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Abgract: Nearly 91 % o organic pollutants in Hong Kong leachate could be efectively removed by the UASB (upflow anaerobic dudge
blanket) process followed by the fenton coagulaion. The COD (chemica oxygen demand) of leachate was lowered from an average of
5620 mg/L to 1910 ng/L &ter the UASB treatment at 37 , and was further lowered to 513 mg/L &ter fenton coagulation. The remaining
refractory res dues could be further removed by photochemica oxidation with the addition of H,O,. The BOD/QOD ratio was greztly increased
from 0. 062 to 0. 142, indicating the biodegradahility of organic res dues was inproved. The photochemical oxidation for the ferton-coagulaion
supernatant was mog dfective at pH 3—4, with the addition of 800 mg/L of H,O, , and UV radiaion time of 30 minutes. The fina efluent
oontained only 148 mg/L of QOD, 21 mg/L of BOD (hiocherrical oxygen demend) and 56 mg/L of TOC (totd organic carbon) .
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Intr oduction

Anaerobic degradation of lid wagtesin landfills has two diginct phases: an acidic phase followed by
a metharogenic phase.  Young landiills are normelly operated in the acidic phase, the leachate of which
oontains high levels of readily biodegradable fatty acids. Mature landfills are , however , normally operated
a the metharogenic phase (Chian, 1976) . Leachate from such landills has rdatively lower organic
grength , as anaerobes have converted fatty acids and other eadly biodegradable mettersinto methane indde
the landfill. The organic resdues in such a leachate are refractory to further biodegradation. As a reault ,
biologica treatment of leachate from a mature landfill is often ingfective. Hong Kong produces albout 9500
tonnes of municipa lids wage daily. They are collected and digposed of at three grategic landfill dtes.
Aerohic treatment of leachate is carried out on ste with a hydraulic retention time( HRT) of 30 days(Chen,
1997) . The processis cogly because of its grong energy demand. It is, thus, warranted to develop a nore
oog-dfective dternative.

A recent gtudy (Wang, 2000) denondrated that the organic content of landfill leachate could be
efectively reduced usng upflow anaerobic dudge blanket (UASB) process (Fang, 1993) , the resdud
organics in the UASB dfluent could then be further lowered by fenton coagulation usng F€* and H,O;.
However , the supernatant of fenton coagulation gill contained 500 mg/l of resduad OOD , which may
require additiona treatment in the future if regulaions become nore gringent.

UV radiaion is a widdly accepted techrology used for find didrfection of water and wagtewater. In
recernt years, it has d o been increadngy used for the treatment of refractory and toxic wagewaters from
various indugtries. The oxidation potentiad of photolyss of water are based on the generation of hydroxyl
radicas (- OH) from an oxidant to be added (Braun, 1997). With H,O,, - OH can be produced
photochemicdly , as shown in Reaction(1) .

H,0, +8 - 2:OH, (1)
where, the - OH is the high oxidation potential (E° = 2. 80 V) and the capable of reacting with many
organic Pecies through a series of chain reactions. Peyton (Peyton, 1988) reported that - OH reacts
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unselectively with organic subgances within a millisecond.

Arnother yielding of - OH can be resulted from the photolyss of hydrolytic Fe( ) conplex in the
fentor-coagulation supernatant. Ruppert et al. (Ruppert, 1993) reported that Fe’* can be reduced to
=S by UV lignt. For exanple, the photolys sof Fe(OH) ?* in an acidic olution producesferrous ion and
- OH acoording to the following reaction(Faust , 1990) .

Fe(OH)*" +R — F"" +-OH. 2

In the presence of hydrogen peroxide , Fe" reduced is subsequently reoxidized by H.O, and produces new
- OH through the fenton reaction (Waling, 1975) .

Fé"" +H0, -F’" +OH" +-OH. )

This gudy was conducted to invedigate the dfectiveness of usng photochemica oxidation with the
addition of H,O, to further remove the refractory organic resdues dter the UASB and fenton coagulation
treatment. Al examined were the efects of initid pH and H.O, dosage , and the photochemical efect on
the biodegradahility.

1 Materialsand methods

Raw leachate from a Hong Kong landfill was firg treasted in a 2. 8 litre UASB reactor (Fang, 1993)
with an internal diameter of 84 mm and a height of 500 mm. The reactor was water-jacketed and operated
a a ocondant tenperature of 37 for 268 days. A variable peed perigdtic punp (CGole Parmer ,
Magerflex) was used to feed raw leachate into the reactor , forcing an equa volume of supernatant out of
the dfluent line.

The UASB dfluent was then treated by fenton coagulation process(Wang , 2000) . The Fe™" and H,O;
dosages were 300 mg/L and 200 mg/L , regoectively. After a rgpid mixing to dierse the chemicds, the
lution was gently mixed for 10 minutes for flocculation followed by 30-minute settling. The supernatant
was subsequently treated by photochemica oxidation.

Bperiments were carried out in a 500m hollov’  oD— 4 —
cylindrica photochemica reactor (Fig. 1) equipped with water I 1 ]]_)

jacket made of dass. A medium pressure mercury UV light bulb Quartz water |

er jacket
(Harovia PC451050) with wavelength of 320 nm was postioned
a the centre of the photochemica reactor and protected by — Glass water jacket
arother water jacket made of quartz. A dandard batch ! UV lamp
experiment involved adding an gppropriate volume of H,O, dock L

. o . e «Cooling water

lution (40 g/L) prepared by diluting a 30 % H,O, lution ]
(Merck) . Immediately dter adding H,O,, UV light was Magnetic stirrer
snitched on.

Fg.1 Shemetic diagram of photochemica reactor
The measurements of OOD (chemica oxygen demand) |,

BOD (biochemical oxygen demand) , and NHs-N followed the procedures of Sandard Methods (APHA |
1985) . The andytical procedures of VFA (wolatile fatty acids) followed those reported previoudy by Lau
and Fang (Lau, 1997) . 9nce resdud H.O, would intefere GOD measurement (Tadinli , 1992) , totd
organic carbon (TOC) content of many sanples was a9 measured usng a TOC andyzer (Shimatzu , TOG
5000A) .

2 Resultsand discussion
2.1 UASB performance

Raw leachate from a locd landfill was trested in the UASB reactor continuoudy for 268 days at 37
Table 1 summaries the characteridics of raw leachate and the UASB dfluent under seady state oondition
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during days 196 —268. Within these 73 days, the UASB reactor was edimated to have 28. 5g of hiomass,
and the average organic loading rate was 1. 02g GOD/ (L - d) for treating |leachate averaging 5626 mg COD/
L and 1552 mg NH:-N/L with 5.5 daysof HRT. Although high concentration of ammonia could inhibit the
methanogenic activity (Kogter , 1984) , the UASB process on average renoved 66. 1 % of GOD , and 98 %
o BOD. The average UASB dfluent had 1910 mg/L of GOD, but only 70 mg/L of BOD. The BOD/Q0OD
ratio was only 0. 037, indiceting that the organic reddues were recdcitrant to further biodegradation.

2.2 Fenton coagulation of UASB effluent

The UASB dfluent was then treated

. ) ] Table 1  Characterigics o raw leachate, UASB dfluent and fenton-
us ng fenton coagulation process. Acoording  coaguiation supernatant

to a recent sudy (Wang, 2000) , excess Fenton-coagul ation
2+ . Raw |leachate UASB dfluent
Fe and H,O, gynergeticdly renmoved Spernatant
organic resdues by - OH oxidation as well PH 7.6%0.5 8.940.3 3.6£0.2
QoD , gl 5626 + 470 1910 + 140 513+25

as ooagulation. In this dudy, fenton

- NHz-N, mg/L 1552 +100 1753 +130 1762 + 135
ooagulation process renoved 73. 1% of BODs . gl 3350 + 160 70420 12410
Q0D from the UASB dfluent s Iea\llng 513 TOC, mglL 1185 + 170 381 +30 116 + 15
mg/L of QOD and 116 mg/L of TOC in the _BODs/QOD ratio 0.59 0.037 0.062

dfluent. Under such a condition , renoving
each gram of QOD required 0. 22g of R and 0. 14g of H,0, , which were conddent with results of two
previous gudies(Lau , 2000; Wang, 2000) . The gppearance of fentoncoagulation supernatant was found
to be much clearer than the raw leachate and UASB dfluent , resulting in a better tranamisson of UV light
through the sanples. Moreover , the fenton coagulation al 9 provided enough hydrolytic Fe( ) conplex in
the supernatant for photolys's (Reaction (2)) and again the fenton reaction(Reaction (3)) .
2.3 Photochemical oxidation
2.3.1 Hfect o initial pH

The pH value of the mixed liquor is criticd to the advanced oxidation processes. It has been reported
that - OH has a higher oxidation potentia a low pH and H,O, has a less tendency to deconpose to form
-OH at pH greater than pH 7(Tdinli , 1992) . Furthernore , the concentration of irorganic carbon and the
hydrolytic eciation of Fe( ) conmplex are srongy dfected by the pH value. Therdfore it is required to
determine the role of pH in the photoasd ged fenton reaction.
80 Parallel experiments were conducted to determine the
60 | dfect of pH usng identicadl H,O, dosage of 800 mg/L and

ol [’\ UV radiation time of 30 minutes. Resultsin Fig. 2 showed
that the optimal initial pH for photochemical oxidation of
L fentor-coagulation supernatant was pH 3—4, a which
. . S 9 about 51.7 %o TOC was renoved. Only 56 mg/L of TOC
! P el | ? remained in thefina efluent. At the pH val ues lower and
higher than this range, the organic removal was found to
Rg.2 Hfed o intid pHontheorganic reva  geyine ohvioudy. It is because high pH fawors the
by photochemica oxidation . 2. .

formation of OO;” and HQO; , both are scavengers of

- OH , as shown in the following reactions, thus lowering the photochemica eficiency.
-OH+ 00 -OH +Q0; -, 4
- OH + HOO; —H,0 +C0s - . (5)
Moreover , for the photolyssof Fe( ) , the hydrolytic geciation of Fe( ) complex is very inportant as
Fe’* , Fe(OH)*" , Fe(OH), , and Fe; (OH)3" have different absrption spectra and photochemical

TOC removal, %
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behavior. Faug and Hoigne (Faugt, 1990) reported that the hydrolytic eciation of Fe( ) was
dependent on the pH values and that Fe(OH)?" is predominant a pH 2. 5—5. Fgnatelo (Fignatello
1992) reported that below pH 2. 8, the concentration of Fe (OH)*" would decline, and therdfore the
photoass ged fenton reaction would be retired.

When the initid pH vaue was adjused to be higher than pH 6, the organic remova was dragtically
decreased to be less than 10 % and ome scale was formed on the immerson tube. The formetion of scde
may be the result of ferric complex precipitation (Lin, 1999) . The precipitation of Fe’" to amorphous
oxyhydroxide (Fe;O;- nH,Q) occurs at high pH , thus preventing the transmisson of UV light (Fignatello ,
1992) . Asaresult , the photochemical oxidation could not take place. Therefore, the initid pHof 3.6 (i.
e. the origind pH vaue of fenton-coagulation supernatant) was chosen for the subsequent experiments.
2.3.2 Hfect  H O, dosage

The e‘fect -Cf H,O, cbsage on the removd of (.)rgan|c 10()S(t)mchmmemc hydroger()(;;eroxnde input, %
pollutants is illugrated in Hg. 3. The series o ; 7
experiments were conducted a an initiad pH of 3. 6 and
UV radiation time of 30 minutes. The HO, dosage varied
from nil to 1600 mg/L. Resultsin Fg. 3 showed thet the
Q0D removd dficiency increased with H,O, concentration '
up to 800 mg/L. At this concentration, the QOD rermova 0 500 1000 1500 2000

. . i Hydrogen peroxide dosage, mg/L
eficiency reached 71.2 %, leaving 148 mg/L of OGOD in
the UV-treated efluent. Based on Resctions (1) and  Fg.3 Fg.3 Hfect of HO, cosge on the organic
(3) , the addition of H,O, would enhance the production removal by photocherrical oxidation
o - OH. Thus, one would expect that the GQOD rermova
dficiency would increase with the H,O, dosage. However , FHg. 3 illugrates that further increae of HO,
dosage did ot improve the COD renmova . This could be due to the auto- deconposdtion of excess H,O, to
oxygen and water (Reaction(6) ) , and the scavending efect of - OH by H,O, a high concentration (Buxton ,
1988; Reaction (7)) .

D
oS o
T

(=
o T

COD removal, %
3] H
S

LA
:‘,/%@ - COD removal

(=}

2H,0, -2H,0 + 0, , (6)
- OH + H,0; - H,0 + HO,- . (7)
Fg. 3 do illudrates the GQOD renova as a function of the soichiometric H,O, input percentage
which was cdculated by dividing the H,O, dosage by the COD content of sanple, based on the theoretical
vdue o 0. 47g o O, provided by esch gram of HO.. The diagond line in Hg. 3 indicates the
doichimetric ratio between GOD remova and the H,O; input. From 0 % to 75 % of the H,O, required for
a doichiometric converdon, the COD rermova was higher than the theoretica value. Even without the
addition of H, O , the GOD renpva obtained was about 30 %. At 9 % of the doichiometric HO, input ,
Q0D was degraded about four times nore than to be expected theoreticaly. This could be explained by the
effect of additionally produced - OH due to the photolyssof Fe( ) hydrolytic conplex(Reaction(2)) .
The BOD/QOD ratio of fenton-coagulation supernatant was doubled to 0. 142 &ter photochemcia
oxidation This indicates that the biodegradability of reddud organics increased. It was due to the
breakdown of conmplex humic and aromatic subgances into smdler and nore biodegradable organics
(Fazzini , 1994) .
3 Conclusion
About 91 % o organic pollutants in Hong Kong leachate could be dfectively renoved by the UASB
process followed by the fenton coagulation. The OQOD of leachate was lowered from an average of
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5620 mg/L to 1910 ng/L &ter the UASB treatment , and was further lowered to 513 mg/L &ter fenton
ooagulation. The remaining refractory reddues could be further removed by photochemica oxidation with
the addition of H,O,. The BOD/QOD ratio was grealy increased from 0. 062 to 0. 142, indicating the
biodegradahility of organic resdues was inproved. The photochemica oxidation for the fentorrcoagulaion
supernatant was nog dfective at pH 3 —4 , with the addition of 800 mg H,O,/L , and UV radiation time of
30 minutes. Thefind efluent contained only 148 mg/L of GOD , 21 mg/L of BOD and 56 mg/L of TOC.
Acknowledgement : The authors would like to thank the Hong Kong Research Grants Gouncil for the
partia financial support of this gudy, and the Croucher Foundation for granting Dr. Wang Peng the
Croucher Chinese Vidtorship.

References:

APHA , 1985. Sandard methods for the examinaion of water and wastewater (16th Ed.) [M]. Washingon D. C. : American Public Hedth
Ascigtion.

Braun A M, Oliveros E, 1997. How to eva uate photochemical methods for weter treatment[J]. Wat S Tech, 35(4) @ 17 —23.

Buxton GV, Geendock CL , Hdman W P & al. , 1988. Criticd review of rate congantsfor reaction of hydrated eectrons, hydrogen atoms
and hydroxyl radicas (- OH/- O™ ) in aqueous olution[J]. J Phys Chem Ref Da , 17: 513 —886.

Chen T, Esnaut D, Koenig A, 1997. Frg year operdion of the NENT landill leachate treatment works in Hong Kong[ C]. The 6th
internationd landfill symposum: Sardinia 97. October 13 —17. Cediari , Itdy. 217 —228.

Chian ES K, Dewdle F B, 1976. Sanitary landill leachates and their treatment[J]. Journd o the Environmental Engineering Divison,
ASCE, 103(ER2) : 411 —431.

Fang H H P, Chui H K, 1993. Maximum QOD loading capacity in UASB reactorsat 37 [J]. J Environ Eng, ASCE, 119(1) : 103 —119.

Faus B C, HoigneJ, 1990. Protolyssdf Fe( )-hydroxy conplexes as sourcesof - OH radicasin douds, fog and rain[J]. Atoms Environ,
24A (1) : 79 —89.

Fazzini L , YoungJ C, 1994. Use of ozone and utraviolet oxidation to enhance the biologica degradation of refractory organics in landfill
leachate[ C]. The 49th Purdue Universty indugtrid waste corference proceedings. Purdue Universty, U. S.A. 253 —262.

Koger | W, Lettinga G, 1984. The irfluence of amnoni umr nitrogen on the ecific activity of pelletized methanogenic dudge[J]. Agricuturd
Wades, 9: 205 —216.

Lau | WC, Fang H H P, 1997. Hfect of temperature shock to thermophilic granules[J]. Wat Res, 31(10) : 2626 —2632.

Lau | WC, Wang P, Fang H H P, 2000. Omnation of refractory chemicdsin leachate with hydrogen peroxide(in press) .

LinL S, Johngon C T, Blatchiey ER, 1999. Irorganic fouling a quartz: weter interfaces in utraviolet photoreactors—— . Chemica
characterization[J]. Wat Res, 33(15) : 3321 —3329.

Payton GR, 1988. Undergtanding and optimizing ozone/UV treatment for the degtruction of hazardous organic compounds in water : mechaniam
dficiency and by-product[J]. Detoxif Hazard Wages, 1: 353 —368.

Fgnatello J J , 1992. Dark and photoasssted Fe®*-catelyzed degradation of chloropheroxy herbicides by hydrogen peroxide[J]. Erviron i
Tech, 26: 944 —951.

Ruppert G, Bauer R, Helder GJ, 1993. The photo-fenton reactiorran efective photochermicad wadeweter trestment process[J]. J Photochem
Protobiol A: Chem, 73: 75—78.

Tdinli |, Anderon G K, 1992. Inteference of hydrogen peroxide on the gandard QOD tes[J]. Wat Res, 26(1) : 107 —110.

Waling C, 1975. Fentori s reagent revisted[J]. Acc Chem Res, 8: 125 —131.

Wang P, Lau Ilvan W C, Fang Herbert H P e al. , 2000. Landill leachate trestment with combined process of UASB and fenton coagulaion
[J]. J Environ S Hedth, A35(10) : 1981 —1988.

(Received for review May 11, 2001. Accepted June 5, 2001)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



