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ABSTRACT

The purpose of this study is to evaluate the effectiveness of wastewater treatment containing sur-

factant.

For that, comparative analysis of effectiveness of Fenton Oxidation, Aluminum Sulfate,

PAC (Polv Aluminum Chloride) on the treatment of the synthetic wastewater containing LAS
(Linear Alkyl Sulfate), a main component of the commercial detergent was carried. Then, the op-
timum pH. the dosage of reagents, and the concentration of the LAS in each treatment were det-

ermined.

The results of the study were summarized as following.

1. In Fenton Oxidation. optimal pH was 3 and 97.92% removal of LAS was achieved. However,
the increase of the pH reduced the efficiency of LAS removal. The proper chemical dosages of
FeSO, and H.). were 300 mg/l and the increase of dosages didn't affected the removal efficiency.
Therefore. it was concluded that the economic chemical dosage was 300 mg/! of FeSO, and H,0..

2. In case of Alum treatment. optimal pH was 11 with 61.13% removal efficiency. At other pH
range, the removal efficicncy was very low indicating that removal efficiency 1s greatly influenced

by pH. The proper chemical dosage was 200 mg// with the removal efficiency of 77.65%.

The in-

crease of chemical dosage, however, reduced the removal efficiency.

3. In case of using PAC, optimal pH was 6 with 97.99% removal efficiency.

The result showed

that wastewaters contaiming surfactant were almost completely removed at pH 6 by PAC. Removal
efficiency was decreased by increasing PAC dosage higher than 400 mg/! and dosage over 700 mg/!

of PAC abolished the treatment.

4. The comparative analysis of three methods revealed that the effective pH ranges were at pH 2-

5 with Fenton oxidation, at pH 6-11 with PAC, and pH 11 with Alum.

The removal efficiencies at

these pH were 83.95-97.92%, 75.98-97.99% and 61.13%, respectively.
5. Increase in LAS concentration reduced the removal efficiencies of all three methods. In the
case of PAC or Alum treatment, treatment abolished at LAS concentration higher than 700 mg/l.

Keywords : Surfactants, LAS. PAC, Aluminum Sulfate. Fenton oxidation
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Table 1. Analyzing methods

Item (Unit) Analyzing method

Surfactants (mg/l) UV-Visible spectrophotometer

pH HANNA pH meter HI-8014
Themperature (°C) Mercury filled celcius
thermometer

Turbidity (NTU)  HACH 16800-00 Turbidometer

(HACH 16800-00)%, go]& AlH &A= T4
Algiabel oldul 8292 2 A UV-Visible

=

Spectrophotometer & ¥4 8}5dc} ?

4. 4 Wy
1) Fenton A+3}
*éfﬁ% =27 %4"°1 A, pH =#. Fenton's

2|3k %’S %‘:'Zd, 1?44- ﬂ?/]*?ﬂ FAMLZ m
4 3lrt.

7b pH 24

pH 2H L sbsteae] tall £ 5 HH3) 24
sto] AR radicale] 712l Absh whgel 1A
A 7% £ ol x g 142 27] pHE 2H 3 7
ol Fenton 43t Wb oluby o @ pH 3-5 4
flal 4] ed ool 4] Astdoln g dlla=2] pHE o]l
ZEE =AY Ferh ok pH 24 a2 514
1A AR5 #gk ZV“—} ZRk7I R ERkabH A
34k A (Junsei, 98%) 22 18} pHell 712A] 2
43k F M %H}(o,(nm&'r_ 48| pHE 2 %
ok pH 24l B¢ A 85 1 vlol# 679l 500 m
# B3 5te] Abs) ak-g- Al g8 AR

Fenton 43t vb-g-2| 34 plE 27| 13t} pH
£ 2-12742] WistAlA 71ed pH wWstel W AH
AA 7 H s aksisdct

v}, Fenton 43} w5

A

Tr7|€4+ Fenton 48} uk-8-o] 48 A7k 293

Fol ohet ch2eg, A whg A7 2

7] 45}01 AlZE wistel] ubd A AE-& A
th vhg A7HE Od-ollM 3A177HR) 304 ©hel 2 W
3hAlA s AHEAAA AAES HaEie] A
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Fenton 4bst wh-goll 213F AR A AAEE

[«]

tlo
SN

¢

0!
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o, P& oFg EVL‘O:]Q} Soll £82 F71EA]
za2u} Al Ao] o] wik Absiukg F xhzs)
29l TSkl ofd & CODZHE viebd
Al 9\11:}_:17 i}‘:}' 1213

E AYolM= sibslgAe) ]S 0, 100,
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7h2) WskA A7 Adg sk

- LASe} 9] vl

Fenton Ab3} "h-gof 2of3F Al &Aial] #7182
Aol Fledoll wpebd Hoh pH 23] Bd AR
of #abstAE F9IF F IAHADE b3k
Aol F=odek wWistel 7ol 0, 100, 200, 300, 400,
500, 600, 700, 800, 900, 1000 mg/IZ W37
A A A e daskdt

—LAS ofcll 2 ) £&

743 3 A7 A4S vheldive 2, shabst
**°*1P pH. k& Al7H& A2 F LAS 4%
100-1000 mg/I7HA 100 mg/l"—‘} WA Fi A A A
E&& vl #Asgh

o} #3122 A

Fenton AFs} ¥k8-2- pH 3-52] H 4ol 4 285
Abs} ubgo] 2tEsE FHoiR 2h4gh Aol & (Fe”,
Fc“*)—"- A3 Hal pHE FoIFofo} ghch 1 o]

f& Hol2e| pH 8 HEoA faler} 713 o}
h 0}1);’1 Hel 2 HE57] o Folup

B AdgalM e 4ksl vbS- & Al 8ol 50% NaOH
g ZA|ste] Hrlgto gy e pHE 8 717t
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0] ;lﬂH.C_’_ ;;“ 3}_7] 1,]3“ 1_.,.;], _o_zlxﬂ_e_ x°e]
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A7 $ ] AN S I Eol(5 em)el
A #3le] o] & ¥-Alskgdc)

2) Alum# PACE o] 83 27 Ay
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aodch. Fal¥ 6709 Hl 14 7hztell A 84 A
100 mg/I5 63 A5 500 mi4 #Hsbo ch-3-3
o] Ay sl

7). pH # 3ol o} & Ae| 28 Ay

2|2 pHE #7] $13ted pH Wslel o}2 Ad g4
A AA AYE A} AdEgAdA 4 sl
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ol NaOH(0.01N). H, S() (0.0IN)E AH8-3te] pHE
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4 wHHG0rpm)-& 2048 A4 A8 obg AsE 3087
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v, Alum, PAC ofell wh& A2 j'% & A3

A A el upi: ubg REo] Wabs st
7] $18) pHE 24414 $ Alum. PACE 0-1000
mg/l1Z 100 mg/l¥ #shA#A b LAS A 285
H H 3},0:?1;],

ch. LAS ool ab Aef 58 AY

(hA#AA ksl HE A& cheblas
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mg/[7H3) a7 A A A A ES A sk

. a3 o3

I dso 84

4184 ‘/H A} o i Al8-&F Ax
E Fenton Abs}, S-3 & & o} d

of 5 A g AAlskeich # Agel A1)

o] g=al BAl Aapkis Table 29) 3ol 422

22°C. LAS %-L{: 100 mg/l, pHi- 7.37, -

2NTU Ol b Al 2 100 mg/iel Al g4

Z{] 6]-_’ ol OU;% Q'FOL’}‘ﬁl x1 2 [[I EA 01[} °
o *ﬂ“”““ﬂ o el gop 0 AE A

ko old MBAS(Methylene Blue Activate
Substance) 2 vhepfe] 7]kt

2. Fenton £+3}

1) pH7} X 2] gl vl x| & <48

Fenton 4H3t= AR g-f d+g M@
745 de) pH7F e T &l vlHE 43S oto}
w7] £]s}ed JP\F§P~ sl #Hed-g 7hzh 300 mg/1
e oFo g Zglalir Alie] pHE 2-12 7Hx] ®is}
A 71 A} LAS A7) Al5)S stoiek. Table 33 Fig,
18- 71 A9HE vhebd Aol

ol sl 5=2] Al s A A 7173_& 2ol pH 3o 4
97.920 % 7P 2 Avivp o] folgm, vhEe R
= pH 2ell4 90.60% 2] A S LM\;‘M. pH7}
VSR 5 )4 dddoile M 8] =
Al 3Fasked pH 10-12004 5= 50% ©]8k2] e A
& Hoduh, o] A= Fenton 4HeHE 530 73
S-oll ®E pll 3-59] b4 ododef4] ubge] A o] %
of Arhy= 7] &e) ol - Axfs} ol 2| shi= ¢S el
Wi glebr sh|ub ghgo] 2-32] WelelA o ¥
2 QAR vehyo v Augddl a8 g5
ohikdlal Fenton 4H3F 3242 pHy o} t5 4HA
ojadofj 4] HFLo] A} o] Foz]ix 71 o ghubE )

2)ubg Alzbo] Hel Hogoll nlX] = gk

A4 gk ol s ARS-sled st
9]_ ,}\54 1401_04 /Lfl- 300 mg/ /Ml olﬂg}ﬂ] 1013}

ahonbS 7RSS 308 sre{vhd 3R] Abst

s r1

: —
Table 2. Charateristics of wastewater containing sur- :
factants °
Item (Umt) Value «
Water temperature (°C) 23 "
pH 737 on
'\”)'\\ Hng‘[')‘ N WU Fig. 1. Effect of pH on LAS remaval by Fenton Ox-
Pirbidity (NTL 2 o
- idation.,
Table 3. Charateristics of wastewater contaiing surfactants
pH
Item - "
2 3 4 5 6 7 8 9 10 11 12

Conc.(mg/D) 9.40 2.08 14.80 16.06 1946 2356 2932 3078 5940 5394  60.04
Removal(%)  90.60  97.92 8519 8395 8053  76.04 70.68 6922 3806 46.06  39.96

*LAS Concentration of synthetic wastewater @ 100 my:/
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Table 4. Effect of reaction time on surfactants removal by Fenton Oxidation

Time (min)
Item

0 15 30 60 90 120 150 180

Conc.(mg/D) 100 73.4 2.46 2.43 2.40 2.38 2.35 2.0

Removal(%) 0 26.60 97.54 97.57 97.60 97.62 97.65 98.00
e = AASE Fapsteae] Felaa 2L 300 mg/lo)
L / , A1 93.83%2] A&E Veblw Hge) Foiagel
Pl | lelelm whgel B4 218K siskn 2817 A
5 10 _/ | Ago] Zhasl: ARE vhepldoh &, 600 mg/lol
20 // : 4} 98.45%, 700 mg/lel A 97.37%, 800 mg/loll 4
of 3 W o e 97.71%, 900 mg/lNA  97.83%, 1000 mg/lell A+

Reaction Timse (min)

Fig. 2. Effect of reaction time on surfactant removal
by Fenton Oxidation.
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BUEE 4 4 Uk vbS 155 Folli= 26,092 A
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Merz9} Waterz"™'y= 7Fgdt Fe' /#7201 & o
A FAE a7} ek Agtsld 1w ol & 3}
© 2 78189 OH radicale] #e)e) Heo) -z} uh-g-
sto] AATHE WHohar shgdct, 9 A3l Aode
TS 771N A Aol FUiEep) o

or“#

100 ey if:ﬁ;tT
2 eof -
g / !
- [—=tas ]
L] 60 -
3 |
(-]
E 40 | ;
[+ 4 1
20 | !
|
0 . R L . J
o 200 400 800 800 1000

FeS0O4'7H20 dasage (mg/l)

Fig. 3. Effect of iron sulfate dosages on surfactants
removal by Fenton Oxidation.

Table S. Effect of iron sulfate dosages on surfactants removal by Fenton Oxidation.

FeSO; -

7H.O dosage (mg/D)

Item
0 100 200 300

500 600 700 800 900 1000

Cone.(mg/D) 90.48 39.56  20.68 3.17

Removal(%) 9.52 6034 79.32 9883  98.83

3.18 3.55 3.63 7.29 8.17 15.04
98.84 9845 9737 97.71 97.83 94.96
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Table 6. Effect of H,O, dosages on surfactants removal by Fenton Oxidation.

H.0. dosage (mg/l)

Item
0 100 200 300 400 500 600 700 800 900 1000
Conc.(mg/D) 96.03  34.64 15.37 2.60 2.68 2.62 2.58 2.30) 2.26 2.29 2.38
Removal(%) 3.97 65.36 84.63  97.74 97.78 97.76 97.72 97.70 97.66  97.69  97.61
i e e e ol Aol HHel &S vehl st
g eof e o} Aele] Foleks 7k 300 mg/¥ A A sA 73]
'g o | /f’ ECHRVY ! AlFEan, LAS FX5 100-1000 mg/l2 100 mg/1%)
P A AEY He] 285 elolusivl de Ar=
ol Table 75} Fig. 59 vhehil oleh,
of . , . , LAS §%7F 100 mg/iQl d9-3= AASo] 9792
T e e e e s Aol Ae] gyl of ol ot
. [ toreee LAS g1k 27hel wet Ao Bae gasal
Fig. 4. Effect of H,0, dosages on surfactants removal
by Fenton Oxidation. cho TE LAS g37h 7h7E 200, 300. 400, 500, 600,
700, 300, 900, 1000 mgial df-ol el a8
95.09. 80.20. 75.34, 70.11. 62.34, 53.32. 50.95. 43.
A o|rb e ebFol Falyy ae] & ol iy 35, 32.79% 7 vhebgtc},
o] Merz 52] 15 Aabe} o =48 <F 4= ldvh. 1 AE Aabg & of sisee] LAS HAE s
4) A A 10‘%0] zle] F-Roll n)x|& ot A)3= 1ol vl sk Fenton reagent 95, 34, T
13- #l45 pH 382 3t A17|an e las shEb o] Aol S o 5 9ok
300 mg/14 AASHA Fodgh & Fhabslg o] of &
0-1000 mg/1Z 100 mg/1% W ek 7121 LAS 47 3. Alum
& wAskdch Ad Aok Table 63F Fig. 40 1) pH7} M2l G8oll v]X]= ofgk
vheht glet, S T pHE| AdERE vl Wbzt SAlA
Fpaksbaas F=9igke] o mgiial ol 4ol « o] A pH: 7] 98l plell whe el &8 ¥4
2] E&S viepd ot slebol Zobar ?-‘%— 4 vl &
HE Frbsted spakst st oFel 300 mg el 9ol o
97.47%:2] M2 E&& viepdich o]i= Yol Sl ;" T —— [Ce—irs)
off WhE Hel A& Ayt s des vheh . el
oglem, shababie] ofel Wiy nl ek kel o, T
Al ubgol A ok of o qlu), vpabslarae] of . B
2 300 mg/l o)A Falaloln He g_,oro] BY ., )
MEhe] groms ael spabea Telabe
300 mg/”l Ao fekelvh Fig. 5. Effect of LAS concentrations on surfactants

5) LAS £ 5.2] visty} xe] A-goll u|x]i= ofgf

removal by Fenton Oxidation.

Table 7. Effect of LAS concentrations on surfactants removal by Fenton Oxidation.

LAS concentration (mg1)

[tem
100 200 300 400 500 600 700 800 900 1000
Conc.(mg/l) 2.47 4.91 19.80 2.66 29.89 37.46 11.68 49.05 56.65 67.21
Removal(%) 97.53 95.09 80.20 75.34 70.11 62.54 58.32 50.95 43.35 32.79
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Table 8. Effect of pH on surfactants removal by Alum

pH

Item
3 4 5 6

7 8 9 10 1 12

Conc.(mg/D 97.62 36.84 87.06 93.34
Removal{%) 2.38 13.16 12.94 6.66

93.13 89.40 80.64 76.27 38.87 98.95
6.87 10.6 19.36 23.73 61.13 1.05

*LLAS correntration of synthetic wostewater : 100 mg//

so b [=—As ]

6o | » l
i
|
|
[

Removal (%)
H
|
1
\
\\

20 | —
‘ - \

pH

Fig. 6. Effect of pH on surfactants removal by alu-
minum sulfate.

Ph

NE-g alsksirnt

LAS 100 mg/l& /& 4% #ll5E NaOH9}t
H.SO.Z pHE 4-10742] 23437 ;‘z AMEE (AL
(SO, - 18H.0) 300 mg/1& %9
erg o] 43l %% HH200 ¢ m) }
2450 rpm )& 2087+ A ‘] % 3087k A AA
AOL%!\ O] ﬂ]uﬂi)ﬂ zﬂ %Lak 3}034 2] 3] 7_31],
+= Table 83 Fig. 6 vieht ‘1,14.

pH W 3lol] ubZ A A& vl pH 3ol 2.38%,
4ol 4] 13.16%, 59141 12.94%, 6014 6.66%, 741
6.87%, 8141 10.6%, 9ollA 19.36%. 1014 23.73

, 1194 61.13%, 126014 1.05% % vhebdet, pH

1101] A 7hak 2 AlAEE Vrehy a, pH 120014 9
A Ago] 71 wrakrh o] 72 alnbal Alum°1 3
A pH7E 7-99] Zaks o] AwgdAdE g
o) A pHiz ZtedrielAdel 118 71»4&4 o]
A4 xe] &&o] 8 Fenton's reagent2} |
& 4 qlch

2) Alum 3r°d°k°l 2] Aol n]x|= ot

ol A% pH 1158 738 A ¥ Alumel %
0-1000 mg/lVV] 100 mg/I WsA|7 7hef ofF
Falokel Frlel whetl e Ego] Wshd EAsks]
th A& A3li- Table 92t Fig. 76 vhepot gk

Alum oo} ZF7tabal ] 82 Z7isted Alum
ool 200 mg/l]) 35l 7P 53k A} AEE
& algdeh vl Thake) AlumE Foldk 7ol
= Alum@l 23 floce] A AAIw| 2] keknr Zref| ul
2} A2] ZE8E zhaskedch Alum$ 200 mg/l o
g 3ol 2] Afo] 77.65%2 TP & A7}
o] oo, 1 oAk AE Foi Aol 257 EH
o] ZFA-sk3dT). Alumede] 800 mg/l o14kal A% Oﬂ"
A flocol 2 84w 2] gk, A5 3 )
k ff% 3L floce] Z7|= 2o} AR Lo l oFel
00 mg/l Xeb HA whadslel &g Sqlow AW
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Fig. 7. Effect of aluminum sulfate dosages on sur-

factants removal by Alum.

Table 9. Effect of aluminum sulfate dosages on surfactants removal by Alum.

Aluminum sulfate dosage (mg/D

[tem
0 100 200 300

400

500 600 700 800 900 1000

Conc.(mg/!) 99.5 3852 2235 3575 59.00
Removal(%) 0.5 6148  77.65  64.25  41.00

63.50  45.00  53.00  47.00 4850  53.50
35.60  55.00  47.00  53.00  51.50  46.50
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Table 10. Effect of LAS concentrations on surfactants removal by Alum

LAS concentrations (mg/l)

Item
100 200 300 400

500 600 700 800 900 1000

Conc.(mg/l) 21.60 38.85 49.45 52.75
Removal(%) 78.40 66.15 50.55 47.25

64.40 64.95 67.90 99.60 99.70 99.90
35.6 30.05 32.10 0.40 0.30 0.10

Removal (%)
. -
/

|

[ ]

>

»

L " .
08 q00 08 w00 1000

LAS dosage (mo/l)

Fig. 8. Effect of LAS concentrations on surfactants
removal by Alum.

3) LAS F=9] #3l7} el agoll nlXe g

o) ofF F]iso]l AYH F A s A
48] 258 gereendlr] 218 LASS] s x5 vzt
A 7o) e A&E EAskAn) Alume] F9lRE
200 mg/Io-2 A s A #2515 LAS FX2F 100-
1000 mg/I2 100 mg//%) ¥W3A| A 71 LAS A7
o wisls wastgoh Ay HA#ss Table 1034
Fig. 8ol vteht qle}.

LAS 557} 100 mg/iel -9+ 78.40%2] Mgl &
&2 Bodot LAS ot £ E Ao A8
Zrastdel. &, LAS %7 2Hzh 2000 300, 400,
500, 600, 700, 800, 900, 1000 mg/l &) 7d-Fel 77}
o] A2 A8 66.15, 50.05, 47.25, 35.6, 30.05, 32.
10, 0.40, 0.30, 0.10%2 vlebdch LAS §57} 7}
s A FEE Srlstolol & ow AT
t}. 3 Alum 200 mg/iE AH-EE -l 100-300
mg/l F52| LASE 50% Hx9] AA&= e -
e Ao g viehddd)

Table 11. Effect of pH on surfactants removal by PAC

4. PAC

1) pH7} M 2] g5l v]x]= <33k

S4-& ol &sle] 45 Helsh=d 2ol pHe
28 qlzpolch ¥ aebq $AlAle] M pHE 37
stefl pHell b2 o] 18 ¥4 AP-& sasiodct

LAS 100 mg/lE §H43F a3 55 NaOHst
H.S0& o] 43t pHE 3-1274%] 243 F PAC
{Poly Aluminum Chloride) 300 mg/i4¥-5 St
& G4 200 rpm) 2% Foll k& wHHG0
rpm) & 2087 A ARE 3 3087 A7HAA A
o] AmiztAAl ks Bl Y A
Table 113} Fig. 9ol vFeht o},

PACE +}8-3led Ae|gh -+ pH 6ol 97.99% 2
7k $2 288 Jebdich 1 ¢]9] pHellA= A

E&o] 20% vlmkal A% veh} Alum$ OIﬂs}“
& %2} vbazlR| 2 pHell wle} Mgl &-go] wol
#F4-¥= 71oE el pHrF 129 7hedvle] o
ool 4] 3= A Eo| 5520 Al vpehd leg ¥
of, pH 12 ojAke] 7hebole]4-& u . 9l AEA
A g dl ol 4= PACE AHE-stod Hejgh 3% A
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Fig. 9. Effect of pH on surfactants removal by PAC.

pH

Item
3 4 5 6

7 8 9 10 11 12

Conc.(mg/D) 82.00 81.32 47.61 2.01
Removl(%) 18.00 18.68 52.39 97.99

20.37 21.34 14.85 24.02 17.38 94.48
79.63 78.66 85.15 75.98 32.62 5.52

*LAS concentration of synthetic wastewater @ 100 mg//
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Table 12. Effect of PAC dosages on surfactants removal by PAC.
ltem PAC dosage (mg/])
0 100 200 300 400 500 600 700 800 900 1000
Conc.(mg/]) 99.5 80.66 4534 26.10 20,50 1598 4542 100 100 100 100
Removal(%) 0.5 1934 5466 9739 9795 84.02 54.58 0 0 0 0

_/__\\

Removal (%)

——

n .
408 00 400

PAC dosage (mg/l)

200 1000

Fig. 10. Effect of PAC dosages on surfactants re-
moval by PAC.
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LAS X7} 100 mg/ll 739~ 97.84%2] %2 A
2] B85 2o} LAS 3o S71epE Ae| &
-2 7hasbadct. &, LAS Fx7b zhzh 200, 300,
400, 500, 600, 700, 800, 900, 1000 mg/I2) -5l
zho] A B2 96.06, 54.76, 43.95, 33.11, 25.58,
30.28 15.07, 10.35, 5.31%% viehde}l, sxwel
LAS A& ez 2ol vilshs PAC] H77t

L% ok gleh w7 PAC 400 mg/ts AHS-3F
ASo 100-300 mg/! % A LASE AAE

509%2] ol A #el 71Eg o g vhehydct
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Fig. 11. Effect of LAS concentrations on surfactants
removal by PAC.

Table 13. Effect of LAS concentrations on surfactants removal by PAC

LAS concentrations (mg/l)

Item
100 200 300 400 500 600 700 800 900 1000
Conc.(mg/D) 2.16 3.94 45.24 56.05 66.89 7142 69.72 84.93 89.65 94.69
Removal(%) 97.84 96.06 54.76 43.95 33.11 25.58 30.28 15.07 10.35 5.31
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Fig. 12. Effect of pH on surfactant removal by each
treatment method.
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LAS removal by each treatment method.
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by cach treatment method.
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Table 14. Comparison of charateristics by each treatment method

Treatment Characteristics
process Advantages Disadvantages
- OH radical®] 7r23g b g0 - pH Z3bo] 7lubgaL, pH 2-30l4 Hb-go] A o] Foi7]
F71 2] Wb £uot wet {718 7] wj ¥l pH 242 913 oHF 2wr) wrt
3 gz webeas Aol 4) Aol S ARR-}7] wfitell ARl Ae) HeA]v) wel
Fenton A7) Asti, A E eirle ubg vl 4018 tigldio
Oxidation - Ad A A gol 438l TF #ojo] B ’ﬂ%k]?l orom] ATy} HOMS mu
2 wEslE FASA A 17 4 3 90 eT pEE A wHob
oag o) B8 Qe AL e A show ¥4 5 deivh ek
2 A7t %2} o] Btaict,
A =E ge17] oFel Fenton AHSH B ghg fgfo] ol Ad BAA I gl HgAA
Al o} dc}. 3 feiol AR o] $h D S Aok
um uk-g #zbo] Fenton AHglell wlal 7hedt - HA Fglef o]4ke| o g ol ¥ AFel A2l £E
&t o] FA3] gk
- xe] Ago] FHeld wo) ol&Fe Alumz} oh7brl 2 3 Flak olabe] oFEF-S 4
Alumell wls) 4 $-3}ct, g 7ol He| Aol FAs] il
PAC 4% pH W7} Bl Holr}, oFE Foluko] Ui uE A ALY RRA &
uhg- FAto] 7HH I} A 28|e xele] sl "JZP&- 2Hg-ghc},
- AE/HE],A Z2]7] ofo] M}
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L AR ohgt Rt ol skAdel pH 2-501 417 83.95-97.92%2] Al A&
1. Fenton 4F3HA] &3 9] pHi= 327 97.92%2] 2 Fenton AFghdle], pH 6-117x]2] F-44 3} dotel
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CAlumE olgdtel HeE Aejw Bg U
pH—c 112 61.13%2) H2] 285 vebld v, 1 9 23
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- e vironmental Research, 13(1), 63-69. 1993.
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