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Summary

This study investigated the cause of chromaticity and its removal methods at
Foseungsaeng water treatment plant(WTP) in Jeju. For removing the origin material of
chromaticity, suitable water treatment process was sought by the comparison and the
analysis of efficient chromaticity removal methods through the lab-tests by each process.

To find the source material of chromaticity, monitoring the raw water was carried out
by separating the field measurement with the lab test. And using the chlorine and ozone
oxidation, the application of chromaticity removal through changing the conditions of
oxidation was evaluated.

The test results of field and lab showed that the concentration of Fe, Mn were N.D.~
0.02 mg/L, N.D.~0.003 mg/L, respectively at 1st lake and N.D.~0.02 mg/L, N.D.~0.002
mg/L, respectively at 2nd lake which suggested that those were the least reason of
chromaticity occurrence. The variations of pH, DO, chromaticity, Chl-a were similar along
the depth. At 3~4 m of depth, there were inflection point presumably due to algae. To
find the basis about this theory, quantitative experiments of algae were conducted. This
experiment showed that the variations of number of algae was similar to the trend of pH,
DO, chromaticity, Chl-a along the depth. For estimating the source material of
chromaticity, correlation of water quality parameters was analyzed. The correlation value
between chromaticity and number of algae was the most high value of 0.4308, so algae
was estimated as a cause of chromaticity.

The chlorine oxidation experiments were implemented with various dosages(0.3~1.5
mg/L) and pHs(7, 8 9), and ozone oxidation experiments performed under pre&post
injection with various dosages and pHs(7, 9). In chlorine oxidation, optimal dose of 1.0
mg/L with contact time of 30760 min. leaded to 43% of chromaticity removal.

On the other hand, 71.43% of chromaticity removal rate was noticed at post-ozone
dosage of 0.931 mg/L under pH 9, and 86.71% of chromaticity removal rate was noticed
at post-ozone dosage of 3.0 mg/L under pH 9. If the chromaticity concentration of raw
water is low, present chlorine disinfection facility can be available. But if degree of

chromaticity is higher, the introduction of ozone oxidation process may be necessary.

- VII -
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Table 1. Cause and kind of chromaticity in tap water

Kind of coloring Typical causes
. e Small bubble
White . . . .
» Zinc elusion from galvanized steel pipe
Bl * (Colored by scattering and absorption of light
ue
* Elusion of copper ion from steel pipe
Red * Rust of iron pipe
Black * Manganese elusion from a source of water supply
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Table 2. Chromaticity and kind of Algae

Chromaticity(°)

Kind of coloring

Algae

14
13
12
13
13

Euglena agilis

Scenedesmus quadricauda

Green

Dictyosphaerium pulchellum

Chlorella sp.

Chalmydomonas faciata

Blue-green

Microcystis aeruginosa

Anabaena flos-aquae

15
15
16
16
17

Melosira italica

Tabellaria fenestrata

Brown

Ceratium hirundinella

Peridinium willei

Yellow

Dinobryon divergens
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Water |: @D Water bloom(Green, Brown, Red, Blue-green)

source @ Unnatural taste and smell

* Moldy smell by Phormidium, Anabaena etc.
* Fishy smell by Uroglena etc.

Obstacle
by algae D Decline effect of coagulation and settling by
L Microcystis, Anabaena etc.
Water @ Strong resistiveness to chlorine by
treatment Phormidium etc.

@ Blocking filtration site by Microcystis,

Synedra, Fragilaria etc.

Fig. 1 Effect of algae on water treatment process.

Fig. 2¥ ZHE7F¢

Pandorina

Aphanocapsa Aulacoseira Synedra  Cymbella

Fig. 2. Freshwater algae.
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Table 3. Control methods of eutrophication in lake

Method Note
Pollution . ) . . .
* Blocking the inflow of nutrient by constructing basic
management . .
environmental treatment facility
of water )
* Construct buffer zone or dam for management non-point
resource
) pollutant source
basin
* Control the algae caused unnatural taste and smell
Sprayng .
: * Be harmless to humans and no effect on crops or fishes
chemicals . ) . .
* Copper sulfate, sodium hypochlorite, calcium hypochlorite, etc.
Circulation o ) i o
» Artificial circulation by air-lift or pump
of storage N ] )
» C(lassified aeration , deep—aeration system, on purposes
water
* Dredge sediment source of nutrient
Dredge )
* No contaminate storage water
bottom ]
* Secure dispose place of earth and sand
. * Discharge the upper water which had many algae or the
Discharge . .
bottom water which had much nutirent
the algae )
* Consider the effect on down stream
Etc. » Vegetation purification, algae fence
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Table 4. Characteristics and kinds of chlorine oxidizer

o ) Sodium Calcium

Characteristic Chlorine ) )
hypochlorite hypochlorite

Formular Clp NaOCl Ca(0OCl)s

. . Power,

Phase Liquid, Gas Solution i
196 solution

Stability Stable Unstable Stable

Handling risk High Middle Middle

Corrosive High Middle Middle

Deodorization High Middle Middle

Cost Low Middle Middle
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Table 5. Factor of effect on chlorine disinfection

Factor Note
Chlorine * Higher sterilizing, unnatural taste and smell, THMs with
concentration higher concentration
Contact ) o ) )
d e Higher sterilizing, THMs with longer contact time
ime
T * Rising disinfection rate with higher temp
emp. ) .. .
e More chlorine consumption in summer than winter
Turbidity * Deplete efficiency
Conc. of . ) . . . .
. . * Need longer time with higher microorganism concentration
microorganism
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Table 6. Physical characteristics of ozone

1 71, 207C7dE) ol A
Table 63 2o},

Character Name

Character Value

Molecular weight 48 g
Boiling point -111.9C
Melting point -192.7C
Critical temp. -12.17C

Critical pressure 54.6 kg/cm®

Critical density 0.437 L/mL

Critical volume 0.147 L/mL

Gaseous density(0TC) 2.144 g/L
Liquid density(-112C) 1.354 g/mL
(-1837T) 1571 g/mL
(195.4C) 1.614 g/mL

Surface tension(-183C)
Mole specific heat at static pressure

38.4 dyne/cm

(100C) 43.4 kJ/mol - deg
(-1737C) 33.2 kJ/mol - deg
Viscosity (liquid) (-183C) 157 cp
Evaporation heat(-112C) 316 kJ/g
Heat of formation 144 kJ/mol
Heat of dissplution(water, 18C) 15.3 kJ/mol
Ion Potential 12.8 eV
Electron affinity 1.9727 eV
Dipole moment 053 D
Permittivity (gas, 07C) 1.0019
(liquid, -1837C) 473
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Table 7. Advantage and disadvantage of ozone oxidation

Advantage Disadvantage

« Effectively remove taste, smell, color * Non-persistence

e Rapidly oxidation of organic impurity * High cost and electronic energy

Effective oxidizer because wide range ¢ Inhibit ozone generation at high

of water temp. and pH temp. and humidity
e Difficult to corresponding to flow

Short contact time )
rate and water quality change

* No make THMs * Need preconditioning
0Ee AFER ASTeE Jrisun Fe 4FEe b S dou 2
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o
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* Bronchial mucosal injury

* Helplessness, Headache
* Died of exposure 2 hours
* An Hour at death

* Dyspnoea
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Ozone concentration
0.02~0.05 mg/L
0.23 mg/L
1~2 mg/L
10 mg/L
15~20 mg/L
1000 mg/L

A 2]

Table 8. Effect on human of ozone concentration in air
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Table 9. Typical ozone concentration for water treatment

Material Ozone concentreation

*« 05~2.0 mg/L, contact time 10~20 min

Taste, smell
« 100% remove 2-MIB at 0.5~3.0 mg/L

THMs made by ¢ Non-effect on THMs created already but effect on restrain
precursor THMSs created by precusor

Mn * 05~1.0 mg/L

o o 38~62% remove in Nakdong-river raw water at 1.9~6.0
1,4 dioxin ) .
mg/L(consider of ozone in off-gas)
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Production Capacity
(m*/day)
111,700
324,400
15,000
1,725

Population
146,137
424,430

19,625
2,257

Sites
263

#aha e,

Source
Spring water
Underground water
Eoseungsaeng
Reservoir and
freshwater facilities

Table 10. Water facilities in Jeju
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Table 11. Specification of Eoseungsaeng lake

Criterion Situation Note
Location » San 50-3, Haean-dong, jeju-si, jeju—do
Site area  + 95214 m’ « Except 2™ lake

Water intakes ¢ FEorimok 1-2, Gugu-valley
+ Reservoir capacity 106,800 m®, depth 6 m + Start construction

1 Lake * Reservoir area 24,000 m> at 20. Apr.. 1967
* Leeve L=250 m, H=18.6 m * Completion
« EL. of full leve 596.00 m at 10. Dec.. 1971
2nd Jake  Reservoir capacity 500,00 m®, depth 17 m
Effluent « 3 sites 18,000 m*/day *« 553,000 m*/month
Supply « Average 10,000 m*/day, max 15,000 m*/¥
) * 11 vallage, 19,625 persons
Service area * Dec.. 2013

* B0 farms, 42 facilities
Water pipe * D=200~450 mm, L=48.17 km

Conduct pipe ¢ L=79 km
+ Scale 15,000 m%/day

* Automatic filtration
5,000 m’/daysite

* Clear well
2,700 m’/site

+ Slow filtration
5,000 m?/daysite

+ Start construction
at 17. Aug.. 2005

* Completion
at 22. Dec.. 2006

« Conveyance pipes(D500 mm) L=221 m
+ Water pipes(D300~500 mm) L=585 m
* Pumping station
Q=347 m*/min X H22m X 4 pumps
Purification  « Automatic filtration
plant §75m X L28m X H4m X 4 sites
+ Slow filtration
B25m X L40m X H25m X 3 sites
* Clear well B24m X L28m X H4m X 2 sites

* Chlorination facilitiy 1 site
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Fig. 6. Location of water sampling point at 2™ lake.
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Note
200 mL filtration
DO meter
S-R camber
200 mL filtration

Device
DR2700 (HACH)
2100AN (HACH)
Lamda25 (Perkinelmer)
HQ40d (HACH)
CX31 (OLYMPUS)
TOC-VCPH (Shimadze)

o 2 H7)

i<

=

=

Mrthod
o S

Method of DR2700
[}

Standard method

LN

=]

Criterion
Chromaticity
Mn
Fe
Turbidity
Chl-a
T-N
T-p
BOD
Algae
SS
TOC

Table 12. Method and device for each criterion
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Table 13. Sampling date and measurement parameters (2015 Year)
) Practical
Date Location Lab measurement
measurement

J Turbidity, SS, Chromaticity, Fe, Mn,
10—May 2" lake

T-N, T-P
) pH, Turbidity, SS, Chromaticity, Fe, Mn, T-N,
23—May 1% lake Temperature, T-P. BOD
DO,
1% lake ..
20—Jun Conductivity
2" lake o o
. Turbidity, SS, Chromaticity, Fe, Mn, T-N,
1% lake
5—Jul T_P, BOD, Chl-a
2" lake
H7
25—1Jul 1% lake P
Temperature, . ..
DO Turbidity, SS, Chromaticity, Fe, Mn, T-N,

1-Aug 1% lake ) T-P, BOD, Chl-a, Algae, Cell count, TOC,
DO-saturation DOC

I lak , Conductivity
ake

5—Sep Turbidity, SS, Chromaticity, Fe, Mn, T-N,

21 Jake
T-P, BOD, Chl-a
10—0Oct 1% lake
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Table 14. Manufacturing method of KI-method

Manufacturing method

Name

* Take exactly KI 20 g dissolved in distilled water 1L

KI(2%)

» Take exactly H.SO4 54.3 mL dissolved in distilled water 1L

2N - HyS0q4

* Take exactly 0.IN-Na»S-03 250 mL dissolved in distilled
water 1L

0.025N - Nazszog

+ Starch 1 g dissolved in water 100 mL — Imin boiling
— Cooling — Using the supernatant

Starch solution
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Table 15. Specification of ozonizer

Ozone Feed Gas Flow Variable Power Power

Output(2) Rate Output Control Supply Consumption

Model . .
L/min  L/min
g/h  Ib/h _ % v/ph/Hz W
air Oxygen
230/1/50 or

LAB2B 100 035 4~10 2~5 15~100 105

115/1/60

S 980 mLoll Alx=F KI&<) 20 mLE %] 1000 mL= %t}

A
® T2 AANAE AR EANE Ferh(ZM o dFh
@ 0.025N-E] ©. 82}
0.025N-E] QA EF AA oGS &

9 Aol e WA the

Os; + 2KI + H)O — Oy + I +2KOH

I, + 2NaxS:03 — 2Nal + NaxS:0g
IN-NaxS:06 1 mL = 1/2 I, = O3 = 48/2 = 24 mg(Os)
0.IN-NaxS:06 1 mL = 2.4 mg(Os)
0.025N-NazS:05 1 mL = 0.6 mg(Os)
O3(mg) = a x 0.6
o 714,
a: Aol E97 0.025N-NasS,06(mL)

d AAel 3 ®Ak== Fig 739 2k
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Table 16. Cell count and Chl-a by depth at 1* lake

Kinds Om Im 2m 3m 4m 5m 6m 7m
Chl-a
g/ 301 358 306 343 458 39.1 297 265
Cell Count

(#/mL) 6,981 9,633 7,066 9493 13877 11,089 7,644 7370
Cyanobacteria 3,044 5711 3430 4913 7997 6,790 4,290 4,247
Anabaena 121 88 76 107 1,173 922 719 519
Aphanocapsa 1,079 3570 1544 2805 3623 3554 1667 1902

Aphanizomenon 329 302 663 54 408 238 244 226

Chroococcus 23 17 15 20 61 28 25 27

Merismopedia 34 27 20 81 163 115 81 111

Microcystis 1,001 1,048 668 795 1,851 1,482 1,055 989

Oscillatoria 8 17 20 76 25 14 30 10

Pseudanabaena 449 462 424 484 693 437 469 463

Diatoms 176 200 154 334 691 464 340 316
Fragilaria 104 119 112 175 517 357 244 230

Nitzschia 6 6 2 25 7 9 10 10

Stephanodiscus 64 74 39 127 165 95 34 73

Synedra acus 2 1 1 7 2 3 2 3
Green Algae 3588 3532 3315 4,109 5116 3780 2967 2762

Coelastrum 8 27 - 20 17 28 - -

Gloeocystis 17 34 15 40 30 36 40 41

Golenkinia 2 5 2 12 17 19 12 13

Oocystis 4 13 20 30 40 21 20 34

Pediastrum 17 13 20 61 20 28 20 13

Scenedesmus 8 13 15 40 153 50 40 41
Staurastrum 3532 3427 3243 3906 4,839 3598 2835 2,620

Dinoflagellates Peridinium 173 190 167 137 43 39 35 33
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Table 17. Measurement items by depth(pH, DO, Conductivity, TOC,
Chromaticity, Turbidity, SS, Chl-a, Cell count)

Depth DO  Conductivity TOC Chromaticity Turbidity  SS Chl-a Cell count
(m) oit (mg/L)  (us/cm)  (mg/L) ®) (NTU) (mg/L) (mg/m’)  (#mL)
0 960 89 42 2.243 5 1.85 6 30.1 6931
1 971 863 41.2 2.245 5 1.92 55 35.8 9633
2 975 910 415 2.116 5 1.97 6 30.6 7066
3999 10.68 44.8 2.255 9 2.01 6.5 34.3 9493
4 952 1038 40 1.404 9 241 7 45.8 13877
5 705 671 40.1 1.190 5 3.44 8 39.1 11089
6 684 592 40 1.179 6 4.76 10 29.7 1644
7 669 501 422 1.004 8 5.63 105 265 7370

A% whge] 9ele] N1 NOMel 4% TOC #4¢ F3) dHdow o 5
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Table 18. Monthly water quality at Eoseungsaeng WTP

2014/12  2014/1 2015/2 2015/4  2015/4

2014/11

Standard
< 10 mg/L

58~85
< 0.3 mg/L
< 0.05 mg/L

Criterion

ND ND ND ND ND

ND

KMnO-consumption

7.7

79 7.7
ND ND

7.7

ND

7.5

ND

76

pH
Fe

ND

ND

ND ND ND ND ND

ND

Mn

2015/7 2015/8 2015/9 2015/10

2015/6

ND

2015/5

Standard
< 10 mg/L

Criterion

ND ND ND

ND

ND

KMnO-consumption

7.7

7.5

7.8 7.7
ND ND

7.8

ND

7
ND

58~85
< 0.3 mg/L

< 0.05 mg/L

pH
Fe

ND

ND

ND ND ND ND ND

ND

Mn

> non detected.
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Table 19. Correlation among water facters

DO Conductivity ~ TOC  Chromaticity Turbidity SS Chl-a Cell count

R

P me) (uslem) (mg/L) ©) (NTU)  (mg/L) (mg/m®) (#mL)
pH 1.0000
DO

(/L) 0.9332  1.0000

Conductivity

04089 0.3599  1.0000

(Us/cm)
Toc 0.8895 0.7292 0.5394 1.0000
(mg/L)
Chromaticity
©) 0.0636 0.2683 0.3878  -0.2251  1.0000
Turbidity
(NTU) -0.9332 -0.8933 -0.2445 -0.8705 0.1758 1.0000
o5 -0.9204 -0.8315 -0.2365 -0.8880 0.2540 0.9856  1.0000
(mg/L)
Chl*a} 0.3010 05288 -0.3589 -0.0420 0.2701 -0.4115 -0.3581 1.0000
(mg/m”)
Cij/;;jnt 0.1527 0.4051 -0.3259 -0.2072  0.4308 -0.2208 -0.1690 0.9701 1.0000
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18. Chromaticity, Chl-a and turbidity by depth.
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Table 20. Water quality of law water(1%" exp.)

Injection dosage

Oxidizer

Temperature
(C)

pH

Chromaticity
( (e}

0.3~15 mg/L

NaOCl

20.8

9.24
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Table 21. Experimental result at pH 7(1% exp.)

No. NaOCl1 Residual Chromaticity Chlorine Chromaticity
(mg/L) chlorine(mg/L) (®) consumption(mg) removal(%)

Sample 0.0 0.00 7 0.00 0

1 0.3 0.09 7 0.21 0

2 0.4 0.12 6 0.28 14

3 05 0.16 5 0.34 29

4 0.6 0.20 5 0.40 29

5 0.8 0.28 5 0.52 29

6 1.0 0.45 4 0.55 43

7 15 0.81 4 0.69 43

Table 22. Experimental result at pH 8(1°' exp.)

NaOCl1 Residual Chromaticity Chlorine Chromaticity

o (mg/L) chlorine(mg/L) ) consumption(mg) removal(%)
Sample 0.0 0.00 7 0.00 0

1 0.3 0.05 6 0.25 14

2 04 0.11 6 0.29 14

3 0.5 0.21 5 0.29 29

4 0.6 0.24 5 0.36 29

5 0.8 0.37 5 0.43 29

6 1.0 0.53 4 0.47 43

7 1.5 0.86 4 0.64 43

Table 23. Experimental result at pH 9(1% exp.)

NaOCl Residual Chromaticity Chlorine Chromaticity
(mg/L) chlorine(mg/L) (°) consumption(mg) removal(%)
Sample 0.0 0.00 7 0.00 0

1 0.3 0.13 6 0.17 14

2 0.4 0.21 6 0.19 14

3 0.5 0.29 6 0.21 14

4 0.6 0.38 6 0.22 14

5 0.8 0.51 5 0.29 29

6 1.0 0.68 5 0.31 29

7 15 1.02 5 0.48 29
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Table 24. Experimental result with contact time(1%* exp.)
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N

0.00
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Fig. 19. Chromaticity removal with NaOCl dosage (0.3~1.5 mg/L)
and pH(7~9)(1%" exp.).
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Fig. 20. Chlorine consumption with NaOCl dosage(0.3~15 mg/L) and
pH(7~9)(1*" exp.).
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Table 25. Water quality of law water(2" exp.)

Chromaticity Temperature o o
pH Oxidizer Injection dosage

) (C)
7 8.04 184 NaOCl 0.3~15 mg/L

Table 26. Experimental result at pH 7(2™ exp.)

NaOCl1 Residual Chromaticity Chlorine Chromaticity
(mg/L) chlorine(mg/L) ®) consumption(mg) removal(%)
Sample 0.0 0.00 7 0.00 0
1 0.3 0.08 6 0.22 14
2 04 0.17 6 0.23 14
3 0.5 0.24 6 0.26 14
4 0.6 0.29 5 0.31 29
5 0.8 0.42 5 0.38 29
6 1.0 0.51 4 0.49 43
7 15 0.81 4 0.69 43
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Table 27. Experimental result at pH 8(2™ exp.)

No NaOCl1 Residual Chromaticity Chlorine Chromaticity
' (mg/L) chlorine(mg/L) (®) consumption(mg) removal(%)
Sample 0.0 0.00 7 0.00 0
1 0.3 0.09 6 0.21 14
2 0.4 0.18 6 0.22 14
3 0.5 0.26 6 0.24 14
4 0.6 0.31 5 0.29 29
5 0.8 0.44 5 0.36 29
6 1.0 0.58 5 0.42 29
7 15 0.95 4 0.55 43

Table 28. Experimental result at pH 9(2™ exp.)

NaOCl1 Residual Chromaticity Chlorine Chromaticity

o (mg/L) chlorine(mg/L) ) consumption(mg) removal(%)
Sample 0.0 0.00 7 0.00 0

1 0.3 0.18 7 0.12 0

2 04 0.27 6 0.13 14

3 0.5 0.37 6 0.13 14

4 0.6 0.45 6 0.15 14

5 0.8 0.63 5 0.17 29

6 1.0 0.81 5 0.19 29

7 1.5 1.25 5 0.25 29

Table 29. Experimental result with contact time(2™ exp.)

No. Contact Residual Chromaticity Chlorine Chromaticity

time(min)  chlorine(mg/L) (°) consumption(mg)  removal(%)
Sample 0 1.00 7 0.00 0
1 1 0.84 6 0.16 14
2 3 0.62 6 0.38 14
3 5 0.58 5 0.42 29
4 10 0.55 5 0.45 29
5 20 0.50 5 0.50 29
6 30 0.46 5 0.54 29
7 60 0.42 4 0.58 43
3 120 0.39 4 0.61 43
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Table 30. Chromaticity removal of non-filtered sample with ozone dosage

and pH 7
Oxidizer Injection dosage
Ozone 0.22~4.732 mg/L
No. Ozone injection Chromaticity Chromaticity
concentration(mg/L) (°) removal(%)
Sample 0.0 7 0
1 0.220 5 28.57
2 1.230 4 42.86
3 2.150 3 57.14
4 2.573 3 57.14
5 4732 2 71.43

Table 31. Chromaticity removal of filtered sample with ozone dosage and

pH 7
Oxidizer Injection dosage
Ozone 0.459~4.657 mg/L
No Ozone injection Chromaticity Chromaticity
' concentration(mg/L) (°) removal(%)
Sample 0.0 7 0
1 0.459 35 50.00
2 1.005 3 57.14
3 2.255 2.5 64.29
4 2.542 2 71.43
5 4.657 1 85.71
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Table 32. Chromaticity removal of non-filtered sample with ozone dosage

and pH 9
Oxidizer Injection dosage
Ozone 0.553~6.634 mg/L
No. Ozone injection Chromaticity Chromaticity
concentration(mg/L) (°) removal(%)
Sample 0.0 7 0
1 0.553 4 42.86
2 0.885 35 50.00
3 1.271 3 57.14
4 3.146 25 64.29
5 3.243 2 71.43
6 6.634 1 85.71

Table 33. Chromaticity removal of filtered sample with ozone dosage and

pH 9
Oxidizer Injection dosage
Ozone 0.343~7.348 mg/L
No. Ozone injection Chromaticity Chromaticity
concentration(mg/L) (°) removal(%)
Sample 0.0 7 0
1 0.343 4 42.96
2 0.625 3 57.14
3 0.931 2 71.43
4 1.918 2 71.43
5 3.051 1 35.71
6 7.348 1 35.71

& AT A AT Ee] Y =& 239 pH 9, A3 Fo Ag oF
EE7F 0931 mg/Lol/del =W 71.43%7F AAEN e, 3.0 mg/Lol’d
86.71%7F A1 715 9.

e
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e
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