ) DR & LT R % F o:o//g
Zbhba E sof . ;/<§°
oATk=714-a(K-N)-357-a(T-N)wm 3) ?;5 - /0/ 09
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MM L HBIEPRMTI Ltk o, MBHDIZELAINRCWEN, PRBREL OB R
Al AT R AR A, ML ESETHLDTH D,
AR, HKERIRBRIEE T v 227 2 b ) » €Y VI HAR I L URBERONBRRR
kil oko I8, 7Y =27 AL ) s UV ZEOWTRBERHOBRIT LA THEM LA,
HEBLUERSE
RFHIN , ND2 MAPm b IR 20 M BRI Vo REIRIY EBLIELNEY
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AMY y By 7T DRBIRY v — 72 FOKUER L LT 2000DFEH
1

CHELL MM PR FI M WHBE L, HRBEQHBRTT AW, KA E 757-&;71:?”:7?:7:17
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HERER
M, NAMS O kg, 3 0 0iikc, #HERERMA10C, #-3

e)
NA#357C, WohbBRUWKA, FRPIELTLoTWD. RBBEOIERE I N

B-31iRLA, BB MO MG, BECHIAT <, LEEARER S [ 2R [ a0 e
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(2 4 Melili, SY100%), NRWHMa el i<, SV 50 %lET VSs | 11000 | 1500
BOD 2200 | 570

Hofke HBROMWBIERVENMNRHFZIRET, MEHFHZWLEREADK coz 3220 zn
TO! 5700 30

BThoflHL bbb, WRGAMRK| 1100 [ €60
TKN 1322 | 866

B IK £ EIL B NH, 505 | 754
TP 345 | 613

pH 74 79

PHBEOCADOBRBEMB X BH EOIMEEMNR A RS TTHM Lo T
EMEREM , N b, BEM—OM#mEARL, pH 10 T3¢/6,11T36¢ 12 T3¢ KIETH ok,
Uy~ T ALOMRER-ACRLAHEHEAOMGR TS CHEERE WS, FEELNOCOD
PRWTHEMIZEMOMEMRAELR, BRELBCLIIEBYORER S W, ERETCRPBREL
Wiz, Megpli112ET10~11%-P /8 BBIEL. BEKS8 1%, NTR9IS%DOMkETSH
ofce MRFHMREL, ve—F25 ~CRPATETRY, 25 -7 -FCHBLA. 2ULESE
b, EBKOBRRATELAAD, #OSHEFE (GF/BY Lx. NBRMOX >k, £
BHOBHIEA2 ~3OHEEBLTLNTEAR, HSHEBRIGI/BCHFB L, v —F2 } OH
RRGEOHMERRIZLDHEBL, HESRFTAWE LBRORMNPHEEIZAD, £E L, Kty

f—d Cx—-72IOEHR GF/B g B msp
n PN M 3 B By WTL7.5¢ N & B & WTladx
3] B¢ A B [ D [ B¢ A B c D E
pH 7.3 8.8 9.6 10.2 109 123 7.8 9.1 9.6 101 108 111
Frh YR 2130 1,850 1,540 1560 1,560 1910 2320 20790 1900 L7710 1,580 (1,980
BOD 500 440 5980 520 470 510 300 390 360 460 530 510
con 238 248 260 296 265 315 188 180 191 178 146 126
TOC 570 570 710 970 830 SDO 480 630 640 870 610 590
SRR 780 760 690 720 730 680 530 410 406G 460 510 480
TKN 674 504 566 544 543 5§89 725 703 691 677 650 548
NH, -N 576 515 462 433 438 473 683 659 648 643 632 558
T-P 559 116 185.1 139 10.5 10.7 115 4.5 5 367 3.27 0.286 |0.283
Ca 98 62 32 3z 55 74 87 38 34 35 120 | 130
S¥ey pH 7.9 8.6 9.7 8.2 10.2 11.0 7.9 8.8 9.3 9.4 10.6 121
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FTHBERED
FUEZTAPIoECTICXBIERRE

TR s #—5 B7vE=7MRMEKRT )WL pH,T ’l‘olnl,l):i‘r‘;f(fy’i%)
5,
7y E B’ W M MW N ;s on o
T0(105) 11(113) 12(125) 10(103) 11(123) 12(130)
Zpapy [N EMT P T D T D T D T D T B
FrhYIE 654 592 432 318 424 358 760 743 210 205 684 6142
s ErIm S8 1000] — J1200[ — 540 — 54| — 3] — |5l —_
BOD 610 300 1750 330 940 710 380 310 1980 140 510 5090
[T con 132] so01| 443| 249] 4d42|-397| 1s82| ts2]| 122| 11s5| 1o4| 102
TOC L200 750|200 780/ 1,000 820 320 270 310 260 290 270
5 (2R To TKN 405] 320] 292| 189 219} 169| 256| 243| 439] 406| 293 297
NH,~N | 256| 225| 152| 118| 568| 648| 212] 211| 306| 306| 230] 230
Z2F Y2t T-P 237| 125| 283| 704] 209 | 121 236( 192|0408(0259| 01380118
Ca 48 31 110 62 220 140 35 35 190 (90 120 400
yrin Ll B 4i B pH 5.5 8.5 2.2 88| 111 10.5 3.8 8.9 10.0 9.9 123{ 123
pRtfing — 500 — 360 — 390 — 250 — 290 — 410

le L i
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RHDEDOAB L LTBOD 2 M2 L, RlpHIZH 020

HHERERATHCE B HEXRH L. ZOHBE, & 0
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C oo BEMBK (AR TH COD,,,, r=071, 52 WieH N3
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