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SUMMARY

l. Title

Development of a technique for environmental treatment by radiation
Il . Objective and Importance

® Objective

The objective of this study is to produce industrial water with the
secondary effluent from a sewage treatment plant. For this purpose, we
intend to investigate a basic technology on radiation treatment then to

develop a pilot plant.
® Importance

Korea is suffered from shortages of irrigation, industrial and surface
water during the dry season. Futhermore, severe water shortages
expected from 2003 will aggravate this problem. Thus, wastewater
reclamation and reuse has been proposed to solve the problem. For this
purpose, a technique that can produce large amounts of quality water
needs to be developed. Existing techniques used in water and wastewater
treatments can produce high quality water, however, the application of
these techniques to large-scale reclamation is limited. To the contrary,
radiation treatment is a simple and efficient technique that can remove all
kinds of contaminants and disinfect as well in a large scale. Thus, this
technique can be best applied to produce industrial water with the

secondary effluent from a sewage treatment plant.
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l1l. Contents

This study consists of a basic technology investigation and a "pilot
plant development. For the basic technology, the characteristics of
radiation treatment of secondary effluent and radiation disinfection of
microorganisms were identified, and a ceramic-supported TiO: additive
was developed to enhance radiation decomposition of organic
contaminants. On the basis of these basic technology, a pilot plant that
consists of sand filtration, irradiation and ion-exchange was developed,

and operation parameters of the pilot plant were optimized.

IV. Results

® Characteristics of radiation treatment of secondary effluent

For the preliminary study on radiation treatment of secondary effluent,
the radiation decomposition of .a representative organic contaminant
24-DCP was investigated. 100, 50 and 10 ppm 2,4-DCP were completely
removed at irradiation doses of 10, 5 and 3 kGy, respectively. However,
TOC (Total Organic Carbon) reduction was not significant after
irradiation. This indicates that 2,4-DCP was not converted to COz and

H>O but to other organic products.

Before radiation treatment, secondary effluent was filtrated through a
sand column. The sand filtration reduced SS (Suspended Solids) more

than 84 %.
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As a result of radiation treatment of secondary effluent, 77 % of color
was removed at radiation dose of 5 kGy, but, the color removal was not
increased above 5 kGy. From the comparison of absorption spectra, the
major component of the secondary effluent that causes color was
identified as humic acids. 80 % of 0.1 g/L humic acids was removed at

radiation dose of 5 kGy.

BOD (Biochemical Oxygen Demand) reduction of 95 % was achieved
with irradiation at a dose of 1.0 kGy, and the value of the BOD was not
changed above 1.0 KkGy. Biologically treated sewage contains large
amounts of phytic acid that increases BOD. Irradiation converted the
phytic acid to low fnolecular weight organic acids, such as citric acid,

malic acid and oxalic acid, that did not increase BOD.

COD (Chemical Oxygen Demand) was steadily decreased as irradiation
dose was increased, and finally 61 % of COD was removed at irradiation
dose of 15 kGy. The reason why the BOD reduction was much more
significant than the COD reduction is as follows. Chlorine is produced
during irradiation, and microorganisms that are used for BOD
determination are killed by the chlorine. Also, most residual organic
compounds after irradiation are non-biodegradable materials. Both

phenomena cause low BOD value.

Similar to COD, TOC (Total Organic Carbon) was steadily decreased
as irradiation dose was increased, but, only 31 % of TOC was removed
at irradiation dose of 15 kGy. Because organic contaminants was not
converted to CO: and H:0, but to other organic products, the TOC

reduction was insignificarnt.
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® Characteristics of radiation disinfection and regrowth inhibition

The dominant microorganism existed in secondary effluent was
identified as Pseudomonas spp.. Almost all _microorganisms were removed
at irradiation dose of 0.3 kGy, but the population of microorganisms was
ten times increased after 48 hour regrowth test. The result indicates that
microorganisms were not disinfected but stopped to grow under relatively
low irradiation environment. However, 100 % of disinfection and regrowth
inhibition was achieved by 1 kGy irradiation or by 0.3 kGy irradiation in

the presence of ozone.
® Development of a ceramic-supported TiO: additive

A ceramic-supported TiO: additive was synthesized by coating powder
TiO; on a honeycomb-shaped ceramic material using a sol-gel process.
The depth of the TiO: thin film on ceramic support is 1 pm. The color,
specific gravity and volume of the TiO: additive were ivory, 1.85 and 50
cm3/ea, respectively. Compared with irradiation alone, 18 9% of color
removal, 41.3 % of COD reduction and 88 % of TOC reduction were

obtained by irradiation in the presence of the TiO: additive.

® Development of a pilot plant

Based on the results of the basic investigation, a treatment system
containing sand filtration, irradiation, TiO. additive catalysis and ozonation
was selected to reclaim secondary effluent for the purpose of industrial
water production. A pilot plant that consists of raw water storage tank, a
sand filter, irradiation facilities, cation- and anion-exchange columns and
reclaimed water storage tank was constructed. The ion-exchange columns

were adopted for the removal of inorganic materials that are hardly
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removed by irradiation.

After optimization of operation parameters of the pilot plant, the
radiation treatment system reduced color from 18-24 to 3-4 ADMI, BOD
from 16-20 to less than 1.5 mg/l, TOC from 8-16 to 0.5-4 mg/l and COD
from 17-28 to 4-8 mg/l. Also, the treatment system reduced TN (Total
Nirogen) from 18~23 to 8~12 mg/l and TP (Total Phosporous) from 4~
13 to 2~4 mg/l. Furthermore, 100 % of disinfection and regrowth

inhibition was accomplished.

V. Applications

® The radiation treatment system developed in this work is directly

applied to the production of industrial water with secondary effluent.

® The radiation treatment system, when ion-exchange unit process 1S

removed, is used to produce source water for irrigation.

® A local government intends to reclaim and reuse secondary effluent for

surface water replenishment, and the radiation treatment system is used

for this purpose.
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Table 1-1. Status of sewage treatment facilities

T ' 1976 1981 1986 1991 1995
2 = A (7H) 1 3 10 18 63
A% OF) 1 3 10 22 71
Ay E (%) 4 8 18 35 45
A& (HE/Y) 250 822 973 5,258 9,653.4

¥ 1-1 o Jebd uig} Zol, s e 199590 TR F43] T
stk AlAdel BFo2 637 ZAA BAEFFe 45%E A HAA
o =ABAE AsHor o4zsol st oo, FARE & 19965 E 2005
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Table 1-2. A long-term water demand and supply

(unit : billion m°)

T 2 1994 2001 2006 2011 2021
T &TrTeY 29,901 33,640, 34,991 36,652 37,441
- g 6,209 7,435 8,073 8,706 9,516
T4 E&F 2,582 3,873 4,071 4,545 4,692
-9 &F 14877 15027, 15226 15,150 14,982
A& 6,233 7,305 7,619 8,251 8,251
T &T3E % 19,125 19,191 19,079 19,032 18,916
IR 16,881 16,657 16,464 16,335 16,055
-A &t 2,244 2,534 2,615 2,697 2,861
T A -10,776) -14,449] -15912| -17,620] -18525
T E3FF 12,376 14,267] 14,511 14,511 14,511
-71&E4d 12,376 12,376 12,376 12,376 12,376
-A4F E=e 7|48 - 1,891 2,135 2,135 2,135
2t A +1,600 -182 -1,401] -3,109] -4,014
At FAANE TFF - 702 3,365 5271 5,271
z A +1,600 +520; +1,964| +2,162|  +1,257

d7, G5, 24, A - AR AFEY AEEF T2 1993d
ol Z+zb 32.77%w, 17549 w, 5789w 2 383 molE=dl, 2021dedl &
z}z} 48009 m', 27.22%m', 11.819m 2 812¢dmez F7E Aotk (&
1-3). AggF F FoFL2 20019 = 74359 m, 2011dd= 874m H

20213 = 95159 e F71g Aot
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¥ 1-3. Prospect of water demand at water resources regions

(unit : million m'/year)

gl o 1993 2001 2011 2021

Cis 3,277 4,115 4,540 4,800

i 2 1,754 2,104 2,459 2,122

= s 578 721 1,005 1,181
iRl S g R Ry 383 495 702 812

A = 5,992 7,435 8,706 9,515

Table 1-4. Prospect of industrial water demand

at water resources regions

(unit : million m'/year)

A e 1993 2001 2011 2021
s 7 830 1,070 1,308 1,308
& 2 603 1,177 1,277 1,277
=1 s 206 641 892 924
5 R A S B B 188 533 616 731
%l = 1,827 3,421 4,093 4,240
4. 3485
190348 71202, BUES £a%e %, 453, FF L A% - A

A7 BASAA 4zt 8302w, 6034m, 206%m P 1889molEH),
2021doll = 1308w, 12779 m, 9249 m 2 7319dmez 2718 ot
(E 1-4). A2Ho2 2 o IJEF $2FL 1993d0lE 18279 molUE
B, 2001, 2011 2 2021dol: 77 34219, 40939 m 2 42409mo®
Z718 Aoz APAh



Table 1-5. Status of water supply to industrial complexes

T 2 A I7hEd A T EA
THEATF UhL) 350 29 82 239
AW A (Nkm') 388 231 122 35
dFd A (0 14,559 3,986 7,931 2,642

TAHEF (Hm/Y) 2,986 1,742 1,105 139
FAL AT ST |
AL (m/D) 1,796 1,637 159 0.3

A8 ABES B4 £508HF ZAREY (FFTFALFA, 199412)

Table 1-6. Status of water consumption at industrial complexes

T+ B A Z7bEd | AETE | FEEA | AFUA
ol & FH(Hm/Y)| 5,061 1,742 1,105 139 2,075
T A 9 (%) 100 344 21.8 2.8 41.0

A8 AFEF FAH £70183F 2AARF (AU T4} 1994.12)

1994 @ol]l AR FPESF TFIF BaAMd s (F 1-5), AA
3507042 FdeA o &F 2986Hm e FHEFIE TFHE A2 UEK
o THEAE LT ol £dF S BW (X 1-6), AFUA TFol 41%E
Uelgton], 73 dol AA 344%, A LE G0l

y

®

rlo

97, G5 BA D GA% - A% A9Ed BUes £
o]

', 44799 ', 38569 m R 37.12%9m
2.

m
olgleod, 2021 del = 2594w, 45.059 m, 42039 m % 36809me = AW

g} Azzoz HE FHLF FLFLE 19934 = 149.09%9 m' o] AL 2001,



2011 % 2021d¢dle 242 150279, 151509 m 2 149829 mez F7i€

Table 1-7. Prospect of irrigation water demand

at water resources regions

(unit : million m°)

d = 1993 2001 2011 2021 (A A71(2011)
s % 2,862 2,798 2,698 2,594 | 4,047
o A 4,479 4,493 4,505 4,505 5,552
= 2 3,856 3,928 4,203 4,203 3,542
AL - AR 3,712 3,308 3,744 3,680 4,615
il = 14909] 15,027, 15150 14,982 17,756

Table 1-8. Prospect of water demand for surface water replenishment

at water

resources regions

(unit : million m®)

4 9 1993 2001 2011 2021 |

EL A 3,084 4,589 3,936 3,936

3 5 %3 1,533 1,722 2,321 2,321
G 1,104 1,482 1,482 1,482

SRl S 512 512 512 512

| 40 6,233 7,305 8,251 8,251




A &F

19938 & 7|E2o2 &7, 4574, 54 2 AR - AHAIZ d9EY s
ATA &

5129 melA 1 369 m, 23219 m, 14829 m' ¥ 5129 w2
ol vk =&, AFHo2 JHFAET T2E 19930 62.33%m ol
A 2001, 2011 ¥ 20213l= Z+Z 73.0599m, 82519 m ¥ 8251¥9meE F
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Table 1-9. A long-term water demand at water resources regions

(unit : million m°)
+ 2 | 1993 | 2001| 2011 2021 e | FAER7)

(%) (2011)
g a2 10,053] 11,572 12,482] 12,638 25.7 13,907
B 3277, 4,115 4540, 4,800 46.5 4,879
& 4| FLdEF 830 1,070 1,308/ 1,308 576 1,487
o 2862| 2,798 2,698 2,594 -94 4,047
R &4 3,084/ 3589 3,936 3936 27.6 3,494
84493 8369 9496 10,562 10,825 29.3 10,980
BEg 1,754 2,104| 2459 2,722 55.2 2,053
3572 THEF 603 1,177\ 1.277| 1,277 1118 1,094
FAEF 4476] 4,493 4505 4,505 06 5,552
SR &5 1533 1,722] 2,321] 2,321 51.4 2,281
zgasger| 5744 6772] 7582 7,790 356 5,867
BLEs 578 721 1,005 1,181 104.3 635
3| 3985 206| 641 892| 924 3485 536
LS 3856 3,928 4,203| 4,203 9.2 3,542
FA &5 1,104| 1,482 1,482 1,482 34.2 1,104
Foss98| 4795 5348 5574] 5735 196 6,160
I yEEs 383) 495 702| 812 112.0 510
TAEF 188 533 616 731 283.8 531
AR sdEF 3712| 3,808 3,744/ 3,680 -0.9 4,615
2 &5 512| 512 512 512 - 504
F8449%| 28961 33,188 36,200/ 36,988 57.7 36,914
AEeF 5992| 7,435 8706/ 9,515 58.8 8,127
A= FHEF 1,827| 3421] 4,093 4,240 132.1 3,648
= &4 | 14,909 15027 15,150, 14,982 05 17,756
SR &5 6,233 7,305 8251| 8251 324 7,383
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r A45Ed g8 FFED Y B $FFAA H=4 £8
g Tpe gxe] 34E ez sx 2k 450 Age £3e
Fahe otk mebd, F4EE AHZel BAAY A YA dE 2L
FFGE A4 $A%T 39T A A2 oY FEe B £
A AL Bole] TEEL Ay £AA9Y 29e WA Az F
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i

$2 detdM S5 sde] #48 AL A2 dojnh. TrE o
AL 19918 FEHY AR G dEAAn =9 #dd HE
€ d9Ed oy 2o
(1) ¥& A 42295(1991.12.14)2 F=9 HF

- F7E A(FEY A3z 143)

- FFE AR (EY ALR)

2) T2 AA qdd ALE

- WEHEA A 137715(191.12.9)F =Y A H 3

- AR Al 5195(1992.12.15) F=H Al WA
Q) TF= 24 =Y Az

Z7h B AMAANDAE dEFF] Hste Hol wet & HFLE
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4) 25 NA7IE (FEY A8 A2x)
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(ch Zas %o 2L W4T & e Wry 59 wFAA
Z2rEAME 94 2 ol Wad My sejof stn FHEH A
st WBe ASE, G55 D Jt2FF 5 B FRE S AR
& &dtojof ot
(5) 2459 +R7NE(GEE NPT A3D)
F4EE A4 BYste A: FFE £4¢ E 1-109 71Fo AF
FEE g8 stofor I
(7}) Bde52 2E F5 st AHEEH W} ¥ES] £38
g2 4gsd fAng &+ Uk
(W) Aule 715e BES] g5k Fo), 2AY, g8 2 HPSol
WS FEZ sorgt
Table 1-10. Water quality criteria of reclaimed water
pa =44 HPAss | AFER e R
o} =2 )
qaes | LTINS s gxeuen | aegaca e
ERIRARE- 2!
BEILEY | HEIA 0.2 meg/1o1 42 A :
o ol Gxp7t BATE o] &AL EHTE |l GRIt EAHLE
N 7R ofUBA | =7H ohdBA | =7 B
A= S E =g
gx g _ - _
43 obdgA | @A IR | dA oy a3
B0 10 mg/1& ¥ A 10 mg/1& | A 10 mg/1& dA
b oh B A b YA oh 8
; 2ag QA7 | B QAL | EAE WA
H Gx) ek e UA kg x e
pH 58 - 85 58 - 85 58 - 85 B




2. 7k &

EAA B9 &EE AEET, 9F
F), EA7IEEFE A BRE F AW (& 1-1D. oA uA AEsd
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L e =HT FEAAG
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Table 1-11. Classification of municipal source water

8% A =3 B =3 C =37
N o | BEEF ATER] FA4 LS
N FOT I gmes gags| MRS A5ES
o .Qq 2 A z}/kl 2=
qmes | O o o) 7 84 A LT
' FHr&F g, drdT
An ez
Tes | AEHYLS Wz g AR 84
Boe g4
B85 - - BAES
SRALES BEES
TA7 SRS - - 23185 FHRHALSE
FAGA G5 (ZAES)

2452 olgdr] AdME, £58 FART ok A $UF <
Aol e FANE nASASE B FF 5

o =9 + glo, Al U@ Hgel Fastue At AuG e
Y2540 BEol met AgEAst Age 2
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Table 1-12. Classification of municipal source water

according to body contact possibility

MENRE | BEAEE | AEh540 | HETFs Ao
|45
CESINENCEED 5e7 Se s
5884
o QX 2= 5 2
wags | SO0 | ST L AMET L gamnass
Fargg A H LT CRa
e
goge | BET | TASE | Amer |padsiies
TET | Fyes | Aass | AFEESF oo g4
o . RS | FRess
AEADES | WPHET
e - - - B85
PR
PR - | I Taman
: . TATA&T A3tgF
(2385

Fess AHd EAHY AF S vldx 59 TFAYR
)

AA BRAES, ool 2 WAS I AREF, HFes B b2
8%, 2ASR(AR, B4F), 230852 A8Y + Atk olFolA ¥

A4 SRS, oo, ¥AE 2FF, A
A g Argd, H2ALET ol , vnF BAN] A AL A4
$448% ooj7d, WAE BIFolY TER, FFEY FEET FF
21 ojgxst WEL Way) AL FA4 P &5 T2 olojn B
g wgst Agen,

-14—.
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Table 1-13. Techniques for water reclamation and reuse
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Table 2-1. Comparison between domestic and foreign basic techniques

for radiation treatment of wastewater
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Figure 3-1. Flow diagram for a sewage treatment process



Table 3-1. Water quality criteria of secondary effluent

from a sewage treatment plant (mg/L)

EHYE TE EAHYE =
Total colonies 4,700 CFU/mL Pb ND
Coliform group Positive Cr” ND

Hardness 100 Al 0.03

CODcr 24.7 BOD 18
Color 26 ADMI SS 21.0

TSS 347 Fe ND
Odor Unavailable Mn 0.079

Taste Unavailable Cu ND
ar 35 Zn 0.003
NOs -N 2.3 Hg ND
S04~ 64 As ND

CN ND F ND

CFU : Colony Forming Units

ADMI : American Dye Manufacturers Institute
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Figure 3-2. Flow diagram for a sand filtration operation
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Table 3-2. Isolated microorganisms in secondary effluent

Bacteria No.(%) of Isolates
Pseudomonas spp. 17 (21.8)
Enterobacter spp. 11 (14.1)
Acinetobacter spp. 10 (12.8)

Klebsiella spp. 4 (51)
Aeromonas spp. 3 (39
Escherichia coli 3 (39
Flavobacterium spp. 2 (26)
Proteus spp. 2 (26)
Micrococcus spp. 2 (26)
Staphylococcus spp. 1 (13
Bacillus spp. 1 (1.3)
Kluyvera spp. 1 (13)
Serratia spp. 1 (1.3
Citrobacter spp. 1 (1.3
Rahnella spp. 1 (13
Chromobacterium spp. 1 (13)
Erwinia spp. 1 (13)
Sphigomonas spp. 1 (13)
Unidentified sp. 15 (19.2)
Total 78 (100%)
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Figure 3-18. Disinfection of microorganisms

as a function of irradiation dose
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Figure 3-20. Disinfection of E. coli and Ps. vescularis

as a function of irradiation dose
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Figure 3-21. Decoloration of secondary effluent in the presence of H2Oq

as a function of irradiation dose
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Figure 3-22. H2O2 production as a function of irradiation dose
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Figure 3-23. COD reduction of secondary effluent in the presence of

TiO2 powder as a function of irradiation dose
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Figure 3-24. TOC reduction of secondary effluent in the presence of

TiO2 powder as a function of irradiation dose
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Figure 3-25. Decoloration of secondary effluent in the presence of

TiO2 powder as a function of irradiation dose
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Figure 3-26. Change of size distribution of organic contaminants

after gamma-rays irradiation in the presence of TiO;

as indicated in TOC value
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Figure 3-27. Change of size distribution of organic contaminants

after gamma-rays irradiation in the presence of TiO:

as indicated in %
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Figure 3-28. Decoloration of secondary effluent in the presence of ozone

as a function of ozone contact time

(4) TiO:% £ ¥4l A3 4= A}

223} BEEg Bese dsAesy AES A Btk 29 3-2990
UheRg wjsl o], TiOzmel S48 Aol AEAAZ Ael 2AsA ggrot,

eEg g7 BRE A%olE MR AA 4IF doldE B+ Aok



30

25 -
g 20 -
< 5 Ozone + Titanium dioxide
S -
310 Titanium dioxide

5

0

0 5 10 15 20 25 30
S Contact Time, mag/I

Figure 3-29. Decoloration of secondary effluent in the presence of

ozone and TiO2 as a function of ozone contact time
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Figure 3-30. Comparison of COD reduction between air and ozone

purging as a function of irradiation dose
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Figure 3-31. Comparison of TOC reduction between air and ozone

purging as a function of irradiation dose
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Figure 3-34. Comparison of nitrate concentration change between

air and ozone purging as a function of irradiation dose
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Figure 3-35. Comparison of nitrite concentration change between distilled

water and wastewater as a function of irradiation dose:
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Figure 3-38. A pilot plant outside irradiation hot cell

Figure 3-39. Reactor and irradiation facilities inside hot cell
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Figuré 3-40. A sand filter for suspended solids removal

before irrdiation

Figure 3-41. Cation and anion exchangers for inorganic ions removal

after irradiation



Figure 3-42. A process control equipment
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Table 3-3. Water quality of secondary effluent used in this work (mg/L)

=4 =
¥E O lage 1969 1202191091959 19279 97
SS 21.0 23.0 18.0 11.0 15.0 135 17.0
TCOD 183 16.3 11.1 23.2 21.5 25.2 19.3
SCOD 145 135 10.2 15.6 18.3 164 14.7
BOD 18.7 174 12.2 18.3 176 20.4 174
TN 180 | 16.0 14.0 19.0 21.0 13.0 16.8
TP 2.6 34 2.8 1.7 2.5 3.3 2.7
Color(ADMD | 21.0 184 22.5 16.0 24.1 26.0 21.3
pH 7.4 7.2 75 7.3 7.6 72 7.4
A vh A &
- |36x10"| - | 47x10°| - - |4.2x10"
(CFU/m¢) .
Fluoride 151 1.3 1.2 0.4 0.46 0.48 0.9
Chloride 56.21 50.80 52.80
Nitrite 0.67 0.45 0.54
Nitrate 5.53 6.52 3.06 5.04
Phosphate 1.45 2.03 _ 1.96 1.81
Sulfate 79.91 94.20 87.02
Sodium 53.40 69.01 61.20
Ammonium | 23.79 27.05 25.40
Potassium 13.41 11.04 12.2
Magnesium 4.22 6.24 5.15
Calcium 23.12 24.55 23.57

E 332 d5E2Add WRSd £3¢ ushin At FFEF
BODE 996, CODE 17.15, ##E2<& 2000, TN 1750, TPE 2.13°|t,
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Figure 3-43. The change of C/Co ratio of water quality criteria
after sand filtration as a function of flow rate
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Figure 3-44. The change of C/Co ratio of water quality criteria
after irradiation as a function of dose
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Figure 3-45. The change of C/Co ratio of inorganic ions

after ion-exchange as a function of flow rate
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Figure 3-46. The change of C/Co ratio of water quality criteria

after pilot plant operation as a function of flow rate
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SUMMARY

l. Title
Development of a technique for the optimization of disinfection

by radiation

ll. Objective and Necessity

The interests on the process development for wastewater reclamation
and reuse is growing to solve water shortages with which Korea
currently faces. Radiation treatment of wastewater has been considered as
an efficient technique for wastewater reclamation. However, the research
on the use of gamma-rays irradiation process for wastewater treatment
is‘in the beginning stage in Korea. Especially, research activities on the
application of gamma-rays to microorganism inactivation are very limited.
Thus, we focus on the evaluation of gamma-rays irradiation process in
the respect of microorganism inactivation and toxic organic compounds
destruction as well. On the basis of this study, the radiation process can

be made in a large scale, and can be exported to developing countries.
lll. Contents and Results

1. Identification of bacteria in sewage effluent
Bacteria in sewage effluent were isolated and identified to find

indicator species and to determine optimum irradiation dose. Excluding



unknown species, identified and isolated species are 28 and 60,

respectively.

2. Determination of optimum irradiation dose

Because irradiation resistance is dependent on bacterial species,
irradiation was performed with indicator species that are determined in
the isolation and identification study. The indicator species used in this
study were Pseudomonas vesicularis and E. coli. Both species were

completely sterilized at irradiation dose of 0.05 kGy.

3. Bacteria regrowth after irradiation

Microorganisms can regrow after irradiation due to the increase of
Assimiable Organic Carbon(AOC) which can be used as food sources for
microorganism. The regrowth limits water reuse since this causes an
additive impact on water quality. The degree of bacteria regrowth was
determined by 48 hour incubation of the irradiated water. The result
showed that regrowth was not observed in the sample that was

irradiated at doses greater than 0.5 kGy.

4. Characterization of microorganism sterilization by gamma-rays
irradiation combined with ozone.

Because the radioactivity of radiation source is fixed, irradiation dose
1s controlled only by contact time. In order to apply this method to
wastewater reclamation, the contact time needs to be shortened.
Therefore, the combined process including gamma-rays irradiation and
ozonation was examined. Compared with gamma-rays irradiation alone,

microorganism inactivation and regrowth inhibition increased ten times.



5. Determination of physical and chemical parameters
for gamma-rays/ozone process.
In order to determine scale-up design factors, ozone destruction and

OH radical production by gamma-rays were investigated.

IV. Future Applications

1. Technical respect
- Establishment of basic data on microorganism exist in sewage
effluent
- Characterization of microorganism inactivation by gamma-rays
irradiation and optimization of the process
- Characterization of microorganism inactivation by gamma-rays
irradiation combined with chlorination and ozonation and optimization

of the process

Invention of chlorine and ozone injection systems

Evaluation of factors on pilot plant application

|

2. Economic and industrial respects
- Increasement of disinfection efficiency

- Promotion of atomic energy utilization

Exploitation of market at developing countries.

Reduction of operating and labor costs down to 50-70%.

Replacement of existing techniques on the reclamation and reuse of

wastewater

Good solution for water shortages



3. Applications
- Improvement of existing disinfection processes
- Reclamation and reuse of wastewater at a sewage treatment plant
recreation complexes, swimming pool, etc.

- Production of organic free ultra-pure water

Application to industrial wastewater treatment for zero-discharge

Technology transfer to industry

- Commercialization and technology export
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Figure 3-1. Reactor diagram
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Figure 3-2. Continuous ozone decay determination apparatus

—107—



A 24 438y

L gastat ez ge dnxeeg ol gsdm 7 7't 77189 4
T+ AT T2 XA, AMRsATH
2. il vlAEY EYEAE T nAESY BEY AN ES Fosd
3 A7l A" TAH HLL F=dAHATLAM BFsin 2
Co-60AIE T A YLLE A8t er HAdo2RE 9 Age ZANLE
Asto] 005~15kGye] ¥& ZAlZgo = zAFHA

A5 A5 H7ME Hire AgF 48AFt wd, SAHs A
5 #7188 A AAZZ F4E 98] Diazomethane extractiong ©] &3}
GC/MSZ 24350, |

6. HAFA o 21¥ Ozone decay £4E & d£=4 71538 Flow celle #

2

rr

BN

1. M| E AA
7t &2 3

Wy vAES 29 - FAHs7] HE 1ImA =S AIEE AFso
47T, 3000rpmo) A 3027 ¥4 E2lstd o pelletS Hotd EATH uj
A (blood agar) 2% 2F-S5A 179 MHujA A MacConkey A=A 2
el AFeted 37CAA 18~24A17F vl A ZH T widd FRdufR oA 42
gdBAT BFE o] MigE FAuMAS AT FR WA Ad
ek g, gddAEHATE B5FE 289 E o AF 49
ZRto g e Aoz dAsHE AFES A 9 aFSAd BT A

w2} 91 TSIA(Triple Sugar Iron Agar)AtRelR|ol Z}z} HFsted 37Tl A

Shd

—108—



wjorel & Als REAFTE AX g 44 F& oA 4
o] #48<& AA MacConkey THHujxo]A F28t1 Oxidases-d°l™ TSIA
Aol dzbeu A, A nEQA Afd FHATHRE st API
20E kitE, TSIAAFHolY :Zol] AbAdurgo] g, Foufxlel A3 3ol
Oxidase %Adoln AgdHu Ao F2A 5 MacConkey FH3Hj =]l A

: A AgeE FulAdE oA

rir
o\
i
in
N
&2
rr
oX
o
M
H
ofl
=
=3
fol
I
o
oo

Table 3-1. Isolated bacteria from water collected

at sewage treatment plant

Bacteria No.(%) of Isolates
Pseudomonas spp. 17 (21.8)
Enterobacter spp. 11 (14.1)
Acinetobacter spp. 10 (12.8)

Klebsiella spp. 4 (51
Aeromonas spp. 3 (39
Escherichia coli 3 (39
Flavobacterium spp. 2 (26
Proteus spp. 2 (26)
Micrococcus spp. 2 (26)
Staphylococcus spp. 1 (13)
Bacillus spp. 1 (13
Kluyvera spp. 1 (13
Serratia spp. 1 (13
Citrobacter spp. 1 (13)
Rahnella spp. 1 (13
Chromobacterium spp. 1 (13
Erwinia spp. 1 (13)
Sphigomonas spp. : 1 (13
Unidentified sp. 15 (19.2)
Total 78 (100%)
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Figure 3-3. Reduction of colony forming unit of bacteria
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Figure 3-4. Sterilization kinetics of isolated E. coli and Ps. vesicularis
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Figure 3-6. Transformation by 1 -ray irradiation
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Figure 3-7. C/Co reduction of 2,4-DCP as a function of irradiation dose
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Figure 3-8. TOC reduction of 24-DCP as a function of irradiation dose
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Figure 3-9. Chloride formation as a function of irradiation dose
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Figure 3-10. Theoretical and measured chloride formation

as a function of irradiation dose
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Figure 3-11. Byproduncts concentration of 2,4-DCP
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Figure 3-12. Byproducts of 2,4-DCP determined by HPLC
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A}gFE UV-Spectrophotometer& ©] &8t Hy0,9] AMATFL =Asgc} (2
g 3-14).
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Fig 3-13. Signal data for measurement of direct photolysis rate
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Figure 3-14. H;O2 formation as a function of irradiation dose
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