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Table 1 Water quality parameters of Nakdong river

Parameters Nakdong River
pH 745
Temp. ( ) 19
DOC ( /t) 247
uvas (-1 0.108
SUVA(L/ - m) 437
NHs-N ( /¢) 04
akalinity ( /%) 25

Fig. 2

(laboratory scale)
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15ppm

15ppm
4)
2
Giardia MCL 99.99 %
(CT value)
C (concentration) x T (time) , 15
2 Giardia 999 % CT
15 /¢ , (free chlorine
residual) 044 /¢
fractionation
(1) XAD Resin
XAD resin standard method 5510
20 40 mesh 450m’/ g
250 Rohm and
Haas Amberlite XAD-8 resin  0.IN NaOH
5 NaOH
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Table 2

Table 2 Physical and chemica characteristics of chlorine by-products

mp/ bp

trindomethane ~ chlorofarm(CF) CHCI 1199 148 -63561
(THMS9) bromodiichl oromethene(DCBM)  CHBrCl- 16383 245 2087

dibromochl oromethangDBCM)  CHBr.Cl 20828 198 -57119 120

bromofarm(BF) CHBr: 25277 290 75150
haoecetic adid  chloroacetic add(MCAA) ClCH.COOH 9450 158 62 189
(HAAS bromoacetic add(MBAA) BrCH.COOH 13896 193 50208

dichloroacetic adid C:CHCOOH 1289% 156 97193

(DCAA)

trichlorcacetic acid(TCAA) Cl:CCOOH 16340 163 57196

bromochloroacetic BrCCHCOOH 173.39 - -

add(BCAA)

dibromoacetic acid(DBAA) Br.CHCOOH 21786 - 48232
haloacetonitrile  trichloroacetonitrile(TCAN) COCN 4430 144 1857
(HANS) dichloroacetonitrileDCAN) ~ Cl.CHCN 1099 - J10 112

bromochl orcacetonitrile BrCICHCN 1544 - -

(BCAN)

dibromoaoetonitrile(DBAN) Br.CHCN 9884 - -

haoketones 1 Ldchioropropanone(1,1-dp) CHCOCHC 12698 131 /177 118

1,1, Htrichlorgorgpanone CHsCOCCls 16142 - 4134 1%
(11 Xtep)
hdopiaine  chloropicrine(CP) CClsNO 16439 165 1112
clod hydrde  chiord hyorate(CH) O:CCH(OH). 16542 191 5798




(1) Trihalomethanes

()

duplicate . THM
ascorbic acid 25 vial (head
space) 50 1:1 HCl 200

4 14

()
Tekmar ALS 2016 autosampler Tekmar LSC-2000

Purge and Trap(with Cryo-focusing interface, MCM) HP 6890 Series
Gas Chromatograph  HP 5972A M SD . Data
HP MS Chemstation(Product of USA, 1996) WILEY

138K Mass Spectral Database soft ware

()

US EPA

- 16 -



Method 5242(Purge & Trap /Gas Chromatography/Mass Selective

Detector)
VOC
purge ,
GC/MSD
1)
, ( : ; 11,
Supelco EPA 5242 VOC Mix (200 /
in methanol) . HPLC
, ACS reagent grade
Fluorobenzene Supelco (200 / in
methanol) . stock solution
10 /¢ 1 /¢ . Fluorobenzene stock
solution 50 /¢
001 - 50 /¢ 9 paints , reagent
water 5 50 /¢ 05 1 /¢ 10 /¢

- 17 -



2)

5 Purge and Trap
sparger . P&T purge, desorb trap bake
. purge VOC sample matrix
trap MCM desorb T enax hydrophaobic trap

dry gas purge vessel
trap . VOC trap desorb
capillary interface GC column

capillary cooldown  -180

. trap trap bake
trap purge
Purge & Trap Table 3



Table 3 Andytica condition of Purge & Trgp for volatile organic compounds

Item Condition
Purge How 40 /min
Sample volume 5 (frit gparger)
Trap Tenax / Slica Gel / Charcod No. #3
Sandby K3
Purge time 8 min
MCM Desorb Cooled a 0
Cryo cooldown -180
Desorb Preheat 225
Desorb time 2 min
Inject 1 min a 200
Bake 10 min a 225
Autodrain on
Purge&Trap GC capillary
interface - 180
GC . GC Table 4



Table 4 Operating condition of GC/ MSD for volatile organic compounds

[tem Condition
Injection port Rurge & Trep trander line Slitless Irjection port
Carig ges 99.999% He
Colum J & W Sdattific DB-5, 50mx 0.2mmx 0.33um
Detectar  tampeadure 280
Colum flow rate Purge & Trgp  Extend Regulator 20ps
Integrator HP UNIX Chemdation
Oven tempaaiure program Init. ; 70 mn & 35

lgep ; 15 /minto 50
2 gep ; 50 /min to 80
3dep; 10 /mnto230 & 5 min

VOCs
, base peak SIM (Selected lon Monitoring) mode
peak area area VOC
SIM (selected ion monitoring) mode VOCs
, base peak
Table 5
001 50 /¢ , 15



10 /¢ QC(Quality Contral)

a b Table 6
, Fig. 4

Table 5 SIM mode of volatile organic compounds

Trihalomethanes Sat time (min) SHected lons (M/ 2)
Chloroform 20 83, 85, 47
Dichlorobromomethane 78 83, 85, 127
Dibromochloromethane 180 129, 127
Bromoform ' 173, 175, 252

Table 6 Cdibration equation and detection limits of VOCs in water sample

Sected y=ax+b DL

THMs lon /0
Chloroform &3 0.3161 0.0486 0.9998 0.01
Bromodichloromethane 83 0.2157 -0.0106 0.9999 0.01
Dibromochloromethane 129 04835 -0.0315 0.9999 0.01
Bromoform 173 0.0614 0.0073 0.9993 0.06

y : peak area ratio to internal standard(ASTD/AISTD)
X . concentration ratio(CSTD/CISTD)

r : correlation coefficient

DL : Detection Limit

- 21 -
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SR A EDSREDD

CF

v =0.1566¢ +0.148
H =0.0035
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B0
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y=01047x =0.0187
R =0.0008
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Fg. 4 Sandard cdibration curve of triha omethanes




(2) Haloacetic acids

()

duplicate ,
10 / NH.Cl 1% aqueous solution 25
bottle . 28
4
()
HAASs GC/ECD GC/MSD
. GO/MSD HAASs
; GC/ECD
HP 5890 Series Gas Chromatograph/Electron capture

detector (GC/ECD) HP Gas Chromato- graph/5972 Mass selective
detector (GC/M SD) . HP 6890 Series Auto
sampler Data HP MS Chemstation(Product

of USA, 1996) WILEY 138K Mass Spectral Database soft ware

()
US EPA Method 552.1(Determination of haloacetic acids and

dalapon in drinking water by ion-exchange liquid-solid extraction and

gas chromatography with electron capture detection)



1)
, ( : ; 11),

Supelco EPA 552 halogenated acetic acids
mix (2000 / each in MTBE)
Fluka chemika HPLC  Methyl-tert-butyl-ether(MT BE)
) ACS reagent grade
Supelco
1,2,3-trichloropropane(200 / in methanal)
stock solution MTBE 1 /¢

, 1,2,3-trichloro propane stock solution MTBE

0.1 - 100 /¢ 7 points ,

100

2) Sample preparation
Supelco solid phase extraction

48 . Fig. 5

-2 -



Sample

100 ml

—— 112 H30,

rH &

*05

250l surrogate

4 Extraction i

wacuurn rate

— 4mf 10% H,50/methanol

=0.2 ol lnin

wacuum rate

=15 nf{min

Elution
— 2l MTEE
vortex mixer
£ bout & in the l}ea.ting block
ferabou sec) at 50 % , for 1 hr

Deriverization i

10w 10% NayS0,

vortex mixer

{for 5~

10 zec)

Separation

Lguous lazer '

wagte

IMTEE layer '

200 ub

interneal standard

MTEE
{ final wolume : & mé)

- —

GC-ECD i

Fg. 5 Sample preparation for haloacetic adds anayss in water



3)
) Selected lon Monitoring

SPE (Ippm  100ppm)
GC/MSD scan mode
base peak,
SIM mode
, GC Table 7

Table 7 Operating condition of GC/ MSD for haoacetic acids

Item Condition

Injection port Slitless ijection port
Carig ges 99.999% He

J & W Sietific DB 1701 (4% Cyanopropylphenyl -
Methylpdysiloxane. 30m x 0.2 mm  x 0.25um )

Colum

Ifection port tempeaaure 250

Detectar  tampeadure 280
Column flow rate 10ps
Integrator HP UNIX Chemndation

Scan mode solvent ddlay 2 min

Oven tempaaiure program Init. ; 20 min a 40
l1dep ;5 /mnto50 & 10 min
24 ;50 /mnto 0V a 2 min

3dep ;5 /mnto250 & 5 min

- 26 -



Table 8 IM mode of hdoacetic adds

Group HAAs Sat time(min) SHected lons(m/ 2)
1 monochloroacetic acid 250 59, &4, 77
) monobromoacetic acid 400 59, 83, 106, 108,
dichloroacetic acid 121, 152,
3 trichloroacetic add 650 59, 82, 113, 117
4 bromochloroacetic add 8.00 59, 127, 129, 131
5 dibromoacetic acid 12.00 59, 173, 107, 130
)
GC/MSD , MSD haloacetic
acids
HAASs
(ECD)
GC-ECD

Table 9

- 27 -



Table 9 Operating condition of GC/ ECD for hdoacetic acids

Item Condition
Injection port Slitless Injection port
Carig ges 99.999% N
o J & W Sdettific DB 1701 (4% Cyanopropylphenyl -
um
ethylpolydloxane. 30m x  0.32 mm x  025um )

Ifection port tempeaaure
Detectar  tampeadure
Colum flow rate

Totd flow rate

Integrator

Ijection volume

Oven tempaaiure program

200

260

20ps

50 /min

HP GC Chemdtation Rev A.0401

2

Init. ; 20 min & 40

ldep ;5 /mnto50 a 10 min
2d9ep ; 50 /minto 90 a 2 min
3dep ;15 /mnto250 a 5 min

()

HAASs
85 113%
HAASs
Fig. 6

10 /¢ Spike
(Table 10).

Table 11



Table 10 Recovery data of haoacetic adds

Compounds Sike concentration Extraction Recovery(%9
Manochloroacetic add 0 1r 113
Monadoromoecetic acid 0 n 98

Dichloroacetic add 0 12
Trichloroecdtic add 10 m
Bromochloroacetic acid 0 /0 9
Dibromoacetic acid 0 8

Table 11 Cdlibration equaion and detection limits of HAAs in water sample

y=a +b DL

HAAs . 0 . (/7

t)

Monochlaroacdtic acid 0.0279 0.1456 0.9587 0.1
Monobromoacetic acid 0.2088 0.0807 0.9985 0.1
Dichloroecetic acid 0298 0.0851 0.9993 0.1
Trichloroacdtic add 04579 0.0382 0.99A4 0.1
Bromochloroacdtic acid 05118 0.0744 0.9985 0.1
Dibromoacdtic add 05364 -0.0149 0.9965 0.1

y : pek area ratio to interna standard(ASTD/ AISTD)
X . concentration raio(CSTD/ CISTD)

r : correlation coefficient

DL : Detection Limit
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(3) Haloacetonitriles, HKs, CH, CP

()

duplicate
40 / NH.Cl 4% aqueous solution 125
vial . 50 0.2N
HCl 200 , pH 4.0
pH 4.2
14 4

()

HANSs GC/IMSD spectra
fragment . MTBE -

GC/ECD

()
EPA Methode 551(Determination of chlorination by - products and

chlorinated solvents in drinking water by liquid-liquid extraction and gas
chromatography with electron- capture detection) -

/ GC/ECD ,

-3 -



1

’

Supelco

[/ each in acetone)

Fluka chemika

methyl-tert- butyl- ether (M TBE)

ACS reagent grade

solution

40

MTBE

0.1 -

1

100 /¢

; 11),

EPA 551B halogenated volatiles mix (2000

/e

10

chloral hydrate

Fluka chemika HPLC
stock
/0
8 points ,



2) sample preparation

nample 40 ml
B0 18 zeperate funnel)

500, 1ppm standard sol'n

a— Hg MNarl

| Ezxtraction

Shaking(for 20 zec)
| — 9u MTEE

Shalti.ng {for B min)

| MTBE lazer |

alloewr for 10 min

+——————— Na,80,

Aquous layer 2 1k armnber wial

|
[ GCECD |

Fg. 7 Sample preparaion for haloacetonitriles and miscellaneous andyss in water



3)
) Selected lon Monitoring
- GC/MSD scan mode

base peak, SIM

mode (T able 13). GC Table 12

Table 12 Operating condition of GC/ MSD for haoacetonitriles and miscellaneous

Item Condition
Carig ges 99.999% He
Ij etionport temperature 200
Column utra2 (0m x 02mm ID x 033 )
Detedtar tamperaure 290
Colum flow rate 20ps
Integrator HP UNIX Chemgtation
Slit retio 140
Initid gep ; 10 min & 35
Oven tempaaiure 1gep ;40 /mnto 70 & 2min
program 2 dep ; 50 /minto 120 a 5min
3 sep ;20 /minto 250 & 7min




Table 13 9IM mode of haloacetonitriles and miscellaneous

Compounds Sart time(min) SHected lons (m/ 2)
TCAN 7.7 108, 110, 47, 73
DCAN

90 74, 43, 76, 35, 38, 63, 48, 37
11-DCP

Chloropicrin

115 117, 74, 119, 82, 47, 39, 47
BCAN
111TCP 1438 43, 47, 35, 15
DBAN 170 120, 79
)
HANSs
GC-ECD T ablel4

Table 14 Operating condition of GC/ ECD for haloacetonitriles and misodlaneous

Item

Condition

Column

Carier gas

Colum flow rate

Slit retio

Infection port tempeaure
Detedtar tamperaure

Oven tempaaiure program

uta2 (0m x 02mm ID x 033 )
N:

1 /min

150

200

290

initid sep : 1 min & 40

1 dep :6 /mnto 8 fo Imin
2 gep :5 /mnto 150 for 2min
3 gep : 10 /minto 200 for Imin




()

6 110%

Fig. 8, 9

Table 15 Recovery data of haloacetonitriles and misodlaneous

20 /¢

(T able 15).

Spike

Table 17

Compounds

Sike concentration

Extraction Recovery(%9

Trichloroacetonitrile
Dichloroacetonitrile
Bromochl oroacetonitrile
Dibromoacetonitrile
1,1-dichloropropanone
1,1,1-trichloropropanone
Chloropicrin
Chloral hydrate

20
20
20
20
20
20
20
20

/¢
/¢
/¢
/¢
/¢
/¢
/¢
/¢

110
102

TER8R IR

Table 16 Cdlibration equaion and detection limits of haoacetonitriles in water sample

y=ax+b DL

HANSs (/7

a b r ?)

Trichloroacetonitrile 17619 6606.2 09713 0.1
Dichloroacetonitrile 34099 -4424.8 0.9965 0.1
Bromochlroacetonitrile 26965 93657 0.9959 05
Dibromoacetanitrile 0126 26162 0.9933 05

y : peak area

X : concentration

r : correlation coefficent
DL : Detedtion Limit



Table 17 Cdlibretion equation and detection limits of miscellaneous in water sample

y =aX + b DL
(/
a b r 0)
Chlord hydrate 14277 97469 09781 05
1 1:-Dichloropropanone 19320 16194 09901 05
Chlorgpicrin 98159 15153 0.993 05
11 2-Trichloropropanone 23378 -83911 09952 05
y : peak area
X : concentration
r : correlation coefficent
DL : Detedtion Limit
TAN [
AT O
IO - - o |
| ¥ 7BIERA o | V= 34099 —4424.5
x| FF=00713 an | F=00065
3 * m
_%ED]IEI I Eﬂm I
ST T |
{000 | ST |
S0 | I |
] 0 I
a 5 1&] i s 4] = o 5 R " i o =
B
anm
Dy = oAo 5k - 935 67
4100 H =0 a950
&
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I
0 ] 2, e @ o] &

Fg. 8 Sandard cdibration curve of hdoacetonitriles
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Fg. 9 Sandard cdibration curve of miscellaneous




(1) (dissolved organic carbon; DOC)
DOC 0.2 , Sievers

800 potable total organic carbon analyzer

(USEPA,
1997).
, DOC IC
(inorganic carbon)
DOC/IC 0.1 IC ., 6M

H3POs N2 gas 5 10

(purging) IC

(2) UVA (ultraviolet absorbance)
UV 254
surrogate 0.2
Shimadzu UV-1601 UV-Visible spectrophotometer ultraviolet

absorbance 254



(3) SUVA (specific ultraviolet absorbance)
SUVA  USEPA  National primary drinking water regulation
(USEPA, 1997).

( -254nm)  TOC(Total organic carbon) 100

SUVA (L/mg- m) = 100(cm/m) x { UV254nm(cm*) / DOC(mg/¢ ) }

SUVA humic substances
(Stuart, 1995). Humic
substances , UVA
: TOC nonhumic fraction
TOC (Najm, 1994).
045 SUVA 2 L/mg- m

enhanced coagulation enhanced softening

(USEPA, 1997).



1. (chemical fractionation)

bromide,
(Singer, 1999).

(TOC) 40 50%

(Ranald, 1982). :

90%

DOC 4 5ppm
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DOC (T able 18).

DOC 85%
442 |9 107 /¢ 75.8%
, SUVA aromtic carbon
DOC

aromatic carbon

Table 18 DOC and UV254 of untrested and corresponding trested water

after coagulation & sedimentaion

untreated water (remova, %
water
source
DOC uvzs UVA DOC uv2s4 UVA
(/¢) (" L - m (/¢) () w - m
421+ 0.00 0.115
W 460+ 012 0.129 280 2.74
e @5 (14.7)
humic 107+ 006 0.100
: I I | 57
substance 442+ 009 0.600 1359 739) 633 95
Table 19
56% 44% ,
86%, 14%

42 -



DOC , 12.7%
3%
85.8%

, 16.1%

Table 19 hydrophobic/ hydrophilic fraction digtribution of the untreated and corresponding

treated water
hydrophobic subgance hydrophilic subgance
Sv‘ﬂge freetment DOC Uv2&4 SUVA  DOC  UV:4 VA
cey ¢ v -m C/8) () © -m
untrested water 259+ 010 004 208 201+ 010 0075 3.74
sawage e COAUAION 506 008 0OM 194 196: 00 0072 366
re”(lz’d 27 185 30 40

untreaied water 380+ 001 0522 1374 062+ 001 0078 1265

humic  after coagulation
subsance & sedimentaon 054+ 003 0046 852 052+ 003 0056 1067
remova

% 858 912 161 282




Table 20

DOC 247 /¢ , Uv2s54 0108 !

DOC 117 /¢ A
126 /¢
DOC . DOC
50%
96%
30% ( , 1999).
UV 254
0058 ' 0055
DOC , UV 254
(Tt )
. UV 254 : 417%
DOC 46.3%, 49.1%



Table 20 Vaiation of DOC and UV2A4 dfter water treatment plant

pre- coagulation& pogt- post-
process parameter raw water chlorination sedimentation ozonaion chlorination
boC 247 185 118 117
(r1¢)
re’g%’d 251 52.2 526
chlorination
uv254
treatment V2> 0108 0090 0063 0058
plant
removal 167 417 463
(99
SUVA
Oy A 486 53 496
(D?EC) 247 185 118 124 126
re’}}%’d 251 522 498 490
ozonation
treatment L(’a\ﬁ)“ 0108 0090 0063 0.056 0055
plant
re’g%’d 167 417 481 491
SUVA
Oy A 486 53 452 437

chlorination treatment : pre-Cl. + coagulation & sedimentation + pogt-Clz
chlorination/ ozonation treatment : pre-Cl. + coagulation & sedimentation + pog-O: +
post-Cl2

86.8%

(Pome, 1999).



(Croue, 1993).

Table 21

) DOC
091 /¢ 015 /¢
156 /¢ . 094 /¢
102 /¢ . DOC

73.2%, 83.5%

) : 40% 34.6%

, Eric M. Vrijenhoek (1998)

DOM (dissolved organic

matter) (enhanced coagulation)
UV 254
DOC 704%,
38.3%
, DOC
091 /¢ 0.13 /¢
156 /¢ : 0% /¢ , 113 /¢
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. DOC

879 /¢ 276 18
UV 254
92.6%,
333% DOC
DOC
(AWWARF, 1993).
(Owen et

al., 1993).
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Table 21 Hydrophobic/ hydrophilic fractions digribution of the each water treament plant

sep

hydrophobic substance

hydrophilic substance

DOC uv2s4 DOC uv2s4
(D?EC) remova L(Jd\f% removal D?EC removd UV2§4 remova
& @ (/1Y) ey @D ey
raw waer 091 0.027 156 0081
prechloringtion 073 198 003 148 112 282 0067 173
;fdﬁ?;*gigt?g‘n 024 732 00090 669 094 400 004 333
" g?ﬁéi on 015 85 008 704 102 346 0050 383
raw waer 091 0.027 156 0081
prechloringtion 073 198 003 148 112 282 0067 173
;fdﬁ?;*gigt?g‘n 024 732 00090 669 094 400 004 333
pogozonation 011 879 00R @6 113 276 004 333
post- 013 879 00® @6 113 276 002 358
chlorination . : . : : : : :
Fig. 10 11
(63%) (37%)

219 /0 (65%)

(

117 /0 (35%),



J. P. Croue (1993)

13%,

10%,

molecular

weight 1K

87 %

90%

’
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2. (chemical fraction)

Reaction Yield( RY)

, THMFP RY ,
/ , DOC
19
DOC
33%, 92%

Table 22 THMFP of the preparation water

THMFP  THMFP

Table 22 . THMFP

905 /| , 17265

THMFP

untreated water after coagulation & sedimentation
water source THMFP THMFP RY THMFP THMFP RY
(/¢) (/7)) (/¢) (/7))
sawage 4168 9.05 2796 6.64
humic substance 763.13 172.65 66.24 62.20
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THMFP

(T able 23). THMFP RY

fraction

THMFP RY 988 [/ 17537 |/

) DOC

THMFP RY

Table 23 THMFP of the hydrophobic and hydrophilic fraction of preparation water

after coagulation &
untreated water sedimentation

water source  fraction THMFP  THMFPRY  THMFP  THMFP RY

(7¢) (7)) (7¢) (7))

hydrophobic 2561 083 15.78 698
swage
hydrophilic 16.07 7.9 12.17 624
humic  hydrophobic 666.67 17537 5923 10885
substance  hydrophilic 9646 15659 3130 65.85




Table 24 25
THMFP 596
/1t , HAAFP 893 /¢t , HANFP 27.7 /¢ DBPFP 196 /¢

HAAs

50
%

47%

HAAFP



Table 24 DBPFP of the water treament

(unit . /2)
dep THMFP HAAFP HANFP HKFP CpFP CHFP DBPFP
chlorination treatment plant
raw water 59.6 83 2717 64 37 100 196.6
pre-chlorination 456 745 A3 53 30 133 176.0
lation&
coggu at'of' 275 3938 17.7 43 16 53 %.1
sdimentation
pod-chlorination 252 573 20 40 12 49 1144
chlorination/ ozonation treatment plant
raw water 59.6 83 217 64 37 100 196.6
pre-chlorination 456 745 A3 53 30 133 176.0
I
coggu at'of'& 275 3938 177 43 16 53 %.1
sdimentation
postozonation 280 716 180 41 17 48 1282
pod-chlorination 294 55.6 317 53 23 5.7 1300

chlorination treatment : pre-Cl. + coagulation & sedimentation + pogt-Cl:
chlorination/ ozonation treatment : pre-Cl. + coagulation & sedimentation + pog-O: +
post-Cl:



Table 25 Remova effidency of DBPHP dafter water treatment

remova (%9

sep
THMAP HAAFRP HANFP HKFP CpFP CHR® DBPFP

chlorination treatment plant

pre-chlorination 234 16.6 239 176 179 330 105

coagulation &

) . 539 554 36.1 33 575 469 511
sedimentation

post-chlorination 578 3538 206 381 6.3 510 418
ozonation treatment plant

pre-chlorination 234 16.6 239 176 179 330 105

lation &
coagu |on_ 539 554 36.1 333 575 469 511
sedimentation
postozonation 531 198 438 359 53.1 52.0 A8

post-chlorination 50.7 377 146 173 378 427 339

chlorination treatment : pre-Cl2 + coagulation & sedimentation + post-Cl2
chlorination/ ozonation treatment : pre-Cl2 + coagulation & sedimentation + pog-O3 + pog-G2

Table 26 27
; 752 1,
1214 /¢
DOC (reaction yield)
827 |/ 778 |/
DOC



752 /¢ 135 /¢ 82%
1214 /¢ 100.9
/% 17%
267 /¢, 1034 /¢

65%, 15%

Table 26 DBPFP of organic fractions in chlorination treatment

THMAP HAAFP HANFP DBPHP
THMAP HAAFP HANFP DBPFP RY RY RY RY

CAYCIe) CIEYCIE)Y 7y oyl Y1)

dep fraction

hydrophobic 185 415 88 B2 204 456 9.7 8.7

raw water
hydrophilic 413 478 188 1214 263 306 121 778
e Mvdrophobic 155 255 172 @1 212 A9 286 N6
chlorination oy ophilic 302 490 171 1070 269 437 152 %5
i hydrophobic 6.6 9.0 57 A8 271 368 233 1058
coagulaion&
sedimentation
hydrophilic 209 309 120 703 23 29 128 7Bl
bog.  [Wdrophobic 29 33 54 135 192 218 361 902
chlorination

hydrophilic  22.3 A0 166 1009 218 530 162 989

chlorination treatment : pre-Cl. + coagulation & sedimentation + pogt-Cl:



Table 27 DBPFP of organic fradions in ozonation treatment

THMA? HAAFP HANFP DBPFP
THMAP HAAFP HANFP DBPFP RY RY RY RY

CHe)yCe)y Crey )y ey oy oy ol )

dep fraction

hydrophobic 185 415 88 B2 204 456 9.7 8.7

raw water
hydrophilic 413 478 188 1214 263 306 121 778
e Mvdrophobic 155 255 172 @1 212 %9 86 %6
i
chlorinalion  yrophilic 302 490 171 1070 269 437 152 %5
coagul ation& hydrophobic 6.6 9.0 57 A8 271 368 233 1068
sdimentation | ophilic 209 309 120 73 23 29 128 71
bog.  Nvdrophobic 07 @21 00 B3 62 2O 00 34
OZONAION \drophilic 273 305 180 %0 241 30 160 &1
boq. MVerophobic 24 37 153 267 188 /6 177 261
chlorination

hydrophilic  27.0 519 164 1034 238 459 145 915

chlorination/ ozonation treatment : pre-Cl. + coagulation & sedimentation + pog-O: +
post-Cl2
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Fig. 2 13 (a) (d)
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1 90%

DOC ( 45 /¢

) : , 75.8%
85%
2,
54%  44% ,
86%, 14%
85.8%

12.7% , 16.1%, 3.0%

3.

50%



4. 091

/ (37%), 156 /¢ (63%)
, . 83.5%,
34.6%
5. THMFP RY 905 / , 17265 |/
6. THMFP RY
, 175.37, 15659, 988, 7.99 /
7. THMFP 596 /¢ ,
HAAFP 893 /¢ , HANFP 27.7 /¢ DBPFP 1966 /¢ . ,
DOC  50%
DBPFP 50%



82%

1214 /¢

82.7

752 [t
, DBPFP RY
78 |/
DBPFP 135 /¢

1009 /¢ 17%
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-A bstract-

Characterization of Formation on Chlorine
Disinfection By-Products by Hydrophobic and

Hydrophilic Substance of Organic M atter

Hee Kyoung, Jeon

Dept. of Environmental Science
Graduate School of Health
Science and Management
Yonsei University

Recently, it has been studied on the disinfection by product(DBPS)
formed by the disinfection on drinking water treatment. Public concerns
about hazardous health effect from the exposure to organic by-products
of the chlorination have been increased.

Most of the discussion focuses on hydrophobic substances. The DOC
present in a water sample, however, includes both hydrophobic and
hydrophilic fraction. The hydrophobic fraction in more amenable to
removal by absorption or coagulation. The hydrophilic fraction has
presented less of a drinking water quality problem in the past. Recent,
evidence, however, suggest that potentially regulated DBPs can be formed
from the hydrophilic fraction, although to a lesser extent than from the

humic fraction. Therefore characterization of the hydrophilic fraction is
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also important (Leenheer, 1985)

The objective of the study is to determine the variation of
DOC(Dissolved Organic Carbon), the removal efficiency of DOC, and
DBPFP(disinfection by-product formation potential) after each stage of
water treatment process by fractionating NOM (Natural Organic Matters)
into hydrophobic and hydrophilic substance.

DOC from raw water was fractionated at acidic pH(pH<2) using XAD
8 resin column, into two fraction : hydrophobic substance(i.e. humic
substance) adsorbed on XAD 8 and hydrophilic substance which represent
the organics contained in the final effluent. DBPFP was carried out
according to the following set condition: CI2/ DOC=4mg/mg, incubation at
25 in darkness, pH 7 adjust with HCI or NaOH as necessary, and
72hour-contact time. DBPs analyzed in this study were THMs, HAAS,
HANSs, HKs, CH, and CP.

The formation of DBPs may depend on the source which is
characterized by the composition of organic matters such as humic
substance and sewage. The THMFP yied of sewage and humic
substance was assesses as follows. The value of the THMFP reaction
yield, humic substance 17265 [/ , is much higher than that of sewage
4168 [/ . This illustrate that it is possible for there to be a significant
difference in THMFP according to the component type and the proportion
of organic matter existing in water source. Apparently humic substance
react with chlorine to produce more THMFP than do the smaller
molecules found in sewage.

Sewage was amost evently split between the hydrophobic(54%) and
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hydrophilic fraction(44%). But, humic substance was found to contain less
hydrophilics(86%) than hydrophobics(14%).

Nackdong river was found to contain less hydrophobics(0.91mg/L) than
hydrophilics(156mg/L). By  coagulation/sedimentation  process, the
significant removal (73.2%) of hydrophaobic substance followed by a small
reduction(40%) in hydrophilic substance was achieved. DBPFP of
Nackdong river of the hydrophilic substance was significantly higher than
that of the hydrophobic substance. When specific DBPFP are campared,
the data show that hydrophobic substance have higher values than
hydrophilic substance. Therefore, it was investigated that hydrophilic
substance remaining after water treatment process might be more
contributed to forming DBPs than hydrophobic substance.

Water treatment process may reduce DBPFP, nevertheless residual
DOC(the more hydrophilic substance) has significant DBPFP. Further
reduction in organic halide precursors requires application of alternative
treatment technipues.

This study provides basic information for the establishment of DBPs
regulation as well as reduction technology by identifying various factors

concerning water quality in Korea.

Key Words : disinfection by-product, formation potential, precursor,
drinking water, hydrophobic substance, hydrophilic substance, humic

substance, sewage
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