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A Study on Removal of Phenol and Its By-Product by
Ozone, Ozone/Hydrogen Peroxide and Ozone/Granular
Activated Carbon

Hyun Joo Bae, Young Gyu Kim* and Moon Ho Chung
Department of Environmental Health, School of Public Health, Seoul National University
*Department of Environmental Health, Yorgin University

ABSTRACT

This study was performed to delineate the removal phenol in solutions using of ozone, ozone/H.Q),
and ozone/GAC. The disinfection by-product of phenol by ozonation. hydroquinone. was analyzed
and it's control process was investigated. The followings are the conclusions that were derived from
this study.

1. The removal efficiency of phenol by ozonation was 58.37%., 48.34%. 42.15%, and 35.41% which
the initial concentration of phenol was 5 mg/l, 10 mg/l. 15 myg//, and 20 mg/l, respectively.

2. The removal efficiency of phenol by ozonation was 42.95% at pH 4.0 and 69.39% at pH 10,
respectivelv. The removal efficiencies were gradually increased. as pH values were mncreased.

3. With the ozone/H.O. combined system, the removal efficiency of phenol was 72.87%. It showed
a more complete degradation of phenol with ozone/H.O. compared with ozone alone.

4. When ozonation was followed by filtration on GAC, phenol was completely removed.

5. Oxidation, if carried to completion. truly destroys the organic compounds, converting them to
carbon dioxide. Unless reaction completely processed. disinfection by-products would be produced.
To remove them. ozone/GAC treatment was used. The results showed that disinfection by-product
of phenol by ozonation, hydroquinone, was completely removed. These results suggested that ozone
GAC should also be an appropriate way to remove phenol and its by -product.

Keywords : Ozone, Phenol. Hydrogen peroxide, Activated carbon. By-product
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Fig. 1. Schematic diagram of ozone reactor svstem.

Table 1. Characteristics of ozone generator

[tem Condition
Model No. OR-15
Power 110 V * 60 Hz
Ozone concentration 11 mg/!
Cooling Water 5 l/hr
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Table 2. GC/MS condition for analysis of hydroquinone

Item Condition
Model No. HP 5890 IIPlus GC/591 MS
Column Ultra 2 (25 m * 0.2 mm = 0.33 pm)
Column Flow 0.6 m//min
Detector ¥FID
Carrier Gas He(99.999% Purity)
Injector Temp. 280°C
Detector Temp. 280°C

Column Temp. 110°C-220°C (20°C/min)
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Table 3. Removal efficiency for phenol at air strip-
ping

Time Removal efficiency (%)

(min) 5 Mg/l 10 mg/l 15 mg/l 20 mg/l

0 0.00 0.00 0.00 0.00

5 4.08 1.78 1.06 0.15
10 525 3.67 245 0.79
15 7.59 6.40 4.01 1.58
20 9.73 7.24 5.65 3.40
25 11.09 8.60 6.95 4.98
30 12.06 9.97 7.77 6.71

100+
é —a— 5 mg/l Phenol
z-) 20 —e-— 10 mg/l Phenol
-2 —a— 15mg/l Phenol
g o] | —v— 20mg Phenol
L
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m‘ 204
2
g 10 -S|

TIME (MIN)

Fig. 2. Removal curve for phenol at air stripping.
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Table 4. Removal efficiency for phenol by concent-
ration and time of treatment

Time Removal efficiency (%)

(min) 5 my/l

10 mg/! 15 mg/l 20 mg/!

0 0.00 0.00 0.00) 0.00

5 18.33 12.39 11.24 3.32
10 29.28 17.93 16.36 15.49
15 35.26 25.38 24.00 23.56
20 43.82 37.56 27.73 26.00
25 51.59 43.10 36.04 30.68
30 58.37 48.34 42.15 35.41
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ig. 3. Removal curve for phenol by concentration
and time of treatment.
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Table 5. Removal efficiency for phenol by pH and
time of treatment

Time Removal cfficiency (%)

(min) pH 4 pH 6 pH 8 pH 10

0 0.00 (.00 0.00 0.00

5 9.97 12.39 26.59 32.22
10 14.63 17.93 36.00 43.64
15 20.25 25.38 38.12 56.36
20 28.31 37.56 43.88 62.02
25 37.01 43.10 47.02 64.75
30 42.95 48.34 56.42 69.39

8
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TIME (MIN)
Fig. 4. Removal curve for phenol by pH and time of
treatment.
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Table 6. Removal efficiency for phenol by ozone and
ozone plus hydrogen peroxide

Time Removal efficiency (%)
{min) Ozone Ozone+H.0.
0 (.00 .00
5 12.39 31.00
10 17.93 58.64
15 25.38 65.65
20 37.56 79.02
25 43.10 71.95
30 48.34 72.87
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Fig. 5. Removal curve for phenol by ozone and ozone
plus hydrogen peroxide.
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Table 7. Removal efficiency for phenol by ozone and
ozone plus granular activated carbon

Removal efficiency (%)

Time
(min) Ozone Ozone+GAC
0 (.00 0.00
5 12.39 48.54
10 17.93 75.31
15 25.38 86.61
20 37.56 93.31
25 43.10 100.00
30 48.34 100.00
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Fig. 7. Removal curve for phenol by ozone and ozone
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Table 8. Changes in effluent concentration of hydro-

quinone
N Concentration (pph)
bime 0 +H.0
(min) A CAC zone+H;(),
Ozone Ozone+GAC Ozone+1.0, YGAC
0 (.00 0.00 0.00 .00
10 73.70 .00 87.00 0.00
20 94.26 0.00 156.85 0.00
30 229.40 0.00 307.33 0.00
40  181.26 0.00 191.03 0.00
50 115.36 0.00 105.23 0.00

Korean Journal of Environmental Health Society, Vol. 22(3)



128 Hyun Joo Bae et al.

—8— Ozone
—e— Ozone + H,
S ¥~ —4&—Ozone+ GAC
§ ¥~ Ozone + H,0, + GAC
o= S
///' \‘\\?
g =1 // NS
O xxl s .
/o P
v -

g 1 A Ty

100 - }////_-/

o]
2 o o — @

) 10 o o © o
TIME (MIN)
Fig. 8. Changes in effluent concentration of hydro-
quinone.

Sl gl B Tl sholrg e
AFsbgo] AGHA i 3 sleivh 92
THbshe g E3F AR A olE D 72.87‘4/}
A A Ak gk vpobd  sfelriiiy)irol
307.33 ppb A A3 =1},

eEAe), &) sMbshEas EY AR §
gAvr Al s a}ﬂ.i HI-g- A 7boll -abalA| slo] R
=2 100% 7} & 7 ¥l 9dch,

SRR vRAoe 9uELE 24l
H AR Aol EZo] ofi]v] wfifofl $E4ks uke-
A3t 9) H“* ol AR 4 gleh ejni ofe]
&k slal 4
o7k 55 Moﬂ spetsto] o] 2 ashg 4 )i
Mposk +lel g el 4 el Aelat s ¢y
o] jl4|¥lojo} &} -

9 oAES 100% A A 29

&’l‘ziﬁ’_”#, wgh e &=akslA e °i
shol el 1009 47512 Lr apoba] 2412]
9} 311-&]1:}« szo} o 4] x{v{ Qo3 1!0] ‘1 ;Ltmu}
ohulet e®absti <lah 2abxl gl d A Al |8

B OJ 1= 7].101— u}d—xlq‘]. uLtH el.8 go 3} O]C’)\ic}'

o] AHH&_I s l:‘; f\_zlxq oA

ii{ﬂ]ﬁ_ gAiep &30 5
‘*,0] 2FE) 2 A
AL A AL

V. 2% g AE

BoadgellMdis &F, o8 dbshr s 1
1} i}H EL_ A}_Q_a}.ﬂ }]:5 ] zﬂ 7{ 3 fsk,?, ;,Lu% LERTS
Az} AALIE vl dslelel gk .?:f—d l

2 Az Abshakg- At WA s Ak
g A4 W sl sfelnaiine

YA H skstol abiiah Y alel v} ol 4

AXE 3l7] sl 1 AANYS A7 A3 oS
_glr /I—_Q. 7_5;2. ol o}iL}

L g7 A Aat oz %5 } e at
E AAge] Frlslgdend, Heesg 2t 5, 10,
15, 20 mg/l2 WspA7|9A o2 el a}tﬂ o
o) A H-L 7h2b 58.37%, 48.34%, 42.15%, 35.41%
°0F HlE¥e T¥7} T STE A 752 oot

AE2] pHE 4. 6.3(FH 3] o3, 8 10202
wa 7 o slEe] A8 7 42.95%, 48.34%,
56.42%, 69.39%10c}. whzba] pHE 404 1002
WELA 7] af d)ipo] A AR 26.44% 7} Frete] 4L
dededoal wr) ebzhulA] ofedofA whZo] whE A
exd v, HeldAg% Fvbsidct

3.2 i-iel"k"- b A% sl 48.349% 7 A7 EA
ELANEY S8 Rkl 13114 o7 Hrisby slE 72.87%
A A s oAt ol—:— L& It anE AHrleid
SEg ] wE £ Hsliste] OH radicalS A
A Bk AR S wl B} WA Rl F7}
3],oit}

23 gt Fag odAlste] Helg A
?ol% #Eo] 1006 A A= ik

el AlEo) 48.34% A5 9dS u B
}0] R o] 292,40 ppb MAIE o H,
R 'P fwr P @ ARgsk sliFe] 72.87%
gl /wlwi sholri2 )=o) 307.33 pph WA E
v}, o] 7hzhg B4 E& F 37 dAsbed Aelshed vt
Fodol slel =2 gimo] 1000 A=l
18k A52le)E ¢lalr]s=
495#. By ",\ol ofuvia} 1 #AFE7HA|
- 8k x}g) = xiaM el Falo
Hatk oz} &
H 7hA] 1”/1%?0‘” 7}
e}

_. O

ooiﬂxlo]

S Jé}:ﬁ}& )
2} ylgkal H

T

.ov
sl
z
™

[

ol 7] s g steled 4, AT

1995.

2 W H Glaze, o al..: The Chemistry of Water
Treatment Processes Involving Ozone. Hyvdro-
gen Peroxide and Ultraviolet Radiation. Ozone
Science and Engineering, 9(4). 335-341, 1987.

3) TR Sl sk e S 9lgk Ak Y B
*P exte], WodshEabst e, 206-211, 1996.

4) L. Bruno. ¢ al..: Drinking Water Health Effects

Task Force, Disinfection. In Health Effects of

. 202-206.

Korean Journal of Environmental Health Society., Vol. 22(3)



A Study on Removal of Phenol and Its By-Product by Ozone, Ozone, Hydrogen Peroxide and Ozone... 129

Drinking Water Treatment Technologies, Lewis
Publishers, 41-81, 1990.

5) J. Burn : Chemistry and Analysis of Volatile Or-

ganic Compounds in the Environment, Blackie A-
cademic and Professional, 25-74, 1993.

6) H. Pallard, et al.,: Optical Conditions for Ap-

plving an Ozone/Hydrogen Peroxide Oxidation
System., Water Research. 22, 91-103, 1988.

7) Standard Methods for the Examination of Water

and Wastewater. 19th ed.. American Public Heal-
th Association, 1995.

3) J. Hoigne and H. Bader : Rate Constants of Reac-

tions of Ozone with Organic and Inorganic Com-
pounds in water. II. Dissociating Organic Com-
pounds. Water Research, 17, 185-190, 1983.

9) M. D. Gurol and R. Vatistas : Oxidation of Pheno-

lic Compounds bv Ozone and Ozone+UV Ra-
diation-A Comparative study. Water Research.
21, 895-901, 1987.

10)

11D

12)

13

it

14

—

15)
16)

E. M. Aieta and K. M. Reagon : Advanced Ox-
idation Processes for Treating Groundwater Con-
tamination with TCE and PCE-Pilot Scale Evalu-
ations, Journal of American Water Works As-
sociation. 80, 5-64, 1988,

L% e S o] 4% HAF {7 ES AshAE,
Uspe gz ubabehel =¥, 1993.

H. R. Eisenhauer: Increased rate and Efficiency
of Phenolic Water Ozonization. Journal of WPCF,
43. 200-208, 1971.

I. Somiya. et al.. : Biodegradability and GAC Ad-
sorbability of Micropollutants by Pre-ozonation,
Ozone Science and Engineering, 8, 11-16, 1986.

C. Hubele : Design of Fixed Bed Adsorbers Us-
ing Mathematical models, Water Supply. 4, 197-
201, 1986.

Bt A7 ol R L oL AR ] A] 28], 1995,
SHT AR o] 83 Abgre) e el %, A
873714, 20-27, 1994.

Korean Journal of Environmental Health Society, Vol. 22(3)



