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Abstract
The purpose of this study was to assess the distribution of organic hydrocarbon

substances in case of leachate and effluent from Nakorn Lampang municipality landfill
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site leak to environment. Leachate and effluent were collected and analyzed their
characterizations, compositions and contaminants. Gas chromatography and mass
spectrometry technique were used to identify organic hydrocarbon contaminants in
leachate and effluent. Then the mathematical model Fugacity-Base Environmental
Equilibrium Partitioning Model Level | was applied to the impact of leachate percolation
to environment. The results found 36 organic hydrocarbon compounds existed in landfill
leachate and effluent. Both of them consisted of 2-hydroxy-1-(hydroxymethyl) ethyl
ester, 9-Octadecenoic acid, Cyclopropaneoctanal, 9,17-Octadecadienal, Phenol, Benzene,
Oxime, and Phenanthrene as majority substances. Almost these substances were less
toxicant and harmfulness. However, high compositions of volatile organic compounds
such as benzene and phenol were also detected, indicating hazardous substances
contamination in environment can be occur. In case leachate percolation at landfill site,
phenol and benzene can be distributed to 8 villages within 5 kilometers around Nakorn
Lampang municipality landfill site. The 94% of phenol may distribute to aquatic phase.
The concentration of it in aquatic phase may be 5.714 mg/m3 whereas other phases
found very rare. Benzene also found in this case and almost of it may be contaminated
in atmosphere around 99% by weight with the concentration of 53.5 ng/m3.The leftover
may distribute in aquatic phase. The results indicated that the leaking leachate and
effluent from the landfill site have a minimal impact on the groundwater resource and

others phase of environment.

Keywords: leachate, organic hydrocarbon substance, landfill site
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MINTBNITUINTFINVOI AWWA (American Public Health Association, 1995) fdesneaszidentuy
5197 1 (Table 1)
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Table 1 Monitored parameters and analytical methods

Parameters Method
pH pH Meter
Temperature Thermometer
Chemical Oxygen Demand; COD Closed Reflux and Titrimetric Method (5220C)
Biochemical Oxygen Demand; BOD Azide Modification Method (5120B)
Total Solids;TS Gravimetric method
Total Suspended Solids; TSS Gravimetric method
Total dissolved solid; TDS Gravimetric method
Total Nitrogen; TKN Kjeldahl method
Ammonia nitrogen ; NH3-N Colorimetric Method (Nesslerization)
Cadmium Air-C,H, FAAS
Chromium Air-C,H, FAAS
Nickel Air-C,H, FAAS
Lead Air-C,H, FAAS
Copper Air-C,H, FAAS

6. ATERnIsnIEIeiveIEnsUsEneuduridludunadeslunsaiiinnissalvanie
ﬂﬁ%ﬁmmﬁw%wadgﬁqLL’JG]E‘{EJMI@&JW Fugacity Model Level | (Mackay, 2000; Mackay &
Paterson, 1991) miﬂﬁzLﬁumaﬂizm%ﬁwmiﬂigLﬁuwamamquﬁumu%’ﬂﬁﬂizmm 5 Alawms
Tngsounquilinauuey inAutauasd1U deilnanseunguiiudl 8 vajthuluin duandiouny
8.48189 21U (M thundienads nytundeune vuunaiede nytundenans nygdiui
fne wagnyinudsyaug) aeldnsunasesguaresnauialileuvalsduns uasvyiiuusiya
yythugesin ihld euivg 1.8 meldmsunasesguavesmauasuamiily

nsiAseideya

AATIENMINTEILABATUTENOUBUMIIIYITAMINKIUANNTS C = Z,f; (Bates,
2016; Booty & Wong, 1996) lagldiuudnassntindans Fugacity Model Level | ananlalu
mMynsziteua lFunadfiBmesann Useneusie ffesas Aede uazAndouuumnsgiu

NaN15IBUaZaAUTIINE
audAvasiwzvezuazinia
ﬁwwazﬁlﬁmﬁumﬂmﬁEJaﬂamwugnwé’nqmﬁmammmﬂmauma"wmq WAz
flaudirauanslunisnsdi 2 (Table 2)
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Table 2 Effluent and leachate characteristics

Parameters Leachate Effluent
pH 6.0 £0.2 6.9+0.3
BOD (mg/l) 4,631+123 61.91+3.63
COD (mg/V) 10,213+4038 550.£196.63
TKN (mg/0) 422 NA
NHg-N (mg/) 240 NA
TSS (g/) 0.27+0.14 0.07+0.06
TDS (¢/V) 7.12+2.27 2.35+0.50
TS (g/V) 7.38+2.40 2.42+0.56
Cd (mg/V) ND ND
Cr(mg/L) <0.025 ND
Ni (mg/l) 0.242+0.001 0.188+0.002
Pb (mg/) 0.102+0.016 <0.028
Cu (mg/) <0.040 ND

Remark ND = not detected, NA =not available

wamﬁmeﬁqmmwﬁ’lﬁlﬁﬁu’h ﬁws&uwﬁmmwaﬂﬂiﬂgn lagdaanuandsnlu
sUBlef wazaruanyUsnluguilediadewiidy 10,213 uay 4,631 fadnfusedns nwddu
Ao wisUszuI 6 %Iﬁl,ﬁudwﬁwmsxﬁ@mauﬁ’aﬁluﬂim USunavesudaianun Senade
WU 7.38 NTUADANT %aﬁuuiwy'ﬂwumufﬁqazma‘fw anvazAInaLEniLAYI NSTUIUNS
sjaaamamaqmaz‘;ﬂaNasﬂwquENﬂa‘usuEJWT']Lﬁumlﬁlﬂunmmuwaﬁ%Lﬁmmisjaaaaw
wuul¥eendiau (Tchobanoglous, 1993) dwaliiwzussdeanuanysnlusuileduas Tlefigs
nImduvIsMinannszuIunstosaaeil e1aviufisenfulanefivsdumfurey lide
lovsuvadlanzazatseanun dmsunisAnwmasiivsunalanendniinsanuudndlunisisi 2
(Table 2) (%RSD = 7.26) mummLsumuasﬂ,umammm%mmmﬂﬁumﬁmiymwamammiu
Lﬁaqmimwaqﬂgﬂammam‘wlﬂwm W.Al. 2548 aamﬂaaqﬂuﬂimmiamuuﬂwmw‘wﬂu
Y1ygvernNwadu (Alslaibi et al,, 2011; Kulikowska, 2012; Naveen et al,, 2017) F9191n
‘viqzuElnﬂavﬁuazﬁﬁmqmiﬂﬂﬂé'lﬁ&Nﬁ’u ﬁ&qﬁuquﬁlmauwxﬁﬁmqmﬁﬁlmaummfh 10 ¥ agwu
Tangninvudoulutssveriosniivquilsnaveslndfifiongnisilenaviiosndn 2 T
(Tchobanoglous, 1993) a&i’mvl,iﬁmumﬁmi’wﬁ@mmwfi"wuwasﬁﬂﬁmwﬁﬂ%mmlamﬁ
Judousnfuizasyiueglunasinnsgiu mslinsghihisiiesnuiansyuutiintnde
Pifuirszuuirimindedssaniamgs annsnanaianuanysnlusudlofuas Tlofldunn
fe¥ouay 94.6 Lay 98.6 MUAIAU

sedUsznauvesEsBUNSEluuz vz

nsAnwerUsznauvesassunsdlalasaniveulutievueslnensaningelnnaolstmu
udnatn wuinhweeesiisenanueilinauwes fansussneuduvadlslnsasuoudusdusenau
Uszanas 20 ¥ia fanansseassenlunsedi 3 (Table 3)
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Table 3 Organic hydrocarbon substances existed in landfill leachate

Leachate components Detected proportion (%)
2-hydroxy-1-(hydroxymethyl) ethyl ester) 99
9-Octadecenoic acid 97
Oleic acid 96
Cyclopropaneoctanal 96
9,17-Octadecadienal 86
Phenol 81
Glycidol stearate 78
Benzene 74
6-Octadecenoic acid 70
Imidazole 68
N-[2-p-Tolylsulfonylethyl] phthalimide 59
Methoxyacetic acid 59
1,3-Bis (trimethylsilyl) benzene 56
2-Oxazolidinethione a7
Chloroacetic acid a3
Cyclononanone a2
2-Ethylacridine 37
Indolizine 30
4-Nitro-d'-chlorodiphenylsulfoxide 25
Formic acid 14
3-Bromo-3-buten-1-ol 9

mMsaseiosAUsrnavveivzaszsemailn GC-MS (Gas chromatography—-mass
spectrometry; GC-MS) Tnavinnsitasigilagldnaduil HP5-MS U@ 0.25 u3l.x 30 a3l x 0.25
Tulasiuns aneldmnudu 12.95 Vousrenisneia shlsmsuin dhazaey farssmandunid
lalasasueuluesdusznouiuiosas 80 o¢ 5 ¥ila lewn 2-hydroxy-1- (hydroxymethyl)
ethyl ester, 9-Octadecenocic acid, Cyclopropaneoctanal, 9,17-Octadecadienal ey Phenol
Wi lsisandsansianand (intermediate) lungunsalusiuseinedie (volatile fatty acid) Feaenados
ﬁumiﬁﬂw’mmmmﬁ%’ﬂ (Kylefors 2003; Wiszniowski et al., 2007; Aziz & Majiri, 2015; Gupta &
Paulraj, 2017) wwumsaumwwmm carboxyl e aromatic hydroxyl mmumﬂa*&flu
Iﬂiaamﬂmaﬂammuwvmavmﬂummaq yenanigiinmsnuansdunasigesaansenn vizeidu
‘W‘HG]E]S}@‘IJVISEJ 19U @15Us¥N0U chlorinated organics, AOX (Adsorbable organic halides) Way
PAH (Polycyclic aromatichydrocarbons) aghalsfinunsinuedailsinuansusznousenan

ATIATIZHNITNTZANYAIVDIES

msUsziiunsnszanefivesansdunidlalnsansueunsaiinnisialvavenivsves
AMNEURINAUVLZINAUIAUATAIUN aqgiﬁﬂLL'mé'auﬁaal,muﬁwammqmﬁmmam% Fugacity-Base
Environmental Equilibrium Partitioning Model Level | Uizmamamﬂéﬂ,ﬂmsﬁmmgm
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(EQuilibrium Criterion; EQC) (Mackay et al., 1996) @aansiaiinnuinduesduseneuluihvyves
wazdaaunmiiusesas 80 Iaaautfvninenmuavialinauanslumisned 4 (Table 4)

Table 4 Physical and chemical properties of organic hydrocarbon substances existed in

landfill leachate

Quality  Molar Water Vapour Melting Log
Organic compounds mass solubility pressure point Kow
(%) (g¢/mol) (g/m) (mmHg) (Pa) Q)

2-hydroxy-1- 99 316.476 0.3984 1.26E-09 1.68E-07 149.21 5.14
(hydroxymethylethyl ester)

9-Octadecenoic acid 97 282.4614 0.009653 1.54E-06 ~ 0.000205  132.66 7.73

Cyclopropaneoctanal 96 280.4885 0.002725 3.07E-05  0.004093 88.81 7.92

9,17-Octadecadienal 86 264.4461 0.01058 8.48E-05 0.011306 62.66 7.34

Phenol 81 94.1112 2.62E+04 3.50E-01 46.66283 -2.27 1.51

NANIVNABT NUITIEvEzRazTsnUath S ellansussnauduvidlalasasueu
F1unu 36 wia linufnsedunissemedisdaiuasinasdunisiiaufisedosameluanie
1507ne I@amiﬁﬂmﬁaﬂuf’]ﬁqLLasﬁwmasdauMm Taun 2-hydroxy-1-(hydroxymethyl) ethyl
ester, 9-Octadecenoic acid, Cyclopropaneoctanal, 9,17-Octadecadienal, Phenol, Benzene,
Oxime waw Phenanthrene ugu ansiinulneaniuadl Tnsunnidusunsigldunn wu deliia
miﬁsmaLﬁanLﬁaﬁmiﬁuﬁagﬂﬁmﬂq A1 Y39N1TEANUNIUTEUUNIUAUNIETA MuATeiiaa
Tawenanm ez dululalunisnszanedives 2-hydroxy-1-(hydroxymethyl) ethyl ester
Fadumsiimunnigalubesssuazthiia uazansduvidlelasensuoudn 2 wiin 1éud phenol
uaz benzene Faduasdunidszimedefinuann wazgnszyinduasdunsie (UN No. 1671,
2312, 2821 @wmiuphenol wag UN No.1114 d@13u benzene) N13WU benzene Way Phenol
Heruaonadesfumsinuiheseeylunaneiuiind msnuasiaewiailudweves wayld
Tanuddgluanudusunseresans naenauavswwimslunisananudufivvesasiiny
#28 (Mojiri & Ziyang, 2015; Bakraouy et al., 2015; Jayawardhana et al., 2015)

N13N3218AYBY 2-hydroxy-1-(hydroxymethyl) ethyl ester

2-hydroxy-1-(hydroxymethyl) ethyl ester LﬂuaniﬁwuumﬁqmiuﬁwmwLLawfwﬁa
MnanuilinauszmAUIauATaIUN mwﬁmﬁuaﬂmﬂazwﬂuﬁaqUﬁﬂﬁmimﬁ LAZRAAINTTY
mapdiinduual Sulaluiivunsuiinge (Balaji & Kilimozhi, 2013; Romeh, 2013) Anuduiiy
madmwﬁmﬁ ﬂmxﬂiiuﬂﬁ{fﬂﬂejm’lit,ﬂﬁl,ﬁaLLam%’agammﬂaamﬁﬁJ (Safety Data Sheet; SDS)
AUNINTPIU GHS (Globally Harmonised System for Classification and labeling of Chemicals)
Tideyaliin awﬁ@umaﬁﬁﬂﬂlﬁdwbj’jwzagjﬁlugﬂazamla W3eveeva) llasdulagnian
vienduiu nmsduiatunaziiliiAnnsseaedadld iesnin 2-hydroxy-1-(hydroxymethyl)
ethyl ester annsavhdunnedalionveseadivniuazszuumeladiuuld SoiliAndunsy
mnganudily mnRisduiamslaonsasdedudehmuazendsayuaziiayeavae
ads nsdinduiuanadily videdusagnadesdndetagenavans 4 asa wdaluwuummdiui
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vnegluuinadifnsldamed mavanidemamelaiifduazeadefin leth vidoauss fivuoglu
911 waziteanan1snnsiansiiigsamelaeniemels aseuindoudrerilssuaseen
gusnadiflomedemazmnuazileinuinasindnaziiomeadiliduiiv

INNIANYINUI 2-hydroxy-1-(hydroxymethyl) ethyl ester gﬂwﬂuﬁﬂ%%smﬂ
viquilsnavver Ui TnsUTunnigeanitaonsiadaldluvquilanavves yueudislongindu feo
1,500 gnunaniunssedu (Aziz, 2012) ma‘iLﬂiwﬁmiﬂizmaﬁamaaaﬁﬁﬂﬂﬁnd?qmé’aﬂﬁﬂﬁ
5 Alawnssevanuilinavvszyadesmaviauasdiuislunsdifiianisialnaveniveves
LLaSﬁlﬂﬁyﬂmawl,l,uuﬁﬂaaamdﬂiﬁmmam% Fugacity-Base Environmental Equilibrium Partitioning
Model Level | wud1 vinifinmsialvavesiissvsranuquilinausszreanauiauasdni ay
WU 2-hydroxy-1-(hydroxymethyl) ethyl ester ﬁﬂmﬁauagﬂuﬁwmazﬁiamamzma@hané
Awnndeulunndiu Idun e azeedle th vesmdanuassluth dniih Uan) fu wassznoudu
Fannd 1 (Figure 1)

2-hydroxy-1-{hydroxymethyl)ethyl ester) in EQC -
Level | ydroxy-1-(hydroxymethyl)ethyl )
Version 3.00 LEGEND
" .)- ‘ EQUILIBRIUM
Air Aer:sols —
0.351kg 134kg

351E-03ng/m’

0.134 ng/m
(2.36E-05%)

(9.01E-04% i

%
e

Suspend ed Sediment

Soil
144E+06 kg — 1000 kg
66.7 ng/g 667 ng/g
(97.0%) (0.0673%)
Sediment Fish
Fugacly = 27505 HPa 32003 kg 81.3kg
- K 133 ng/g 407 ng/g
Total Mass = 1.43E+06 kg 216%) (548603 %)

Figure 1 The accumulation of 2-hydroxy-1-(hydroxymethyl) ethyl ester in environment in
case of leachate percolation

IG\EJR]ulIﬂ’]iﬁvﬁllﬁ]’g’e]EJIUﬂ’JH‘UEN@UEﬂﬂ‘VIﬁ@ Antduderay 97 Imaumuﬂmaﬂﬂimmmi
Vave sesawndensnouiy wazluth Tnsensavaudalunzneufulssanadesas 2 v
anaiimsavausiluiiosnindesar 1 dwsuludwdug laud azneundovesuduviuassluth
&nfin azeadle uave1nd NuUMSATANEIYDS 2-hydroxy-1-(hydroxymethyl) ethyl esterilag
nn¥evas 0.1 Usinauaranududuaes 2-hydroxy-1-(hydroxymethyl) ethyl ester fidilona
avausludanndonludad 5 Alawassevanuilinavvezmauiauasdirslunsdfidnissilva
YeuhmrusrLaziauandluansed 5 (Table 5)
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Table 5 Concentration and mass of 2-hydroxy-1-(hydroxymethyl) ethyl ester in environment

in case of leachate percolation

Concentration Mass
Environment 3 3
mol/m g/m pe/g of solids mol kg %
Air 1.11E-14 3.51E-12 2.96E-09 1.10938  0.351092 0.00
Aerosol 2.11E-02  6.692024 3.346012 42.29087  13.38405 0.00
Water 1.86E-07 5.89E-05 5.89E-05 3722382 11780.45 0.79
Suspended solid 3.16E-03  1.000085 0.666723 3160.064  1000.085 0.07
Aquatic animals 1.28E-03  0.406538 0.406538 256.9158 81.30768 0.01
Soil 5.06E-04  0.160014 0.066672 4550492 1440122 96.98
Sediment 1.01E-03  0.320027 0.133345 101122 32002.7 2.16

A15N5231862989 phenol

ogslsfnuiiluivzassuarlui st afuthikiunstaudidessuutidaiide
LuUUaRl (stabilization pond) finsnuansdunsgszinedne Taun benzene waz phenol Faans
waoselind fnnududunelag phenol Suaunsounsidnginnie TnsFusiumaiamdslding
mlmanenstind wihila lowss phenol FliiAnn1sseAelfesrassuumaAumelanagen
phenol Tuanugvasudsagsinlifamifsgninnlundmindnisduda venanddedaduans
rioaizi34 (Babich & Davis, 1981)

nsfnuluadsinuin mnidanisilnavesivgessuazihite axfilontany phenol
nszmedegluthinnnindududlusandeudniduiesas 94.1 Tasthmin damnnszanesaii
fiudt 8 mjthulused 5 Alawns souanulinavezudrazilonanuanuiduduses phenol Tu
wiaai 5.714 lalasnSusiedns varilufiuuazernea fillenanu phenol Faewuiu winuly
seiuanaduduitlivnnidn Taewuluenia 0.386 lulasn3udegnuiaiiuns uazeranulufiu
1.52 yilunSusionSuvesudaimun danwd 2 (Figure 2)

Phenol in EQC - standard environment
Level |

Version 3.00 LEGEND

A3 EQUILIBRIUM

Aerosols —
0.0994 kg

9.94E-04 ng/m’,,

Air

38639kg
386 ng/m )y

(3.18%)

%

N Suspended Sediment
Soil Water
32751kg S— 1.14E+06 kg 22.7kg
1.52 ng/g 5714 ng/L 15.2 ng/g
(270%) (841 % (1.87E-03 %)
Sediment Fish
Fuaacity = 10.2 pPa 370238n';9/g 91225:;39
Total Mass = 1.22E+06 kg (0.0599 %) (1.52€-04 %)

Figure 2 The accumulation of Phenol in environment in case of leachate percolation
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