< I-3>

I XY W NOM(Natural Organic

AIO1 0l

OHl
<J
i3
Hr
4

=)

nl
<+

—te

oJ

F

ol
K-
<
a0

&)

i)
EN

k{0

£
Al

ok

Rr
Or

ol
&l

H NOMOIl CHet

=2 FEIIE2Z2 7

[O0 0l=2 213

CS PR

+AH
S

g
=

=0t BIBo

2 JI=Hstol et

K

oty

[w3]
=

i

X

i

0l
ok
<J
Ik
r
<

Ct.

03

MO MOTE

[
[

UM,

CetA &el=el NOM

9]

Al

D
<

—_

oJ

-

10
=

ok

g NOM2 =H&E

S0 T

N=
=S

o= =AW

2 2l

SEA
S o

NOM HMAH=E

=
j—

off

S

e

]

J)

?.

ol

Rr

ok

Ao

RO

o)
Jio

ok
ill

ol

00

A9 U

A

5
K
o

ur

un

2 AR0ME 2

.

o0

ok

| XI

o
5

H NOM HIH2H S

0

il
20

RO
H
=

Ju
oK

ur

RO

o

20

—_



R0
ol

RO
o

3
<

~ 20144 128 31 (9HE)

ol
=

020149 4 1

O A2t &

H0

O ss 84

8J

<

0

il
2

ok
10

&l

ol
Rl

oD

0

Ll
iy

—_

J
=
<0

0

CH

S0

H

Al

F

=g
—$—T|'E

- HEZEZ NOM

00
Rr
R0
Fo

3
<+
R0

<
o)
1o
]

o0
2

O

2

0

2l
|

Labtest
Test bed =X

4

Hzose

3

DEYFHE XS

J

> AEXE]

=
03
%0
3

=
[emm

ol
KO
Ho
o
3
<F
&0

A 72 Test+E

> Az

d ZAL

2L X
=]

d =A

» NOM2| ZHE

Ex
> AFEME9

» NOM

R

=

Mg
sg

FHEISE

> A H

> =S HE A
> 32 S Y] H

» ZLHE|

12|SE W7t

x

SHE

248 »

e
o

> GZH 23t

Ed%

Hof

O
=<J
/g
Hr
<1

k

>

> S GY HAl
> 22X, RRIEE], SAH|

xEl3E g

e

Kl

=)
X HHget =

4\

=
=]

LR

8

Kir

od

o

o
Fr7 |
+ S
m E
m._lo =
KK
H o
™ g
ok =~
&l o
o0 10
m =<
s
ar K
Rl <k
w O
oF
[T
m.-l] o
= ml
= <
o 3l
< 10
o S
W =
K1 of

%

1t

Hr

<A

)
A

&)

-

o
Ol

<J
I+
Hr
<

o
83
9)

X Ol
=

HE=Z

i PACE =

0

o
F

JtotJ]

iz
o

NOM MH=ES



N2 E=otDAN ZAHE Humic acid? ClI's
& Test bedE #*=5tH NOM HAHE

[0 Jim

g

2 0z

o

tALCH. NOM HIHE <l

|, ASRAS

ol
>
QI
>
4
O

>
oo
He
Ho
Bl

Jm
0x
o
E_I
ol
o
40
Qﬂ
>
Qe
0
H0
=
I
e
o
aa
N
~
=2
°
m
s
O

()

EN

Jn

H 1 2484 A2 PAC Jar—test &l& XA

Influent NOM conc. PAC dosage Temperature
5-30°

Humic acid® 30

@ |nfluent concentration (mg/L)
- Humic acid : 1, 2, 3, 4, 5, 6 (HE& =2 & B2 TOC, DOC sk&)

) PAC dosage (mg/L) : 2013E & A (Geosmin, 2-MIB MH X= PAC =s5)
© Temperature (C) : 5, 10, 20, 30

H 2 &8s A2 PAC Jar-test 28 XA

Volume, L Reaction time, min pH Rapid velocity, RPM
4 307 7.0~7.5 150

2 Reaction time : 20138 & A2 (Geosmin, 2-MIB M| ZMBISA|I2E 252 0]A)

H 3 A 72 AS24NE &M Jar-test Al A
Influent NOM conc. NaOCl dosage Temperature
Humic acid® 5 5-30%

" Influent concentration (mg/L)

- Humic acid : 1, 2, 3, 4, 5, 6 (&
' NaOCl (%) : REAASE 5~6%, A%
° Temperature (C) : 5, 10, 20, 30

st =3l Bz TOC, bOC =&)

H 4 Agd 72 AS28E 2N Jar-test 28 A
Volume, L Reaction time, min pH Rapid velocity, RPM
4 207 7.0~7.5 150

2 Reaction time : 94 BISA|2t

Lab. scale NOM &% & &£ 2o Humic acid (ALDRICH, CAS:1415-93-6)

£ 0I806t0 =J| =5 MZEotU2M, Humic acid s£E=2 TOCS DOCsEE

[= ;_I_E

=XoIY L Humic acid s 2 PAC 30 mg/LE FUGIF2H, BIE2AIZ2F 30 &

HE2A0 ek TOC2 DOCS MAHSHE= =elotRUlt. 1 2UE H 500



LFEHLH RUACE.

H 5 Lab. scale NOM E=taldZ 1}

Experiment conditions : PAC dosage 30 mg/L, React time 30 min

Influent Temperature, T

Humic, mg/L 5 10 20 30

1 TOC 0.349 0.041 0.039 0.035 0.032
DOC 0.312 0.033 0.033 0.028 0.025

5 TOC 0.762 0.042 0.038 0.036 0.033
DOC 0.712 0.031 0.036 0.029 0.027

3 TOC 1.025 0.035 0.033 0.031 0.030
DOC 0.995 0.027 0.024 0.023 0.021

4 TOC 1.318 0.031 0.029 0.025 0.021
DOC 1.262 0.024 0.021 0.020 0.019

5 TOC 1.525 0.048 0.043 0.043 0.041
DOC 1.507 0.039 0.035 0.034 0.030

6 TOC 1.830 0.551 0.528 0.516 0.487
DOC 1.778 0.504 0.478 0.452 0.407

Lab. scale NOM E&F4&E Z =201 SIg=== TOC, DOCIt PACH ==
S HMAHAEE0l Sdtote A2 UERDH Humic acid 5 mg/Lel &S =D
TOC2 DOC =%t 1.525, 1.507 mg/Lg UEIS2H, =29 5, 10, 20, 30TCOHl
M TOCS2 &EL 96.8 ~ 97.3%2 HHsE= EBIJU20H, DOCo BR= 974 ~
98.0%2 MHE&EES LIEFRHCH B Humic acid 6 mg/Le &< =J| TOC2
DOC =&JF 1.830, 1.778 mg/L2 UIEISGSH, =28 5, 10, 20, 30COH A TOC
MHEE 69.9 ~ 73.4%, DOC MHEE 71.7~77.1%Z2 HHEO| ZA4d W22
LIEFSCE. Ol= Humic acid 5 mg/LUIA &&E S0l UR=01 0IRHMA

Humic acid 6 mg/LOIA E4E HMAHASE0| ZdAs 2122 EEHEIC

.

[] Lab. scale AS2d=2 A2 1

Lab. scale AS24=2 M AEZ2 o Humic acid (ALDRICH,
CAS:1415-93-6)€ 0I&0dt0 =J| 2=+E HMZOIA2MH, Humic acid sEE=Z
TOCS DOC =52 =Tot¥LH AEZHE H 60l LIEFLHJUCH Lab. scale &

20| S5 AS24E2 HWEHEQ SEQl THMs

4 /T

THMs, HAAs= 0.072 ~ 0.094,



H 6 Lab. scale A=S24&2 2M AHZ

0

Experiment conditions : NaOCl dosage 5 %, React time 20 min

Influent Temperature, C

Humic, mg/L DBPs, mg/L 5 10 20 30

1 TOC 0.322 THMs 0.033 0.037 0.040 0.048
DOC 0.310 HAAs 0.014 0.016 0.017 0.022

5 TOC 0.718 THMs 0.052 0.067 0.069 0.075
DOC 0.688 HAAs 0.042 0.048 0.052 0.056

3 TOC 1.015 THMs 0.072 0.084 0.086 0.094
DOC 0.965 HAAs 0.050 0.061 0.064 0.071

4 TOC 1.336 THMs 0.101 0.110 0.112 0.119
DOC 1.158 HAAs 0.079 0.086 0.092 0.096

5 TOC 1.548 THMs 0.114 0.128 0.134 0.140
DOC 1.461 HAAs 0.100 0.104 0.108 0.110

5 TOC 1.804 THMs 0.129 0.136 0.138 0.139
DOC 1.622 HAAs 0.107 0.115 0.121 0.124

JdedLh Humic acid 4 mg/L Z2H0UA= THMssE =2g€=2 &)
mg/LE Z=MotRA20, Humic acid 5 mg/L ZHUHA THMs, HAAs
£ $&IIFQ 0.1 mg/LE =Wdte A= LIEtRCH Metd g4
DOC =%&= 1.015, 1.1568 mg/L 0l5tZ2 HMHIt ER5tH, 42 g M
TOC, DOC s%=JF 1 mg/L OlotZ2 &5l HHII OIFHHOF & 2iez EHEC),

[] Test bed &8 Z 1

O 252 2o AL Aa

Test bed BISJI1JI £ SAEE 22 et = = d42UE H
700 LIEHLHRICEH Z=AIZD =22 B2 21.5CTE 21, pH 8.1, DO 9.9 mg/L,

EfC 3.17 NTUS EHZ2tsS UEHROH S8 Geosmin Z# 72.2 ng/L, Chl-a
9.2 mg/m®, TOC, DOC, UV2542 22t HZ 0.643, 0.577, 0.026 mg/LS LIEFG
Ct.
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< I-3>

A study on establishment of
chloride infusion scheme in the
water treatment process and control
of by-products of disinfection due
to occurrence of water bloom and
NOM(natural organic matter) inside

Kyeonggi province

< kyongg/ Univ. Hyun jong Joo >

I. Objectives and Importance

Recently, current is frequently occurring due to the climate change, due to
which  NOM-related problems are being raised. Currently, the by—products are
being regulated based on the drinking water standard and the situation is that
disinfection by-product control scheme is needed due to the NOM problems.
Thus, review of validity of the application of the advance water treatment
process for reasonable NOM removal and establishment of coping scheme
need to be established. Because of the problems of NOM according to the
occurrence of currents and necessity of the application of advanced water
treatment process, this study has the purpose of developing and assessment
of the applicability of advance water treatment process which can be applied

in Kyeonggido in order to improve the NOM removal efficiency according to



the mass occurrence of currents.

II. Research scope

This study intends to survey the characteristics of the occurrence of
currents and NOMs on the water system in Kyeonggido and assess the
applicability of the advanced water treatment process which suits the
characteristic of the small or medium size water treatment plant through
occurrence of disinfection by-products according to the various conditions
like chloride injection location and NOM removals through laboratory size test

and test bed operation.

. Results

The PAC was injected by each condition to assess NOM removal efficiency,
the condition—specific Humic acid and Cl- densities were set and lab test
was performed to deduce the characteristics of occurrence of disinfection by
products and by establishing the on-site test bed, the NOM removal
efficiency and disinfection byproducts control scheme were established. The
lab size test and operation condition for NOM removal are displayed in Table
1 and 2 and the experiment and operation condition for the assessment of

occurrence characteristic of byproducts were displayed in table 3 and 4.

Table 1 Experiment condition of lab. scale PAC Jar-test

Influent NOM conc. PAC dosage Temperature

Humic acid® 30 5-30¢

3 Influent concentration (mg/L)

— Humic acid : 1, 2, 3, 4, 5, 6
) PAC dosage (mg/L) : research of 2013
° Temperature (C) : 5, 10, 20, 30



Table 2 Operation condition of lab. scale PAC Jar—test

Volume, L Reaction time, min pH Rapid velocity, RPM
4 307 7.0~7.5 150
2 Reaction time : research of 2013
Table 3 Experiment condition DBP's lab. scale Jar-test
Influent NOM conc. NaOCI dosage Temperature
Humic acid? 5 5-30°

2 |nfluent concentration (mg/L)

— Humic acid : 1, 2, 3, 4, 5, 6
' NaOCl (%) : 5~6%
° Temperature (C) : 5, 10, 20, 30

Table 4 Operation condition DBP's lab. scale Jar—test

Volume, L Reaction time, min pH

Rapid velocity, RPM

4 207 7.0~7.5

150

2 Reaction time

The initial raw water was produced using the Humic acid (ALDRICH,

CAS:1415-93-6) in order for the lab scale NOM absorption experiment and
the TOC and DOC densities were measured by each humic acid density. PAC

30 mg/L has been injected for each humic acid density and the TOC and

DOC removal characteristics were verified on each operation condition after

30 minute from the reaction time. The result is shown in table 5.

Table 5 Results of lab. scale NOM adsorption

Experiment conditions : PAC dosage 30 mg/L, React time 30 min

Influent Temperature, C

Humic, mg/L 5 10 20 30

1 TOC 0.349 0.041 0.039 0.035 0.032
DOC 0.312 0.033 0.033 0.028 0.025

5 TOC 0.762 0.042 0.038 0.036 0.033
DOC 0.712 0.031 0.036 0.029 0.027

3 TOC 1.025 0.035 0.033 0.031 0.030
DOC 0.995 0.027 0.024 0.023 0.021

4 TOC 1.318 0.031 0.029 0.025 0.021
DOC 1.262 0.024 0.021 0.020 0.019

5 TOC 1.525 0.048 0.043 0.043 0.041
DOC 1.507 0.039 0.035 0.034 0.030

5 TOC 1.830 0.551 0.528 0.516 0.487
DOC 1.778 0.504 0.478 0.452 0.407




According to the lab size NOM absorption experiment result, as the water
temperature increases, the TOC and DOC are absorbed in the PAC and the
removal efficiency increased. In the case of the Humic acid 5 mg/L, the initial
TOC and DOC densities were 1.525 and 1.507 mg/L each, and at different
temperatures like 5, 10, 20, 30C, the TOC showed 96.8%~97.3% of removal
efficiency and DOC showed 97.4%~98% of removal rate. On the other hand,
in the case of the Humic acid 6 mg/L, the initial TOC and DOC densities
were 1.830 and 1.778 mg/L each and at different water temperatures like 5,
10, 20, 30T, the TOC's removal rate decreased to 69.9 ~ 73.4% and DOC's
removal also decreased to 71.7~77.1%. This is judged to be because
absorption of the most of the activated carbon was made in the Humic acid
5 mg/L and thus the activated carbon removal efficiency decreased in the
Humic acid 6 mg/L.

The initial raw water was produced using the Humic acid (ALDRICH,
CAS:1415-93-6) in order for the lab scale disinfection byproduct occurrence
experiment, the human acid-specific TOC and DOC densities were measured
and the experiment result is shown in table 6. According to the lab scale
disinfection byproduct occurrence characteristics result, as the water
temperature increased, the representative disinfection byproducts, densities of
the THMs and HAAs showed an increasing trend. In the Humic acid 3 mg/L,
the TOC and DOC were 1.015 and 0.965 mg/L, and the water
temperature—specific THMs and HAAs were 0.072 ~ 0.094 and 0.050~ 0.071

mg/L and thus the disinfection byproduct satisfied the edible water criteria.



H 6 Results of DBP's Lab. scale test

Experiment conditions : NaOCl dosage 5 %, React time 20 min

Influent Temperature, C

Humic, mg/L DBPs, mg/L 5 10 20 30

1 TOC 0.322 THMs 0.033 0.037 0.040 0.048
DOC 0.310 HAAs 0.014 0.016 0.017 0.022

5 TOC 0.718 THMs 0.052 0.067 0.069 0.075
DOC 0.688 HAAs 0.042 0.048 0.052 0.056

3 TOC 1.015 THMs 0.072 0.084 0.086 0.094
DOC 0.965 HAAs 0.050 0.061 0.064 0.071

4 TOC 1.336 THMs 0.101 0.110 0.112 0.119
DOC 1.158 HAAs 0.079 0.086 0.092 0.096

5 TOC 1.548 THMs 0.114 0.128 0.134 0.140
DOC 1.461 HAAs 0.100 0.104 0.108 0.110

6 TOC 1.804 THMs 0.129 0.136 0.138 0.139
DOC 1.622 HAAs 0.107 0.115 0.121 0.124

However, in the Humic acid 4 mg/L condition, the THMs exceeded the
water quality standard of 0.1 mg/L for each water temperature and in the
Humic acid 5 mg/L condition, both the THMs and HAAs exceeded the water
quality criteria for disinfection by products of 0.1mg/L. Thus, the TOC and
DOC densities before the disinfection of chloride are 1.015 and 1.158 mg/L
thus need removals, and it is judged that considering the safety, the densities

of TOC and DOC should be amply removed to be under 1 mg/L.

The raw water density result of the water system in Bukan river close to
Yangseo filtration plant installed in the test bed reactor has been shown in
table 7. According to the survey result, the average water temperature was
21.5C, pH 8.1, DO 9.9 mg/L and turbidity 3.17 NTU on average. Also, the
Geosmin was 72.2 ng/L on average, Chl-a 9.2 mg/m® and the TOC, DOC
and UV254 values were 0.643, 0.577 and 0.026 mg/L each on average.



Table 7 Characteristic of Bukhan river(2014.04~2014.07)

Parameter Min. Max. Ave.
Temperature (C) 10.7 28.3 21.5
pH 7.7 9.5 8.1

DO (mg/L) 8.7 12.5 9.9

Turbidity (NTU) 1.17 6.82 3.17
Geosmin (ng/L) 1.0 802.0 72.2
Chl-a (mg/m?) 1.6 40.9 9.2

Algae counts (cell/mL) - 13,958 1,287
TOC (mg/L) 0.011 2.021 0.643
DOC (mg/L) 0.008 1.950 0.577
Uv254 (ABS) 0.001 0.096 0.026

A complex process which combined the conventional water treatment
process, F/A process, PAC and membrane filtration unit and F/A with the
Yangseo filtration plant as the object was composed and the NOM according
to the occurrence of water bloom and the removal characteristic of flavor and
smell substances were assessed. In the conventional water treatment process,
the turbidity and chlorophyll were removed, but the taste and smell
substances and NOM showed low removal efficiency. According to the
application result of the F/S process, the taste and smell substances other
than the turbidity and chlorophyll, the 2-MIB and Geosmin had high removal
rate but in the NOM, the removal did not appear.

When PAC, in the case of the application of complex process combing
PAC, membrane filtering device and F/S, the turbidity and chlorophyll and
2-MIB and Geosmin and NOM substances, the TOC and DOC showed high
removal rate.

Thus, it is judged that the application of the complex process which
combines the PAC, membrane filtering device and F/A will be appropriate
when considering the removal of NOM, the precursor of disinfection
byproducts other than taste and oder substances caused by occurrence of

water—bloom.



Table 8 Characteristics Evaluation of DBP's generated after chlorine injection

TOC, mg/L DOC, mg/L THMs, mg/L
Parameter

Min. Max. Ave. Min. Max. Ave. Min. Max. Ave.
sand filter 0.973 1543 1.284 |0.887 1.530 1.164 | - - -
water supply 0.964 1515 1.260 |0.874 1.415 1.120 | 0.012 0.064 0.030

On the other

hand, post chloride

injection scheme was established to

control the disinfection byproducts and the occurrence characteristic of the
THMs the disinfection byproduct type was assessed through the injection of
post chloride into the sand filtering treatment water and according to the
result, it satisfied all the water quality standards of less than 0.1 mg/L for
edible water during the test bed operating period. Thus, it is judged that the
application of the complex process where the PAC, membrane filtering device
and F/A are combined due to the occurrence of water—bloom can not only
remove the taste and odor substances and NOM, but also control the
occurrence of disinfection byproducts occurring inevitably during injection of
chloride. Thus it is judged to be an advanced treatment process which is very

suitable for the application when considering the safety.

VI. Application plan

O This can settle the existing civil complaints(45 cases in Gyeonggido in
2012)

odor—causing substances at less than 10 ppt)

completely (possible to maintain the concentration of taste and

O This can establish countermeasures against the occurrence of algae by
identifying the distribution of algae and the causes of occurrence in
Gyeonggido.

O This can be used as the basic data for establishing algae—preventive
measures.

O This can be used as the policy data for establishing the drinking water
quality criteria regarding algae.

O This can be used as the basic data for developing full scale algae removal

facilities by investigating the validity of activated carbon and sand filtration



facilities and reduce the period of commercializing the technique without
additional researches.

O This can be used for drinking water treatment processes in local
governments by optimizing the removal of algae and drawing the plans to

remove algae in a stable way.



