21

2.2

(Stocker

Seager, 1976)

- 2506)

1 2530)



« ' tliuM.viiu*n

4 >
A « U101
2.2.1
L (Temperature)
(EPA, 1973)
( , 2528)
(2536) 20 - 35
(2532) 2529 - 2531

231 - 296, 21.7 - 315 255 - 305

2533, 2535 2536

30.1-31.1,26.3-31.5 ~ 29.5-31.9 (
, 2536)
236 - 21.6 26.04
( , 2532) 21.3 (
, 2530)
.. 2499 - 2534
25.4
28.8 ( ,
, 2536)
(2528)
70-79

21.3-25.9



2 (Conductivity)

0. - 50
/ (Todd, 1950) (2529)
150 - 300 /
5,000 /
(2529) (2529)
(2521)
3 (pH)
50 - 90 ( ,
2533) Warren (1971) -
6.5- 85 -
6.5 - 85
(
25%)
(2529), (2529),
(2526) (2524)
- 6.0

10 6.8



( 2507)

1 (Dissolved Oxygen)

5 3
( 25%9)

Holden (1970)

(2538)

(2534) 530 -
2533 52 55,4256 | (2539)
. 2538
63 |



2 (Cholice)

6 [/
( , 2525)
3. (phosphate)
'l ' eutrophication
(Hynes, 1971)
Fogg (1971)
Fair (1971)
0.01 - 0.05 /
0.6 / 9-10 /
0.03 /
4,

fogg (1971)



(2521)

(2524)  Feth (1966)
5
10-200 [ , 2539)
6.
( , 2539)
0-60 [ CaC03 ’
61-120 | CaCOj
121-180 [ CaC03
181 4 [ CaC03
(2525)
(2526)
100-500 /
2.2.3
L
Family Enterobacteria aerohic
facultative anaerobic
48 35 (APHA  1971)
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Escherichia
Enterobacter

Serratia, Citrobacter Klebsiella

E.coli

E.coli

Enterobacter aerogenes

4 (Mitchell, 1972)
(2541)
23
231
(2524)
: 003 oL |
05 |
0oL
(25%)
: 013
003 / 037 |
003 | 001 / 0L

0.06 / 0.02



1.58-4.34 /

80.98

0.08
0.03

/

0.11
0.00

0.04
0.01 /

0.11 /

(2525)
1.610

/

/

0.18
0.00

28.7-31.6
0.9-2.5

(2526)

0.04 /

0.09

/
/

(2528)

/

0.03

0.02

0.05

0.54

3.10

0.05

(2526)

.. 2521-2526

20.58-57.64

0.02
0.05

0.09 /

/

0.02

5-8-7.8

104- 104 MPN/100

/

0.01

0.02

(2528)
0.62

0.15

/

0.01
0.02

/

/

/
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(2530)

- 15 0.171,0.101,0.085, 0.086  0.065
/ ' 15 0.003, 0.002, 0.003,
0.003 0.024 / 1 5

0.023,0.041,0.046,0.086  0.024 /

(2531)
: 0.13 / 0.15 /
031 / 0.13 /
0.02 / 0.57 /
(2532)
0.38 / 5.9
/
0.28 / 0.09 / 3.80 /
(2534)
: 0.33 / 0.20
/ 0.50 / 021
/ 0.09 / 0.40 /
(2535)
: 1 5 0.172,
0.184, 0.169, 0228 0.235 / 1 5
0.003, 0.002, 0.003, 0.003 0,024 /
15 0.020, 0.009, 0007, 0.003 0020 /
7' (253%)

0.05 / 0.008 /
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0.12 / 1.58 /
0.50 / 272 /
(2536)
1 5 6.16, 3.88, 4.44, 627  33.38
/ 1 5 20.10, 25.66, 36.88,
3633 25.77 /
(2541)
4
014 - 027 /
033 - 0.49 /
0.04 - 0,39 /
0.15-0.67 /
0.03 - 0.63 / 239 -
2.90 / 0.06 -
0.18 / 0.94-4.07 /
(2541) B
2 2540 2541
303 - 30.7 2541
288 - 29.6
51-56  55-66 /
1,182 - 4,982 MPN/L00 1,100 - 24,080 MPN/100
10 /

45 /



232 '

2032

2.3

19

20
24
22
10

10
1

84
105
10
92
80
140
63
100
50
186

(2535)

14

.. 2520-

1210
1230
1110
1110
437
425
357
996
538
568
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Nitrogen Fixing Bacteria ~ Rhizobium, Azotobacter,
Clostridium,  Rhodosperillum,  Bacillus
Anaboema, Nostoc, Tolypothrix, Thrichodesmium, Oscillatoria, Lynghya
Rhodotorula, Pullularia

ammonofication

Pseudomonas

(autotrophic  nitrifying

bacteria) nitrification
nitrosomonas nitrobacter
Denitrification
(Denitrfying Bacteria) ~ Pseudomonas  Thiobacillus
1 2
2.4
4
1 (organic-nitrogen compounds)
2 (ammonia-nitrogen compounds)
3 (nitrite-nitrogen compounds)
(N02)
4, (nitrate-nitrogen compounds)

(N03)



ammonium

oS | Niy/NH

Chenical °o\%
Mznufscture 1),' %
(o) >

(FIXATION)

G\ D!
R ATMOZPHERIC P
WA iologles! NITR"
2]CoTETN NIRCGEN Reduction
CRGANIC

(DENITRI -
FICATION)

PROTEZN
ORG/N:IC

! (US.EPA., 1975)



2.5
L Eutrophication
2
3
methemoglobin
(methemogobinemia)

17

(Heterotrophic denitrification)

(blue babies)
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(St. Amant and McCarty, 1969; Anderson and lbrahim, 1978; Richard et
al., 1980; Bittton, 1994)

(amines)
(nitrosamines)
(gastric cancer)
(
, 2536;)
2.6
1

Achromobacter

( , 2534) Acinotobacter, Alcaligenes, Aerobacter, Bacillus, Chromobacterium,

Flavobacterium, Micrococcus, Proteus, Pseudomonas (US.EPA, 1975; Knowler, 1982)
Dinitrobacillus, Spirillum (Anderson and Ibrahim, 1978)

26.1 (Alexander, 1977)

1. Assimilation nitrate reduction
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(biosynthesis)

2. Dissimilation nitrate reduction (Denitrification)

aerobic
autotroph aerobic heterotroph microorganism
1 1 67-
n% ! (Casella and Payne, 1996)
NO03 (aq) - NO02(ag)---- no (g)---- Np - N2
Nitrate Nitrite Nitric oxide  Nitrous oxide
reductase reductase  reductase  reductase
2 (Bitton, 1994)
NO, N2, N2
13 N2

( - 2539)
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262 (

, 2536)
2
. Autotrophic denitrification
Autotrophic denitrification
Autotrophic  bacteria Thiobacillus
denitrificans obligate autotroph, motile, facultative anaerobe, gram-negative, non-

spore framing rod

C02 CaCo3
Heterotrophic denitrification

Autotrophic denitrification

1
1114
NO'3 1114 04
0699 2 05 2
0337<02  + 00842 CHOM A ()
0.0842 Hco; 1.228 Ht
0.0842 NHA+

(Driscoll, CT. Bisogni, J.J.,1978)
2. Heterotrophic denitrification

Heterotrophic denitrification
Heterotrophic bacteria Acromobacter,
Aerobacter, Alcaligenes, Bacillus, Micrococcus, Pseudomonas,



%l

Heterotrophic denitrification

NO'3+ 56 CHOH-——1 |\ N2+ 5/6 C02+ 7/6 HD + OH'

2.6.3 (
2530)

1. Substrate Nitrate Denitrification

CHON+I0NO; _ » SN2+ NH3+ 3HAD + 10HCO3

1 titnuwJHWIIfIU
WOHTLE 3

------ 9

0.833CH30H + N03 # 0.167H2C03—) 05N2+ 1.33HX + HCO3— (4)
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2. Endogenous Nitrate Denitrification

(5)
1
CHON+nNog - ) C02+ 2N2+NH3+4HC03 — (5)
Substrate Nitrate Denitrification
Endogenous
Nitrate Denitrification
2.7 NN

2538; Bitton, 1994)

2



(Soares, Belkin Abeliovich, 1988)
(Richard et al., 1980) (Dahab and Lee, 1968)
(US.EPA, 1975; Anderson and lorahim, 1978)

Christensen ~ Haremoes 1977

2.5
paracoccus denitrificans nutrient broth
minimal liquid
10
(Blaszczyk, 1993)
( , 2538)

(Nitrogen Oxide Reductase)
1982)

(US.EPA, 1975)

23

(USEPA, 1975)

static  culture

(Knowler,

active sludge

floe bioflim ' "t bulk Tiquid

(Bitton, 1994)
( , 2538)



8.0 6.0
(US.EPA, 1975)
11 (Knowler, 1982)

4.0
Paracoccus denitrificans 0
Pseudomonas denitrificans 0
Pseudomonas aeruginosa 0
Bacillus licheniformis 4

)
35-50
(Bitton, 1994)
McCarty, 1969)
20

(Anderson Ibrahim, 1978)

(Knowler, 1982)

(CaC03 36

24

1.0-75

Bacterial Denitrification (Alexander, 1977)

5.0 6.0 1.0 8.0

9.0

116
0
13
60

)

(St.Amznt

(mg gas evolved/hrfg cell nitrogen)
64 105 168 214
15 19 138 92
12 218 26 251
4 108 125 102

(510

(B )

5
20

60-65
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fomate dehydrogenase
nitrate reductase (Bitton, 1994)

2.8
0.05-0.07
0.02
‘ ( , 2539)
Enterobacteria
Assimilation
( )
(Zumft, 1997
Streptomyces  violaceoruber . Nitrospoeus
Nitric oxide (NO)  Nitrous oxide (N2) (Albercht et al.,
1997) Fusarium
(Shoun et al., 1992)
1 I

10-15

(Casella and Payne, 1996)
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29

12
(Rangnekar, 1988) 46 - 52 43 - 52
(soluble solid) 2 -6 ?
( , 2537) (Cellulose),
(Pentosans) (Lignin)
29.1
4 30
oc- cellulose
( , 2531) (
, 2536)
(Volokita et al., 1995 ; , 2540)

2.10 (Denitrifying Bacteria)
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cellulase P-polyglusidase p-glusidase
cellulosg ---------- ) long glucose------------ ) cellobiose--------- P-2 glucose
chains

. Assimilation nitrate reduction
(biosynthesis)

2. Dissimilation nitrate reduction

denitrifying bacteria denitrifying bacteria
INO3  -meeeeeeeerenneeeeee ) NO2 ) N2+ NO+ NX

denitrification denitrification
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5 CoHI06+ 24 KNO3 *30 C02+ 12 N2+ 24 KOH + 18 HXD
CHT2 +4 03 - ) C02+ NH3+2 N2+ 4 Hco;
211
(2535)

Thiobacillus denitrificans
25, 50 75 /
10 20 100

(2540)

| 5.5 96.5 %
10 /
93.6% 10 /
Boussaid, Martin Morvan (1988)

10-20 /

Nurizzo Mezzanatte (1992)
1 04 -
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15 | downflow 20

95

AbuGhararah ZH (199)

0.240 - 1.30

Natusck ~ Welander (1996)
activated sludge bacteria
crude
syrup, hydrolyzed starch

crude syrup hydrolyzed
starch

Volokita (1996)
100

Fuchs, Schatzmayr Braun (1997)
100 /
1230 - / /

Soares Abeliovich (1998)

0.053 1 [
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