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Executive Summary

The results from this research project fulfill all the objectives which had been
established originally. The discharges from wastewater treatment facilities of the two Industrial
Residue Disposal Centers located in Mab-Ta-Pud Industrial Park in Rayong Province and in
Rachaburi Province were used in this study. Fenton oxidation and zero-valent iron reduction
processes were applied for the wastewater from Rayong Province; whereas, UV/H,0O, process
was applied for the other. At optimum conditions, chemical oxygen demand (COD) of the
treated effluents by both advanced oxidation processes complied with the Effluent Standards
set by authorized bureaus.

The discharge from Rayong Province, after centrifuged to remove excessive particulate
matters, was highly polluted with the COD (chemical oxygen demand), BOD (biochemical
oxygen demand) and TOC (total organic carbon) of 5,731, 217, and 1,511 mg/l, respectively.
Organic pollutants in the wastewater are considerably recalcitrant to hydrogen peroxide
oxidation and non-volatile, only with the powerful hydroxyl radicals that they can be
decomposed considerably. Despite that, within the studied conditions of 1,000 to 5,000 and
5,000 to 10,000 mg/l of ferrous ion and hydrogen peroxide, respectively, only 20% of TOC can

be removed in 120 minutes at pH 2.0 and 25°C with the optimal ferrous ion and hydrogen
peroxide dosages of 1,000 and 7,500 mg/l, respectively. This may be due to the interference of
chloride and di-hydrogen phosphate ions in the wastewater. The TOC removal of 45% could
be achieved with 3-consecutive Fenton application at the optimum dosages as mentioned
previously. Further application of Fenton reagent did not provide additional reduction in TOC;
however, the COD and BOD were continuously removed. To meet the Effluent COD Standard
of 750 mg/l as regulated by the Industrial Estate Authority of Thailand, 5-repeated Fenton
application at the optimum dosages was required. The chemical cost for this scenario including
Fenton reagents and pH-adjusting chemicals is approximately 1,700 baths per cubic meter of
wastewater. Reductive zero-valent iron could not either reduce the TOC or transform the
refractory organics to biodegradable compounds. This is because the oxidation potentials of
these organic contaminants were higher and/or the overall reduction rates were much lower
than that of water; hence, water molecule was reduced to hydrogen gas instead.

The discharge from the Industrial Residue Disposal Center in Rachaburi Province was
much less polluted than that in Rayong Province; particularly for the COD and TOC which were
only 1,155 and 338 mg/l, respectively. The differences derive from the types of hazardous

wastes being disposed at each site. Nonetheless, organic matters in the wastewater were also



recalcitrant to hydrogen peroxide oxidation, UV photolysis, and non-volatile under the studied

conditions. Under the conditions examined, i.e., 25°C, pH of 3.0 to 8.9, hydrogen peroxide
dose of 1,178.1 to 4,712.4 mg/l, and UV power of 60 to 240 watts, the optimum and least
expensive conditions were at pH 7.0 with 4,712 mg/l of hydrogen peroxide and 180 watt of UV
irradiation for 240 minutes which could provide the removal efficiencies in terms of TOC and
COD of 88 and 87%, respectively. The treatment cost in term of hydrogen peroxide, sulfuric
acid for pH adjustment, and power consumption for UV generation was estimated to be 1,100

baths per cubic meter of wastewater.
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Abstract

Principal objective of this study is to investigate on the possibility of using advanced
oxidation processes to remove the COD from primary and secondary effluents discharging from
wastewater treatment plants receiving secured landfill leachate in order to comply with the
Effluent COD Standards. Discharges from the treatment plants of the Industrial Residue
Disposal Centers located in Mab-Ta-Pud Industrial Park, Rayong Province, and in Rachaburi
Province were collected and used in the Fenton and zero-valent iron scenario, and UV/H,0,
scenario, respectively. Wastewater from Rayong Province was more polluted than that from
Rachaburi Province, i.e., containing 5,731, 217, and 1,511 mg/l of COD, BOD, and TOC as
compared to 1,155, 254, and 338 mg/l of that from Rachaburi Province, respectively. The COD

and BOD of both wastewaters did not comply with the official Effluent Standards. At 250C,
treating the discharge from Rayong Province with various dosages of ferrous ion and hydrogen
peroxide between 1,000 to 5,000 and 5,000 to 10,000 mg/l, respectively, only 20% of the TOC
can be removed under the optimum conditions of pH 2.0, 1,000 and 7,500 mg/l of ferrous ion
and hydrogen peroxide, respectively. Low efficiency was possibly due to the interference of
chloride and di-hydrogen phosphate ions in the solution. Increasing Fenton reagents could not
improve the process performance. However, it was found that repeating addition of Fenton
reagents every 120 minutes at the optimum concentrations was able to enhance the removal of
TOC and COD. Maximum TOC removal of 45% was achieved at the 3" addition; whereas
COD removal still increased continually. At the 4th addition of Fenton reagents, COD was
removed up to 75%. To comply with the Effluent COD Standard of 750 mg/l as regulated by
the Industrial Estate Authority of Thailand, 5-cycle of Fenton process is needed which costs
about 1,700 baths per cubic meter of wastewater. The application of reductive zero-valent iron
was not successful since the oxidation potential of organic pollutants in the wastewater was
higher and/or the reduction rates were slower than that of water; hence, water molecule was
reduced to hydrogen gas instead. For the discharge from Rachaburi Province which was
treated by UV/H,O, process at 25°C at pH, hydrogen peroxide dosage, and UV power in the
range of 3.0 to 8.9, 1,178.1 to 4,712.4 mg/l and 60 to 240 watts, respectively, the optimum
condition was found at pH 7, 4,172 mg/l of H,O,, 180 watt of UV with the reaction period of 4
hours. The TOC and COD removal efficiencies were 88 and 87%, respectively. The estimated
operating cost for this scenario is approximately 1,100 baths per cubic meter of wastewater.

The results obtained from this study can be applied as an advanced treatment additional to the

Vi



existing treatment systems in order that the treated effluents will comply with the official

standards.
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Concentration No. of landfill Concentration No. of landfill
Constituent
(KLaiy* reported* (Lg/)y* reported™*
As 11 to < 10,000,000 6 30-5,800 5
Ba 100-2,000,000 5 10-3,600 24
Cd 5-8,200 6 - -
Cr 1-208,000 7 10-4,200 10
Cu 1-16,000 9 10-2,800 15
Hg 0.5-7 7 0.5-0.8 5
Ni 20-48,000 4 20-670 16
Pb 1-19,000 6 300-19,000 3
Se 3-590 4 10-590 21
CN - - 5-14,000 14

* “Management of hazardous Waste Leachate,” SW-871 report prepared for U.S. EPA by
Shuckrow, Touhill and Associates, Inc., Pittsburgh, Pennsylvania, 1981.

** “Prevalence of Subsurface Migration of Hazardous Chemical Substances at Selected Industrial
Waste Land Disposal Sites," EPA/530/SW-634 report prepared for U.S. EPA by Geraghly and Miller,
Inc., 1977.
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Reported concentration Number of

Substance (g landfill

reported
Acetone 0.1-62,000 3
Aldrin <2-<10 2
Benzene <1.1-7,370 5
Chlorobenzene 4.6-4,620 5
Cliloroform 0.02-4,550 4
Dichlorobenzene < 10-517 2
1,1-dichloroethane < 5-14.280 2
1,2-dichloroethane 2.1-4,500 5
1.1-dicriloroethylene 28-19,850 5
Dicnioromethane 3.1-6,570 4
Elhyl benzene 3,0-10,115 4
Hexachlorobutadiene < 20-109 2
Methylene chloride < 0.3 mg/L-184 mg/l 3
Methyl isobulyl kelone 2-10 mg/l 2
Perchloroethylene ND-8,200 5
Phenol < 3-17,000 4
Tetrachloroethene < 1-89,155 3
Tetrachloromethane < 1-25,000 3
TOC 10.9-8,700 mg/I 8
Toluene < 5-100,000 7
1,1,1-Irichloroethane 1.6 Ug/l-590 mgl/! 5
Trichloroethene < 3-84,000 4
Trichloroetliylene < 3-260,000 4
Vinyl chloride 140-32,500 1

* “Management of Hazardous Waste Leachate.” SW-871 report prepared for U.S. EPA by
Shuckrow, Touhill and Associates, Inc., Pittsburgh, Pa, 1981.
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Pollutant Range Median Arithmetic Mean | Number of Value @
value

BOD (mg/l) 42-10,900 2,000 4,380 3
COD (mg/l) | 24.6-18,600 7,100 7,794 5
TOC (mgll) 10.9-4,300 1,160 1,350 4
Alkalinity (mg/y | 20.6-5,400 228" 1,950 3
pH 6.3-7.9 6.9 6.9 4
DS (mg/) | 320%-15,700 1,830 6,460 5
SS (mgll) < 3-1,000 163 342 4
NHs-N (mg/l) | < 0.01-1,000 130 377 3
TKN (mg/l) 0.65-084 55 248 4
NOs-N (mg/l) | <0.012- < 0.1 0.025 < 0.05 3
PO,-P (mg/l) | <0.01-< 0.1 0.04 < 0.05 3

O e
Average values from specific site

(Z)Estimated from inorganic carbon and pH

(S)Estimated from conductivity (640 mmhos X 0.5)
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2.2 N3TUINNITDaNBIATWAWEI (Advanced Oxidation Processes)
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2.2.1 nseuann1nnunan (Fenton’s Process)
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nizmaunIuaaugnaudadulas HJH. Fenton 1wl a.e 1876 Swuduliewn
lalavauesaanloduvihlisunduegyanaiianoldanznidunsaaziliifad jizm
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Unseneng qmumﬂug}ﬂisﬁmmsnLLa@a"Lﬁﬁwawmiﬁ (2.1) D9 (2.8)

H,0, + Fe'" —> Fe’ +OH +OH 2.1)
Fe’" + H,0, <> Fe-OOH +H' (2.2)
Fe-OOH"" —  HO, +Fe” (2.3)
HO, + Fe’" —  Fe’ +HO, (2.4)
HO, + Fe’' —>  Fe +0,+H (2.5)
H,0, + OH" —  H,0+HO, (2.6)
Fe’ + OH' —>  Fe  +OH 2.7)
20H" - H,0, (2.8)
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Compound Formula Potential (Volt)
Fluorine F, 3.60
Hydroxyl radical oH® 2.80
Ozone 0O, 2.07
Chlorine dioxide ClO, 1.91
Hydrogen peroxide H,O, 1.78
Chlorine Cl, 1.36
Bromine Br, 1.09
lodine I, 0.54

97 2.5 Mesfivesdfisevedlelouuazeyuadastlaasendalunsdessainanseneg

Rate Constant (M .sec ')

Organic Compound

o} OH"
Benzene 2 7.8X10 °
Toluene 14 7.8X10 °
Chlorobenzene 0.75 4.0X10 °
Trichlorobenzene 17 4.0x10 °
Tetrachlorobenzene <0.1 1.7(10 9

o 1 =3 U [ ° % dl & 1 Aaaa d@l n:l.

nnaunIdInaNaiuldhayainaiimzimihnduaasnite (Catalyst) Svluiigaa:
~ [ ~ ea ' = @ A 6a [ &

anudounauundnatnagyainasin atibafdnuidannsifsueyyaiwaiinnavaniiu

& A o | PN & A = @ & Ao o o
aynaiasialuaunIn (25 aztinhujiieuuganninaoduiueeundnadanms
Wadfisenlasia wananfazdanaainaunisn 2.6 uaz 2.7 lailalasawmdesaanloduas
> & o o 3; Aa A L) > =1 6
awmﬂmmmmsmﬂummJma%aamﬂamaﬂeﬁa%muﬂu laglunsdivaslalasianilas

1 v Aa =) a A Q =Y Q/ C: 1 =) =)
aanlodaznaliiinauyadaszileilantendadedidndoanfiatudinirayyadaszlansandanin
uwazluaun1sn (2.8) auyadaszlaasenGamansnrudinuainauldidulalanauesoanlod
I A ° P 'Y o A= Ada a a6 o o v A
lat laifissunidisendrwaaniiswe lunsmmmsaumﬂaglumsa:mﬂmmmﬂmn@
mnw’oawaﬁm:vlaman%a I@Umi'ﬁuw%ﬁﬁ]ﬂﬁ’aLaﬂmauuﬂ'a%aamﬂaman%auﬁaLﬂﬁwgﬂ
I A a ‘ﬂl A o aaa tﬂl v v 1 ‘ﬂl w =)
luiusnsdsznaunieayyadaszdugtimansarljisendutaudaiiiesidlasn  laglunsd
°11aamiﬁm‘%ﬁﬁvlsjﬁuéf’ﬂugﬂmaa aliphatic %38 aromatic a%aﬁmﬂamaa%aaznué’aﬁu

, & a a a > & a a
ssdsznaumauwiaduayyadazuasmnBunidin wialuniniseuyadaizlaatandaazda

vL‘EII@]SLﬁ]‘H:”H aammu‘n’%ﬁa anunanetdwin LLRZLﬂ@]B%Hﬂﬂﬁizﬂl AN miauﬂ%s‘]’mu %30 a%amad



a A ed & a a a € L a s a aaa
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Qﬂisﬁ@iavl,ﬂ@’mﬁ’]ﬁuﬁaauﬂﬁﬁ (2.9) §14 (2.15)

RH + OH' —  RH-OH orH,0 + R’ or RH" + OH’ (2.9)

R" + H,0, —  ROH +OH" (2.10)
R"+0, — ROO (2.11)
ROO® + RH —  ROOH +R’ (2.12)
R"+Fe” —> R +Fe (2.13)
R +Fe” —> R +Fe" (2.14)
2R’ —> R-R or products (2.15)
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H,O, Xy 20H' (2.16)
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Analysis Procedure Affect
Biochemical Oxygen Demand Oxygen Uptake Reduces Value
Chemical Oxygen Demand Dichromate Digestion Increases Value
Sulfide Methylene Blue Reduces Value
Sulfide lodine Titration Reduces Value
Sulfite lodine Titration Reduces Value
Thiosulfate lodine Titration Reduces Value




H,0, + 2H" +2¢ —  2H,0 (1.78 Volt) (2.17)
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wazanslaluaaa b3yl (Hypochlorite) Maldanisiiludsasanns

H,0, + 20H —> 0, + H,0 + 2e (-0.15 Volt) (2.18)
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2.3 NITUMNIIANTWALLAANUIZY@ (Zero-Valent Iron Reduction Process)
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Fe’ —>  Fe’ +2e (-0.44 Volt) (2.20)
oFe’+0,+2H,0 —> 2Fe’ +40H (aerobic condition) (2.21)
Fe0 + 2H,0 —> 2Fe2+ + H, + 20H (anaerobic condition) (2.22)
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R-Cl+Fe’ +H’ —  Fe  +RH+CI (2.23)
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Uwilauninua laduinninTasas 80

2.4.3 n3zuImmssansualgimanilszaaud

Dayan wazathe (1999) dnmmyiaasideiaaalsieniian (Perchloroethylene, PCE)
lasnaalsianfian (Trichloroethylene, TCE) uazlanaalsiafids (Dichloroethylene, DCE) lag/ld
mﬁﬂﬂizﬁgquﬁﬁqmﬂgﬁ 20 AT uaLAEROTIVINAY 5.2-5.6 WUd1enaS9EIa (Half Life) tvinfiu
275.1, 80.6 udz 130.8 %LfﬂmmuﬁwﬁuLfiaaug@lﬁﬂuﬂg‘jﬁ%mé’uﬁuﬁ%ﬁa

Ghauch uazAm (1999) Anmimstntiaindefdwdaudrssnanuuasswinuanman
(Atrazine) Uazw131508% (Parathion) I@UﬁwmsmaaaLLuuﬂzﬁqm%QﬁLLa:ﬁLa% 7 vasmeld
anzualiin laglfindndszaaudowia 40 mesh USunm 40 nSudofnIuazenauaasfi 100
laulasnsudadag WU’.hLLawﬂ’ls’f‘juLLazmﬁ"lﬁaaugnﬁﬁmu‘l&immmmn"‘;mezﬁvl,@?@?’mm‘%ao
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