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Treatment Test of Supernatant from Sewage Sludge by Irradiation of

High Energy Electron Beams under Supersaturaticn with Oxygen

%
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% % %
Toshioc SHIMOOKA , Ichiro YAMAMOTO , Ken SHIMIZU
%%
and Masashi SUGIYAMA

Department of Radiation Research for Enviromment and Resources
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Imstitute

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received January 6, 1993)

Supernatant comes from dewaterization of sewage sludge, and con-
tains biologically non-degradable organics. Therefore, it is hard to be
treated by conventional activated sludge method. The development of a
new technology is required to decrease the chemical oxygen demand (COD)
effectively below 30 mg/L. Irradiation'of high energy electron beams
can convert non-degradable organics in water into substances which are
biodegradable. However, sufficient dissolved oxygen in water is needed
to induce oxidatiom effectively. 1In the present study, the treatment of
supernatant was studied using an apparatus which can be irradiated by
high intensity electron beams in flow system under supersaturation with
oxygen by pressurization up to 3 atms. The dependence of oxygen concen-
tration on the reduction in absorbance at 230 nm of azo dye (Acid Red
265) aqueous solution was examined, and it was clarified that sufficient
oxXygen was supplied in the solution up to about 14 KkGy under 3 atms of
oxygen. Radiation treatment of supernatant which came from the leather
works was carried out using the above apparatus. However, as this super-

natant contained high concentration of nitrite, the nitrite was removed
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by limited aeration activated sludge method. By this pretreatment, CoD
was reduced from 200 mg/L to 53 mg/L. Then, the biodegradability of
supernatant irradiated under supersaturation with oxygen was examined.
The final COD of the supernatant was reduced below 30 mg/L by the

combined method of irradition of 7 kGy and biological treatment.
Keywords: Environmental Science, Radiolysis, Supernatant, Electron

Beams, Oxygen, Supersaturation, Azo Dye, Acid Red 265, COD,
BOD, Biodegradability
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EHEREILLDAADBRER L., COREELBRIROLILT 7. Wb, LLOEER
EMEKAEKEL, SWECNOBESH (FRI00 £) *ATIHIAFKENAFRBRE R
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L EAERL T L. BESEENECES, (~12kvOBBIKEIHLZTOCHERA » v RES
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ﬁﬁ%ﬁﬁﬁmtb,:hé@éﬂbt%ﬁ%&ﬁﬁ%%ﬁ&DH&&E%ﬁbﬁﬁot:&%
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Table 1 Water qualities of biologically-treated supernatant
pH 35 T-TOC D-TOC T-COD D-COD T-BOD  Chroma- Turbid-
tility ity
ng/ £ mg/f mg/ £ mg/ £ mg/ £ ng/ £  degree degree
7.7 8 44 38 163 160 8.5 53 g
B (78 (12.8)
K-N NH3-N NO2-N  NO3-N T-P T-Cr Cl° ¥-Alk
mng/ £ mg/ € mg/f mg/f ng/ £ mg/ £ ng/ £ mg/ £
24.1 - 72.2 11.6 4.3 0. 406 1128 78
T-: total

D-: values for the sample after filtered with 5A filter paper

Note 1: Biologically-treated sample water was used as seed for the BOD
measurement, and 0.5 mg/ £ of allyl thiourea was added to diluted
sanple water in the BOD bottle to avoid oxygen demand due to nitri-

The value in the parenthsis for the raw water

is the BOD value without allyl thiourea.

zation of ammonia.

Note 2:

the COD values due to nitrite.

The values in the parentheses for (0D indicate the ones excluding
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Table 2 Measurement methods of water qualities

iten Method

p H Test metheod of sewage 1984 - pldl
(glass electrode method)

TOC Test method of sewage 1984 - pldl
(combustion infrared method)

COD Test method of sewage 1984 - pl32
(acidic KMn0. method)

BOD Test method of sewage 1984 - pl25
(dilution method)

Turbidity JIS KOI01L - 1986 - 0.2
(light transmittance method)

Chromatility JIS KQ101 - 1986 - 10.1
(platinum cobalt method)

K-N Test method of sewage 1984 - pl55
(Kjeldahl method)

T-P Test methed of sewage 1984 - plB!

(molybdenum blue method)

Chloride ion

Test methed of sewage 1884 - pléd
(silver nitrate method)

COD bio-
degradability

Test method of sewage 1984 - p280
{moving flask method)
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Table 3 Changes of qualities of biologically treated supernatant

by electron beam irradiation under 3.0 atms of air

Dose (kGy)
0* 2 4 6 8 I 12

Beam curr. (mA) 0 1,43 2.93 4,32 5.82 7.21 8. 61 |
Flow rate (£ /min) 0 {. 95 1.0 1.0 1.0 1.0 1.0
Dissolved (mg/ £) - 15.9 17. 3 19. 4 17. 2 19.4 17.7
oxygen -15.7 -16.8 -16.4  -17.9 -17.1 -17.8
pH 7.7 7.8 7.9 7.7 7.7 1.7 7.7
58 (mg/ &) 8 8 8 7 8 B 6
T-TOC** (ng/ £ ) 44 42 42 41 42 42 4]
D-TOC***(mg/ £ ) 38 38 39 39 39 40 39

163 160 160 158 155 153 150
T-COD** (mg/ £ ) '

(31) (80D (827 {82) (80 (719 9

180 158 157 155 152 147 145
D-COD***{mg/ £ )

(78 18) {79 (79 (1 (73) (74>

9.5

T-BOD** (mg/ £ ) 8.4 7.9 9.4 9.4 10.0 9.8

(12. 8>
Turbidity 6 5 5 5 5 4 4

(degree)
Chromatility a3 97 95 96 96 95 84
(degree)

NOz-N (mg/ £) 72.2 70. 4 68. 8 66. 9 65. 6 64.6 62. 7
NO;-N (mg/ £) 11.6 6.2 22.4 28.9 18.4 22. 4 20. 9
COD biodegrada- 58 5. 8 5.1 7.0 6.5 7.5 8.8
bility (%
TOC biodegrada- 5.3 5.8 7.7 7.7 5.8 b. 3 7.7

bility (%)

*hiclogically treated raw water (supernatant)

**total value

***values for the sample after filtered with 5A filter paper

Note 1: The biologically-treated supernatant was used as seed for the BOD
measurement, and 0.5 mg/ £ of allyl thiourea was added to diluted

sample water in the BOD bottle to exclude oxygen demand due to

nitrification of ammonia. The value in the parenthsis for the raw
water is the BOD value without allyl thiourea.
Note 2: The values in the parentheses for COD indicate the ones excluding
the COD values due to nitrite.
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Table 4 Changes of qualities of biologically treated supernatant
by electron beam irradiation under 1.5 atm of oxygen

Dose (kGy)
0* 2 4 6 8 10 12
Beam curr. (mA) 0 1. 40 2.92 4, 33 5. 81 7.22 8. 61
Flow rate (£ /min) 0 1.0 1.0 0.91 0.91 0. 80 0.90
Dissolved (mg/ £ ) - 49. 4 48.2 51.3 51.8 51. 4 53.5
0xXvgen -49.1 -48.2 -50.8 -51.9 -51.2 -51.17
pHl 7.7 7.6 1.2 7.5 7.5 7.6 7.6
S8 (mg/ £) 8 7 8 b 8 8 7
- T-TOC™*(mg/ £) 44 42 44 42 42 43 43
D-TOC***(mg/ £) 38 41 40 39 39 4{ 42
| 163 160 158 155 152 149 145
COT-COD** (mg/ &)
¢)D) (79 792 n (76> {75) (76D
160) 153 152 150 148 146 140
D-COD**"(mg/ £ )
(78) (72) (73> {72) (2 72 (71>
9.5
T-BOD*™ (mg/ £) 7.4 7.4 8.7 8.4 9.7 10.9
. (12. &
' Turbidity 6 5 4 4 4 4 4
’ {degree)
Chromatility 83 93 92 90 88 87 86
(degree)
NO2-N (mg/ £) 72.2 70.8 69.5 68. 4 66. 3 64. 9 60.6
NOs-N (mg/ £ 11.6 9.8 13.0 19.1 22.4 26. 0 3.0 -
COD biodegrada- 5.8 6.3 5.5 4.2 4,2 6.3 13. 4
hility (%)
TOC biodegrada- 5.3 8.5 6.3 .17 7.7 6. 3 10.7

bility (%)

*hiologically
**total value

***ualues for the sample after filtered with 5A filter paper

treated raw water (supernatant)

Note 1: The biologically-treated supernatant was used as seed for the BOD
neasurement, and 0.5 mg/ £ of allyl thiourea was added to diluted

sample water in the BOD bottle to exclude oxygen demand due to

nitrification of ammonia. The value in the parenthsis for the raw

water is the BOD value without allyl thiourea.

Note 2:

the COD values due to nitrite.

The values in the parentheses for COD indicate the ones excluding
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Table 5> Changes of qualities

of biologically treated supernatant

by electron beam irradiation under 3.0 atms of oxygen

Dose (kGy)
0* 2 4 6 8 10 12

Bean curr. (mA) 0 144 2,92 431 5.8 7.22  B.62
Flow rate (£ /nin) 0 0. 99 0. 99 0. 91 0.95 g.95 0. 097
Dissolved (mg/ £ ) 100.2  103. ¢ 105.5  108.7 108.6 110.1
oxygen -99.4  -100.3 -104.5 -106.2 -107.3 -109.2
pH 7.7 8.0 8.1 7.5 7.8 7.8 7.9
S8 (mg/ £ 3 8 8 6 5 6 ] 5
T-TOC* " {mg/ £ ) 44 43 46 45 41 4] 41
D-TOC***(mg/ £ ) 38 40 41 40 39 39 39

163 157 157 154 148 143 143
T-COD** (mg/ £ )

(81) (78) (am (78> (743 ) (72)

160 160 155 152 145 142 142
D-COD***(mg/ £ )

(18 (76) 1 (76) rh (7 an

a.5 ¢ .

T-BOD** (mg/ £ ) 5.4 8.3 - 8.4 9.3 9.3 10. 2

(12.8)
Turbidity 6 4 4 4 3 3 4

(degree)
Chromatility 93 95 94 91 90 88 86
{degree)

NO2-N (ng/€) | 72.2 69.5  68.6 66. 6 65.0  62.0 62.2
NO;-N (mg/ £) 11.6 13.7 16. 6 18. 8 24,2 27.1 33.9
COD biodegrada- 5.8 7.2 8.4 111 I1. 3 11. 3 13. 4
bility (%)
TOC biodegrada- 5.3 10.0 12,2 10.0 11.5 11.5 15. 3
bility (%) | |

*hiologically treated raw water (supernatant)

**total value

***values for the sample after fil

Note 1:
measurement, and 0.5 mg/ £
sample water in the BOD bo
nitrification of ammonia.
water is the BOD value wit

Note 2: The values in the parenthe

tered with 5A filter paper

The bhiologically-treated supernatant was used as seed for the BOD

of allyl thiourea was added to diluted

ttle to exclude oxygen demand due to

The value in the parenthsis for the raw
hout allyl thiourea.

ses for COD indicate the ones excluding

the COD values due to nitrite.
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Table 6 Water qualities of biologically-treated supernatant and
denitrificated supernatant

pH 55 T-T0C D-TOC T-COD D-COD T-BOD  Chroma- Turbid-
' tility ity
g/ £ mg/’ ng/ £ mg/ £ mg/ £ mg/ £  degree degree
Biologically- 6 2 24 - 43 200 - 25. 2 96 -
treated
supernatant
Denitrificated 8.5 11 40 35 53 5l 2.004. 1) 41 6
supernatant
K-N NH3-N NG2-N NOI-N T-P T-Cr Ct- H-Alk PO4-P
ng/f wg/ ¢ ng/f  mg/d mg/ £ ng/f ng/ ¢ mg/ £ mg/#
Biologically- - 4.5 98.0 5.6 2.6 - 1568 24 1.7
treated
supernatant
Denirtificated 126 6.7 0.2 126 L6 .06 1588 308 1.9
supernatant
Note : Biologically-treated sample water was used as seed for the BGD

neasurement, and 0.5 mg/ ¢ of allyl thiourea was added tc diluted
sample water in the BOD bottle to avoid oxygen demand due to nitri-

zation of ammonia.

is the BOD value without allyl thiourea.

The value in the parenthsis for the raw water
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Table 7 Changes of qualities of dinitrificated supernatant by
electron beam irradiation under 3.0 atms of air

Pose (kGy)
0* 3.0 5. 8 9.0 12. 0 14.0 20.0 24.0
| Beam curr. (mA) - - 4.0 6.4 8.6 10.0 14. 3 7.1
Flow rate (£ /min) | - - 1. 02 1. 05 1.02 1. 05 1.05 1.05
Dissolved - - - - - - - -
oxygen (mg/ £)
pH 8.5 - 8.2 8.1 8.0 7.9 7.8 7.8
5 (mg/ £ ) 11 - 10 10 11 9 12 i
T-TOC**(mg/ £ ) 40 - 37 36 35 35 33 33
D-TOC***(mg/ £ ) 35 - 32 31 31 31 31 27
42 40 39 37 34 33
T-COD** (mg/ £) 53 - .
: (41) (39) 37 (35) (32) 30
42 49 39 36 33 33
D-COD™ **(mg/ £ ) 51 -
(41) (39 (37 (35 (320 3D
2.0
T-BOD*™* (mg/ £ - 10. 3 1.0 11.0 it 4 11.1 10. 0
4. 1
Turbidity 6 - B 6 B 8 6 g
(degree)
Chromatility 4] - 27 25 21 19 16 15
(degree)
NO2-N (mg/ £ ) 0.2 - 0.9 1.3 1.4 1.8 2.1 2.1
NO;-N (ng/ £) 12.6 - S 4.3 10. 4 15.6 12.6 12.3 11. 1
0D biodegrada- 16. 7 - 18. 6 27.1 23. 4 27.1 20. 1 24.0
bility (%)
TOC biodegrada- 14. 6 - 30.6 35.7 32.3 35. 4 40. 8 31.86
bility (%)

*hiologically treated raw water (supernatant)
“**total value
***yalues for the sample after filtered with 5A filter paper
Note 1: The biologicallv-treated supernatant was used as seed for the BOD
' measurenent, and 0.5 mg/ ¢ of allyl thiourea was added to diluted
sample water in the BOD bottle to exclude oxygen demand due to
nitrification of ammonia. The value in the parenthsis for the raw
water is the BOD value without allyl thiourea.
Note 2: The values in the parentheses for COD indicate the ones excluding
the COD values due to nitrite.
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electron beam irradiation under 1.5 atm of oxygen

Dose (kGy)
0" 3.0 5.8 9.0 12.0 14.0 20. 0 24.0)

Beam curr. (mA) - 2.1 4.0 6. 4 8.6 10. 9 14.3 17. 1
Flow rate ( £ /min) - 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Dissolved - 48.5 48.6 48. 2 57.0 57. 9 57.5 58.0
oxygen (mg/ £} -49.1  -48.5 -48.6  -5b. -57.3 -57. 6 -57.19
pH 8.5 8.2 8.0 2.0 7.8 7.8 7.7 7.7
SS (mg/ £) 11 10 10 9 g 9 9 12
T-TOC**(mg/ £ ) 40 37 36 35 33 33 31 30
D-TOC***(mg/ £ ) 35 34 33 31 30 30 27 25

45 42 40 37 35 52 30
T-COD** (mg/ £ ) 53

(45) 4D 39 (35) (33) (300 (28)

—

13 41 39 35 33 31 29
D-COD***(mg/ £ ) 51

(43> 40 (38 (33 (31 (28) (27)

2.0
T-BOD** (mg/ £ ) 1.2 8.8 9.1 9.6 8.7 7.4 7.3
4. 1)
Turbidity 6 6 5 5 3 5 5 5
(degree)
Chromatility 41 29 25 20 16 14 12 12
{degree)

NO2-N (mg/ £) 0.2 0.4 0.7 1.1 1.4 1.7 1.9 2.0
NOs-N (mg/ £) 12.6 4.2 4.7 4.9 7.5 1.1 9.8 7.1
COD biodegrada- 16. 7 10.0 18.6 30.7 28.0 27.0 25. 0 26. 8
bility %
TOC biodegrada- 14. 6 19.2 20. 4 29.5 32.4 35.6 32. 4 35. 2

bility (%)

*yiclogically treated raw water (supernatant)

**total value

***values for the sample after filtered with 5A filter paper
The bhiclogically-treated supernatant was used as seed for the BOD

Note 1:

neasurement, and 0.5 rwg/ £ of allyl thiourea was added to diluted

sample water in the BOD bottle to exclude-oxygen demand due to

nitrification of ammonia.
water is the BOD value without allyl thiourea.

Note 2:

The value in the parenthsis for the raw

the COD values due to nitrite.

The values in the parentheses for COD indicate the omes excluding




Table 9 Changes of qualities of dinitrificated supernatant by

JAERI-M 93007

electron beam irradiation under 3.0 atms of oxygen

Dose (kGy)
0* 3.0 5.6 6.0 12.0 14. 0 20. 0 24. 0
| Beam curr. (mA) - 2.1 4.0 6.4 86 1.0 143 171
Flow rate (£ /min} - 0. 95 0. 96 0. 95 0. 54 0. 95 0. 95 0. 96 |
Dissolved - 90. 4 90.1 94.3  100.0 105. 2 105. 0 106. 7
oxygen (mg/ £) -92.7 -88.9 -91.9 -97.8 -104.8 -104.8 -106.0
pH 8.5 8.0 8.1 8.0 1.8 T.7 7 7.5
S8 {mg/ £) il 9 4 8 8 8 8 9
T-TOC* *(mg/ £ ) 4{) 38 35 35 32 32 31 30
D-TOC***{mg/ £ ) 35 33 32 31 29 28 27 27
40 44 40 39 36 36 35
T-COD** (mg/ £ ) 53
€40) {44) 40 (38 (35) (35 33
‘ 38 43 38 37 35 32 32
D-COD***(mg/ £) 51 '
(38) (43D 4 (38 (34) 3D 3o |
2.0
T-BOD** (mg/ £) 10.9 8.1 7.2 5.6 6.6 B. 3 4.1
4.1 :
Terbidity 6 5 5 6 5 6 4 5
(degree) §
Chromatility 41 26 21 16 12 12 11 14
(degree)
NO:-N (mg/ £) 0.2 0.3 0.3 0.4 0.8 0.9 1.2 1. 4
NOs-N (mg/ £) 12.6 6.8 6.0 5.3 7.4 4.7 - 8.9 5 8
COD biodegrada- 16. 7 14.5 28.5 33.4 32.6 31.0 37.0 36,0
bility (%) ' :
TOC biodegrada- 14.6 20.0 25. 4 33.8 27. 2 31.9 35.6 35. 1
hility %)

*biologically treated raw water (supernatant)
**total value
***values for the sample after filtered with 5A filter paper

Note 1:

Note 2:

The biologically-treated supernatant was used as seed for the BOD
measurement, and 0.5 mg/ £ of allyl thiourea was added to diluted
sample water in the BOD bottle to exclude oxygen demand due to
nitrification of ammonia. The value in the parenthsis for the raw
water is the BOD value without allyl thiourea.

The values in the parentheses for COD indicate the ones excluding
the COD values due to nitrite.
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v No 1.5 atm ®
O Air 1.5 atm
. A Oy 1.5atm
O 02 3.0 atm
e 7 -rays

(O, bubbling)
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|

N
-

Decrease in absorbance at 230 nm (%)

Dose (kGy)

Fig. 2 Decrease in absorbance at 230 nm of Acid Red 265 aqueous
solution supersaturated with oxygen by electron beam
irradiation
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Fig. 3 TOC changes of biologically treated supernatant supersaturated

with oxygen by electron beam irradiation (T-: total)
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Fig. 4 Changes of biochemical oxygen demand (BOD) of biologically
treated supernatant supersaturated with oxygen by electron
beam irradiation '
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Fig. 5 Changes of TOC biodegradability of biologically treated
supernatant supersaturated with oxygen by electron beam

irradiation

Dose (kGy)

!
10



COD degradability (%)

JAERI—M 93007

15— 77777711

—
(-

CLIPN

_ o AIir3.0 atm
- A Oy, 1.5 atm
B O 02 3]0 atm

H | I ]

0 5 10
Dose (kGy)

Fig. 6 Changes of chemical oxygen demand (COD) of biologically
treated supernatant supersaturated with oxygen by electron
beam irradiation
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Fig. 7 COD changes of biologically treated supernatant supersaturated
with oxygen by electron beam irradiation (T-: total)
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Fig. 8 Changes of chromatility of biologically treated supernatant
supersaturated with oxygen by electron beam irradiation
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Fig. 9 TOC changes of dinitrificated supernatant supersaturated
with oxygen by electron beam irradiation {(T-: total)
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Fig. 10 BOD changes of dinitrificated supernatant supersaturated
with oxygen by electron beam irradiation
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Fig. 11 Changes of TOC biodegradability of dinitrificated supernatant

supersaturated with oxygen by electron beam irradiation
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Changes of COD biodegradability of dinitrificated supernatant
supersaturated with oxygen by electron beam irradiation
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C0D changes of dinitrificated supernatant supersaturated
with oxygen by electron beam irradiation
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Fig. 14 Changes of chromatility of dinitrificated supernatant
supersaturated with oxygen by electron beam irradiation
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Photo. 1 Photograph of the solution tank for dissolution
of oxygen under pressurized oxygen {see Fig. 1)

Photo. 2 Photograph of the irradiation part {See Fig. L
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Photo. 3 Photograph of the sampling part (See Fig. 1)




