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Development of technology about nitrate removal in
groundwater rural community using fiber type resin and
biological denitrification for waste brine recycling
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SUMMARY

An ion exchange process using fiber type resin, Fiban A6, was applied to
remove nitrate from groundwater. The breakthrough profiles of three ionic species,
such as nitrate, sulfate, and chloride, showed that nitrate ion was selectively
exchanged with chloride in resin phase without severe interference caused by
sulfate. Fiban A6 resins successfully produced about 0.8 liter of throughput per
unit gram resin when treating groundwater which contained about 30*£2 mg/L of
NO3 -N and 40%5 mg/L of SOs4 2 According to the analysis of waste regenerant,
nitrate was rapidly leaked out from resin within the first 20 min of regeneration
time. Partial regeneration was more efficient and practical than complete
regeneration in terms of the amount of salt required, but it seems nearly
impossible to use the bypass blending technique with partial regeneration due to
nitrate leakage up to 7 mg NO3 -N/L. More vigorous declassification of the resin

bed after partial regeneration was beneficial in reducing the nitrate leakage.

Two strains having high denitrification activity were isolated from activated
sludge that enriched and adapted in high salt and high nitrate concentration for
more than six months at least. The denitrification activity of these strains were
tested by the decrease of nitrate concentration. The denitrification activity of strain
1-11(7.72mg/L. NO3-N /hr reduction) and 3-09(8.82mg/L NO3-N /hr reduction)
were higher than that of Paracoccus denitrificans (Thiosphaera pantotropha, ATCC
35512) and NS-2 that reported to have aerobic denitirification activity.

The microbial community composition of these denitrification sludge was analyzed
with molecularbiological methods, especially with T-RFLP(terminal-restriction
fragment length polymorphism) method in the respect of nitrous oxide reductase
gene(nosZ). Each sludge community was composed of some reported nosZ T-RFs

and some unidentified T-RFs.



It is compare biological and chemical treatment for removal of sulfate that
interfered in ion-exchange capacity of resin, effectually, add to exiting processes
using biological denitrification for nitrate removal of ion-exchange waste brine
with high salt, nitrate-nitrogen, and sulfate. These were compared with
regeneration efficiency of treated regenerant biological denitrification and suifate
reduction process with media were attached sludge that were adjusted to salt
condition of NaCl 2 % on surface of bead consists of alginate, acrylamaid, and
bentonite, and chemical sedimentation with barium chloride. The result of operation
for biological denitrification process with manufacture synthetic waste brine
consists of NaCl 20 g/I, NOs-N 1 g/L, and SO 2 g/L, the denitrification
reactor provided a nitrate removal and COD efficiency of 95 % and 87 % at a
HRT of 7 and Rn 1.9. The sulfate reduction and COD efficiency of the sulfate
reduction reactor remained about 61 % and 71 % at a HRT 84 and Rs 03. In
result of compared to biological sulfate reduction and chemical de-sulfate, as
repeat operation times biological sulfate reduction effluent greatly were reduced to
chloride ions in waste brine, and sulfate ions were concentrated to 5 g/L.. However
when were dosed with chloride barium as equivalent rate of Ba® : SO =1 : 1,
sulfate ions effectually were removed. As there were filled up chloride ions,
additionally, confirmed to increased salt addition recycling, greatly. In result of 8th
recycled operation, it appear to exchange capacity difference of 2.4 times. If we

have use biological-chemical waste brine reuse system, as a above statements.

Consequently, éonsidering the present status of groundwater contaminated by
nitrate, boring new pumping wells for potable water sources of small communities
can not be a viable alternative any more. The ion exchange technology seems to
be the most suitable technology for the treatment of small volumes of

groundwater polluted by nitrate.
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A

] wBEZ gHY g % duoleFol A AANA we ddz
233 2 EFOR A #98 A%, 24 29 Fde) Asts 2 A4y
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FA Ao wWEA ol

AgPes GHIA At WFH

g FAHAGAN TAsE AYARE AEFH, 3%
ste B, o dobrk ARAAW 933 =

3|43t ol euBAFA e AYYZ Aol FFLEN A

o Bol2undTAE MEdaz

2
B
L
=
rO
2
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Ho2 & 2uel vlely 3

ot

r

A stgo] SEH Y AARNELE AAsY] A3 Agd dEF JlegEe 9
g, A 23 3y &4, 945, 2832 AVFYH 58 & 5 U olF
del FW olF G7 Y FIAJAE §F A=AHFAYENE ddoE T
H7)%o] thkdtA FAGA e, 24kel &3 membrane elementE = 4F3HtHA
A FRAAN Gl A ZasPh FAT AR FolFFEd HEEdE ta
H ZAAHo|H, d5Fo] RF3 A9E Lo dE oYoe diol o ot
59 Agoe AMEo] Jhestt. de FALFFLEA]
o] o] 2AEAY AY ol2u}ITAL AAAY FH H e
A EFHAAM b AAZEd 7le2 BrhEa dvh ol wet oln SidM =
FTHAA ] Ao o]euHFH L ol&3te Agg W F71E AZE A pilot
plant 2 @] ¢34 v} Y31, A FRAA <] 2AGBFAE o] &8 FAYEL A
2 i JE (F) dF7IE oldelx 2H 7]

2 29 AFs AYE ojeudFTFE A¥dstn o I=9
ki & AA7Igo] B3 dAFHJeH, 53
Ade F8 Adoez e g 47, Udd= ¥ dvka 5o F¥
i< He AAEL g U dIe=

Ol 2RHFAE FF EA HEstu Ytk vFY A= AF NGALAN A

4 0 AWPALE AW oJeaaIAel Ul we ATE FYFger, we 5

N

3TA : AA G 5&H A Tz UFol B g Jith
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FAE 1 F¢Y A V€SS ugez 1, 2 3949 7 84 V&0 BiHH
o2 ARsEe NP o itk ojewEFA AL AL AWEY, 1980dUWAAE
acrylic acid, styrene 53 2<& @2 D.V.B.(divinylbenzene)9t 2 7FuAe =
g, 71 Wy Sl dF A7 F2 FIFFHAG, 19904 #F, dEANE ]
La#dFA g8 sHA #4718 TYs ojeAdggS 2Hde V€] THAL
2 d7HPG FE Aot beadd ol2n#{HFA AR e FHH, T

4 BAES I8 9 clemBsA AAY FEE AT FHAA fiber

q ol 2u#FXE MLHAT AL o) fiberd FA A 2 FE7NE =t A
gdo] 2 oeudTAL MEda e Ao EHAIL Y
AN 2 71ed AFAE RBokiA o|ln#IAFY =SldRE AAR%E Th

A= gk gustd AgH AL dibHoez aFEe AU4A
A&, Aol 2 gstolee] FFHEo 7] wWEel, ol WE HAAF #/AHT
FoiAA FE A, FE A AFdE HAHA LENE 7 Ao,
7 99 4 BuAdE 2 4FE vAY] HEolth AAH A AHE #3
A7 Agd Ve gE% 2ol F /AR e & 5 A

D FR2ZEY @ s ARG oR o) & U, FEAIYE, ALY

2) AN Aolg By ¢ 13 AR Aoj g R AEFH €S
o] & ABHY Aol &

of T b Wy F FAZAPPE o\ PHozE A FAY TR =
gofokste BHe AT Yrk e AAE AQAE sy T AESHEo
2 AYste] Aolgaes eo] FAHoR ATHT Aok F%H Aolg 7%, 7|
2 A=A Aolg 7 Aolg 71& 59 JURY F-wyL
table 19 71%3t e, table 1o vheht Qo] & AANA Awsea 3

AL 71 AYsAed TAdE A, 5e4, BAA -y

il

23

X} o

ol

Hr
0,
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Table 2.1. Comparison with recycling techniques of ion exchanger-waste

regenerant

1) Add A E
S N03—>I\{)z NaNO3z+HCI+ urea
Eﬂi’g%‘_‘—‘q S0O4—S" or H.S NOs — Ny NaCl+ NO
N _
S04-BaS0s allmrurea=iNUs
2) mAE 1A 3
0 B S e
W B P Ee
3 Hey e EE e e =g
£ goly e e 0 xS
FAALLAZ 8§ ~ 24 (hr) 8 ~ 72 (hr) {10 hr
R RuE. S 0 4 HE
EECE 2
(13 A = | =9 10~100 F7] o 5 ~15 F7) ) 10~20 F7)
157D
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M 3 & JAFsudsd g8 o Zl
A1 A AY =

1. Fiber® ol2umg<rAlel EAAAT
7}. Bead type anion exchange resin

E AT ALE3 Fiban A-6(Sion tech Co)FX¥ AFA 4 Fol a3
ojn], ML HFL 35405 meg/gHEolt}h Fiban A-65 ZSdH W FA X WAL
EE AANE Agsty aBEZy FEY /158 d8 AxE 714 o2ndLH
24, A5 WH 9 polymer matrix’t 2 AFFEE FASL Y3 aFEY FE7|
(functional group)E°|] polymer matrixo] °]2&o] Y F2E AY JHfig.
31). BEtA 71E9] Beadd ©l2n@FARG R L a#dsHH BEeE FHF
< 7HAR Aok olem B F ol EHoF Qs FFA gHEL W A,

T} 3 housing systemol] #-&o] 7}538htl.

Ni)

. A8 nEHFAE

TA n@EFe] 2L AA FAY R, :HEA, a9 AHies 2AAE
F8% AR B AT AEEa e AFE Sol2usAY FudsE S
dotR 3 7]Ed AlFH 2 oj&HI e HEAH <
ME 7HA(AE A4 A93eA N, #Fitol AdA4A 1)E dAsto 244
ety HuAdPS HASAY

AFE FFF KS0E FI8te] 05 N SO 9 $52 779 ZHe] £ 9A
Atk obA-E o]83te 3719 o] 2uBLAYH (A 25 cm, 2] 45 cm)& A FEUN L
™ (Fig. 3.2 and 3.3), beadd HAAMA AL A2 (Purolite AS20E), bead®d H| A€
A(IRA 900), 2] fiberd +AE zZ}Zre] APl 26 mLY FIAE F, 3 % NaCl
+92 2 Bed Volume(BV) A A A& qASAATY. o]Fo 4 BVY A&
BV/hrel 3% WAooz AH og, 83%F $aos A58 3389 table 319

2]

o
-
ot
reA
=
e
9,
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ZAo2 ol2ud AHE 33U Table 3.29] AHE3 FX]o] st EA S v
st 18l AJE9 €0]2(Cl, NOs -N, SO#)& Ion Chromatography (Metrohm
790 Personal IC)Z #4134t}

Table 3.1. Operating sequence and experimental conditions of each mode at

lab-scale
Flow rate During
Operating Mode Solution Flow Mode
pe g (BV/hr) (min)
service 20 - raw water down
backwash 30 20 raw water up
. complete NaCl 1 %,
regeneration . 10 - 2 %, down
partial 3 o4
slow 5 20 raw water down
rinse
fast 30 5 raw water down
Table 3.2. Resin characteristic using column test
AB20E IRA 900 Fiber
T & | MAacro—porous Macro—porous woolen stuff
TAEHF SBA SBA SBA
o] &8 Nitrate Sulfate Sulfate
FA YA sphere type sphere type fiber type
+-5 25 ml 25 ml 25 ml
Ax FA 834 g 695 g 500 g
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- funulional group

Fig. 3.1. Polymer matrix of fiber type ion exchange resin, Fiban A-6
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lon
exchange

columns }_

Treated
water

AR v

Waste regenerant Regenerant
reservoir reservoir

service backwash regeneration drain
e siveseeasenaes > ——— e —_——

Fig. 3.2 Schematic diagram of lab-scale ion exchange process
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g ATE ARLY

APl AHEE AT FAEE AW A9e FUE AMEIE A 8%
3 A FF5 NaCl, NaNOs, 183 NaSOs& Fo3te] Az3FHGch diA= 3}
TE SEEAZATLAA 19999 1€9HE 200083 5€71A FAEME NG 2
3}
%=

S,

iy

A E ol W 300 mg/LE 7IEAE 3MAE =R3AT AT Fol=
Aol 503 mg/L, A AAIF 3012 me/L, 2Ear FarEel2e] 35

+3 mg/Leolt},

b

3

flo

Ao AME NaCl 89 1,2 3 %8 5EE 27 A3 A4
EAA HAAEe ANatn AAYA29 7EFE 10 mg/LrHA o) BH

NEoz s AAELE NTANG. £ FANHD 2Ze) £Xo] hF 8
B R FEAL TS BA] A $AE AL F 459 AAHAY o)

FEE AQLF W AAs] LAYt

it
!
o
ot

HX

o

B

o
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Fig 3.3. Photo-gram of lab-scale ion exchange columns
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2. A= AAPA A o] ugrx] AAHY AeFgHe] &Y

7h BESE AAHY ] AT H

ARl EAsts A ALG FAEE VTR AAG F AAYoz Aol
&35t7] Aste] 2T ATA FAGRATAE ol &3 HAL AHEsAh olF Y3
o FE8%F 1249 USBR(upflow sludge blanket reactor) 2718 A|&sgon, 7t
o HExE 22 9 NGB IRE AL 9 (Fig. 34). 2ARAE A 35
GG AFE F5-EHAE NaCl 2 %7M%] €417 ¥ acrylamaid$} alginate &
Aol FFHAZ F 08 L E AFsH ol2ungsR HAy FIF Yoz
T AE Axsgon, olme ¥EE NaCl 2 %, NOs-N 1 g/L, 183 SOF 2
g/Lolm, Mgz FyAc dAF deed nFPaE At G YEue e
TALEE FEXAA 30 TE ASA FAADT AEL FAE o434 HA
X 9F TPEY FEL AP 5 JoH, EFER nhE S HEEo

2 HEAEAE Y F e FHo] drh

Ky
kg[r
o
=)
o=
¢

Table 339 22 2 FgFdsddzxe] 2AGAE A3t gdzEs AP 2AAL
¥ 3}(nitrate-N loading rate, NLR) 2.2~42 g NO3 -N/L¢ YA LAYt
Step 1(1-11¥)°l A RyHl 292 A& A FsPeh. 2oy 2 GAGEZL AR

YANSE KEFE MY §7)0) B F, olemBFAe] Ao ol%s}aac}.g)
' Wl Agstel Fioled AALES B

ol

Step 3FE = FAGELxE E3Nex ¥
37 fste] dges FAFE TNA FAsded, o ¢ANLZREF
el pHEEfle]l $398dx2 FF3h Step 4FEE 712 & oA oAl
EMUEFOE ARBARHY ol e s @902 FRASGS o, g 27
WAl S S =7F HYa, FAE ddii=e AHoz AR A AHAE Z
F Ave dd iUk

FodEdxrE gxdx9 FUdF zhoez LAY THTable 3.3). FAGEs}
(sulfate loading rate, SLR) 04 g SO/ /¢ - d2 AL AFsigen, @A¥2 COD
FHE FTAIIEA EHEL S BEBIA Step 3904 ERxI ) FAFE LT
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e G HE ANE A2ger] Astd, e NaCl #58 1% R 2%=2 T
JHNFIEA 1A E FFRATE o) F step 5% 6lME FFFEAE FAANH A
3tk

Table 3.3. Operation steps for the denitrification and the sulfate reduction reactors.

Denitrification reactor Sulfate reduction reactor
Operation Period
step  (day) FlOw rpe yps By o Flow grp grpe Bso
rate ratio rate ratio

1 1-11 89 6.7 2.3 29 - - - -

2 14-32 148 7.3 35 2.0 - - - -

3 39-567 108 58 29 20 [130/130 1.1/1.8 29/62 04/03
4 60-65 101 51 2.2 24 95 13 51 0.3

5 67-76 113 43 2.3 19 119 0.7 51 01

6 80-84 178 7.0 42 16 - - - -

Y4 /day, “volumetric loading rate = g COD/ ¢ - day,
%nitrate nitrogen loading rate =g NOs -N/ 4 - day,
‘ratio of COD to nitrate = COD/NOs -N(g/g),
Ssulfate loading rate = g SOZ/ £ - day,

®ratio of COD to sulfate = COD/SO4 (g/g)

e wsE A4S Asdtel 718 Az

+
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N, gas H,S gas

denitrification sulfate reductio
0 reactor reactor 0

— e | |
—(®- | o

X e

i
R — .. Y
H /777
N e
2! lon ST sand @ N [ERaa
! exc?ange filter
d + Columns substrate (ethanol)
rain e pH control
water ~\
i L s
qb C‘b v//4
treated GAC
water i !
substrate i ! T
(ethanol) > 15 i i
I \
spent brine vessel — :
IL T

-
regenerated brine vessels

service backwash regeneration drain brine recycle
> > =7 > =2 . —— s »-

Fig. 3.4. Schematic diagram of combined ion exchange and biological brine

reusing system
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4 BE - 35 HAH AN LR

DA dutEe] AR FIFES Z2AS7] 98 FAALRFE V|FELE 3o
B P%e WA sbEd 384 AYe ANSRT. 417 meg
SO /L(2,000mg/L)e]  BitelLEE g y]Fo® old dF uE F%Fu(meq
Ba’/meq SO/)E 08, 1.0, 1.2, 283 152 3t dshulEe 59, 183 &g
AL F 3087 AAANZ F AF5AE GF/CE A#H3te R FaolL, 3Filo]2,
Y3 vhEelR e FEE SAFNAY. B vEY S =T a0y gl
EAsE ZA87] Wi, old U JFE B Hstd dE¥Q % NaCh) B d&$
(2 g COD/L)E #H7tete] AA AAAY J43 FdaA Az dgHFd A 3
B AF S vE AAEGAT o] F A AEE B3 A2AE FYHE 4
2 83, fig. 359 Zo] FAE TN FAlol&d AAE AT ALY e FHY5
Hot.

Aesd AT A v 2 22d3F F FEHE 13 AE Aol F3vtF
< 7Kt AAA F ALAHE AR 23 HIYA4E FAY ARGz A ALE
Ak 83 T Aol &t w3 witk ol2uBFAE AL FXA AT
Wahg #Fs4r
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N, Gas Service —

Raw BaCl. Regeneration ————-— »
a TR ;
water ‘@‘_’T*“”” 1 Dosage Brine recycle —-—-— -
>I \4 _____ _]
lon Exchange ! ; :
Column /}/7/ Q/ Sedimentation
e
e 1 M T 3 " "
i H‘l‘l Coagulation @V * Filtration
i
i Denitrification % 7
Treated l @ reactor
water T } BaS0O,
! i removal
! L
! S R VY <=~ W
i i @ 1
| i i T
i i 1 Salt 5
i i | addition ‘-F
Y . = /N N e -
Spent o ? [\ Substrate ] \‘ !
brine ik o (ethanol) ! o ¥ Regenerated
vessel 777 I“*“‘N‘ 7 brine vessel

Fig. 35. Schematic diagram of the combined ion exchange and brine recycling

system using biological denitrification, and chemical sedimentation
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3. WA= a3t HHY ZESH 2 AYAN 2 H A3

7 gdTe vy ¥ RS

71E ¢EA d' oF F 2714 g3 F-&(Aerobic Denitrification)& kil
&3 A & T+, Thiosphaera Pantotropha® ATCCEZRE &Y ti(ATCC
Number 355612). °] #F& ULHF=9 #HFAE £AdA 88 AeZ ATCC
Medium 1396, 37 CellA Aty 2 aH 3, ATCC Medium 13969 24L& ohF
7 2t} (Table 34)"

B AN 2239 EYdoeges nAYE LG o434 AW a5 <A}
ol gH A dAHQ] 23 YE A s £HUAE LFF WALB. Agan)d NP
¢ WA(R2A Agar)el #FolE& 0|43t} Streaking 3+, 30TNA w3t oF
24MZko] At F, 498 B 2 YU LB R2AMA BEF AAHAIL, €58 2@
d E2ZYUE Y3 W] A3 A7 WA A 24 FRUE Gz wjAd A
At AHEE wiA]o] wre} o5& Z+z} JILI, JJL2(LB Media), JJRI, JJR2(R2A
Media)ol2ti 4oz ®HH3GAth 24X 3te] Ad £ 9 FE2YE FAHE E2Y
E 3%} ScreeningS $]3] ©hAl 3 W Streaking 33, ©] ®] Thiosphaera Pantotropha
B Fell Ab&EE ATCC 1396 Media®l 5 Ale] Streakingd%ith. 2441 7ke] A F o]
29 224 ¥4 A=E dofsia, BYWHe #FZ(ATCC 30512, °o]F AL &
AR) T4 W o® R2AS LBAA v & 1396 Mediadl X Ml dd & 4%
54 Fsdh

Y. 2237 4354 ¢ 24 849 =4

E AgoA R e #F9 BEYRE 759 24 A g 4¥s F
Patr] A AA wjAZ ATCC 1396 Media®t Nitrate Broth(Difco)& AH&-3Hth.
120mL Serum Bottleo] BT ¥ 1396 Media®} Nitrate BrothE 2}z 50me¥ ¢ ¥
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o}7)el 1396 MediadlAl AA T T35 & F2UY U Adestd Fsd o 9,
Wk 2AL AR 23, & 150mpmolA e ek 18A7te] Ad ¥
Spectrophotometer& ©]-8-8t 5650nmol A CODE %A 3313, Ion Cchromatography&
o] £-3lo] Nitrate FE£5 =43t}

Table 34. ATCC Culture Medium 1396 Thiosphaera Medium

Medium Vishniac and Santer Trace Element

Solution

Ingredient Amount Ingredient Amount
NazHPO4 4.2¢g EDTA 50.0g
KH;POq4 1.5g AnSO4 - TH20 22.0g
Sodium Acetate, Trihydrate 1.36g CaCl; 5.54g
NH4CI 0.3g MnClz - 4H20 5.06g
MgSOy4 - TH.O 0.1g FeSQ4 - TH20 499g
yiohniac and Santer Trace g omL (NH)MorOz: - 40 1.10g
KNO;3 0.1g CuSOs - bH:0 1.57¢g
Distilled Water 1.0L CoClz - 6H20 161g

Distilled Water 1.0L

Adjust Final pH to 8.0~8.2.

Autoclave at 121C for 15min.

To avoid precipitation, filter-sterilize
broth.

For agar prepae broth 2X, filter-sterilize

Adjust pH to 6.0 with KOH

and add aseptically to sterile 3% agar




Table 3.5. PCR Primer Used in DNA Analysis

Primer Sequence Specificity
9F 5 -GAGTTTGATCCTGGCTCAG-3’
Most Bacteria
1512R 5" -ACGGCTACCTTGTTACGACTT-3’
. 5 -GG{A/C)ATGGT(G/T)CC(C/G)TGGCA-3 ] )
NirK1F ’ NirK Gene in
Denitrifying
NirK5R 5'-GCCTCGATCAG(A/G)TT(A/G)TGG-3’ Bacteria
. 5 -CCTA(C/T)TGGCCGCC(A/G)CAA/G)T-3 )
NirS1F , NirS Gene in
Denitrifying
NirS6R 5'-CGTTGAACTT(A/G)CCGGT-3' Bacteria

o &4 €A% AE AzdA DNA & ¥ PCR

A& A A B2 DNA FZL Lysis Buffer& #23}iL, Freeze-tha
winge 33 FE WEF F PhenolE o] &8t FEsH. FFE DNA = 260, 280
nm A FFEE EAso S0ng/mL7t HEE $EE 233 AT DNAE FE37)
98 A Primers 16S rDNA$ Structural Region®] 3l 23le 9F9) 1512RS AME-31 %
31(Table 3.5), PCREZH & &3 2l dd MTHA 5% &< Pre-denaturationdt
I F 94T A 18 5< Denaturation, 60C, 1% %<t Annealing, 72Col A 2%
5 ¢+ Extension®] #A4-& 353 utE sz, wixjgte g 727 CA 102 37F Extensiondt i

6, 9

%

*

A 4R 2 wegel Ful, Y, Y, 2I; AR 4942 TR



£ (fig. 3.6, table 3.6), WA alginate®} acrylamide, 28|31 FA7IA7}F L F€ solution
Adl 1333 HE sludged EFI F o]& dsbzEe] Ffr¥ solution Bel 33t
WA sEEge FEAA EAE AgsA 29 A4¥E 2AE gagds §94d4
12417 oA B#@SY 2B ZFEE §XA7 F phosphate buffer2 A H 3
alginate® A A3} Fig. 3.7& A3} 24 AIAANE 3719 IS %47 A& 2
2728 (&Aoo =z FElWA Solution A%t Sludged EFES AFUIZE o] &3
Solution Boll FAputE2 A313lA 99 Fig. 3.8% 22 Bead e A7 42
o =AY 27]1E 22~25mmel 1 ¥F & 1.07g/mLojth

flo

1A% FA FAL aginatest Ca®'e] TR o3 FFL wou AFH 1A
3 GA ¥ 9 Cd, alginate®] HA FEE Folol it} wWalA alginate® T
71Zo2 Z+7F 1000, 2000, 3000, 4000, 5000cps7t HEE F418 A3, CaChe 05, 10,
15, 20%7 H=8 28 Flstd X9 4¥548E AEHeE EM3UY. BY 1
AstFAo] bentonite® F/13IAE A$ EF EA WEgE e A8 4 @4
9 #3He FAHF}A

i)

Table 3.6 Materials and Their Function in the Immobilization Process

Materials Amount
Monomer Acrylanude 16.7g/ 100mL
Alginate Various
Bridee Ca” Various
& N,N’-MBA 0.8¢/100mL
Initiator Ammonium Persulfate 0.5%
Promotor TEMED 1mL/L
Additive Bentonite 1%




Preparation of Reactants T Solution A —— Alginate
— Acrylamide
— N,N-MBA
— Bentonite
B Solution B —— CaCl,
— TEMED
— (NH,),5,0¢
— Solution C — Sludge
A4
Mixing — Solution A + Solution C
A
Polymerization —  Solution (A+C) — Solution B
Y - 10mM Phosphate Buffer(pH7.0)
Washing ] +0.9% NaCl

Fig. 3.6 Immobilization process
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" Solution A+Sludge

N, Gas

Q ‘ Peristaltic Pump

., '._"
... SolutionB .
.'....".lllllll-IlI"-..“

< T > < T >
N, Gas Solution A+Sludge Solution B

Fig. 3.7. Schematic Diagram of Immobilized Media Production Equipment

._38_.



Fig. 3.8. Picture of the immobilized media

_39_



Rubber Stopper

Head Space

Artificial
Culture Media

Complex
Immobilized Media
or Sludge

Serum Bottle

Fig. 3.9. Schematic diagram of serum bottle
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vk RS A Y] €T 48

2R3 FAY A ARZRAE Fohd T nAZe] ¥ ugzddAe @d%F
WstE ##37]) 48 @2 % batch testE AAFAT PAELL IdFAHGHE A
doM HHF SHdRAE FFFA F7] - 27 gUldA 2043 Migd Rez, 9
3000rpmel A 1587 AR F FAALE vgn AMAYEH 7.0~72, 0.8%
NaCho g nPES AFHAA FASRLY o8 F & wEsan. agd <3
A (TSS 29,350mg/L, VSS 8450mg/L) Y43 %<& #3lo alginate +acrylamideA|(D %
alginate +acrylamide + bentonite A|(IB) 243 A& ZZ Azstx, AFd IGAE
1625mL AW 70mL Bi JAFWMAZ F HEIst 100mL7l HEE A Y HFig.
3.9). olw Nitrate ¥ %% 1,000mg/L NO; -N, NaCl& 2%Z &%th pHE 7022 %
A F, arvt22 gr)sta 983t 30CAA G wigsivt. =g A4 3sA|
Fe £UAC)E 2 YO SettingdtP o, ADEZ A8E A ICE A
54 Nitrate 3=H3S #FFIoh

]

2
®
w
-
[aw]
flo
(o3

&0 gFA QYA Y A E 95 BentoniteE H7He 1A HA
(IB)g 33 24T FAZh FEEA 1L 2= FAE 70%

I ALY FrEFoR FUTE FUsHReH, wEEe 12L/42 T FYFE 9
SRFFA QAN FASA Azste AgHAon, I AE®E FEE Table 8
s} 2o v Eo] nPgzA ALY £ YEE x7)9E NaCl 2% £4& A%
sto} gdo] s dojupdA NaCl 3%, nitrate 1,500ppm7tA Z7FAA L4389

3L, carbon source®£F ethanolg F¢ 3+t
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Table 3.7. Operation Mode of the Denitrification Reactor Packed Immobilized Media

Operation Phase I 1
Operation Time(days) 0~6 7~14
NaCl(%) 25 3.0
NO3z -N(mg/L) 1,000 1,500
SO (mg/L) 2,000 3,000
PO4 -P(mg/L) - 25
Ethanol(mg/L) 5,000 5,000
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15cm
Y Av4 —
10cm Nipple
& %
Valve 10cm
¥ ——p Effluent
30cm s
80cm
—
5cm
e ——
(- gem )
35cm
Denitrification R'?'?r,\ile
Reactor
Scm o .
r— Distribuation
Plate
Nipple
Yy &
Valve
Substrate—2-»
Feed
Pump
Recycle
Pump

Fig. 3.10. Schematic Diagram of Ion Exchange Resin Regenerant Denitrification
Process

_43_



4. AN A3t AN E FdE 2 EHQT

S5 gd BFe Pels 94 BHE 54

D 2Fze 98 2 FAGzA4M ¢8d 23 #59 53 g 2 £

5 gl FF9 BYE YA edEY bead EWHO FEE £YHA(1)S FA
¥ AAZ bead B HF &A1), glucoseE BAhYo 2 o ugd ¢S
EHA), 98¢ A F& £HANV), g9 FAdFE AGse ANF €8
A(V)ZE ol &tk e &alNE &3 4 (serial dilution)2Z 3|43}
Table 389 W] E&alo] 30T o4 59 St wFstslch

Table 3.8. Media formulation

Control A Control B Control C Control D

R2A Agar Nitrate Agar Synthetic Agar Fishery Agar
Yeast extract, 05 g Nutrient broth 25g¢ NaCl 20g Fishery wastewater
Proteose Peptone 05 g KNO3 15¢g EtOH 1.18ml 500ml
Casamino acids, 0.5 g Na2504 2.958g
Glucose, 05 g NaNO3 6.071g

Soluble starch, 05 g

Sodium pyruvate, 0.3 g

K2HPO4, 0.3 g

MgSO4 . TH20, 0.05 g

Agar 150 g Agar 15g Agar 15.0g Agar 15.0g

Distilled water, 1.0 L Distilled water, 1.0 L Distilled water 1.0L Distilled water 500ml




U 232 g4 &4
D & oF 8
Plate count 23 A4 4€ colonydl tiste] 23 &4& A7 HAstd 7 plate
AA 4z 5719] colonyE FRAUHLE XNt vt BEE oFAME F
oA N2& wiX)(R2A agan)d] &3 ¥, 30C oA 35 o] d midsta, oA ©d
TFAA F3t7] 93] R2A agarol A 23] o] streaking 3t9 «F colony® &
B3 gt 2~3Y 8% FAE colony® Z7)7F WUF ZolAM cell massE HERA E
3 L o] o] Aol AHAUT

2) g3 84
7} Pre-culture

YxH oz FRY FFEL Nitrate Broth (Difco)ellA] 19 &+ v ¥t A H(Pre
culture). ©] # Nitrate Broth® Z44 HA(NO; -N)o| ¥+ oigf 138 mg/Lolth

1) Main-culture
600nmol A ODE 743t 05 ol 4d W FHH cell massg ©] 834 4XNitrate
broth oA 4~6A17F $<t main culture® 334t

t}) Test-culture

Main culture & #2 % cell mass ¥ 7X Nitrate broth ¢ synthetic wastewater
dlA &2 Aol Z=AFY 4% Nitrate brothol A wlF F, sjdAL Y& 3
q A54e HYx, cell massTE FrAUTG. A7]A o] cell massE A7 TX
Nitrate broth ¢} synthetic wastewaterd] suspensiondte] 94EF 3 F AFT5dL
Hae WY oe® washingdtth ol #FA 819 cell mass® 25 ml £%9 serum
bottledl &1 ¥, bottle® neck 7FX] Z+Z}  7XNitrate broth ¢} synthetic

wastewater2 A9 rubber stopper$}t aluminum cap® 2 sealing 8¢ 30Co| A v

M AER, EFE  syringe® ©]§3H sampling3te] £434ch
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%) Sampling 3 NOz-N, NO»-N &5 &4

7zt samplevtth 1 hrel A 96 hrAbolel 23] |4 sampling 3513, 2 sample= ¥
A BA® F, A5 TFHo Y NOs-N, NO;-N9 F=& FAsAt
NOs; -N, NO; -N¢| %% ion chromatographyE ©]&3t5th

Table 39. Mixture culture manufacture and NOs; -N(mg/L) for measure of

denitrification activity

Synthetic

1X Nitrate broth | 4X Nitrate broth 7% Nitrate broth
wastewater

Nutrient broth 25g |Nutrient broth 25g |Nutrient broth 25g |{NaCl 20g

KNOs 15g KNOs 15g KNOs 1.5¢g EtOH 1.18ml
NalNOQO; 2¢g NaNQOs 6g NaxSO4 2.958g
NaNQs 6.071g

Distilled water, 1.0 L|Distilled water, 1.0 L [Distilled water, 1.0 L |Distilled water 1.0L

NO3-N 138mg/L NOs;-N 605 mg/L  |NOs-N 1,264mg/L.  |{NOs-N 1,000 mg/L

3) 23 &8A o 24

ditd oz A AgdA F ATF a1 % ©159] bacteriatto] Wl ¥ 7}
Saiga gEAd Ak 84 £8AY A$E Edold dF T4 22 0E 37 A
g0 W& tx W sbeAel EXW AXNHom 1~156 % AETFL LA A
o3 mety B AT £33 uF sted AT BHA AA ZHe v
olF AL REute] EHfeetn ARHJL, Aoz Bd AT ZH
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43 £8x 4 FFol dste] LA ExHo gEXd qite B AESHA 2
¥ FAME 7HF 29 Add T-RFLE ©]-438t9 goln i)
7} DNA #&
TF o AHESIAE £eA 5 FF) diste CTABS AH43le] DNA & &
Jatint®

1) PCR

Primer+= Nos 661F(5-Cgg CTg ggg gCT gAC CAA-3)% Nos 1773 R(5-ATR
TCg ATC TgB TCg TT-3)2 AF£3}$ 2 annealing &=+ 55T oA PCR i
$¢ FASFAT? o7lolA PCRuEES A o 1100bpol I, 0.7% agarose
geldl M A& &As4th Nos 661F% Nos 1773RS €3 ¥hgolx N20 &
N2 2 WEAF)E N20 reductase £ coding 3= nosZ gened] dH-#o|th.

2 dFoAMs £ Nos 661F 5%F-Ed fluoresceinolgte FFEDS EHA

DNA sequencer € ©]&38t £8 7153t EE st

o AT 24 A
PCRZFo] 3" F, o]AL AAg wrge] HA &L FEES AAY H,

MspI, Rsal, Hhal, Haelll& 37C o)A 3A17F o4 A st
) T-RFLP

A &4 A3 ANBES Z7 ABI 377 DNA sequencerdl A 2251, oA

£ Genescan moded A size markerZ® AM&3le Z} peak 9 =7)E A Yrh
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5. B& ol2u¥ T LA

7}, Model site®] 718

£ A7 model sitet FHEE AAA 4FE o] Aol FFEALRZA ok A
Fre SERARFATEY He & FAAANEF Z2AEEAAL7 257 mg/LEA 7]
Foll A FAFIF LW, AA FHRAAG HA +5 mg/LY AXRE B W}
A o] A HAAEEL AEFET MY XY 30 meg/LE VIELE o]2uEFTH
I AAH A AP 2=dE A pilot-scaled] HEFFTHE T4 - EAFAT G4

o] Astg o] 2&A L Table 3107 Zr}.

oft

Table 3.10. Major ionic species in groundwater treated in this study

Detected Maximum Contaminate
Concentration, mg/L Level, mg/L
Chloride 26.0 250
Nitrate nitrogen 25.7 10.0
Sulfate 150 200
Hardness 130 300

. Fiberd o] &2 %<% Housing Typed 273

o] 2NFFAHCE FUAHE FHFL vessel 17] & 120 L/dayol™, =X FH2 F
2 AZFAE 747 250 mLF 150 g FLstA Z vesseldl 23 H )l Fig. 3.11¢9
=N wpel o] o] 2uBHFE ThEH poled] LFAZ Type A FEFHFA U
4719 AL Type BY 271x1¢] Bel2 A8t Z housing type] Whdte] st} 2
ALY L A A



+ Type A
ZE X XICH Fiber type IX resin

4
@___: ! ' I Mesh
\%d [

4 Type B
A
m m——V Filter
LI
Raw > Fiber
water type
IX resin

Fig. 3.11. Schematic diagram of Ion exchange housing types using Fiban A-6
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o ZA REEAY vmAE nZFX Y AHE

S A& beadWFol TEeE U2 HEZ beadBH FFd= WAHLE A
ARG, £8AE WRd T3t e A 3% 14 39 @33 FLH,
BEHEAYAS FHog APt 71&449 fig. 3129 Type C7t €8AE
solution A(acrylamaid+alginate+bentonite)oll EFAIA AZ3tE WHAd s, Type

£ solution A drop®] ejectorol A W&H7] Ao £2]XE drop surfaced E&HEF
o2 Zgddolr &£ SFIHES 319 bead’t FFHEE ZFEAH. EHAE
TgsA & acrylamaid+alginate bead® o] &3l A R3AE FEIE HAL 1
RAESY FEHo] ¢43idE Aol oy, HAEe E4E Ze 4dF #Fd &
8HE 7o) 2748 ol g dEvE 9ol U EF £HAE @A EEI}A
2R E WA E SAEE FEIed 2 79 7MFY o] oA FAFIY

i

oL

4g Ag3H9L W, GA YT ATl THo| HEHYo, TG RrHo
2 n4R Aarge] FEHE FPL MY 4 Yo 24dEd YETe B

i
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~ Solution A™.,
< +(Sludge) ™,

-
K
o
o
s

s
Iy

*,
*,
0
",
",

Peristaltic pump
N

e,

et

“..Solution B_.-*

Solution A+Sludge

Peristaltic pump

(pY
S

Solution B

Solution C Solution A

Fig. 3.12. Schematic Diagram of Immobilized Media Production Equipment for

type C(up) as inclusion fixation and type D(down) as forcing sticking
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2. Pilot-scale 53 ©]2n &g A4
1) Pilot 9] o] 2ug3d T4 (Fig. 3.13)
7h ol 2u g &$A
dutqd e st-9-A 47], 150g fiber resin/cartridge
o] X : 3/4 inch, 74 : 110 mm, %¥°] : 350mm
- A FAY gEEeA
- 5m ALAAEY, BN E FtEYA, Im FU9HA LY
v A AR

s - 500L/day, 20hr €&
AAYA F4 F%F - 10 L/hr, 1hr A A4
- AR S - 40 L/hr, lhr AR

2) Pilot Fx9] AYAN o]&FA 74 (Fig. 3.14)
7h) 23 % (USBR type) - 1 7]
- A& 35 Liter
+ Agitator : 0.5 ~ 1.0 rpm
) Barium &% - 1 7]
+&-§% 35 Liter
o A"z -1 7]
« FFEEF 9 Liter
) F 43" H - 17]
GEFAlE+RHAFALE - FEEF 6 Liter
°H AAHY AFx - 17]
© FEE&%F - 4 Liter
3) st A tank(Fig. 3.15)
D Asdezx - 120 L
2) ABAgAZ= - 0L
3) ABAAHFE - 0L

e

_{
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Fig. 3.13. Schematic of Pilot-scale Ion Exchange process

_53_.



BaCl2
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substrate Barium = HNEX &
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o orxE Y& f Filter

Waste Waste
brine brine
(raw)  (feed)

Fig. 3.14. Schematic of Pilot-scale biological waste brine reuse system



Basensial Water 11| ] Bssensial Water 11 [ ]
or™ o
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o4
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Clean water RegenerarJl f Waste brine
vessel vessel vessel
-l g =, o

Fig. 3.15. Schematic of Pilot-scale process of combined ion exchange and

biological waste brine reuse system



Az 5A FHEHS Yohuy] A5l WA 3 %e) 2FEE AR F, A
+2 2ol FHAAUA £AHAT Beadd 741 AS0ES IRA 900
9} Fiberd 4=%]¢l Fiban A6 W3] Td& @ygoz ANgEE AFHst9 1000 BV7AA
2% AHE Fig 31690 EAHUT, BADLY FEANE0 mg/L)dl ARHE
A 2= F(throughput) S 71Fo 2 & o A520EE 300 BV, IRA 9002 270 BV, 1¥
I Fiban A-6& 150 BVelith £ Aol AHEd fiber A7 A4 AL A&
Augel glenz 4x9 FAH2ATL SBAGHIIIA 2o1847) type 18 &
A8 WzakA Jehge fiberd +Ae AWgAre] B 2@EF] ThE Aol
Wl AA GEEd, ot 448 2gd 245 W TA s1Ee] ohd 4]
o2 37 WEo beadd FAUT He Foz HAAWEL £UF BT BY
Ay,

U AR
D AAw el BT A e 24

Fig. 3.17, 3.18, 133 3.192 NaCl 3, 2, 1 %ol g AAHY EHAHoltt &
AdEel & YEE 108UE Aoz /MY §e HE2FE Rojx ed, AdFE
7t Word4E Fagol 29 tailing@dAe] FUhete RS #IY + Y. FAAEA
29 A4 9N ¥ ABFELFE EL peakE RolA ¥i, dWtHom AT
&g ol Y&e ¢ F Atk B AAAY FEsAA FHol2rEE ¥
22Y FFHor gy F e AAFEEE NaCl 2 %7t 7H Hdsigdz a4
Ho, ngEo] YoiNE AHE FX ¥ 48T BHE Y F dE FEIT
et AR o]2uIAAN S AL A HE&EA7 W 6] W el 27)%

O

A



Aulgo] g FA wA AAHGF P 2 5o} FYAA AEHn YA o
G AFol AEH YA @Feon, AAELd gF AYHE e FATL oA
FAA d] 83 F3 Aok AAY FEA AT AYAGEY ARE Ed=
table 3119 A& 7tsd 44 2 FEAY AE FAoh

ARAAYEN S T3t ZAZe] A U ALY R FEALADTE 2HT
T A gty ew FAE Fiol&9 95 % oS AAdGE AL ¢ (complete)
Aol st=d, Y FEI FEFE oty FAALLE AYAZ] Hol
A AAHY TAFo] BAW, deFsrrt Adyez @] dEd AYH Y
RESA G447 dud ez golditte FHol At WAL NaCl £22%F &
el A B ZHAH AR, F& service FAA BAiro] 29 FE(leakage) S HA3E
T Ao 2y, A o2 7 mg NOs-N/L A=A $&2 &2 7IF <)%
ojlrz WMEA Aol e AL oyt H, FAC ugd FAHELY 60
% AETE AASY o2uFTH L FAsE AW YPES FE(partia) Aol
tedl, B2 A9 547 47t Aidojed w24 Fs-doh FEAR
s AT de QAT FAFE SA3 wutEol FES WAY £ Qo FE
AL SAQ Yl vla] NaCl 2E2FE 40 =
22 93 bypass blendingg AH83}7] SJ@thE @o] Yp® #

of
HHN'

fo
of
=
29

NaCl 2 %ol A 2&7Hed &3 2 FREARA TS AgA RS FHA9449] 5

EVIELE, 95 % 4 60 %7t FARRH AAY A M 22 608 30%
ol ole 3 %l WF ¢Hd L AR AYNIHAE FLAH, 2 %9 AAFER
WA E TR JYELA S FFE FA Fon, AAAYY 2N FdFHo=m

HESEIE 27 dfEe uAEY &£870d gANEE dEAZE F Ue FHE
9‘}‘;}_ 5, 27, 36, 47)

H

_57_



Table 3.11. Conclusion of operational times in complete and partial regeneration

Concentration NaCl 3 % NaCl 2 % NaCl 1 %
Method .
Complete| Partial |Complete| Partial |Complete | Partial
Resins
AB20E 60 30 60 40 100 50
IRA 900 60 30 80 40 100 50
Fiban A-6 60 30 60 30 80 50

Table 3.12. Comparison of throughput about MCL of nitrate nitrogen each resins

egenerant Throughput, liter/g resin Resin capacity
Resins NaCl 3 % NaCl 2 % NaCl 1 % weight | volume
AB20E 0.81 0.75 0.60 834 g 25 ml
IRA 900 0.76 0.65 0.50 695 g 25 ml
Fiban A-6 1.04 0.89 0.74 674 g 50 ml

TETY FAEEL FEFHY 457U 10 mg/Ls #FE W bed
volumes HEFFOE a3, F2o GNFA F HIAFF %S table 31201 H st
At AFEZEe] AABEE dNefA fiber type 5241 Fiban A-67F & AHE 5%
oli gloew, AAAY EHZAAAME & F AXe] o2 &7t g FH ¥
) FdfA e Mz 2 AYELLES Hola Ut} olE fiber type FAE HA
@AANA AstrAEEoz HEE | Ay E4E Y F AN T &g
S7HNA = glod, HA AETH A AL Y AvEY AMAAA= 9A
ol 7Zbsdtrh EF AR FEWZAE & MES HolA gon, HAide 5

34 TEFE 2R AAZ besite Aol Atk

L
=

2
> o
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\ B ] 150
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Fig. 3.16. The Result of breakthrough test each resins
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Nitrate=-N{mg/1)
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Fig. 3.17. Elution of sulfate and nitrate nitrogen from resins

during regeneration using a 3 % NaCl
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Fig. 3.18. Elution of sulfate and nitrate nitrogen from resins

during regeneration using a 2 % NaCl
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Fig. 3.19. Elution of sulfate and nitrate nitrogen from resins

during regeneration using a 1 % NaCl
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o} Fiber ¥ <X 2% Housing system7l%

Fig. 320914 (a)& wound typelZ A ZH fiberd 29 FE LAY B0
o, (b)& cartridge typed] fiber® A9 5o RFolth £ AFME 7]|E4
oju] &3 5o i o] 23 housing systemE EYIF LT, o] ATFE THo)AH
+xo AYA L HEFozH &4 ARTYN AX L B5o HoHe 13T
ATk F 7R FEe FEd disiA #AZ $U d3AYES AT B fiberd
TA GHFA T FFHF(throughput) (a) : 1.53 L/g resin, 222 (b) : 1.55 L/
g resin® 2 A9 4% AT LS JehAUY
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Fig. 3.20. Ion exchange filter housing(upper : wound filter type, lower : cartridge

filter type )
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4 GAFAL 4T ANAY Aol § A% AR

} SrgdTe Hu
1) gdEe 29 3 G A

WA Aoz Ahuigel AHEFE WA gAN FFEo] wMEA AJFAL(Table 3.13),
JJR29} JIL1ZS 13%6 MediasiX = oixx ez = Agstdrt. 4ut wixdA 2esid
W2 7F ALojy ARE T w3 gadves AMEe & AgdA 294 JJR2Y JIL1EH
ZE FFF 22 840 1€ 7Hede AXE FUh o] FFES 1396 MediadlA
BAIZE o) uiE &, ARHE Y F2YE 2T A9 AS AHEEA

Table 3.13. Growth Characteristics in Screening Plates

R2A LB 1396 Media
JIR1 ©) -*
JIRZ © C*
JIL1 © O
JJL2 © -
AL O -
AR O -

218A17E ool © EE2U A
b 36A17F o) Fo T 2 A
© 24728A1ZF olule] B ZFEU AA



2) ATy HAEAH 2 23 g4 A

33 =3 eA vetwd 29 wpasb Rz JJR2¢ JJL10] & #FFE H
Aol WE ZoZ YEWYY, EIeE #F F R2ANA Pre-culture3td ARo|
ALl MBI E WE S Ho FHou 2Ed 5 vdME 4 271 =
d o=z YEdtH(Table 3.14). £3 JJR19 Z$olE 1396 Mediadl A= AL 4%
< WEA &$tA T Nitrate Brothdl A€ 7Hd ®E AFE 2o FAG. A%l o
AHer =gdA detd 1396 MediaBthe WAooz we JFeE B FUd
Nitrate Brotholl A wjFgk wjke] Fo}l & Nitrate®t Nitrite®] T =& vlug 2
H(Table 3.15), Nitrate Brothol A 7} W& Aol vehd &5+ JJRICIA L, oA
< FolE Nitrate] 5% 7 w2 @& Jehds, wets 22 &40 71 &
Ttha AEE AT Nitrated] =70 7HF #2 w9, Nitrited] $=& vad &5
T 7P vobA g3 Afo] 443 dojuAe EdAT HEA IPHa Yot
agE AT & A¥olA AMS-E Nitrate, Broth®] B %, A€ Nitrate-N9 F=7} ¢
100mg/L AxdlA RY=RA5, HAAH A Nitrate F=7F 1000~1,500mg/Le] A& 3L
21¥ o, Nitrate?] ¥=& Eo|HA 22 48 A% e Ao § o H&3A &
o 8dEAS ¢ F AS Aotk
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Table 3.14. Optical Density(550nm) in 1396 Media and Nitrate Broth

1396 Media Nitrate Broth
JJR1 ~0.001 0.929
JIR2 0.443 0.711
JIL1 0.486 0.698
JJL2 0.002 0.158
AL 0 0.002
AR 0.046 0.104

Table 3.15. Remaining NOs and NO; in Nitrate Broth after 18hr

NO; -N(mg/L) NO2-"N(mg/L)
JIR1 0.080 0.360
JIR2 5.877 0.269
JJL1 3.949 0.203
JIL2 3.964 0.259
AL 3.559 0.163

AR 3.506 0.134
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3) 84 <A A¥ A& A DNA % ¥ PCR
PCR Z3 Yehd Bandt fig. 3219 vehd 13 PCR AH&<] 1500bpA =2 Band
b R EAHC it 84 sdAg AEAE BF FUIA 1500bp BEY
Band7} YEMEIL ol A& thA] DGGE(Eenaturating Gel Gradient Electrophoresis)E& %
3 £ (Seperation)dt L F7INE EHE AN dAolth EF nirK % nirSE
Marker2 3}o] PCR3}Z £Zd 97|44 BEAL AAsh

v mAE uAs HHe gF3
1) ZR33EA Y JFxA

Table 3.16& nAS A Ao 222 Alginate, 2 Ca¥¥ = W& FAo &
% AEEAHL HAAHHow AuE Axo|t) Alginate 3,000cps, CaCly 1.0% ©}/dellA
T oY BAE AU Taild AR & 7 EIFA/ AIHUT
ety FHE AP Y98 "ed Alginate 2 CaCke H4a FEE 3,000cps,
1.0% oltt.

Table 3.16. Qualitative Analysis of Immobilized Media Produced according to
Various Alginate and CaCl; Concentration

o) CaClz
Alginat;
EIAELDS, 59 1.0% 15% 2.0%
o A & A8
53 23 i Tl e [} &
1,000 FEtd 2 o1 g 8 2 83 T
#4% #4% 43 o A3
2,000 EBg AAEg  AARy 9%
3,000 3
4,000
5,000




Fig. 3.21. 16S rDNA PCR Product of Activated Sludge and Mud Flat
M : marker, EAIE F o] 1500bp
TP : A¥ A&

S &84 €9A
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2) 2AREA | EYF 54

7+ 2A S dE dFe) 70% HHFFH 90% HAFE BAY dI(fig. 3.22),
bentoniteE H7tg¢ nASFAIB)7 A skA @& ZASFEAD vl 58 &
AE& BAFREH, 53] 90% HdFHNHE B/ 120 oF 164 & @48 BAFI
. olst & 54 bentonite H7ER <d] @A R Pl T8t FA
o gA4d) 9 Wy gEolstn gadrt o9 2& AAFIIE ANE M€
gAo] Felg FA gu aRAoe gR2 Yrysd 7o Aoz FHEH.

3) 2AEA ] @d% Hu

Table 3.17= A A(I), bentoniteE H71F nAIFHAIB), €8A(S)Y 22
&5 9 g0 doju}r| 7R WQF Lag Phasel Zo)lE Yl Aot I¢ IBY 1
AsgA7E iAol ws @do| dojyriztAl 120~168A1Fe] H-EA|te] AT
Aoz Jeyed, ol nAINGAE AxA) AEE acrylamide’t ¥ FA
AN AR E4S FEdtd gAnAEY FHE AFAFY] HELE AAx=A:
AlZko] AU Al B4 & e Aoz eyt

8 Lag Phase® A F9o €3d&L vms HA IBY ZE$t ldmg
NO3 -N/L/hr2 S(33mg NO; -N/L/hr)9l 1/2 Bxe] €288 BRH 2 batch test
A2 9dte] Nitrate7h A% AAHAHFig. 323). £3 19 2€F&L 10mg
NO3; -N/L/hrZ B9 77t ©hd ¥4 o|& bentonite® H7}st2=2X HIbehx] &
< FA s FA FErE It WReA EARNE FaTEE GRWE)
AN oE dojwty] WEoR Addr

do
Je

Table 3.17. Comparison of Denitrification Activity between Immobillized Beads and Sludge

Type S B 1

Denitrification Rate
(mg NOs -N/L/hr)

Length of
Lag Phage(hr)

33 14 10

- 100 120
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Fig. 3.23. Temporal Variation of Nitrate Concentration during the Batch Test

__727



o nARGAE FA% 2ANgEe @

Bentonite® #7H# RARTAE U3 A5FAL AT AR ig. 326, 10
U ool BAE o] 8%l EEHATHg. 327). 71eF YAEANE o8 2AZ
e ngzael Agated 1 AR LTsE wY nYGFAY A4 2w
4718 B FAGE nEe FANALE B4 A5E AYsEd A A
o2 UEyT £ 1@x49 So4or I WNAERY #E9e7 gonz o
engsA A4l Aolg PEoz AAsn Azdrh

A
oH

o)
AEA

2. AARAYA ] MAETR GAY AXH 45AF
AEHH ANFA AIA, WAL ofaYolute] E-%Av]o) E(acrylamide -
alginate) BFBA] A gt TaLA P A PR FAHO
2 a7sgch ey ofadolutel=-AA ol wAE SHE BT St
MEUEE Aetn A%, 98 AFAFNA ctaelvtol=rt wPEd 54
Fe odoe 443 2ANIF 44 got nARY B Yo YA

SA UFel nAES st A¥se TZaFEY F¢ FAV FIdHo] &8A
23% "A g AIFH

25T wA, G W74
ZA #FAE, €A BA4H g4e gy d¢ e 28U vAE 1A
Yol 8T7EHA

A AHgE AR du A FHEREHAZA 20TAM 2 %
o AR =AANA 2FRAE WS &AL F ofTYolrlo|E-LA | E A A
A gA e FAFHANA JED FAE AT

ol2ug AAFAAR AAEA2E AASY] A edERU dEH 2
o] M]RE AAHFFAHE AL A3 Table 3189 2HSE A B, % C §9
S Az fig. 3249 2¥I} Ze FAE AL EFFAE ISR of o
A &Ho] x=ZelA HFEH7] Mo A &4 FEEH C §4& EHFT dstdw
SAB SMAA 1 AL 7HF 28 FAE Y F s Fig. 3.25).
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Table 3.18. Each solution compositions of immobilized media as forcing
sticking type

Reagents Content Solution
Alginate 32 g/L A
CaCls - 2ZH:20 11.76 g/L

Acrylamide 167 g/L A C
N,N'-MBA 8 g/L A
(NH4)2S20s 5 g/L B
TEMED 1 mL B
Sludge C
Bentonite 5 g/L C

Solution A : Alginate + Acrlylamaid + bentonite
Solution B : CaCl: + TEMED + (NH4)2S20s

Solution C : Alginate + Sludge
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Fig. 3.24. Picture of immobilizing media with forcing sticking method
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Fig. 3.25 Picture of immobilized media (upper : for denitrificational media, lower

for sulfate reductional media)
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Fig. 3.26. Picture of bio-media for denitrification
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Fig. 3.27. Temporal Variation of Nitrate Concentrion during Operation Process
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3. ERol2uedETAY EFET HF

7h AR Y] BESLH Aolg FAHY AT HF

Fig. 328 ¢|2u @349 ARTAAA wEdHes Lexe 9% 59 A
d & X3t ARANE AASHA FFda, gA APz AAHEE7] A3
o BEsE gAY E A&std 7T BT Aol

7€ RENH gFWL AR HYo FEI SHAE AT ATt

SHA YFEARA Y AHe] 47 28HBRE AL AT ARV v
£ €AY FEE Qg F& e Fgo] AX AFAEeo A}E st 2
o old¥d 9L FHIV Hd B dFdAe UAEEAE =43
Acrylamaid®} alginate® ©|8349 ohdd Feo A 2 AIYHE HL&3A e,
A €A 2FUFA ZFAFAHeR Uro] 74z gAd s YJEFHANGEE
< st APLA nde 2 FE3 £88 HUAE TH, T 22
TFE o8t A ol &3t FNAFRAF LS DA T eAYF 43
Z €8AE g £3AUF FAYFA o) &3 h HE7I N agitatorE A
FozA N7 nAE FAV FAE AT 2AY FEE& WAHA.

AFA,e] 20& FAAEL 1 g/L, 3ol 2 g/, dEFE 2 %2 5o
90Y F COD/N H&E& 2994 16744 AAAFNEA AA4EALAARES 437
¥ ARE fig. 3299 =Adsd. F 62AZ TE3e] £4% 23, HRT 87hr, Ry
vl 199 xdoz A3 step S HTE 90 % o4 AixAAL 80 % ©)de
COD AAEES d&
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Fig. 3.28. Schematic diagram of combined ion exchange with fiber type resin and

biological brine reuse system
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Table 3.19. Removal efficiency of nitrate-N, sulfate and COD by the denitrification

and sulfate reduction reactors

Operation  Period Denitrification reactor Sulfate reduction reactor

step (day)  ivateN (%) COD (%)  sulfate (%)  COD (%)

1 1-11 78 32 nm’ nm
2 14-32 84 47 nm nm
3 39-57 73 74 39/36 64/52
4 60-65 74 (6] 61 77
5 67-76 95 87 51 47
6 80-84 88 76 nm nm

*nNm . no measure

g} bRVt 23 B 4uA 2 ASAFIEA o 3097 $1E 3
89z $H¥BAE fig. 3309 FsAch

Table 3.1991 2oFgl uls} Zo] FAd FHAgo] FHoE Wk, ol Fib
4 #doz YAFE FeFas A P Rez FZAG® B A4 Hy
A FLee AR 51 g SOL /L - day ¥ Rs(COD/SOL, g/g) Hl 032 &
A9 step 4914 2AE F 61 %ol Aoz YEEHH FAFBLYL AA
g WA Be Ao 2881, ¥ $1L P8 8y fE, @FFFe &
gt AFE AMAN HEaE Rol W ojF$u, 2 g SOS/L - dY REE &A
§ FaEBdze AALO] 60 YUAERAM & 184S HolA &ttt

_81_



1400 ¢

(1/6W)N-et N

Duration{days)

—8— Nitrate—N inf —#— Nitrate~N eff

Fig. 3.29. Operating results of the denitrification reactor treating spent brine

produced by the ion exchange columns
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Fig. 3.30. Operating results of the sulfate reducing reactor treating the effluent
from denitrification reactor(DN efffluent and SR influent are the same)



Liu, X SBRE ol83tel olem@ AU SAAAPEE 9390, 2
of sl AAE vhe} o] AGAAS ANz oJeuBFA AYALE A}
8 W, $HHE Folee YARY $FA BAE YN 298 F T, o2
Vs TAE Forat YRS F2E FEUC Yo ARAND + Aok B
W ol Farat WAEAS fu81, A Aol 9F%E MA ¢ dvx
ARG vk AoE 4 W 3000mg/Lold DEEE FHPE FAlee £AY A4S
3 2B5 2 AHE F, ok Fe AnFos AAH o] LTBFRY 4]
A 8ol HA TG B FAY Fuled AAYEL FE o2
Aol oleng AYMGE Aol$T B9 wEA Lejsjob RS ¥

v AR E A kel 3 AAAA

AE3 FAATAETG A Y9 Fao|2 g FHHoR AASY 549 3%
A EdPAYE AL g3aAAA sstE FAAYAYL F3uE(BaCl)E
H7tetd whgol2o] o]l 23 wrEste] AL AT

HAY o] 2F = (ionic strength)?] F3FL FA T w 25T A BaS0s9 &3 =3
(solubility product, Ksp)& 10" ojm2 SO, ¢ w&3 4 & BaCl 9 Hez
F4¥ Ba¥ol 0] BaS0s9 I AAT = stghukgA e ol A Ak

BaSO4(s) « Ba® + SOs2 : Ksp =10 at 25 C
AP AYAA S0 FE = 96 x 10° mg/mol x 10° mol/t = 0.96 mg/L

olm ZFsHE SO FEE 096 mg/LE Adrgrh makA, H ARl 4
mg/LE A% FAEE aRFHo2 AAY ¢ Yov, BaCl, =2 25 o
T 9 E3(salt compensation) §&g & £ ok vFe HR FA9FL AR
sl BFuE WEATIE 2Ase] GE L gL U FF0] wE LI A
€ B7] A8 g dis) APS AN AHE fig. 69 EAEAT

A2 A #Fol @ viEF Filoleo wWMIE B Yitd GHo] Qe



243 4d&°] 2 %2 EAE 2ULZ UFo] o|2uFFR AyFH G Fito)2
2 g/Lel digk vhEel 238t 08, 1.0, 1.2, 1.57F HEE d3ntgS 531, 0%
AAND F FTEE Im GF/C AAZ AFH3 A

Fig. 3319 3 &AL 23 A& FA de-go] gl HAA(control A)F o]E EFE
H7bg #H Y(control B) ZAA Fitel 7 utEe] FFHE 11 12 3t F 59
Aol 29 AAEE M 534 £ BaCke FHE FoA5E o)L
AEFH TN AAHe FEAAET AMEL] Fouz HAYg 23 HEdd
ArEete AE ARHeR JRFJLS E F A v olF FY 2FY FdxA
g pilot-scale?] BT Ao A& PE}E FAFIALTHOE H Ao Ao &T

39 oleuBIPY AAYFE HLAYc

on

o BEoleugsAe AT

) BEFF/ASR0 A48 Ade AAEE HE

ANR A2 DBEAAN TARE A9 o] nxED EAGe FWYALE 4
gotdoz 14 AUY ¥, 2% Aele dd FA|eg AANs Ashel, AEH
F3 et wHe Hestel MY 1719 olens BYL ANY W o
1.5 L(5 BV/hrx60 min)¢] selo] wastgle, 6083 2AE g mol 7dg
AZSGS) AR §949 NOy-N 5EE 700 ~ 1100 mg/L, 283 F4de 5
TE 1700 ~ 3000 mg/L MY},

AR AAAG 23} Ao JENA/HeNY SRFAL 247 83 Fob WE LA
d9e W, & Aol et A JYHste fig. 3320 EAHPoH, HF
At g Addoz £4% AT F, £AT FH5FBed Volume)d|
A% fig. 3339] VEUL.
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Fig. 3.31. Results of batch test with barium chloride for sufate removal

(control A : no salt, control B : present of salt and ethanol)



Fig. 8% Ax]q BEsH z2n 33t 939e 474 o|83to HFTAL
AR S o) 2udsA e A Aol&d AH, TAAFI wEH we} FHhF
o Aol7k F3EA detyth A A FAABAFTAY BS, G A Fado)
2ol &dd w 1049 ¢ZEEst A o W A4 FRAGl X9 AAA
2 g AgE & YA, ABEE] diolert B £¢ Faol29 gAMT
AAZL o] FoAA A ol HIAH0Z FFEE FAdo] 22 o|2ud A9 A4 A
HE 7] Wi, 839 RANME ATl A SFTAH 50% o5 F&
o HEFY £A7ES AFAYSFY vEFEE 04 ~079 HAE FANRL
W, BFFEE 044mg/Lol At

Aed vish 2ol B AT E ojead AAH N Ad HF A} A +
Ao} Agdog AFLFoen AL FHH AR =RFYT V)& 2
AgALTE AAGE 2A2FA gt X9 PR AHNE FE FAO)
29 EFHHY AAE 95t AESA FAdRAd ety g3 vusddd. o
AotES ol & % 2P ALge d, 893 24 AYE A AMIYY
HEFEE WHOS AV|EQA 07 mg/l B} @& 3¢ FAd3ed, oj2ug
TR AFEFE AEHo2 FAY ¢ YAG? £ Fridoz dsE g0l
2o o3 9 BEFS A FaAZ & deS GG 4] e AE/3
A Egol R BAYAN TS oj&Fozn AL 2dd AsFY A
7 HAF digte] 8 Ao Algdr)
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(A) Biological waste brine recycling (B) Chemical waste brine recycling
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Fig. 3.32. Changes of nitrate-N, chloride, and sulfate biological(A) and chemical(B)

waste brine recycling
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Fig. 3.33. Changes of throughput for sulfate removal type with biological and

chemical waste brine recycling
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2) 2 H=3}

%49 Pilot-scale®] EFo|2TEFHL 45 AEd oI Fod

AAAE Table 3207 ol A&t

Mo

Table 3.20. Operational design factors of combined ion exchange and biological

reuse process

Factor .
. Flow Rates Chemical Rates Remark
Unit
25 L/hr at MCL of
NOs-N i t
Ion exchange s Niservice step) NaCl 2 %(w/w) -
10 L/hr at
(regeneration step)
Biological
R 10 L/day COD/N as Ethanol : 1.9 HRT : 7
Denitrification
Biclogical 10 L/d COD/S as Ethanol : 0.3 HTR : 84
anol : 0. 1 8.
Sulfate reduction ay as
Chemical 0L d eq SO& : eq Ba” B
De-sulfate & =1:1

o EE FF ARANE ALse EREC EAS LIRS BE, FTEBAA
234 WY AFE A F e A2dy AEE 27E
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% 95 2 FFY oG 22 B4 34 2 93 €A F BA

D 5 23FF9 £9

Lab-scale®] A& @AFAZNA A AA FE2E vBEFH FEF AN
e 22EYA, 2 PA ANZHAFA YT AT 71 2Ar AL
oty $FB2AIFFE £330 Astd wiAzAd wE 44 2284 2 3 A
& £43 A HTable 3.21).

Zt &R FAT 5 44X10690A4 8.2X107 cfwml AER EX3I}H L, ol
T 24 840 dxe A7 HE&L &R A4 g 2534 & 5AL UE
WATh ngdl LR FH &8AU A BANEA23) FATTS AL vxF A
52 g3 Aol Asd @4, &34 Ze &Y EdAE@W5 2E A9
e F ATFFY 50% otz yEgT FH 2 e X (Synthetic agar)y, A
W42 9= W)X (Fishery agar)?] 7 $-d= & wix &9 vlsA Jdez A&
T Aol AF H3ou, thE wiAd HHA, dAHer oW VIt T F3HE
Hizlo]7] WEd ¢ 23 4L VM dF7F EAY FEol v dFH,
o)A Z platedl Al AARE colonyE ZZo] tid ©F B test® FTIHA ALY
Aol

ﬁ,
o
‘1d
o

Table 3.21. Plate count result

R2A Agar Nitrate Agar Synthetic Agar Fishery Agar
1 44 x 10° 31 x 10° 1.8 x 10° 49 x 10°
2 1.1 x 10 1.2 x 10’ 53 x 10° 81 x 10°
3 15 x 10 1.8 x 10 41 x 10° 3.8 x 10
4 31 x 10 71 x 10° 22 % 10° 11 x 10°
5 82 x 10 29 x 10° 28 x 10° 36 x 10°
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2) 83 g4 &4

7h edud g 84

Pre-culture ¢} main culture ¥ 2} €A 2dgd FF9 22 &4 A
B AAF test culturedA F WG Ul AMNAY AL FE FAHL Tt
AERAIL, o] AL table 3.2291 YERT Qi)

92 Z bead 7 &elA, FUD AAZX bead #3 £8A, 1FEE €

F 49 €8A, 19E 49 A HAFAE EYUATAAM EEHad #FELS
table 3.22¢14 ERd wiet 2ol 23 F4E 2FAL HAE AR JEno.
table 32201 M= €2 &40 & #& /e FF 9 €42 AdHAUG. A4 &
2 B9 €8AY A wd 23 49 540 0E Re=

of matA 0.32 ~ 882 mg/L NOs-N reduction/hr Abojolx €3 &&& el

ad

=

EC)

LR

Test-culture® serum bottle®] closed systemWolA A A€, syringeg ©]-&3}
o sampling® ¥ ™, @3 A% A4E gas7t WEAFH WA sampling B F7+ 9
o ©] W syringecl A gas Age] <o F FAEE sampled table 3.2204 M=
EAIEA T table 322914 BW gas Aol #RHAYT T M @& Fdo tE
sample® o} 30t nE TY 4 YA, o= FEE FRBAZ sickn Bedy

Fig. 334X € Z €A A £3d #39 84 849 £X& Yguiid z
Zkol 3o &4 ¥4 o] 5 mg/L NOs3-N reduction/hrE S22 AA 2709 group
22 UFdAE AL & £ 837, 5 mg/L NOs3~N reduction/hr o]39] g2 YE
€ 5l daiAT EAEA
Table 3.22¢} fig. 334914 Yetd ZA4E Edz 3o, AAE plantd] HE&3AS
W, 7bs4o] 3l FFE table 3.235% o] AEsATh Table 3230149 Axg B
9, AFHoz Hddd 255 €22 U bead ¥ &£8A), glucoseE @AYo
st RSN £3AQ), 22 1FY AR HAFE HIFtE SHAGAA
E2E AEolth old @R £ o, R EAd wetA EyE #F9 2
2 &4 544 Hort AVle AL ¢ F AU
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2) ool Eed v g3 #F 9 v

Su et alTL FA HFE AGde dAZRH 713 §F0M €d g4 &
A #F NS-29 Eo #et] nuatgtt® NS-2¢] @@ 84& W 4565
mg/L NOs-N reduction/hrolst2 £ 79 A¥ #AAA 7Igez AAHAINL 5
mg/L NO;-N reduction/hr®.th & gtolot, weta 2 dFoA £2d 27134 €4
24& MW TF9 842 4839 248 HdddEaxE 4% 22 2&S A

3 Poa dddd.

Table 3.22. Z €A A Ed &

N
1o,
g
i)
et
ox

23az= SeAF  dARAS

1gesedA €A Aed e84
3-01 354 401 078 505 302

g2 Z bead ¥3 ©3% bead H3

1-01* 652° 2-01 2.26

1-02 515 2-09 2-05 3-02 269 4-03 0.55 5-07 6.68

1-04 0.34 3-03 2.35 4-04 0.40 5-08 3.57
1-05° 6.06 3-05 3.26 4-05 1.39 5-09 032
1-06 3.03 3-06 3.78 4-06 1.11 5-09’ 065
1-07 6.37 3-09 3.82 4-07 4.03 5-12 3.43
1-08 3.01 3-14 5.73 4-038 1.93 5-13 6.13
1-09 5.38 4-10 1.52

1-10 260 4-11 0.90

1-11 7.72

1-13 3.79

1-18 2.26

a ! name of isolated strain
b : NOs~N removal activity, mg/L. NOs-N reduction/hr

¢ ! gas production when sampling
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Table 3.23. Comparision of denitirification activity between finally selected strains

and standard strain(Paracoccus denitrificans)

Isolate Denitrification Activity Gas Production
1-01 6.52 =5

1-02 5.15 =5

1-05 6.06 =5 )
1-07 6.37 =5

1-08 3.01 +)
1-09 5.38 =25 (+)
1-10 2.60 (+)
1-11 7.72 >5

1-18 2.26 (+)
3-09 8.82 =5

3-14 5.73 =25

5-05 3.02 (+)
5-07 6.68 =5 (+)
5-13 6.13 =5 (+)

Paracoccus Denitrificants

ATCC 35512 4.49
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3) BFE TF9Y 24 84 v

B AY0AM Bed FFEY €2 NS SANAY PEA 4T e
ATCCAA B F¥&  Paracoccus denitrificans (Thiosphaera pantotropha, ATCC
35512) 9o €A F4 S &8 fig. 3.359 table 3239 Uetith o #Fo 22
AL table 3.23904 vebd uvlel o] 449 mg/L NOs3-N /hr reduction® 2 WEFRE
o, olAL Su et alFo ¥ RAHYYW TF NS-29 22 B (HF 4565
mg/L NOz-N reduction/hro)d) 3 &3 #5o €3 A4S /g3 & ¢ I3
o EF B Ao BEd vE #59 g4 847 vy E 9, 1~11(7.72mg/L
NOs-N /hr reduction), 3-09(8.82mg/L. NOs-N /hr reduction) 5ol HI3|A thd @2
MR Juin gudn weA, B dFdA EHd #FELS UE

r
R

g4 28

nosZ FAXNE FEZ3lo ztzte] AT A A AL fig. 3.36~fig. 3.399] E
ydch ol 2P Az FEAH2Z UEhUtE peak® 3, 7 AR EAH L
2 Y peak E QUth o]& F Hae AT A& o3 A3t (table 3.24)
o714 Z+ T-RFY intensityE % intensity® vFolA 1% o]l A Fste AwES
&% T-RFZ ARt
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denitrification activity(mg/L NO3-N reduction/hr)

denitrification activity

10
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Fig. 3.34. Denitirification activity of isolated strains
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Fig. 3.35. Denitirification activity of strain Paracoccus denitrificans, ATCC 35512 in
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Fig. 3.36. RFLP pattern of sludges with the treatment of Haelll
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Fig. 3.37. T-RFLP pattern of sludges with the treatment of Msp
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Fig. 3.38. T-RFLP pattern of sludges with the treatment of Hha [
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Fig. 3.39. T-RFLP pattern of sludges with the treatment Rsa I
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Table 3.24. T-RF pattern and relative intensity with the treatment of Haelll

(a : the sum of T-RF,

b : the sum of Relative intensity)

nosZ1Hae nosZ2Hae nosZ3Hae nosZ4Hae nosZbHae
bp % bp % bp % bp % bp %
70 13.37 77 237 70 14.33 73 3.19 72 1.84
a1 1.15 82 1.31 93 1.32 91 1.53 74 321
93 3.07 84 752 94 1.18 93 257 76 574
87 1.35 84 1.74
88 6.34 87 1.44
92 534 89 2.05
96 1.32
100 1.01 102 1.32 102 1.86 103 2.86 100 1.60
119 212 105 1.07 119 2.26 108 1.09 118 1.83
128 450 115 1.06 121 1.34 109 1.09 120 1.08
129 10.66 120 246 127 1.59 112 1.02 121 1.09
130 541 128 2.13 132 441 120 2.04 179 36.38
136 14.90 135 3.36 136 12.52 136 18.40
143 1.38 139 111 144 1.66 150 2.38
145 2.78 143 1.13 150 417 152 1.10
152 1.42 145 1.26 153 1.81 164 3.23
178 2.30 150 10.33 156 1.67 165 1.01
152 2.69 158 1.02 176 4.18
162 154 178 13.87 178 2.17
173 1.06
175 1.23
179 21.20
194 384
206 1.43 263 2.29 263 1.60 209 1.36 200 7.87
208 1.70 211 733 243 10.35
211 579 219 1.09 264 1.79
222 1.39 221 2.27 282 843
238 1.56 261 1.84
208 1.28
354 2.14 34 2.53 303 1.18
372 1.04 320 1.15
426 3.24 426 1.85 440 1.46
461 1.06 464 1.75 464 3.71
464 2.11
24° 86.81° 24 85.84 18 70.21 24 70.23 16 8775
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2 7oA @ T-RFLP Z2#E 7|&d] ¥¢2% nosZ geneEd H|w3) 1B
#ske] 71Eo] EIE nosZ gened] FFH wiste] FAMIHL, A& B AN
AHESRE 4719 A &A 1A MEE o)&se FEA o dolg AR
(table 3.35)

Table 3.24¢14 B, 178, 179bp Z°]9 T-RFE 5/0¢ A8 5% EAsE A
o2 yeht 3, o)A data A A, )AL AU sedimentld EIE
sequence®t #< T-RF Zolg 7HAx Uitk o] Zel9 T-RF7 53] 58 &#X
INF ds AR edA)AAM L w2 Jeda )4 (36.38%) s &3
tAE Wo] X3 sequenced S & F YUTH

Y, table 3.2490 A4} 135, 136bpe] Ao} 7}XE T-RFE 58 &£ A (ANF #AS
A €3AE AT UH A A SN HRY 2L 6&2 ez goM F
£33 gt 3], o] AL Pseudomonas denitrificansyt Pseudomonas stutzeri So1A 1}
EBhvbe T-RF ¢ Hl&@ Zol& 7lXa Y& Aoeg yehyg

a2, & AgoA EAse Reg JE oy databasedNE HiHA gL
T-RFE°] QA=H(70, 243 T-RF %), o€ ot dF7F wHejof & &d w50
ZAAA el g@ol EAEA e Rew Azd,
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Table 3.25. Restriction fragment of nosZ genes reported.

Nos661F Msp I Rsal Hhal Haelll

AF016055 1~18 53 289 156 271
AF016057 1~18 53 286 186 150
AF016059 1~18 318 104 30 137
AF047429 1~18
AF119918 1~18 53 621 39 182
AF119919 1~18 579 368 196 179
AF119920 1~18 79 250 74
AF119926 1~18 291 491 250 65
AF119927 1~18 2901 204 153
AF119928 1~18 53 201 189 45
AF119930 1~18 291 270 45
AF119935 1~18 53 286 267 150
AF119936 1~18 288 365 285 261
AF119937 1~18 184 365 79 74
AF119944 1~18 193 470 285 176
AF119945 1~18 53 139 201 150
AF119948 1~18 53 365 109 150
AF119949 1~18 693 286 81 176
AF119950 1~18 53 615 193 150
AF119951 1~18 53 365 193 150
AF119952 1~18 576 470 153 176
AF119953 1~18 318 104 30 212
AF119954 1~18 53 139 567 150
AF390116 1~18 25 104 47 212
AF390117 1~18 145 53 30 99
AF390118 1~18 240 70
AF390119 1~18 344 352 111
AF350120 1~18 53 278 285 150
AF390121 1~18 146 42 153
AF390122 1~18 432 42 153
AF390123 1~18 196 204 77
AF390124 1~18 288 39 176
AF390126 1~18 145 53 30 137
AF390127 1~18 104 29 - 137
AJ002531

M22628 1~18 705 104 47 137

U47133

X65278 1~18(15/18) 43 101 41 46

X74792 1~18(15/18) 501 30 153
AF119938 1~18 53 198 385 150
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A 34d A7 A5

1. Fiber & o|2n&FAE o] &8 o]2udFTA 2 A3}

7t ZF A6 did d34 923 AS20E, IRA 900, 21813 Fiban A6% 747 300
BV, 270 BV, 120 BVl #1933, Column TestE E3o & nFEFS
A& 23 Zzh 93, 1056 2 3.05meq SOL /g Resino] $ o},

oL 2, R 3% AAYE AHSEe ZYoRRH fEHE AHGS 24T
43, 54 ol2r1gs FAZRH FAFHer 2YMNE F 3e AFET
NaCl 2%7} 7b3 Adsiga fddHd, o 92 9 FAF8d vYLd

AN E AdE 2 ¢ 48T 84 FA4F F e FEoth

. NaCl 2%A AL&715d ¢4 2 REAYALTLS AyHde] FAAAL
9 BEE VELR, 5% Z 60%7t FAZRE AAY Az dgsiA 2z
60% 7 308 0|t}

2 Aol d 4% Fiban A6 thd @9 FAZ SH4+-FS A= NaCl
2%, AMAAT 60F o2 sl w3 2 AfAFoE BEE A AYFHS
0.8 (throughput Liter/g resin)olitt. ol X9 G F AT ANHdAL A
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2. BETH 2ETHE o] &F AAAA Ao & Ve AL

7. 90% w3 A ¥ A3 BentoniteE H7Hst BYPHAI HbeiA] & @A u
3} A 60% B @AHS HAFHAN WY 84T AY HAS B
< R Yo, A ez AYA Y YA APrEe F
WA F Y& AR AtgdT.

l

. Alginate 3,000cps, CaClz 1.0% ©]4 BentoniteZ 715 ZAoA 3
S8 A4S Ad 27 A¥IAh =3 15 % AdGsielA Fabel g
3t ZEgte Aol $48 edFF R g

o FALAGSA A Re HEE X FARAYASE ALY A, X
Faggely AR vasge o, gedT] o] 48A 3ol 3
S ol #A 4E%HE nAsted FYge ARFH AL
Hletfog TEAd ¢ gleon, g AzxF Iutz ol&stFEiy, g4
QA 7189 PReAY AARFAY FA S 2 o)t AU

o[r m]o

3. @ATFY ¥ 4 wdATY ¥4

howS MEE B8] we ANAH Ax RN, 719 2F BHo) $4%
1-11, 3-09 $3 2& @4 #%7 AU

Y 2 AN A 29 edAY BAAERHQ B4 A, JlEd wa
9909 #79 DNAS T-RF7} 19 3it

B AN AEE 9 £uA Y EAAEHAA B A9, muEx 2%
| T-RF7} A% 7F540 ol 2AHNT, 224 5¢ 58 471429

gr7 gesit
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3. Bol2ugET Y ARAE T HF

7F A8 o] 223 4R Fiban A69 tis] AABEE NaCl 2%, A Az 608 ©

o]

2 3 g3 9 AAFo)E #AT A3 X9 dHFAT HIHFHFLS 0.
(throughput Liter/g resin) ©]1t}. ©] bead type resin ot & &8 &
HEURoH, o] 5 o] &% thdt e FH&o] sEsith

Alginate®} Acrylamaid®] EZHANE AP F nd2do] FE3] HeAL
SHUAE FA g FFae gddL FAHE F 0UY AT 23 HRT
7, Ry rate 1.9914 Z}2F 95 % 9 87 %9 43% A4 W CODAAZES <&
Rt

EU% oz AESY 2YITPL 4097 £2% F3 HRT 84, Rs rate
039 ZAGA sulfate R COD AALE] 27 61%, 71%°2 714 F5
FAth.

=2

s}

ZH

gul

i

SubEg o]t Faoleg HuA FuWo AAY A, o
go] HrtE ZAGA Ba¥ 1 SO& o "l gol 1: 1Y o s @
0§ =S Uit

rlo

BEglel 859 WRLHS AW A, Gz
mg/LAA FEA90 45uES H80e 4% Fuoles aRFom A

48 4 Yen, Aol nEPA wel AnF F7E 2A AL
& 9ee FAsFA
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vl A Fagded 9 53 dshitg Ao 747 Fdolk e AA

A},

T AYAE o) gsted 83 FA wEAHoR FAE HAsn HALdIS 4
Ag A, 315 AAYE AL AN FAY nREFAF B2 E
A &gkt

B EL o8] FAILEL AAL A Bl
Ho ¥4 AnF BHE AAG, 239 2FAI AFH, A4S
4439 4ZE sdac

Paol o] A4
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H 4z =

K

Sdr 3 #HEFo el Y[

A 1A 7leNged we 7IEadh

L olemBFHANN TASHE +A AY Aol A% As 27 LGPA, BFF

2] 3+ WA

2. ARBA 2E2FHE NaClel & a0 9F 60 ~ 600 Wi 22

AR NaCL SE | AN g HE

%} 6 % 1
& 1% 10 ~ 100
NaCl BaH

L mEs e A % 6 %10 ~ 100

3 ol2ndEAe AF : 2949 Ak AYrlex AH

7h BEALY AN, F948 An

J

v, #Er|ee 253
o A AR LA, SHRA F4

R A S BETEH e A Jled g4 2

2

4 WA= 14 7ee EEH
A A7 W

5. Fo& FRAA L

- 109 -



}o o9 Al 9 A2 & AL BB AA
. FolE Fud 48 £F FY

 BEAE Aasdd AL $AE 5% 490 nE 2 5eH o F

e 873 7l 7F - Wig AR R 9= A% g2

- 110 -



M5 & Adxfgdzate
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A 1A 79 &3

doBEETR WE AFHE L 4%

AgAGe) FRE A% P 2 ANE F F gow, o8 A% FAAA
¥ AR L APAHGA] AAE vhgN Fe F FolEe ARAM BYsHE 2
ALg AANN A, o tolrt A4Aoz A §TFOZN LAFAM AHL
ERGS it BPLTBIFHL 188 FAY0] 24T BER FA Uk 47
GetE HEF olAobAd UEATEe] WAL AA WFomK T 94X
g AAY Aoz AW

2 ATA e ZtZe] g FALe MEF oz U AdAMCOAN 42
g Aok Fiberd o] 2u#FXE ALEE A¢AE ¥4 %3 Housing systemol
HEo] Jhsste NHALAFT] Bute] i nEALIEEF AHEHE ZEFAl
24 E &) Ztsdch MAEFGAE o8& - HFANYFTA At E ALE
ol 7bsdd, 53 ¥ =] AXFALHFAH A MY F& 45 Ve F e
W, ANZTLEAS, FFAAT A, YDA FAGILHAHY HeAHT
4] &0l Zhestth gfe] B AT dd gA nAuy ¢ AAgAE
ABEL e FAZE 4AVIG AETe] REXHE VS 27%E ¥y, B
Tz olgd 4 glof ALAe Fold, 7Izte] BFAS JHAG Ve
garlez Fgd o=z 79,

o N
o
fo =

e
o
IS
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A2Ad BEAHY

C BA% 2 4Gt FEER 1Y
A4 AP BFEAL AFHAT YE FAolW, P2AYY AALALE B2
MAsE FRAA TARE DI BRAEAE T8 4o 2L Bolv FYAN
Aze Aoz gIstn dvh 53 A3 FAEY 29 2
g MAE #4049 RAA dAvt A% AR @ BN $5F Y e F
Aged BYL BolI Utk B AT Aue BHolengIPL §

"
30
fr
T
oift

3
o,
>
S
=
ko
o
It
o

>
=2
M
4
o
o

9 =AY 09E AAST ARHAGHEw HPAY ol &l shsdn, AHe
2 QHE 3 A%, FUERA g9 298 FEAGY IWHARAA FHO
2A ol §7bs Aol S &

i

2 7€ d9d AEA e I AdAYY R AEed B 1dEFd dAS
o AFAAGA L JleTRA FAqAY, A FIFAAE 7IdA dA FHE
€ A4sa 7% &€ 49 AdsE sbestysa AN Iicde R
gol e ZIdEddA el a9 AdE A7E Aol 7hedt

T el
o, ferlgold HA o] B BIT FR rlEoldErE L F U AR V]
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AN ALE gt og ¢hAsn B potentialS ZHe &4 o207 HE
A3 d 3 (lime softening)t} 3ot e AP =AY FHOZE AAHA ¥,
A7) %A (electrodialysis), G4t (reverse osmosis, RO), AEETH =3
(denitrification), 283 o] &mFe] At AA7 FAssiehs P o R
AMFEE ANAAEAL B ol b2 o)k AAJ FhedARl, o]2ABF A
Hlg) vl go] o vidz Hds o Wol AT TP vEFE=ES 2 {FH
Ae B2y 2dh 48 o) 8std AAFAAE AASE FF-ETHEE AHEsa
o, mFgME o Wye] A AEHA &m A AwHo Xk yof
EAsE AAHALE AASE EHo2E olude] M st ARHoIH
AAA Y, o) AFFTAHL IA4F wr} 5o ol AA Ao, AEIY G nld
Ax 25~38 AP Aoz BIHT G FWAAL AATEY 54
Table 6.1 8 oF&}4t).

ok

2. o] I &4

Fig. 6.1& @ (single bed) ol2u3F A9 gl sExojtt. A9 AAY
& 3EFE FEHY, 959 9B E pypassAlA oleunIAHS TG HYsre
EFsd FHEE /YPe AL 5 QP oy TgE B e FAHAL BEE

7 - 8 mg NOz-N/L AEZ fx3e Ao Qubdelt “ ) autge oj2ug
AL service — backwash(G A &) — regeneration(AA) — rinse(AA)e 4 GAZ

T
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Table 6.1. Comparison of nitrate

removal techniques

7 Bgsy &3 ol e SEas SRS
LpEoAr= w7l Qe 2| 17 %A ot
=1 = = ) v
Qg [FE AR A T"°]%Lﬂ7f%¢ Agoled s Aol
gxoz Aolee|xd F24
HHew AddEe 71 L 2 A7
29
A2
Aze) Axste A4444s | AW | A2
)
ase wEs Fargol 9,
AngALE  Ba|E, nygel glg, | |
FABY &ol,
24 |hez weg, wagel A, | fAR g, | LT
FrAH 8 A FARAL ) AL FF ARG A
o)
he  9%=
Fo 28 0E 9RE A i
aEggs A, | oo EEE HE TR AL saa
AAAZ A%, (A, FHA 3 '
BAY | B3 geigan, T asE NOs#
o e e [PEES AAAEE NOT g T T
e T ey wotel A gL
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pmmmicmis GROUND: WATER
' NOY = A
1 A, B, . ete. = EQAL
a~ = ¢ l 2
07 = O
T T
..
STRONG
-BASE
ANION
{EXCHANGER
ougre | I8 DO
NO3 << A
HCOS < B
1 a” o »C
' S0 <« D
1
gypass . .
RAW WATER Y L o :
' |
| BLENDED PRODUCY WATER
No* t NOY < A < ML
ged SOT L SPENT REGENERANT KCO3 < B
- - AND RINSE WASTE ¢G> > ¢
NOYy
a- $07 < D

Fig. 6.1. Single bed ion exchange process
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T WEE FHA Eor) W HY Wl o)L Aol A& How WL oy
& WsgE Jehd Ao fig. 62019, Y 9Fde FAAo|L, FatolL, diol,

23 Fadol o] EAEE Aoz AHAYG. drHoR Fo]& wEkES &
o2 w3y g vj$ wEA FH =L} Fig. 629 A GAAA o2 3to]
AL APHP, dFol EAFE ol FRo FALAE diale] FAS Az 9l
d daol2o] FEdr. @8, A FAHE o)k Adxd wet 2t He
t}(chromatographic separation), 7}4 WA 3o E@dl o]o] FALE o] Lojx
(B), 2 g&d AilojLe] RAHW(C), AFH o HATst 7MY F& Fiddel2
o] Bt FEE®

2) Backwash : serviceZ7} JAPHE Foto] FAZd JFH o]Z2FAL AojuUirl Y3t
q FIFHZ BE SHANG oln 5L FAZ0] 50 - 80 % BE BAIJEE
Azt Aol AZEH, A& FHEo] R3] AAHE JAHE FAsdn A4

TAHLE AFE

3) Regeneration : AR GAE ol22 350 28d FAXE A2F LA A A X
!

o Ry Fol&d FiolLg o FHAGoltt. service A Ftol FA|

e
>
N
rlr

228 golegel A We Gaoled o waslol AARNEE, AT Aol
FAGES, AYIEE, 221 GHUES] EAVDG JBHORE $X9 ¥¥8
$ole8g BF gacleoR dAY ¢ 9AW, A ANE B Fo &30

4) Rinse : AAF 425 o] 2R3 Q2 e AR FHOZ BE HPF2 ¢
Aake, g&AHF FEAHOE wro] AW BHARE FAe optimal
contact® HEE Aol THolw, FEANE £XF WY BRI AA THo]
=3
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SO*
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NO;-
v SO42-
HCO; CI NO;
) NO;
Cl HCO, CI :
A B C
Effluent

Fig. 6.2. Movement of ions through a resin column
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3. olem@TFHe) FFY
7}. Fixed Bed Design

A4 A A(fixed bed designs)eE ZAFHO Qe w7 Yo o)lewIsA 7}t &
o glod, FAF AADA EFI 3 g7 WA olFeoixE wyelth X
S AAYe HEL 139 WNEUE 53t AAAo] FARAFoZA AAFTAH F
g2o. o] 71 dutA Hee] Ao

1) Conventional Fixed Bed

AF3te] o] &5 /Mg ad FHo faiglol
Vg AHEstE Al Fol2uFFAE AL § Utk FX ] wBFo] ARE
2FE o839 FIFF Y F ARES AAG o] FAHL HAV A3 FAHY &
A2 #AYSE otk Aol AAR, #uR £F S AMEE I, HA HE
© H& "M E vAAAY BE &A cycled F2, GAH, A, 193 HF
ARZ7A £o2 T8 .

E
2
i
L
i
2
e
e
N
o2
L,
ffo
2

2) Up-flow Regeneration Fixed Bed

of ML FF AYLAE ol &ttt ukgylet WH W EuirlE o] HAY F
823 5ot} o] A FAL F wigd gE FA HAFHoE BE X
& AT F Jdvde R2E service DA A& o M dole AAHEL7
A9 Q. F dA FHEe ANl ARE o FAYe FAFANIL FAFY A
o 7bd ®ol A¥HEZ AN FAYALY AAT £oldtn F& AYEHE
s _2,:-9&1‘;}_ YtA o2 o] WAL e Aio|2Fre E& Y F ded, F
& AYFE £AVEY FFHAE FEAH Ef3HE blendingol 75tk

r+
m&

L
2
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3) Fixed Bed With Partial Regeneration and Declassification

o] 4L Ay Eote] McFarlandolA USEPA® 93] 7dEo] o] 3ito]
&ol EAstE o AFelM AMEHUTE o] FAL &7 B AYY F& Ha s
7l 9% AAZE SAolw, 7189 FAE vE F o EFsth Aol HFA
Aoluz F2F T 4H3 AAHR] && AdgZaTt A Hed, o8 T

o

42 Qe AT FEEAF BANN H5] R F 2A2 Bole A7)0 9
FRY ETE AAYYE 24 27 AWYLLY e FES WAL & Aok o B

= FAVE ol *

r’ﬂ
n}{Nl
ol

=
ge RERAPINE 9% AFAA GAL, Az

54 MAE FAZolY 2 YREe] FAMIZ Yol =B
4% EW FAE AT FARH AL AT FAG] WER B
of Aol AIVTh | FH A FH F bt FAFol A 28¥E Aolrh

1) Loop Design
o] FAL moving package bed, =¥ Higginstt Asahi designo® Edt}h
Higgins loop reactor®] 73§ R ®A FAZAAM JFFE FFo] o|Fofdr. 19
T FAFY FE7 AARZE olFHL AAEY FAE A UA FAZxY FHZ o

$E &3 YAol SN APHE FAHoT ANEEC] EI chanelingo] HA
82 gow, F£XF A7 A 2890 E Aol gtk Asahi designe FF

z
>
o,

of
_&]_4{
et
Hir
o
o
4
o
=
oo
o
_‘EL
nlol-

ol Ao FAFL FE53 9
AYZZ o) Tt AL FX7 714 HPo| old FEF ol 3] o)$d
4 A 931+ Higgins reactorst Y3tk

fr
P
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2) Carousel design

of gHe WEH Ae £3e FA2E HARTYAY Y] 16749 FAxE
Masted §2 2 A4 59 FHL ASHOT IV vessel 1-107479) FAL
a4

4% TR, vessel 10-157AE AATAS SR, kAL FUe AR
Fa o] FHES AT AFAL Sl ABEY + A= wHo] WA
o glo] o}F we AYEEL 23 gom, W e ANAAE BAASE ol

Zolrh o] e o] RAUFFTAL FHE Table 6.2o 23T

Table 6.2. Classification of Nitrate ion Exchange Process(NSS, 1998).

. operational
Be Disadvantage
d type Advantage isa g sequence
low capital cost, simple . service —
. . excessive salt use, and] backwash —
Conventional|{design, and same to . . .
waste-brine production | regeneration —
water softner rinse
low nitrate in  the service —
' Upflow oroduct  water by-pass greater salt demands,| backwash —
Fixed regeneration . ) and brine channeling regeneration —
Bed blending technique rinse
Partial service—
regeneration more efficient use of| backwash—
more complex design,| . partial
and ) brine, and less waste .

. |and low nitrate leakage . regeneration—
declassi- production declassification
fication — rinse

avoid channeling _
Higgins [problem, lower  resin| . . Service
] . . P hight prime plant cost T
design inventories, an low regeneration
capital costs
Movin, ) avoid channeling problem . } ;
£l Asani . . |complex operating and service
Bed desi lower resin inventories, hight o fant cost T
esign ) ight prime plant cos :
€ and low capital costs regeneration
Carousel the highest regeneration|highest plant cost and | gervice <« rince
desi efficiency and lowestleconomical at largest b Vs
esign .
£ waste water production |plant regeneration
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o] EAtE RE golee Aue] Aolv YAT Ao BEFE LW
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Asg AYY o o] euBdLY &5 gole
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38, Fig. 649 A$ F4490]L %7t 4394 310 mg/LE F7138td A5
o] 400 A 180 BV(bed volume)o. 2 ZtA&tE=d|, o)== dwtyel #AY7|A4 Lo

TA ds dEE7 o & Fdgol2e] £ FFH Jd A EALE dA
8t7] wEolth. Table 638 Fol&3 Fol29 Al AH¥E #AS Yehd R

E Na'® CI' g 71808 & o]l&S9 HAYxE nlastgth Table 6.390A
upel Zo] AWtAHQ APl SolSn@dFA o UF stgelee MeEglze Fito
2o vE 3w Ax ¢ =,

f
2 0
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Tirne, R

pH

HCO3 conc., mg/L

00 . 40 10 20 30 40 S50 60 70 80 90 100 110 120
200 360 36 T T T T T T T TR
180+ 320 32l Giendale Arizona Pilot Study Jiy
' Well no. Carbonat
t60l 2801 28 Bed volume = 47L. o N;m 410
340&#:24(}1“§24 HEOs N g
€ : [/‘f Effiwent pH N\
1204 . 2004 ‘ -
g gzo Feed pH 8
100+ § 160} » 16} 47
L v cr
8O- © 120+- 2 12} 48
8 [ HCO3, Cy = 130 mg/L, 1°
401 404~ q . -t 4
NO3-N, Cy= 21.5mg/L.
2ol oL J 4 b 1 | 4 i 3
) 100 200 300 400 500 600 700

Bed volumes

Fig. 6.3. Breakthrough curves for nitrate and other anions following complete

regeneration of type 2 gel SBA resin in chloride form. Ci = influent

concentration
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8V 10 niteate Dreokihiough

100§~

; 4 | i 4 P 4
o 110G 200G o
§04&" Conc, mg/L

Fig. 6.4. Effect of sulfate concentration on nitrate breakthrough for source and

sulfate-spiked Glendale water
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Table 6.3. Relative affinities® of ions for resins

Strong-acid cation resins’ Strong-base anion resins®
Cation 1 @ ;N Anion i aQ;icr
Ra”’ 13.0 CrOs” 100.0
Ba® 58 SeOs” 17.0
Pb** 5.0 SO 9.1
S 48 HSO4 41
cu® 26 NOs™ 32
ca” 19 Br 2.3
Zn®* 1.8 HAsO4” 15
Fe?' 17 SeOs™ 13
K' 1.67 HSO:* 12
Mn* 167 NOz” 1.1
Mg* 16 cr 1.0
NH,' 13 HCOs 0.27
Na' 1.0 CHsCOO" 0.14
H' 0.67 F 0.07

% Above values are approximate separation factor for 0.0IN solution

(TDS = 500 mg/L as CaCOs).
T SAC resin is polystyrene divinylbenzene matrix with sulfonate functional groups.
§ SBC resin is polystyrene divinylbenzene matrix with ~N"(CHa); functional groups,

ie., a type 1 resin.

2. WA W

diHow FHe AWolLd %5 % ¥ AAFE RS 4 (complete) A4l
% s, A4 FE $24E Tagolt SRAYS AP wol Felw
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AAH Y G ZFo] BAY, AR TR FHH s @] gEA QAN HEHA
2L Ao folstne Fiol itk ¢AAAYL NaCl 22 F S| A )
RO A R, F% service AANA DiFol 9] FZ(leakage)S HAFE F itk
a3y, dutgos 7 mg NOs-N/L AEAAY F&2& &85F 7|& ¢stolnz w
EA gEgAel ad AL ofth

|

].\

k<]

it

2

FA wg FAgAL] 60 % AETE ABAA oluHdHITHE A
AYEE FE(partial) Aol sted, FEANL A9 B &7
T Aol F&d FAEY REANE ALY dE AT FAFE &
3 awpkstojop &g WAY F Uk FEAYLS SAAAd v¥F NaCl 2EFE
40 % A= AR ¢ oy AAlo)2e F&#= <& bypass blendingg AH&3}7]
Agche vxel AT

=

B A

o

sk o QA S vrolRd WHE A (cocurrent regeneration) @ SF
A A (countcurrent regeneration) 2.2 TE3 4 9lth Fig. 650 AAFAA wE &
FAYSL BRALY FAFGHAgE vasHch. BRALLAL Hgse Wy
AYA ] BQubgfo] e WAoZ AMEAAA TR mAAH Fxlxo] )
A "o wEkd 27 57 2ol A Ha neRe HEsE 4] fsME A
AAE ®ol FAAok st A7 Atk AAR ¢=rF FHRAADLA ) viste] Do
Ae A YAL, FEANYE o) &3t AAAHALE At Z% ¥HA
Aol frEsty FA o WRFEIF FHRAALA ) vt pasioz go| ALE
"ok

|

FRANEALE A BFL FFF, QYA FALFS FFHFEA T4
A ALl widolch FRANEA L BHFALLA AN DA shio] W
AYE FAFol EAFA ¥orng olguBEX 9 FaolEo] JeEtn, AAAI}
A= APzl dFAT. B 27 2R AHFE & § gov AF
TRl Mzrdr.
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Fig. 6.5. Flow diagram of cocurrent and countcurrent regeneration processes

(A’ : removing ion, B’ : exchanging ion)
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] s} xﬁxgjgﬂoﬂ_,] z47l m ZHO]%‘

L A g HE

oleuBFA Y AYFAGAN LA AN e nFE APt 5
Hel 917] WEe] HA3] AYHA g FFE v FA PIgse EFE =
Aol & 5 vk T, AN Az thFe LFo] AHEETUE HE uHsE,
AdH R F=g AP old i AH| &L WA T +FH FHAAE
AAA 247 Ak, gty oz Folx s Aol 50 - 100 g/Le) &3
Aol 2 - 4 BV/hre] $F02 30 - 60 £ £GP o]y H4sE 1% E
AR AL AA Ae5F] 08 - 20 %olH, AHAFFo] 3 B¢ 2 F& o 3
%67t x| Trtdeh ol Eu@THe AN} BAF AW EAY LS FHIY] A5t
AR AFAM ANed FAQ PP Ao 288t £2FE 35t oA
ABl Aol gFoen $H eguE AR Amrt 80dd FtolF van der
Hoek 2 Clifford o oA AEHAG S 27 o)z fAHAS A7E37] 9
A4 GFE FHY wE71E ol A TAFAN olenVIHL AR

o gAY,

F

f

W

2. RFZANN Aot Bdxol A AAAY | AAFI2e AA

3ok EFENESL "ol oA o7 oA AAvtARZ WEHE 2¢4AY TF
383, anoxic FEHNA BAR dEUolrt dEEoty AEFAH ojl&HE FHH
Aoeg FEI 4 dut. dartA29 DS YA UABELS acetic acid, citric
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acid, aceton, methanol, 283l ethanol®} Z<& ®AUlelectro donor)S WL = 3hm,
of T ZAHA °]KZ methanole] F2 ALEH I o} T &5 HIYE
Aol 2EFTHE o8 AL, 285X &L methanold FEE AT FAHA 54
o] flgo] JermF uFol} ZPx FHAME acetic acidd ethanol¥tE Al4-3E
% WAz 9o

Ak 9EE TRt e Jendd AAHYS MG B 3 % ol ¥ o
FERAAE 22vAE] ANE wHevdn RusHe du. tad e AEEHE
2HETAE o83ty TR FANEALE AHHoR AAS] 9T AFI 1Y
HRA=d, upflow shidge blanket reactor(USBR), sequencing batch reactor(SBR), =
2 I fluidized bed reactord& ©]43o 500914 900 mg NOs -N/L A= A2
28 afdoz AASAL> 7 % P o5 wgrle wAEe FHEE 4 Y=
fixed—filmE 2zt3 Sle Aol FHolw, 53] biomass control& ©]2m3 AAH AL
EHE nFEe AMolRo] 2d4E 9 FQslt} Clifford®t Liux 05N NaCls 835
mg NOs -N/L o3¢S &Rt de A A @277 38 & es F
Y% lab-scale®] SBR(sequence batch reactor)& AH&3Ath® pH 8.091A 92 Ao
o] MM Van der Hoek So] 4¥d 2%, L& pH ZANANZ &@dnrge ¥y
2 4l £IAL Clifford 9 Liue SBRE o|43te] Zzt 0.25N# 05N
LEE G AELH 24 F& JFo &M QTR EH, gE0) R FA
Ao Blsf 05NoIA ] E€F5e @A 10 %Te] As= Uk Methanold @2gog
ste] A& " A RH|(g CH:OH/g NOs -N)& 2701129, 95 % o] AIALES
Bl HRTE 8AIZol itk A9 A9l pH Z&& 81x @& =AM, AMAYALelFo] wt
2ygo] wal AAHNA Yol Je Fago FHLo® A3t 16 A=A el 7}
Tk’

##H Van der Hoek 5°] USBR(upflow sludge blanket reactor)s Al&3te] &9
A& 25 g NaCVL7HA @AH o2 nsE &0 ¢SAHES o, 35 Fo] g2dax
7H40 % A 60%02 FUISGT” £E 49 FHow AF G AA
7] 93 AR AL AYFRE o] &5t o2 usy At A APstd UY
& A, FAFe %S AL = AU
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FEHASU A o3 2ol AP o JuiAY F AR FTAAZAN /71"
29 ¥8= ¥t o] W B49s AU W gAYy HAFH wEEE, ad3 v
AEY HAAFTAA ol &x T& A Hev AdHez FALS edaes ¢
3t g g F2 AL AN A3Fe] drdde] FUHA FEE HAG
Y FUEL AEFE Aol v T, AAGTLAY F O/NHlo) s AF T
4 o} Cliiford 59 2dAFE NaCl 3 %ollA SBREZ IAMFAALE AA}A
< o 33 R(CH:OH/NO; -N)H|&= 2.7°]%129, Van der Hoek &°] USBROA =

pH 27202 FAMYE2E AAT 489 2% NaCl 10 g/Le 4 s=3aA
223°] HA R g2z A&HUC 4oz 4X% 2Ha&e 271 A€ RHle
25~3.09 ¥l e, 95 %o FRE &S UYEHE Rt 3022 EHo 3
q_‘S)

+

flo

3. BAE fddol g FAde AA

ol 2% AAHAY o AFER FHHE FLES AAGY A FAABRLL
(sulfate reduction bacteria, SRB)E ©]&% Aladlle fIA9, o] AAH A EA
4 FAEdEddol 4T F de AU 2743 2 FREHEZE F49e AAC
ol &8 F gtz #AdFrh FAFFYF I AdwrH) S AFAA R A
JAAE 3] olrgirt

F718 A2 AZUAE dE AdErAEA FAERLT LS R EEAZTH
2938 AAsL, HF AT EAZA FALE o] &
SRB
SOs? + Organic matter = HS + H,O + HCOs

oA mAEeY 37184 & B Foldte 2R E WAYEH thEA, SRBE &
Edast gl fe R @A FAEE olg¥uN. FUFHLTLE /7

2
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(lactate, pyruvate, formate, and malate), 3] @4H(acetate), 28 & F(ethanol,
propanol, methanol, and butanol)¥ Z-& AF ©AYe ¢AHFo=R o] &3, o F
AFELYEL @48E, 9ud, a8x Aol dr4 EHFHE FAAA f’é‘."éﬂlﬂ—
E ZIARYTE AT FAEES Fdq. APl 22 Ads St F2
Fol2 F9 dtvtold, Aoz v dAE EZoith FUALAFLT L AAFEA
24 ooy gHogddg olfdted, fUAATAA Y ofRAY £ H
FAge EAsA o8 FASFEES EFST F LY FNEH A /1ES
AsEA =y, AXWNEE HCOs 9 HS 2L H'E AR3e ol2s A4ZAUY
(Table 64 F3)."®

lo

Table 6.4. Metabolic Reaction and Free Energy Changes for SRB.

Equation Reaction Frg({ejzrrl;rl)gy
1 3LA" - 2PA” + HA™ + HCOs* + H' -165
2  2LA" + SO + H — 2HA™ + 2C0; + HS™ + 2H:0 -189°
3 4PA" + 3504 — 4HA + 4HCO; + 3HS + H’ -151
4  HA + SO — 2HCOs + HS -60°
g HA" +4S + 30,0 > 4H" — 2HA" + HCOy + 4HS +
COz

6 4H; + SO + CO; — 3H,0+ HS™ + HCOs -152
7 H.S + SO + H — HS + 4H0 -172°

Note : LA", CHsCHOHCOQO (lactate) : PA", CH;CH;COO (propionate) :
HA", CH3COO (acetate)® Corrected to pH = 7

E3olA B1® COD/SOS 2 Alk/SOL o 8hstek&? ztel ul&< Table 659
SoFstith FAFELT Y ol2H < CODLTFFL Table 6501 A4 (a)

o

o

7]

M
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2 0.67 mg COD/mg SO< o8], x93 vz &ejo} wal 07~15 mg COD/mg
SO& 9 WelE et

Table 6.5. Stochiometric COD/SO4* and Alk/SO4* values for sulfate reduction

Ratio system substrate

mg COD/mgS04™

0.92 CSTR"
0.89-1.42 CSTR Fatty acid
0.82-1.77 Upfolw packed-bed Oil reflining
0.97 Biofilm Acetate
mg CaCO; Alk / mgSO4™
105 CSTR
0.61 Biofilm Acetate
1.4 Batch, synthetic media Ethyl alcohol
2.2 Batch, synthetic media Formate
0.84 Batch, clay-loam soil
1.02 Batch, sandy sooil

? Based on the empirical equation
2C + SO + 2H,0 — H,S + 2HCOS

Theoretical value :

mg COD/mg SO4 : 067(dependent on C source and product formation) ; 64/96
mg CaCOs; ALK/mg SO : 1.04 as CaCO¥/SO.* ; 100/96

b CSTR, Continuous Stirred-Tank Reactor

&l
ot 10 mg/Lolde £&3d4sEndME A3t A9) (redox potentia)d ZF7tet
Desulfovibrio?] W3] wio) g 3ol RS wevh HLHAEAA Fad
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B N Qo RS 2 - 399 WYE e, ol & xRN €2/ 10T F
Zbstd Fagedgol 2 - 39 W F4EL 9w @k 10C2AY 5 Tolstel A
A9 TS AFEA £l QRELS 45 ColHe XA wa] AEET. Visser
5ol UASBE o439 (30 €)Y NaddN 2E9%e 47§ A, 45 T
Lxo e BN F¥L FA B3, 55 - 656 T LENNE HPagol A 2
23? FAARYFL AN AL vR A E pH 7 AEY $74L Folsin, 3
2 pH ¥¥t 75 - 8olth. H§ pH 55 o|3tg} 9 o] oM e AHE e Ae=2 &
B4 sl
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A 4F )T FH FAHA

Azl EYote] McFarlanddl A Ayd AAAAL AAE o]2n#dFTAH AT= o
So#FPL TA AA AP LeH, ol F nFA ALE o|2uBFA L 7]
27t AR o] AT+ EPAS AL wol 1978W 69%H 3dz ddgHon,
Boyle Engineering®] 71&xEc] FFdT FHo2 FHsi. o
Adgdae 2d9d AdTFE /MY ARHoE AP & de TS AAd=
o]om, olE 3o o)&w AAiFE(reverse osmosis, RO), 28 i o] %3 ¢
AR d5Hos A2¥E AL At d7AdE olkudF
Holz HEF<Ud AgZHolegte AHS FAsFed, o2asegde] 14 %
(A ] A JAFFTEY 16 EFG Aoz FHHUTY o
AT E AAGEL AEFAd B A7 AAHE RS AT FEAAY
ATHe}, °olg f&V|eo] AL A 719 AT

3719 olegn@goz FAHE McFarland 8 F& 2 717} 75 5d 9 1718 A
Aste e digen 7HE5F9 2 71E “lead/lag"® TETOEN A5 3
of YASES ATHfig. 66 F1). BY, 2" 2RFH AAAY F& Fol7] K3}
o FEAZE AL on, HF Ao NO; F=2F 9 35 mg/LE 237 93
o 18 - 30 mg NO; /L AEZ f&EHE A5 955 EF(blending)dte 7IYP S
%48 9ch Table 26& McFarlandld € &% 1 MGD(SF 3800 m%/d)e] ]2
AFFA 2719 AT ARE 24T Zolrh Table 6.6014 Well 48] &-&o] FJiHo
29 %3 67 | 52 AL A9 FAFeR w27 o w37 dEelth
McFarland A 2}do A S48 QAR L st 2 Wi sheA g HeH
Aok 1987de]  dElXole] La Crescentadl M= o] FA|AElo] HAHE
Crescenta Valley County©l 93 £d¥ At} ‘:‘r%- Table 6.791 Crescenta %2}
TR v&E FE3AT AgulEo] McFarland 2t & A2 T80 71 2%
Hol 7] WEelH, AAANE vk FFATZ] AT xS BATA HA &
< FAMIZE A2 F 30 Crescenta A3 ole AAAY A&ulgo] AA M
o AAN &I A drted AR @S JdFg vIvde A BT It
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Fig. 6.6. Recirculating operation using three ion exchange towers

(lead/lag/standby mode)
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Table 6.6. McFarland Plant Data

well 2 plant

well 4 plant

year of construction 1983
plant cost $400,000
capacity 1 MGD
Cost/gal capacity 40 cent
vessel, diam. ft 6

st. ht. ft. 10
No. of vessels 3
Bed depth 3 ft

source water

Untreated mg/L(ave.)

Local groundwater

Nitrate(as NOs') 60

Sulfate 100

Chloride 77

Bicabonate 100
Treated mg/L (ave.)

Nitrate(as NOs") 30
Ave. % treated 61

$71/MG($23.1/AF)

(Does not include capital repayment costs)

Operating cost

1987
$400,000
1 MGD
40cent

6

6

3

3 ft

Local groundwater

64
165
70
70

30
58
$88/MG($28.6/AF)

A FEYole Grover AlE AAAAL] 2499
of o] 2uFA LS AFIY. 3

ot

rigt

Crescenta A& 33 FAIE TRE

e Fs ARAY MHE BATAE 2FA
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o AFFEREH G5
130 mg/LE EA3gow, o2wsgre] Ao 9 frolghe A&
AAHAT AR
A7 @7t 37 cents/gallon® & McFarland 3233 8] &3

A58 sty st 19894
HFolE NOs 7F 80 -
A3t La
FExu)l = $850,0000)1 %01,
FEolA ok Grover A
. ¥ New York F9




Garden City Park(1969d), Iowa $9 Lewis(1979%)¢} Des Moines(1992\d), &2
9] Plouvenz Lochrist(0.11 MGD), Miniv(0.45 MGD), Ormes doud Volzie(0.21 M
a8 31 =99 Bad Rappenau(1.08 MGD) SoAME AAAAL AL o

o] AYFHURP

9, S MAA 4k

typed] AddL A

Table 6.7. La Crescenta Plant Data

AF YN FAF AL AAE ol2uF}HFAHol (F)d
F7led A A AFE 6 den, @4 Aoz £¥HL
%9 NO; ¥5EE ¢ 130 mg/Lolw, Ha&zF& oF 40 m’/day°] i, macroporous
TA AS20EE AM&3te &4

Year of construction

plant cost

Capacity

Cost/gal. capacity

Vessels

No. of vessels

Bed depth

Source water

Untreated mg/L (ave.)

Nitrate (as NOs)
Sulfate
Chloride
Bicabonate

Treated mg/L (ave.)
Nitrate

Ave. % treated

Total treatment cost

(includes capital repayment costs)

1987

$1,450,000 includes waste disposal system

2.7 MGD

53.7 cents

95 ft D. 10 ft SH
3

4ft

local groundwater

70 to 100
100

70

190

30
80
$369/MG ($120/AF)
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