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Trend of Endocrine Disruptor Compounds
contamination in rivers and coastal areas
of Thailand
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Compounds Tugage~suindou

Monitoring of Organochlorine Pesticides
Residues in Green Mussels (Perna viridis)
from the Coastal Area of Thailand

Distribution of Toxic Compounds in
Green Mussels (Perna viridis) from

Marine Estuaries in Thailand
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Development of Technique on Investigation of Groundwater
Contamination by Volatile Organic Compounds (VOCs) from Industry

Abstract

This research studied optimum conditions

of the purge and trap gas chromatograph equipped
with photo-ionization detectors for determining
12 volatile organic compounds in groundwater.
The method was tested with samples collected
from 255 well around 12 industrial areas. The
results show that the developed method can be
effectively used for detection contamination level
of VOCs in groundwater. The results of method
testing indicated that 10 types of VOCs compounds
were detected in 50 wells from 255 investigated
wells around 12 industrial areas. However, the
contamination level is lower than groundwater

quality standard.

guATedunsAne Asfvane wvay
MR8 198unsdasmy 12 viin Twhlssu

Tael#nnain purge and trap-gas chromatograph
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Swwnnslin gn MnITuRARlaNE 8R MNITUNER
$u JuuaziA3ecdng gn wnsIw vean 1udy
Buludagtunuiinisly 19Bun3dsvmefiuduin
Wusndu  19dunsdssmeldnaldiAatymnis
Undauhlimuluwngn wnssuvesvaislszma
nuasend1vhihlaauiinu“ve_vsionis
Unidouan 158un3dseme dnnndanshignis’

wAflA purge and trap #ililunsAnwIASuil
Uszynsainuannisdnsizdlnyisusy USEPA.
Method 502.2° #914 photoionization and
electrolytic conductivity {Wusns19¥n wazld
Adsorbance trap packing Bulsznoume activated
charcoal, silica gel, tenax ®tnvlsimulunsfine
afuill#ianiz photoionization i1uLdus
n523¥nuszlfl Adsorbance trap packing ol
Carbon molecular sieve Wa% graphitized carbon
black (JupvAUsznauf w1sanuAIILIau v
vlifisuse “nanmlumsinsey uenantisuse
WRLYUIRYBY purging device HRAINUWANHTY
animvunl4ly USEPA. Method 5022 & v
Usz " nEnmlunield 1958un3dsviveaanain
fothehiusyfususisuazuuinuey purging
device RunN&1ITIFY

fotiuofnnudndulunswmunmalulag
e wiugunsoiifiey Wslilunisfinmunsis
sunsUndouwesihlffufievssidiu a1unneal
nsUudeusonhlfiuainmals 195unideme
woulsvuugn mnssude nunsaldudeys msu
fvunwwnielunisusmsdanisieuityund
Aol

2.5 paunsnilla:>5ANUUNS

2.1 ASoviioua: SIAD

211 w3pviiouazgunanl

= LASDYAIMABA (Six Tube Conditioner)
HARIPBUZEN Dynatherm Analytical Instrument, Inc.
U 60

= A3DY Purge and Trap WAMIABUTEN

Dynatherm Analytical Instrument, Inc. ﬁ;u 30

= A3auuf Trsunlnns W winlnpudem
HNU System, Inc. §u 321 Tnel# Photoionization
Detector

= Lﬂ%'aﬂmuauqmmﬁ (Microcontroller)
HAnIREUFEN HNU System, Inc. §W uP.

= LA3DUUSEUIANE WARlABUSEN PE
Nelson §u 1022

= A58 Thermal Desorption Unit (TDU)
WARlRBUSEN Dynatherm Analytical Instrument,
Inc. 51 Acem 900

= wnuiufuwhimegg (screw cap vial)
2R 25 HARARNT

= WHuETBWLYIAAUTNS g (PTEE
faced silicone septum)

= [ulnslede (Microsyring) 2u1m 10.00,
100.00, waz 250,00 [ulAsAng

= wapALi mIvusshfetig msu
L1380 purge and trap YUIR 200RFANT

= “asApndu 19M318879 (Adsorbent
Tube) carbotrap 302 ,Supelco.

2.1.2 15A%

= 19BUVASSTmuInReg U 12 vl [
1.1,1-lnspaalsiensdiu, 1,1.2-lnsraslsiondau,
11-lnraalsionday, nsw 12-lnraslsionddy,
g  12-lnraslsiondiu, wudy, [nspaslsiendsu,
Tngdu, winszraslsienddy, ondawndy, lody,
uay  [m3u 3INU3EN Chem Service.

= TIRERIWIUEE 99.8 WasiEus 1nan
HPLC a1nu3uw ].T Baker Chemical Company

= Wndufiusaainlossy ( Double distilled

water)

2.2 35n1S31AS1:A 1SdUNnSes:ing
Inelsinatin Purge and trap ua: Thermal
desorption unit-Gas chromatograph
Inals photoionization detector ans3ain
LRI EEIRTINOUSIN MYy 19BuNESevY

¥ 2
o L=

Tounaussll
= duasARAdy 1519879 (adsorbent
tube) Tnel#indasdeviaan (six-tube conditioner)




Tnelimusouiigomgdl 390 svrimaly  Tugay
nafhmny uiunaengedu wisutuniufite
Tulnsauifignsinislua 60 faddassiownd Hud
waangadu 19Magedald e nUsniilidasnsoen

= [duazindu 198unddszimeaonain
#1e8101hdiuLA309 purge and trap lauld
vasnuiussyfiethwhunn 20 Iaddns Auss
fethwh 10 faddns wiouiuiuinglulngia
fdmanslna 50 fadamnssiowd Tudrszeznen
g wdeld 198wnsdssmeandiethwhin
waaaRAdyu 15MeEe  ndsandumdalashaen
nvasagedu 15iegvlaeimielulasiauid
gasimalua 25 fafanssond wazldrmnudouun
wapARAty 15MBeignugd 40 BuAaLEY
dunan 7 wif

= ld 198unsdazmeaananvasngndu
13t redniuairiouinglasunlang v
AIYIATDY thermal desorption unit Tnerhmasn
grdufatvAnmluiA3athermal desorption unit
WinANSBURE 9 TINS g ATAT 375 BuF
wailds  warAvgamgiludsnaivny o wisy
fuimielulnseuiisasnisive 105 Gaddns
Aowd Wisld 19Bunddszmparnvasagadu 13
Fpgoi Y transfer line N 'madiluaoiriouing
Tassnlang

= ugn 19Bunidszmgusaryiinoanain
fuseraaefinglasunlans  Selfpaduiduiin
ultra alloy 502 (cyanopropyl phenyl) 813 30 LUK
fiv ushuaudnate 05 Aafwns Minglulnsiau
AINUT N5 99.999% Jufinaiwn Tnafdns
s 105 faddnssiowi gomfiveaoin (oven
temperature) 55 BYAIENEY  uRrgUUNNYDY
HIM5337R (detector temperature) 110 BIA"
wady lasldfansIaTauuy  photoionization
detctor 2 Fsipi@ouiuBulinaoe 102 way 117
Sapnsouliad o 198un3dszmedfiaanain
padwlidn fnsiate  fesiaaaziliianis
wWasnwavwesnszw Wi ol “n ulnenseiv

USiniuey 1983 e medisiounisineae

= ganulWidiinduargn aie3ay
USUIaNa (integrator) Lﬁa'ﬁzqﬁﬁmmzﬁwmmmm
Winduaey 198unsdesme

2.3 psAnun ARV 1

231 Annaiveng NuBgAIBuiIvaen
(Six-tube conditioner) TunsswaangRTUIBEY
w1 153045 uay 60 W

232 AnwIsIfvan: 4uBoLA3BY Purge
and trap lun1s Am 198un3dszmeannainih
Fpeefing 10152025 uaz 30 Wi

233 Annafiwvieng wuegiA3ay Thermal
desorption unit Tun15ld 198unddszmenanain
WaBARATU 197IR1 12,345 Uz 6 Wf

234 AnwiApnuduiushd pfmedeiay
ARl (Method detection limit) nedipsizdt
ANNdNTUYEY 198UN3ETTIMENIR9gIN 10 AD
soust 0.1-1.0 TulAsnsuriedng FuIumAIy
dsulpelnamanmnagiu dhrmanudiuduiliiug
Tfnsd p Sias1ed 7 dh FwosnAudeeuy
U1M957U (standard deviation) YD IAIH LT
Szt 7 Ade B wnsoneeudiiiush e
wRlAH 1W190TRTeils (MDL) = 3.143 x SD

235 ANBIAINULHLUEIVBINITNARD
(Precision)aNANTBUUNIATIU “WinS (Relative
standard deviation) ¥BYNITNA[DY Tngynig
JA918Y 158UNI T NInIgIUAIN TN
10 Tulpsnsusiadng vhmanaasy 7 pdo 7 nae
Zidpnail!

236 AnvrUse nEnIWuBYNIS AR 15
sun3dszmeeanainihmateiumaia Purge
and trap firglasuilans i Tee@nwrsinen
wWosiBuin1slindudu (% Recovery) Tnwviinis
NAADYILATIZN 15BUNSHSz MBI R IR N
10 Tulpsn3usiadng vhmavaaey 7 pso 7 mae
2idpnaiY!
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2.4 ANYIUSNIU 1SDUNSES:ING
TusdegnlAGEuWeUs:TU nunIsni
msuuilouvevtilsau

neAeYDy 01U vwIndeulng® wui
finslduarnisdanis 198unidszmeluuniag
an wnasnusuisludszmalng o ITiI s
Wianfiaugn wmnssuiifingsly 198unddszive
u 12 wie wsuRnmunss sumsuwilou
vowhlfiau Tnvvhnisifiu setehusnmusey
fiaugn Wnsau 12w leur fAugn mnasy
mAwile WU 52 Us, TANER IWNTTHUIUATING
U 26 U, LwAUsEnaun1gn 11Ny TPI
dau 22 U, firugn wnssud wesuBuadn
Fwu 2 Us, ARugn NTINLRRNAtY $IUIU
14 Us, fAugn Wnssueay3 $wau 15 Us, u
gn mnsaulsaue S 30 Us, fRugn WnTew
vgledu U 4 Us, ARuan 1wnssuuley
WU 16 Us, TANER WMNITHUITU WU 7 U,
Apugn MNTSURIANTLTITIUIU 47 UD udzlum
R 1NN WIUAT WU 20 UB INTU 19
Sunddszmefvhnisfinud 12 ofln ldud 1,1,1-
Insnaalsionddu, 1,1,2-Ilnsnanlatanday,
1,1-lanaslsionddu, nam 12-lanaslsionda,
g 12-laraslsiendiy, wudy, [nsraslsieonda,
Tngdu, wmszraslaiandav, ondawudy, lofy,
uz s

2.5 msifuia:$nu A8 hsu
NMSJIAS A

Tngvhmsfiuvshiegisainusnnesuiay
an wnssy  I5nsifiusetehaglieios wh

v
°_ o

Juhiifsusfivdszanm 30 Wil w3a uihfiAe

' [

aglwiemugaidifiudoinuszanm 30 Wit waz

@

fiushatiioniogn o aafifiviousn (by pass)
U 9

=

wipgefiindtaiunisfioundu (check valve)
vinifiuiivanevieviogn ielilffotohiiifiu
wantuhase  shihsegsl Tuviaufisuin
25 fadans iy 1savarsdumlaisuludamn

64 lulpadms Unewinuilnsfiudue1gsa9siv

flfiatauiunisszveeay 158unidszing
fusegshifuuinlilifionmmissylunn
fiusnwgomgdl 4 sereaBy  aundaziingg
AN

3. wanishmaoy

3.1 wamisfnun Mol U

311 wanmsAnEIaIman: dusoipIg
fevaen lumssovasngadusiadls wudan
furg wlunisdrensengnduiiog1oRvh i
vasngadUIot1y ga1m  WifiTy nUsnAvuas
liusingfinuas 1wBunadszmeda 60 wif

312 WansAnsIaIfimaIz dusoiAIeg
purge and trap [ums n 198unsdszmeaBnaIN
fogimh wunafwmine uupsiAios purge
and traplun1s #a 198unIdszivuaanainih
faeg1oAs 25 Wit Wevaindunafimaie o
# w15 e 19Bunadszme 12 ¥da sanain
ihsetelFUsinosnnuaglivili 198un3dezme
NaRBNIINURBRRRTU 19MIBE10

313 wanmsAnwiafhmue wlun9lx
AI1U3DUYBULASEY thermal desorption unit [u
mald 198unsdszmuaananvasngaduiiagiy
WUTMIeT 34 sy 5 Wil Wunad wnsold 19
fun3dszimpaanainnasngaduiiagivlinug
Taifl 19Bunideazmemdnds foiuiudeniai
3 wiit wezlfuanisirsisingniovuazldnem
Tumsiresiilasi m

314 wan1sAnwIAIAIENTum Bf
Jrs1zvilsivay 158un3dsviy 12 ¥8a wui
ArAudiudiuen afidtrseilsuay 1,11 Inshas-
Tsond8u, 1,12-lnsnanlsiondau, 1,1-lanasls-
ondau, nau 1.2-lnraslsendsiu, @ 12-lanas-
Tsions8u, wudy, Insnasolsensdy, Ingdu,

inszAalaenday, endawudy, [edu, uag
w3 e 0.11, 0.18, 0.29, 0.09, 0.10, 0.09, 0.08,
0.10, 0.06, 0.03, 0.05, wae 0.03 Tulmsnsusiading
PIUAIFU




315 wWan1eANWIAIAINLNUEN (Precision)
ypun1snAasvlneAnwianAilesiBuiidooiun
WINTIU “UANS (%RSD) wDYN1INARDY LAEYh
ManAReeil AzdeIte 7 1 wudiel % RSD
vaw 1,11-lnsmaslsiendiu, 1.12-lnsmaslsiendiu,
11-lnpaalsionddy, nau 1.2-laraslsienddy,
g 12-laraslsiendiy, wudy, nsraslsiendd,
Tngdu, mnszpaslaiandav, endawudy, lofy,
WRY  bp3u TR 1596, 13.66, 17.83, 11.93, 12.25,
11.57, 11.5, 10.40, 13.85, 13.26, 13.60, L8z 9.96
muasu Bufirifounit 20 wWesiBud w Avine
NARBUATITiTAIN Wi lumMmasDy

316 wansAnwnUasiBuinisiindudu
(%Recovery) ypuinAliA purge and trap Wuin

11-lnraalsionday, ne1w 12-laraslsienddy,
g 12-laraslsiendiy, wudy, nsraslsienddy,
Tngdu, winszraslaienddy, wndawudy, ludy,
uay [m3u A1 80.85, 85.75, 85.81, 83.61, 83.0,
82.88, 85.72, 8490, 87.32, 84.43, 86.20, way 87.87
minarsiu qUlsIwAdA purge and trap §
Usg"n3nwlun1s dn 198unddszimunanain
fega

3.2 wan1sAnUIUSNIU 1SBUNSY
sznglusnagvuinlfauusSIduSaUGAN
M INSSN 12 UMY S1au 255 Ua Tawifiu
Fsgsihanusuimatsar 2 91 Tusendig wa.
2543-2545 Namﬁmiwﬁﬁ\jmi‘mﬁl

Y]

1,1,1-lmspanlsansdau, 1,1,2-Ilnsnanlsiansi,

Mm:enBecsLuns

|njuuILn

19197 1 Wan1sAnwUsinansUulauuey 158unsdsswelusiagioilsmiu

¥ v s e
pnudivdiy (wlpsndusading

LhnLyriegucia_ge

@

-

SPvDE WSS 11L1- | 11.2- 11- NI ki i ey )
: s | T | T | 120e | 1200 | ey | pols Togdu | pagls | 2700 | Tedw | Tedu
ﬂﬂiﬁ naﬂi nai‘z ﬁa?Es aa:fj ey ovady | U °
wonday | evBAu | wondiu | wvBAu | ondiu .
firugn MnssuMAWlD S
L4 ND ND ND ND ND ND ND 2750 ND ND ND ND g
L14 ND ND ND ND ND ND ND ND ND ND 2310 ND §
whsenaumsan M TPI -
TPI 11 ND ND ND ND ND ND ND 21.02 ND 206 1.05 387
TPI 20 ND ND ND 2220 ND ND ND ND ND ND ND ND
fipsgn Winssuumanal
LCB 1 ND ND 192 154 26 200 170 198 ND ND ND 263
LCB9 ND ND ND ND ND ND ND 0.84 ND ND ND ND
firugn mnssuYRY3
CIES ND ND ND ND ND ND 0.61 ND 0.67 ND ND ND
CIE9 ND ND ND ND ND ND 0.60 ND 0.67 ND ND ND
CE11 ND ND ND ND ND ND 0.60 ND ND ND ND ND
CIE 13 ND ND ND ND ND 199 ND ND ND ND ND ND
CIE 14 ND ND ND ND ND 200 ND ND ND ND ND ND
CIE 15 ND ND ND ND 260 ND ND ND ND ND ND ND
agn mnsllsaue
R2 ND ND ND 190 ND ND ND ND ND ND ND ND
R9 ND ND ND ND ND ND ND ND 249 ND ND ND
R10 ND ND ND ND ND ND ND ND 346 ND ND ND
R13 ND ND ND ND ND ND ND ND 214 ND ND ND
R25 ND ND ND ND ND ND ND ND 224 ND ND ND




= 6

15797 1 (Fm) wansAnwUsununsUulenuay 158un3dsswelusiagnoilsmiu

iy (ulpsnsusadng)

TAugn WNTIN L2 o f o | 4 Tns ARy -
: s | Tos | T | 1208 | 120 | ey | o Togdu | pagls | 200 | Todu | Todu
HNEE‘J ﬁﬂiﬁ ﬂﬂﬂi aaﬂi aa}j pey sy |
wonaiu | evBAu | ondiu | wevBiu | ondhu
finugn mnsaUIUzBy
Bl1 ND ND 359 ND ND 316 ND 299 ND ND ND ND
BI2 ND ND 341 ND ND ND ND 301 ND ND ND ND
BI3 ND ND 340 ND ND ND ND 3.00 ND ND ND ND
Bl 4 ND ND 340 ND ND ND ND 300 ND ND ND ND
fipugn WinssuuIoY
B2 ND ND ND ND ND ND 180 ND ND ND ND ND
B3 ND ND ND ND ND ND ND ND 215 ND ND ND
5 fiwgn mnssuuI0tY
% BC 4 ND ND ND ND 053 ND 0.60 1.08 ND ND ND ND
é BC5 ND ND ND ND 035 ND ND ND ND ND ND ND
é BC 6 ND ND ND ND ND ND ND ND ND 132 ND ND
% BC7 ND ND ND ND ND ND ND ND ND ND 128 ND
2‘ fipngn wnssumAngll
g b1 ND ND ND ND ND ND ND ND 246 ND ND ND
é LB 12 ND ND ND ND ND ND ND ND 220 ND ND ND
O LB 13 ND ND ND ND ND ND ND 356 ND 211 400 ND
° LB 17 ND ND ND ND ND 199 ND ND ND ND ND ND
LB 18 ND ND ND ND ND 199 ND ND ND ND ND ND
© LB 19 ND ND ND ND ND 2.00 ND ND ND ND ND ND
f LB21 ND ND ND ND ND ND ND ND 236 ND ND ND
% LB 23 ND ND ND ND ND ND ND ND 288 ND ND ND
g LB 25 ND ND ND ND ND ND ND ND 543 ND ND ND
LB 26 ND ND ND 154 ND ND ND ND ND ND ND ND
LB 27 ND ND ND 1.56 ND 317 ND ND ND ND ND ND
LB 28 ND ND ND 154 ND 478 176 ND ND 187 ND ND
LB31 ND ND ND ND ND 205 ND ND ND ND ND ND
LB 34 ND ND ND ND ND 201 ND ND ND ND ND ND
LB 41 ND ND ND ND ND ND ND 093 ND 133 ND ND
LB 43 ND ND ND ND ND ND ND ND ND ND 126 ND
4. suwana:>xsniwa “Wwimg (% RSD) fif19zvine 9.96-17.83%

1) 3Bmafiiawduandfielingn su 15 egluderimunuesiBmsthesuildrsdeendt 20%

)

Sunddavie nsahlUl#imssd 19Bunidszve 2) 3NN15M533 BULUBUAU (preliminary

(%4 =

I#othugniioe WasanuanisAnwwuin AwWesdud  test) wsonsUudouwng 19Bunsdszmelunhlsmu

U

nslFfuAu (% recovery) way 19Buvadszve  lawyhnmiafiusegrohlffudes 1 A%s A

12 ofln fregszning 80.85-87.87% Bopglufio  AwAsizdd 1sBunddszime wsuihldfuwsiazde

Y

fMuuRYavisnisuay USEPA. 5022 #ilifiA1ag  31n8mIu 255 Us wunisuuidounsy 195unse

U

e 80-120% wazAwWesBuiidousnnsge  sempufiarieg Swau 10 wiin T 50 Ue v




AUATIINIT 1993 9wy Anfufidne Aidng

M977 BUNIMUAIIUIN 12 wiig Bumudiuiueay

198uN3 sz wieTiony AT ngIawuE ANFIN AR LR

Whnesgw 1mdusnseluhlfiuivunsuudou

A5Tin1sBusunalnefinisiumag1sthlgfivain

UafiwunisUuiloun waziag v lEAuaInus

BN INITIAseid Wadunisiusuna

(confirmation test) saly usnan#dmIsAnu?

Tase Somossdiiner wazgnninen Tuiuandnis

Undaudelduwnmelumsfinusaly

19N 1S9 W

1.

UseNIARMENIINNT SWIRADNUeNR auuf
20 (wA. 2543) 3ooivuANImIgIMAMATHN
o

fANG DAund Y, T Yoness, Rawes
uUnsRgy, 1801 wAInledu uwazdsiud
WUBINT (2544) msuwidlowuas 15 Chlorinated

Ethylene Tupuuazihlsnu wasnstidnwuay

ﬂ‘JZWIFﬂVIEI, LBN 19LWELNT ERTC-WT/44,
AuTITauarRnaususiu S owndow, new v 3u
AN OUIRRBY, NITNIIINYIAT 7S
wnlulaBusz “vwindey, 40 wih
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Utilization and Management of Volatile
Organic Compounds (VOCs) in Thailand. 1998
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US. Environmental Protection Agency, (1988),
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nsgoy a9 1slnsnaslsiosau (TCE)

TrenuafBsRwululs:nAlng

Degradation of Trichloroethylene (TCE) by microbial found in Thailand

oo lvons o 895 ns0ismi
uny v yyuseans

Abstract

Trichloroethylene (TCE) has been widely

used in degreasing electronic components and as
a solvent of paints. Because of unsuitable waste
management, TCE has been contaminating soil
and groundwater resources. Furthermore TCE
is suspected to be a carcinogenic compound.
Nowadays, Bioremediation is a popular technique
for treating TCE in many countries. This study was
initiated by collecting 50 water samples from
natural water and contaminated wastewater
sources to select phenol-utilizing bacteria, which
is able to degrade TCE by co-metabolism
process. Result of isolation was shown that
4 effective phenol-utilizing bacteria were isolated
from water sample of Central wastewater
treatment plant of Northern Industrial Estate (WA),
10 and 3 m of groundwater depth from TCE
contaminated site in Northern Industrial Estate

(AWI and AWII) and wastewater sample of

)

Central wastewater treatment plant of Chiengmai
municipality (CM) which are capable TCE
degradation. The bacteria were tested in phenol
concentration of 600—1,600 mg/l. It was found
that WA culture could tolerate phenol up to
1,600 mg/L. In addition to WA, AWI, AWIL and
CM culture could better grow in 800 mg/L of
phenol. Efficiency of TCE degradation at
concentration of 10 mg/L by using phenol
concentration 800 mg/L of WA, AWI, AWII and
CM culture are 59.9, 46.2, 51.8 and 42.5%,

respectively within 72 hours.

19lmsnanls1aB8u (Trichloroethylene,
TCE) fimslfagntveslugn wnssuuszm
e Wy am WnssuUsEnaudy ubaAnsadn
gn N3 o Wavannisdaniaf iz u
vlAnnsuudouvas 15 TCE Tumnuazilimu
Tuusudnmwevdsenalng 8 nsoneliiia
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Environmental Research and Training Center, Department of Environmental Quality Promotion. Technopolis. Kolng 5 Klong Luang, Pathumthani 12120



wziolu~ufigInld nsidm 19 TCE fivudou
Tremslidauupfiduantay a1p 19sonan Mo
Tasunnuipsotyunavanslumaies Usemn s
TunsAnwirdeiiduldinisfiusagivihauu
50 shagganuaeseY TusssunfvasUsemalng
WatunAnuendauunafidedl wnsotey aw 19
TCE 1§ wuihauuriiEefifmuenlsainsiaginh
nsruvthtmhl " s5muesnsfinugn wns9u
mawdla (WA) segrehlffufisesunudn
10 wm9 wz 3 wee Usnadinnsuudeu 15 TCE
Tunsfimugn wmnssunimwmis (AWL wazAWII
MNSIEY)  wagsRageThanszuuttRL " B
vauwmAuIauAsIBuslyd (CM) 13150gay a1
75 TCE 1#Tapauiuns co-metabolism [nuifs
wupfBsants 4 uvas szgnnszdulay 15Tuea
Woludnduledd wsadey a1y 15 TCE 18
Wanm DUAINNUNIURD 15HUBATUSEHUAIY
Wiudiusigg Auduus 600-1,600 mg/l Wui
Fatudauupfizeain WA 3z 13NTONUNUsD
ANsdutiugay 15Rueald iy 1,600 mg/l W
Fothuauunfiisyainiy 4 ungs WA, AWIL
AWII uay CM azadgiivinldffisefuniy
Wduwen 5fueawhiu 800 mg/l uazillova By
Use ™ nBnwmnstiey a1y TCE fisziunnudiudiu
10 mg/1 Taelfnrududuans 15fusadu 800
mg/l WuiAIeE1y WA, AWL, AWII uaz CM
fusg~vdnmlunisgey aneld 59.9, 46.2, 518,
waE 425 % muansu Meluszeznan 72 $ilug

unun

19 Trichloroethylene (TCE) Wu 19
wilandulungs Chlorinated Aliphatic Hydro-
carbons (CAHs) #ulffins “wiAs1eiuazmun
Fuiialdlufansan mnssudszmsneg wu 1y
nswzdnsluduravgunsaldiaansaiin Buuszme
Tnousewmenilon [dEinishidh 15 TCE Wahan
THluAantsge winsssdudaunn Wl we. 2544
1#fins “amsvwdon 15 TCE Tuiu wasshisiu
Tuvsewrlny wudhiimsvudeuves 15 TCE lu

wiawhlFRuusnndsseugn mnssuifinisld 1s

TCE TuUsumrsuie vnmeluilrugn mnssu
Uouond [1] sodudeasiiazfouEuiinismsey
wwun1sdanIsiatosiu mavRy wazuilunis
Yudlow 19 TCE wpuwanhlffuluyszmalng
wadssmudldiiadudgmignainuazguusy
wntuluewen Wavain 9sons1idu 1eRuenali
AnuziSuld msthdmbfignuudiewshy 15 TCE
i wnsansshldFienssuumanegTinen 8
15 TCE  wnsofnggnuldsusulilnydauuniise
(Biotransformation) TAYNS¥UIUNIS cometabolism
%38 cooxidation W Awidiene Taensld 1
mosunseAulfidouunfiZowdnduleiilisime
STERET AN w1snazlUilfsuglesy 13
TCE Tnan1s oxidation 19 TCE Wiuguilsinaly
Warnududs vdeianuduivisyaslnywmmy
nsld 1sfueadu 1ensvdu Buazfivse“vnEnm
Tuniswasugy 15 TCE 85 [2] Soldfinisfnen
Auagrunvunudiiefmdsnsiavenlsuunaiisy
7 1w190ld 19Wueald (Phenol utilizing bacteria)
war 1ssosdmBulediivss "naaw ulunis
Wiy 15 TCE wavhunl#lunszuaumsihiinh
foffinstudon 15 TCE anlsveugn wnssu
wazl#lunszuiunistidauasiuyundeshlssu
ffinsvwdeou 19 TCE feruSwihnisAnsnie
wupfielulsewalned wns0ld 19Rueals uae
nnsnwWiugd 15 TCE [Hpghofivsz “miam
Wathu S lunswmuwaialusunisthdn 19
TCE #Aivmidouluih Wearnihitvainlsveu
an wnssy  uazunavthliAufifnisundon 13
TCE #wshaziuuwmoniled “dy Wetloedu
Honisuwdnszany waznsUuidenwas 15 TCE
Tuinuazusohlgmnluawanls
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enriched media: M-R2A [3] figaungfli 30°C
W 5 wasndsaniuhdouuafiBedly
wieuluasideede Basal Salt (BS media) [3]
Toendin sfuaalflfpnududu 100 mg/l dald
Wuunde 198150z 19asuauliiude
wuAfiSy Wluiuigomgdl 30°C winuszam 15-
20 Yu vidoaunseite 150 “onadiveaiaueide
YUYINN

2. nasusu niwiouuafiSen
"IIJ"ISﬂ'[Is- 'lsWuaal'fluuneioa'lms'[ﬁ

dndouuniiBefifnuenlfandunaud 1
Tnuidonanizfmagied 1w1sawsayivinlss
BollaTaAMagen&uL ¢ (OD) A 420 nm wals
liifleuni 1 mﬁ'lﬂ'mfi'ml,ﬁaﬁaaﬂ"m’fws] IUNTEIY
Fouwupfidedl 1wnsald 19Rueald  us0asy
iulnl#sluevmsidveda Basal Salt A% 19
Auosiduunsyadusy uaz  1w15aTRA1 OD 9

420 nm e liaenin 1 meluszesiian 2-3 Ju

3. nIsha U N1:NSIRSyAUIR
vouso wUARISER Wsols AsWuaallu
UMaIDIMISARITNIULDY 1sWua Tu
SEAURANT AU

dndauunpiized wi0ld 15Aueaduy
wiasa sl uazsumsusu awliasydulnls
Alupsiapoidia Basal Salt #i5i 15Fuaauumsy
A1SUBUNIMA BUTEFUAINNTNTuLBHUD Al
Wiy wdonaa3gLAulnsvus 600-1600 mg/l
Tagyhnistanisasyiivineedauuniidelnetn
A1 OD #1 420 nm Ny

4. nasha auus:~nhdnawlunas
a18 1s TCE vaviSouunfiSen wsals
1swWupallulraomsls

dnfauunfisedfiliandunaud 3 w0
VR puNsEey e 15 TCE fiszsu 10 mg/l Tu
YR Septum serum bottle dofiownaduuida Basal
Salt wazld 19fusanIuudy 800 mg/l 1Ju

w9 aIMISuiavan s FuRIN Uil

WauuaiiBy wnsasgiulalian puarlanin
U nwInsiy PTEE/Silicone seal shluuufiaampd
30°C s 3 Ju

5. NISOAUSKIU s TCE
1. nm9vm auUsuia TCE azlfmaila
head space Invhmatfusatiehainduneud 4
d1uau 5 ml T 'suluwin Headspace vial vu1m 10 ml
UnnilnuUnwInsiy PTFE/Silicone seal w&311uim
Tduiigomgl 25°C wwethorioy 60 W1fi Al
T4 microsyring ﬁxﬂmmﬂﬁayjmﬂg[umm Headspace
vial U1 10 ul sndtAsizinudanns TCE sy
I1A38Y Gas Chromatograph Shimadzu GC-12A
#ofl nmzwayiA3asi
Column Restex Rtx-5
Length 30 m, ID 0.53 mm
Film thickness 1 um

oMl injector 250°C
oven 120°C
detector 250°C

Detector ECD
Gas make up gas N 25 ml/min
carrier gas N 10 ml/min
2. yhns¥ausunm 15 TCE #ingluwan
A auyn iy

6. NISANUDNUIUDSIBURANISEDE
a1® s TCE uavIsalunnIse

% n5tpy a1y 19 TCE 7 72 fhlug =

(Pudiudiu TCE Busiu - Anuudiudiu TCE 7 72 #lug) x 100

Autiy TCE Susiuy

wanisnnaoy

1. NMSARIZNIBOUUARISER W1sA
5 1swusallunnavormsls

NwaNMIMAaeiiatsdauunAfidefiiu
ANEIINYIF wRzsnARuenEouupAiiBed 13190
8 19fuealy BudouuriiBed 1wnsold 19fues



frnuenlglunsousnit azdulyfivse “nanmlunis
1 19fusaJuundveassinaimsnisusulfadn
FwhlkisnsnsesgdulnAeuthein Teeldine
1NN 15 T4 Feaziunissyivinladmniau
Fospnidouuriided wnsald sRuealEARLen
Txlupdousn wwhnausu amdeldauunfise
sl 1sueaduunasusssinamsAITUDY
THfuatoitu Tnevhmadveiadsludesg Tu
pepnapadamniy Uszanm 20-24 “Uand

Y

=

Funuidouurfided 1w19aUsu AwlElE 19
Fupaldd  1wnsanazasyiulnlisinEtulaeld
naUSEIN 2-3 T

2. msha au n:lumsiasyiAuln
vavibe NUARSElU 1sWusa

nwan1svaasulawld 15uss Tusziu
ANHLNEY 600, 800, 1000, 1200, 1400 LAz 1600 mg/
1 Moy WA, CM, AWI, kaz AWIL, 131904338y
iulalaluynazfiunnudinduuey 15uea wa
nsasyivinagiaslusesuanudiuiug st
Tneluszozioe 1 Ju fothe WA, CM, AWL uay
AWIL azimswioivledian afisesiuaududu
yoviuoatdu 800 mg/l wluszeviaa 2 Tu

o

fads WA way AWI agfinsasgivledian e
Psrsumuiuiuussiiueaidu 1,600 mg/1
URIBYg1y CM war AWIL azdinisg
Wi Aulediaf pfisziunnuduiuuasiiueadu
1,600 mg/l Tuszpziaan 3 Tu (Uil 1, 2, 3 uaz 4)
awssuifisuanununiuvesifouunii3use
ANMdNduYBY 19WUBa ITWUTIRIBEIY WA At
fimnunumusonudufivyey 15Huealfan »
Tnwazfiuldiluszdunuiduiueos 19fusa
{1 1,600 mg/1 $AwE 19 WA 3z nansawsyiule
1357 alagTaAIn1sganiuL oil 420 nm & v

WInNI 2

3. Us:"ndnwlunisgos a9 s
TCE uaviisouunniise

IINMNA BUNISERY a1y 19 TCE uay
Fowunfisy WA, AWIL AWI waz CM 1131

Ty | (90500 rw |

0 T T T 1 Duy

Growth (0D, 420 nm}

LR

nd A

L L]

sUi 1 nrswsyraudis WA finamudugi
YUABRs 199 il

i ¥ § 1 [

sUl 2 mssquaudis AWIT finaudutiy

YUAUBREI ¢ il

sU 3 missquauidia AW ARt

YBuAUBREI 199 il

- 0 g

e o
—— Ll
T
-
-
Ty

[} i ¥ : | -

sUfl 4 maasgraudia CM finudidu
YBUALUDEFIIE) 7l
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Us

mutanduivesidunlunisanavuss 19 TCE
WawSsuiisulse nEnmlunstey 81w 19 TCE
yaudouuAfisy wuisegy WA aziiuss manw
0 alunsgey a1y 19 TCE savaunfe fasge
AWIL, AWI wagCM mushsiu sloguil 5

-
i: 52 5% s
. 1

sUi 5 wasifudnistoy a1 TCE 71 10 mg/I
ypuia phenol-utilizing bacteria

suwalla:ool usliu:
1. amuansfnsdswuaiidelulssmn

Tnedt snsatiey a1w 13 TCE 16 Inensdmidan
FouuafiBed wnsold sHusafuuasdunaas
smsusuiansasgiuln Weaznseiulide
wuRfiBewamnSulei sz (non specific enzyme)
# 1wnsalutiey ay 15 TCE [8sny wuiisioey
Fowurfidy WA Sudnusnliansisdivhain
szuuthtmhi " vsiuvesmsiiaugn wnssumAmiio
azfivse“nEnmlunisdey aw 19 TCE [§ o »

9
%

Tnedsziuruiudiuuns 15 TCE 7 10 mg/l azl¥
Usz manmlunistoy a1w 15 TCE [#6# o Ao
59.9 % atelusryziian 72 §ilug waziile
Wisudisuiuauwuafideuivedafifisteeuiigd
Usz nsnwlunistey atw 15 TCE iu 1un9n
doy 81w 19 TCE [AfAududu 1-30 mg/1 Tu
S¥AU 30-100% [24] seiludauuniiByansiegny
WA Fothagiivse ndamlunstsy 81w 15 TCE
o5 waz wsafashlulsimunluEasuaensly
Fouuriidelunstntn 19 TCE fivudauluhite
nlsvuugn wnssn wio Hlunstdmhlssu
fisinsundeu 15 TCE 18

2. FouupiiBuainiietny WA, CM, AWI

wazr AWI o 3nsashuldlunisthdn 19fiuea
fudioulishivannlsssman wnssuldotrsisy
wflifiovaniauuafizesunain wIsonunI
wazadgyivinlifnsesuanudiudueae 15U
T8 _ofis 1,600 mg/1 Fefinudululifiazihge
wupdiiZesonany [WiFlunsiudse “nin ey
szuuthymhfviunisman 19fusafivudaulu
ihiisanlssougn wnssuli_otuld Feanmsgu
AIUANMSIEUIEhivaInlseougn WnTsy uaz
finugn wnssulimvuniiagioofivduinua
15UsznauRuaatuhiie ldinnnd 1 mg/l

3. Tunsdinuse nEnmwnistey a1y 19
TCE wauifauuniiduansiegny WA misfiasfine
891 ufiwuny dupg 15Wuea / 15 TCE T
whnzszsuANUduiueag 15 TCE woiiiiavain
N92UIUNIT cometabolism ILLAANTITUYITUNY
(competition) S¥¥iNg 19WUBA Wy 15 TCE fay
dhluvih Ufnsenduidules oxygenase #uide
wuaiugnnseuld Setuinlny 157luos us
Bulgdsonaniaglifinnusimnziu 1siueawiniy
widhs Nansnifinufniendey 81w 15 TCE [6she
Funaliinnszuiunmsududuty Tnedusum 15
Fupauniuly azvhiduse ninwlumstey ae
15 TCE ansy wazdiusunm 19fueadsuiuld
Aaglsifipanaroniswsyivinvaodawuniisey
diavanideuueiiduld 1wnsald 15 TCE Wuunas
vovsmensmsusuisldlunsasgiulals faz
lUse " nEnmlunisgeay a1e 19 TCE anay
Wi [5] serudorisfeufnudne uea 19
usa / 19 TCE #iagshlviuse“vndanlunis
doy a1y 19 TCE A7 aluusiazsziuaududu
299 15 TCE lafisresuiluseiumnuduiuaey
15 TCE # 26 mg/l §051 way 19Huss / 19
TCE Tudoufnsni@inmazdpsmuaubingludng
10 ;1 Fuasinliuse nEawlunistoy aw
13 TCE 9 milv 95% (6)

4. prfiaz@Anefioduunsfinueide
wupiiseluusaziate Wefiaslinsuiluusiay
fagisusznausudauuaiiseeiinlatne  Wad

azihlU ‘msfnwslin wazufndeivaviduled




oxygenase fi¥puuAfiZyuAazviinndnoonin
Wotoy a1y 15WUBA uay WITONANTEUIUNTS
cometabolism fu 15 TCE 1% @sifulesilungy
oxygenase 3zflifulsiinarveiniiiouuniisy
WITaHARTULT WAy 1M1TLARNTEUIUATL
cometabolism U 19 TCEl# [7.8] ﬁﬁiuﬂwﬂ’u
NsnfiagAnyiosiuBu (gene) fiRIUANNIS
wanduleivad waz wnsnshlul#lunmsusuyge
Wugnssuvosidouuafisy  Welifiuse “nEamlu
mstey a1y 13 TCE _otuls

19N 1S9 W

1. f#nR 9aund Ty, S woEseR, Rawes
Wy, 180 waeledu wer Szl
WUEINT (2544) msuuiiouvas 15 Chlorinated
Ethylene Tufiu wazihléfiu uaznsdidnw
wavUsewAlny, 1on 15iHeuWs ERTC-WT/441,
AuSITaLarRAnausus S owIndoy, naw v 3u
AR ULIRRBY, NIeMTIIMEnA a3 walulad
ez vwIndou, 40 wih
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degradation by phenol degrading bacteria.
Recent Res. Devel. In Microbiology (1) 333-
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3. Fries, M. R and G.O. Hopkin (1994) Isolation,
characterization and distribution of denitrify-
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Appl. Environ. Microbiol (60) 2802-2810 p.
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Geographic Information System for Old SiteKukot Sanitary Landfill

an a o

wedidng J8und du, wie~ v PIYusn
wwdaudung Tanswoy

Abstract

Geographic Information System (GIS) of

Kukot sanitary landfill (old) was setup using
thirty layers of database. Twenty-six layers
were the database produced by Department of
Environmental Quality Promotion, which were
based on GIS database structures of 1:50,000
Pathumthani Province map. This study provided
another four layers including the information of
elevation, geophysics, geology, and hydrology. The
database will be used for further study on the risk

assessment from the landfill.
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WavpAn gunadignnl Jewinuyusil nsu vl 3y
AN swIndeuFuliinnsAneiduiiad sz
AL Bogaensmdnuszuuuilonavyaaiiaalveg
Tnuidon oudifivvuziAuyasimAuiafisugan
Fowimuyuend Ty omiidnuITetiu

QR T T R T P L R Y R ERK!
AudUINI9IBINITutugRIansalumInede’
vmsidedumouusn Tumsdmhszuu 15 wne
pfim asiadunisiiendayasiunenn s
aNNINEN waEFUMSWRIUA  U3nusBUR
nauilunauvEzARn (LHw) AlFTins@nuunniou
naonawihfoyad 953aiuiuly uiidein
welulwdavsiu Sufinny AsanIsfdiunS
AnuITenietiaeiulasomsliun nsdavhunud
UL AUNNEUE)NUTEWMANIATY U

2. MSANUUNIS

2.1 1fvna:sousoudonaniuoguad
Tu uRiRgoteviulasinns Baus:nourde

= fdayamomenw lun  nmpfivszma
FYPUAY 0 Bllpvavhu Ao WORNIONIENIN
Trse $1smsnsseastuiiu AuEnuazATILIIN
yautuAY FayaunuIAa YBUWALAEAINENYBY
fududinh  An uURvasnisnwuarmoAfiuny
$uh ms uhande mszduhund mszsuhan
uazdioyavnusarn niusodumiv

= foyasmugnnineiuaz)fioinia lHud
Ustnoshay USinnuazannwihifuainusith
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Abstract

Most of the pig slaughterhouses in Thailand
are small and do not efficiently address
environmental management. In this study, two
different sized slaughterhouses were investigated:
one in Lamphun Municipality, the other in Chiang
Mai Municipality. The focus of the study was on
the potential of cleaner technology to reduce the
generation of wastewater and solid wastes, and
the responsibility of staff prior to and after the
application of such technology. Wastewater analysis
included 5 parameters: BOD, COD, TKN, SS, and
Oil and Grease. The Lamphun slaughterhouse
already operated primary treatment facilities prior
to this study. The results of wastewater for the
five previously listed parameters before cleaner
technology application were 38.9, 52.6, 49, 10.8,
and 3.5 kg/day, respectively. A reduction of
wastewater between 23-57%, depending upon

the parameter, was realized after the adoption of
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clean technology. Chiang Mai Municipality’s
slaughterhouse had no primary treatment facilities.
Wastewater quality before clean technology
application was 120.5, 173.9, 17.6, 35.7, and
144 kg/day for the respective parameters. After
the implementation of cleaner technology, there
was a reduction of wastewater ranging between
23-34% for the various parameters. Moreover,
there was a significant reduction in BOD at both
slaughterhouses after the adoption of cleaner
technology, although levels still remained high.
BOD of wastewater before discharging into the
receiving waters was reduced to 18.0 kg/day
at Lamphun Municipality’s slaughterhouse and
193 kg/day at Chiang Mai’s slaughterhouse. In
addition, Lamphun slaughterhouse’s utilities were
reduced by 10-30% while Chiang Mai slaughter
house’s utilities were reduced by 10%. In
conclusion, cleaner technology application can
be successfully applied to reduce wastewater in
municipal slaughterhouses with the cooperation of

municipality staff at the slaughterhouses.

1. Introduction

Most slaughterhouses in Thailand are small
and owned by municipalities. They do not efficient
address environmental management nor do they
tend to meet the standard requirements. Thus,
the operation of the slaughterhouses tends to
negatively impact the natural environment and
the life of the people living nearby. Municipalities’
slaughterhouses often release large amounts of
waste into the environment, which contribute to
the problems of land and surface water pollution
and pose serious human health risks. Exacerbating
this situation is that due to poor water supply
infrastructure and the need for a great quantity of
water for cleaning and sterilization, slaughterhouses
often operate in urban settings where the discharges

of blood, offal and other waste products are

totally uncontrolled. Consequently, the main
problem arising from slaughterhouses is the
wastewater generated, which contains a consi-
derable concentration of organic compounds, such
as fat, oil, and protein, which are all biodegradable
compounds and lead to oxygen demand reduction,
and high BOD. However, using simple technologies
can often reduce the environmental impact. Thus,
this study investigates the use of cleaner
technology and cleaner production. Cleaner
technology can be effective at reducing wastewater
discharge and the use of water and utilities by
adapting the pre-existing processes. The study area
is located in the northern part of Thailand
in Lamphun and Chiang Mai Municipalities’
slaughterhouses, which differ in size of operation.
Lamphun Municipality’s slaughterhouse is
representative of a small-sized operation while
Chiang Mai Municipality’s slaughterhouse is
representative of a medium-sized operation. Meat
production was 57 and 120 heads/day respectively.
The objectives of this study are to investigate
the status of environmental and related resource
problems in the slaughterhouses and to apply and
evaluate cleaner production in reducing waste

loads from the slaughterhouses’ operations.

2. Methodology

Methodologies used in this study included
surveys, interviews, observations, and sample
collection both before and after cleaner technology
application. In general, the operation of the two
slaughterhouses selected were primitive, manually
operated, and unsystematic. Moreover, most stages
of the slaughtering process were carried out on
the floor. The slaughtering process mainly covers
the activities in the slaughterhouse including
transportation and cleaning. The main sources of
wastewater come from pigwashing, scalding,

offal-cleaning, splitting-cleaning, and floor-cleaning.



Each stage releases wastewater into the same line.
Therefore, wastewater samplers were collected in
the line at the station before and after the treatment
process. The five water quality parameters were
observed in this study: BOD, COD, TKN, SS, and
oil and grease. The sampling points selected
were 1) where all the wastewater mixed before
flowing into the treatment facilities, in the case
of Lamphun’s slaughterhouse, and 2) where the
wastewater had been treated but not yet
discharged into the receiving waters. Lamphun’s
slaughterhouse has primary treatment facilities
such as course screening and sedimentation tank
while Chiang Mai’s slaughterhouse has no such
treatment facility. The steps of this study are listed
below:

1) Field Visits: The Cleaner Technology
team met with the respective municipalities, staff
in the slaughterhouses, and the pig owners to
acquire their cooperation and to gather the necessary
facility and process related information.

2) Understanding the Slaughtering Process:
The slaughtering process while producing meat
products also generates wastes. The production
process for slaughtering involves a) landing,
inspecting and cleaning b) stunning and
exsanguination c¢) scalding and deharing d)
splitting, and lastly e) distributing to the market.
Since most of the process work is carried out on
the floor of the slaughterhouse, meat products
could potentially be contaminated. The stages of
the slaughtering process are shown in Figure 1.

3) Transportation: Before transferring pigs
to the slaughterhouse, pigs get stressed during
transportation and resting. Therefore, spraying and
drinking water are necessary. The stress can affect
the quality of meat. After splitting, the pieces of
shrinkage are distributed to the market. Some

fresh blood is released onto the floor. Water

Pigs from livestock

+ Travmsporiationm

Landing of pigs in the stanghterhouse

Meat production

v v v

Stunning and
Exsanguination

Scalding and Splitting
Deharing |

Meat products

v

Market

Figure 1 General flow diagram for
slaughtering process

used for drinking and cleaning in this stage is
approximately 5 liters/head.

4) Stunning and Exsanguination: Hitting
the pigs with a stick is the favored method of
stunning in Thailand’s slaughterhouses. The fresh
blood released is approximately 30 kg/ton of
live pigs.

5) Scalding and Deharing: The shrinkage
is scalded in water with a temperature of
54-67°C for 3-5 minutes and dehared. Waste
from this stage include hair, skin and hot water
of approximately 20 liters/ton of live pigs.

6) Splitting: Solid wastes from this process
include offal, fresh blood, and wastewater. The
water required for adequate cleaning is approxi-
mately 2 m’/ton of live pigs.

7) Characterization of wastewater:
Wastewater was sampled and analyzed for 5
parameters: BOD, COD, SS, TKN and Oil and
Grease. Standard Methods for the Examination
of Water and Wastewater [1] were used for
preservation and analysis of the wastewater
samples. The sampling points are shown in

Figure 2 and 3.



Slaughterhouse (former)

Sampling point 1

Drainage

Sechmentation tank 1
Sedimentation tank 2

Storage tank

* Sampling point 2

Figure 2 Sampling point of water collection at Lamphun Municipality’s Slaughterhouse

Samplmg Pont 2

* Ground pipe Sampling Point 1
Water containe . . . . . .

Splitting .

Figure 3 Sampling point of water collection at Lamphun Municipality’s Slaughterhouse
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After the field visits to the slaughterhouses,
cleaner technology options were identified. Options
considered including housekeeping improvements
such as worker training on cleaner technology.
Such activities could serve to increase knowledge
and lead to better practices. Resources consumption
can be reduced by optimizing existing processes
or modifying equipment to increase efficiency and
save water resources, such as controlling the flow
of water for manual cleaning, using high pressure
rather than high volumes of water for cleaning
surfaces, decreasing the water container size in
the cleaning stage and reusing relatively clean
wastewater for other applications. Improved
maintenance of equipment and using covers to
prevent heat loss from devices can also improve

energy efficiency.

3. Results and Discussion
Based on the interviews and questionnaires,
the main problems encountered by the
slaughterhouses during the handling, processing
and disposal of solid waste can be categorized
as technical, managerial, operational, and health
and pollution. These are detailed below:
a) Technical problems were;
= unskilled manpower
= lack of technical know-how on product
development and environmental
protection
= no waste treatment facilities
= lack of technological infrastructure
= poor maintenance and operation of
equipment
b) Managerial problems included;
= poor knowledge on management of
livestock products
= lack of financial support

= 1o support from decision-makers

= poor administration in the slaughterhouses

¢) Operational problems in
the slaughterhouses included

= primitive way of collecting and treating
wastes from the slaughterhouses

= lack of personnel skill

= improper maintenance and operation
of equipment

d) Health and pollution problems included;

= inefficient waste treatment facilities

= pollution problems in surrounding
areas e.g. water, odour, noise, soil,
nuisance

= no special handling equipment

= limited waste reuse and recycle

3.1 Utilities and Waste Audits:

Utilities Audits

Table 1 and Table 2 show utility uses and
wastewater characteristics before and after clean
technology application in Lamphun and Chiang Mai
Municipalities” Slaughterhouses. The details are
provided below.

a) Water Audit

The existing water supply is trap water.
The water is used throughout the line process by
water container. The average water consumption
before and after cleaner technology application
was 0.80 and 0.56 ma/pig-head for Lamphun’s
slaughterhouse, and 0.62 and 0.54 m’ pig-head
for Chiang Mai’s slaughterhouse. The water audit
showed that the highest water consumption for
slaughtering occurred during the cleaning process.
The reduction of water use after cleaner technology
application in the slaughterhouses were 30.0 %
and 12.9 % respectively.

b) Energy Audit

The electricity and fuel consumption for
the whole process in Lamphun Municipality’s
slaughterhouse were 1.50 and 1.00 kWh./pig-head
for electricity and 0.42 and 0.37 kg/pig-head for



gas consumption before and after cleaner
production application. The application of cleaner
technology in Lamphun Municipality’s slaughter-
house reduced electricity and fuel consumption
approximately 33.3 % and 11.9 % respectively.
Electricity usage at Chiang Mai’s slaughterhouse
could not be evaluated since the facility has no
meter. A reduction of fuel consumption was 12.2%.

Waste Audits

a) Solid wastes

The main types of solid waste from
slaughtering operations are manure, residual matter,
and offal [3]. All of the waste from Lamphun’s
slaughterhouse was collected and used to produce
fertilizer while the waste from Chiang Mai’s
slaughterhouse was transferred to a sanitary landfill
site with domestic compost. Solid waste produced
from Lamphun’s slaughterhouse was approxi-
mately 75.3 and 45.8 kg/pig-head before and
after cleaner production. In Chiang Mai’s
slaughterhouse, solid waste produced were 79.1
and 62.6 kg/pig-head before and after cleaner

production application. Waste reduction of both

Table 1 Utilities and Wastewater Characteristics at

Lamphun

Municipality’s

Slaughterhouse
Utilities
- Water Audit m3/pig head
- Electricity Audit kwh/pig head
- Fuel Audit kg/pig head
Solid waste kg/ton
Wastewater m3/ day
- BOD kg/day (mg/L)
- COD kg/day (mg/L)
- TKN kg/day (mg/L)
-SS kg/day (mg/L)
- Oil & Grease kg/day (mg/L)

slaughterhouses were approximately 29.5% and
209 % respectively.

b) Wastewater and its characteristic

Wastewater from slaughterhouses is
mainly generated from spraying, cleaning, and
washing the floor and equipment. The cleaning
stage discharges the highest volume of wastewater
with high concentrations of BOD, COD, TKN, S,
Oil and Grease. Wastewater characteristics before
and after the application of cleaner technology
at Lamphun and Chiang Mai Slaughterhouses
are shown in Table 1. Wastewater at Lamphun’s
slaughterhouse passes through a primary treatment
plant, which includes coarse screening and
primary sedimentation tanks while Chiang Mai’s
slaughterhouse has no treatment process and all
its wastewater is directly discharged into the natural
receiving waters. Wastewater sampling points for
the slaughtering process at Lamphun and Chiang
Mai Municipalities’ slaughterhouses are shown in
Figures 2 and 3. The results of wastewater before
cleaner technology application were 38.9, 52.6, 4.9,
108, and 3.5 kg/day and after cleaner production

Lamphun Municipalities’ Slaughterhouse

After Cleaner

Before Cleaner

Technology Technology % of Reduction
Application Application
0.80 0.56 30.0
1.50 10 333
042 0.37 119
753 458 295
45.6 319 30.0
389 (852) 18.0 (395) 53.7
526 (1,153) 244 (534) 53.6
49 (108) 2.5 (55.4) 490
108 (237.3) 46 (101) 574
3.5 (76.6) 2.7 (59.2) 228
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application were 18.0, 244, 25, 46 and 2.7 kg/day
for BOD, COD, TKN, SS, and Oil and Grease,
respectively, with a reduction of between 23-57%
depending on the parameter. BOD before
discharging was 395 mg/L.

Chiang Mai Municipality’s slaughterhouse
has no primary treatment facilities. Wastewater
characteristics before and after the application
of cleaner technology are shown in Table 2. The
level of BOD, COD, TKN, SS, and Oil and Grease
prior to the implementation of cleaner technology
application were 120.5, 173.9, 17.6, 35.7, and
14.4 kg/day and after cleaner production
application were 93.0, 1153, 13.3, 24.9 and 10.1 kg/
day, respectively, with a reduction of wastewater
23-34% depending on the parameter. BOD before
discharging was 1,250 mg/L.

3.2 Analysis and identification of
cleaner technology options
After evaluation of the existing slaugh-
tering process, a number of cleaner technology

options were identified and applied for energy,

water conservation and solid waste management,
including the use of new technology, modification
of equipment, development of new product design,
and improved housekeeping practices.

a) Energy conservation

Energy is often an area where substantial
savings can be made almost immediately with
no capital investment. Significant reductions in
energy consumption are possible through
improved housekeeping and optimization of
existing processes, while additional savings can
be made through the use of more energy efficient
equipment. Steps taken at the slaughterhouses
included reducing heat loss by covering heat
devices, implementing switch-off programs, and
installing sensors to turn off lights and equipment
when not in use. Improved maintenance of the
equipment also led to greater energy efficiency.

b) Water conservation

Water is used extensively in the
slaughtering processing with the cleaning
process approximately 99.5%. A number of

water conservation initiatives were implemented

Table 2 Utilities and Wastewater Characteristics at Chiang Mai Municipalities’ Slaughterhouse

Chiang Mai

Municipality’s

Slaughterhouse
Utilities
- Water Audit ma/pig head
- Electricity Audit kwh/pig head
- Fuel Audit kg/pig head
Solid waste kg/ton
Wastewater m3/ day
- BOD kg/day (mg/L)
- COD kg/day (mg/L)
- TKN kg/day (mg/L)
- SS kg/day (mg/L)
- Oil & Grease kg/day (mg/L)

After Cleaner

Before Cleaner

Technology Technology % of Reduction
Application Application
0.62 054 129
049 043 122
79.1 62.6 209
744 64.8 129
1205 (1,620) 93.0 (1,250) 228
1739 (2.337) 1153 (1,550) 337
17.6 (237) 133 (178.8) 244
35.7 (480) 249 (334.7) 30.2
144 (193) 10.1 (135.6) 299




Figure 4 Slaughtering process before and after cleaner technology application

including the use of offal transport systems that
minimize the use of water, the installation of
fixtures that restrict or control the flow of water
for manual cleaning processes, the installation of
high-pressure rather than high volume equipment
for cleaning surfaces, and the reuse of relatively
clean wastewater for other applications, installing
meters on high use equipment to monitor
consumption, using closed circuit heat systems,
pre-soaking floors and equipment to loosen dirt
before the final cleaning, recalculating water used
in non-critical applications, and reporting and
fixing leaks promptly.

¢) Process Improvement

Actions taken to improve the overall
slaughtering process involved reducing the number
of pigs per area during the transportation stage
to approximately 0.4-0.5 m’/head, sweeping up
solid materials for use as by-products as opposed
to washing them down the drain, fitting drains
with screens and/or traps to prevent solid
materials from entering the effluent system, and
using dry cleaning techniques where possible by
scraping equipment before cleaning and cleaning

spills on the floor with squeegees.

4. Conclusion
Cleaner technology can be successfully

applied to reduce waste loads from municipalities’

slaughterhouses. Cleaner technology comprises
of various housekeeping and management
procedures, such as covering heat devices to
minimise heat loss and modifying equipment to
conserve water during the production process.
The adoption of cleaner technology as part of
this study led to a reduction in electricity usage
of approximately 33.3%, a reduction of water
consumption of 13-30 %, and improvement of
wastewater of between 3-68 %, depending upon
the parameter. Although improved environmental
management through the use of cleaner technology
can be realized throughout the various stages of
the slaughtering process, its implementation
depends on many factors, such as cost, technology
type (simple or advance technology), and the
availability of responsible staff. Thus, a cost-benefit
analysis should be a top priority in assessing
cleaner technology options. The most significant
cleaner technology benefits can be gained through
lateral thinking, without adopting technological
solution. A change on the part of slaughterhouse
directors, managers and employee is crucial to
gaining the most from cleaner technology. The
most common benefits for applying cleaner
technology in a slaughterhouse are reduced
operation cost, improved worker safety, water
and energy conservation, and increased environ-

mental protection. In fact, air pollution and solid
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waste are minor problems in comparison to the
production of wastewater. Moreover, the use of
by- products generated during the process can be
quite valuable. Slaughterhouse waste can be
composted and used as fertilizer or for fish food
[6]. Recycling manure by using it as feed for
other animals is practical, but only on a limited
scale due to widespread reluctance. This reluctance
originates from fear of health risks and from
the low nutritive value of manure [5].

In general, cleaner technology can be
applied to improve environmental management
in slaughterhouses. Pollution produced from
slaughterhouse operations can be reduced up to
a certain level based upon waste loads, the
support of decision- makers and municipal staff,
and budget availability. However, other factors
should be considered for cleaner technology
application i.e.:

= Cleaner technology should be continually

applied in slaughterhouses at Lamphun
and Chiang Mai.

= Since the cleaner technology operation

is a voluntary process. Thus, its
adoption is very dependent on
municipal decision-makers and their
staff. These key people should fully
support its use.

= A model or laboratory module should

be set-up to test various cleaner
technology methods prior to application
in the field.

= Waste treatment facilities should be set

up to treat waste from various sources

to the minimum standard requirement.
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Abstract

The development of an appropriate

diffusive sampler for investigation of VOCs,




especially benzene, toluene, ethylbenzene and
xylene (BTEX) in ambient air has been carried out
and trialed. This tube-type diffusive sampler was
stainless steel tube, packed with Carbograph TD-1,
can be extracted by a thermal desorption technique
involving solvent free desorption. The sampling
tube can be reused. The results of this study
indicated that Carbograph TD-1 was unaffected
by temperature and humidity. The results from
accuracy and precision tests were in good
agreement with the NIOSH (1987) acceptability
criteria for these parameters. Desorption efficiencies
of BTEX for the diffusive sampler were more than
95%. The study concluded that it is possible to
use this tube-type diffusive sampler for monitoring
BTEX in ambient air. A seven-day sampling period
was suitable for collecting BTEX in ambient air.
The diffusive uptake rates of benzene, toluene,
ethylbenzene and xylene for 7 days were calculated
to be 2.16+0.29 ngppmflminfl, 2.83+0.56 mgppm’1
min”, 2.75+0.67 ngppm 'min” and 2.84+0.46

ST | .
ngppm min , respectively.

1. Intfroduction

Currently, Volatile Organic Compounds
(VOCs) are one of the important air pollutants
that are presenting concerns in the worldwide
environment. Firstly, VOCs have been found to be
active in the formation of photochemical smog
and ground level ozone production.[1] Secondly,
several VOCs found in urban air are directly
harmful to human health on neurological effect,
carcinogenicity, tetratogenicity and mutagenicity.
[2] To manage and control VOCs emission from
any sources, it is necessary to monitor their
emission in order to understand and obtain data
from their source profiles and level that distribute
to the environment. For the monitoring of VOCs,

diffusive (or passive) sampling is one of alternative

techniques to active monitoring that can be used.
The principle behind this technique is one of
molecule diffusion from a region of high
concentration to a region of low concentration.
A diffusive sampler is capable of taking samples
of gases or vapors from the atmosphere at a rate
controlled by a physical process such as gaseous
diffusion through a static air layer or a porous
material and/or permeation through a membrane.
It does not involve any active movement of air
through the device by a pump. The diffusive
samplers have specific advantages of low cost,
ease of use, and no need for power supply. They
are a cost-effective way of monitoring specific
species on an urban, regional or even global scale.
[34] They can be used in response to particular
research needs, for instance, the study of the
source/receptor relationship and validation of

atmospheric dispersion model, etc. [5,6]

Numerous studies based on diffusive
sampler for VOCs monitoring in ambient air have
been conducted, however most of these have been
conducted in more temperate, higher latitude
environments. There is still scarce research on
diffusive sampler for VOCs monitoring in tropical
environment such as Thailand. Because Thailand
is different in level of VOCs exposure to the
environment, temperature, humidity and geography
comparison to the others countries in Temperate
Zone, therefore, testing trailing and modification
of a diffusive sampler for VOCs monitoring in
ambient air was carried out in this study. The overall
goal was to be able to obtain an appropriate

diffusive sampler for VOCs monitoring in Thailand.

2. Materials and Method

To ensure the reliability and accuracy of

modified diffusive sampler for collection of VOCs,



the validation and the determination of performance
characteristics of modified diffusive sampler were
carried out. Benzene, toluene, ethylbenzene and
xylene (BTEX) were chosen as target compounds
as they are often dominantly in urban environments

and have toxic properties.

2.1 Preparation of modified
diffusive sampler

Stainless steel tubes (8.9-cm long x 0.64-cm
O.D) were packed with Carbograph TD-1, mesh
size 40/60 (Figure 1). Various loadings were trialed
and finally two sets; 150 mg and 450 mg of
Carbograph TD-1, were adopted. Prior to use,
these tubes were conditioned by cleaning tube
system (Dynatherm Analytical Instruments, INC,
Model 60 six-tube conditioner) at desorption
temperature 350(C for 60-90 minutes with nitrogen
gas (UHP grade, 99.999%) flow rate at least 60
ml/min.

Figure 1 Tube-type diffusive sampler

2.2 Blank tests

Unexposed diffusive samplers were analyzed
in triplicate with thermal desorption followed by
GC-MS analysis. The thermal desorption/GC-MS

conditions are described below.

2.3 Thermal desorption and
GC-MS analysis

Analysis was carried out using thermal
desorption (Unity)/GC-MS (Shimadzu QP-5000)

for all diffusive samples. The diffusive sampler
tube was placed in a compatible thermal desorption
unit and the air purged from the tube to avoid
chromatographic artifacts at 35°C for 5 minutes.
The tube was heated and a compatible flow of
helium gas (UHP 99.999%) to extract BTEX by two
stage desorption was adopted. Primary desorption
was for 10 minutes at 250°C followed by secondary
desorption from the cold trap at 310°C for 15
minutes. The desorption flow rate was 30 ml/min.
The split flow rate was 70 ml/min. The split
ratio depended on the concentration of BTEX in
the samples. The amount of sample vapor was
passed onto a transfer line at 120°C through
a capillary column of GC-MS (SPB 624, 0.32-mm
OD, 60-m long and 1.8 um film thickness). The
operating condition for the analytical column was
based on a temperature ramp of 4'C/min from
35°C (10 minutes) to 200°C (8 minutes), with a

helium gas flow rate of 2 ml/min.

2.4 Determination of method
detection limit

A low level BTEX standard (10 ng) was
injected onto an unexposed diffusive sampler in
seven replicate and these were analyzed by thermal
desorption/GC-MS. The standard deviation for
the seven replicate concentrations was computed
and multiplying this value by 3.14 (the student’s
t value for 99 percent confidence for seven value),

gave the accepted detection limit.

2.5 Desorption efficiency of
diffusive sampler

Known amounts of benzene (0.130 pug),
toluene (0.128 ug), ethylbenzene (0.128 ug) and
xylene (0.128 ug) were injected onto unexposed
diffusive sampler in triplicate then analyzed by
thermal desorption/GC-MS. Desorption efficiencies

were calculated using equation (1).
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Ml‘
D = x 100 1)
Ma
D = Desorption efficiency (%)
M, = Mass recovered (ug)
M, = Mass applied (ug)

2.6 Test environmental factor
affecting

To assess the main effect that may be
associated with modified diffusive sampler,
orthogonal experimental design was conducted as
shown in Table 1.

The BTEX were generated dynamically
with Permeater (Gastec, Model PD-1B). Liquid
standards of benzene, toluene, ethyl benzene and
xylene (BTEX) were put into a diffusion tube and
kept at a constant temperature in a water bath at
25°C. Standard gases of BTEX were generated and
their vapors were split into two streams. One stream

was directed to the mixing chamber unit where it

was combined with the humidity system and
exposure chamber. The second stream was directed
to an exhaust part, which trapped with activated
carbon. Temperature and humidity were measured
by hygrometer. The desired concentration of
BTEX was calculated from diffusion rate of diffusion
tube and airflow rate throughout the system.
Concentrations of standard gas from diffusive tube

can be calculated as equation (2).

Dr x K x 1000
cC = ——— ()
F
C = Standard gas concentration (ppm)

Dr = Diffusion rate (g/min)
K = Coefficient for converting gas
weight to volume

F = Dilution gas flow rate (ml/min)

The diffusion rate can be calculated by

the equation (3).

Table 1 Experimental design for testing environmental factor affecting, exposure time and quantity of sorbent

At Concentration Tempsrature
(ppm) ‘o
1 A, B,
2 A, B,
3 A B,
- A B,
5 Ay B,
6 A, )
7 A, )
8 A, B,

Humidity Exposure time Quantity of
(%) sorbent (mg)
C, D, E,E,

G, D, E.E,
G D, E.E,
G, D, RN
G D, E.E,
C, D, E,E,
C, D, E,E,
G, D, E.E,

A, = Concentration of benzene 0.68 ppm, toluene 0.45 ppm, ethylbenzene 0.37 ppm and xylene 0.48 ppm.

A, = Concentration of benzene 1.08 ppm, toluene 0.84 ppm, ethylbenzene 0.65 ppm and xylene 0.74 ppm.

B, = Temperature 25°C, B, =
C, = Relative humidity 50%, G =
D, = Exposure time 8 hrs, D, =

El = Quantity of sorbent 150 mg, E,

Temperature 40°C
Relative humidity 80%
Exposure time 1 week

Quantity of sorbent 450 mg



Esihsust gpas
A

Flow meles

Aur Compress:

_..! Hurmudifier unmt

ootandacd gas

Diffusive sample
Fermeater e—— l

DrifYinziom
Tube

Exposure

Mining Chember
e

Flow meter

b

Ajr Compressor

Active sampling

Figure 2. Diagram of exposure system

m x 10°
Dr = — ©)
Ti
m = Reduced weight of sample (g)
Ti = Interval of measuring weight (min)

A diagram of the exposure system is shown
in Figure 2. Modified diffusive samplers were
exposed simultaneously into exposure chamber and
tested under condition as mentioned in Table 1

and analyzed by thermal desorption/GC-MS.

Modified diffusive samplers were exposed
simultaneously in the exposure chamber, and at
the same time the mass of BTEX from exposure
chamber were sampled by pump. The uptake rate
of BTEX was calculated using equation (4). The
comparison between diffusive sampling and active

sampling in laboratory was evaluated.

U, = Diffusion uptake rate
(ngppm 'min”)

M, = Mass observed (ng)

TC = True concentration (ppm)

t = Exposure time (min)

During a part of the field trials, the diffusive
samplers were set up at Environmental and
Research Training Center, Pathumthani province,
Thailand. This sampling site was adjacent to the
receiver-monitoring path of an operating Opsis
instrument. Exposure time was varied across 1 day,
7 days and 14 days. The concentration of BTEX

in ambient air was calculated using equation (5).

my - m
C = g (L'))
U, xt
C = Concentration of a compound
interested (ppm)
my = Mass of analyze which is

desorbed by diffusion (ng)
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m, = Mass of analyze which is
desorbed from the blank (ng)
U, = Diffusion uptake rate

(ng.ppm_lmin'l)

t = Exposure time (min)
3. Result and Discussion

3.1 Blank level

The blank level of Carbograph TD-1
adsorbent in diffusive sampler was evaluated. It
was found that the mean mass of benzene, toluene,
ethylbenzene and xylene were 0.68+0.02 ng,
3.21+0.08 ng, 0.41+0.02 ng and 0.26+0.02 ng,
respectively. Comparing the blank level of
Carbograph TD-1 with the studies of Brown [7],
it was concluded that the blank levels of benzene
and xylene were lower (3-6 ng benzene and 1-5 ng
xylene) while the blank level for toluene was in
the range 3-6 ng. Moreover, the blank levels
compared well with the results reported in
Method TO17[8] in which the mass of each analyze
retained ranged from =5 ng to = 10 ug in most
ambient air monitoring. Therefore, if the artifact
levels are considerably above these values, the tube
conditioning and storage procedure must be paid

attention.

3.2 Method detection limit
Table 2. showed the method detection

limit of BTEX. These values were the minimum

Table 2 Method detection limit for BTEX

Compounds

concentration of BTEX which can be measured
and reported with 99% confidence that the analyze
concentration is greater than zero and can be

determined from analysis of a sample.[9]

3.3 Desorption efficiency of
diffusive sampler

The results showed desorption efficiencies
for the modified diffusive sampler were greater
than 95% for benzene, toluene, ethylbenzene and
xylene. The desorption efficiencies observed in this
study were in good agreement with the results
reported in MDHS 80 [10] in which efficiencies

greater than 95% were recommended.

3.4 Measurement of BTEX con-
centration from exposure chamber

The BTEX standards were generated by
a dynamical system in the validation of the
modified diffusive sampler. To check the accuracy
of the BTEX concentration, the true concentration
of BTEX in the exposure chamber was measured
by active sampler, which used a battery-powered
pump. The variations between calculated (desired
concentration) and measured concentration for
the BTEX have been calculated as percentages.
The results showed relatively good agreement
with differences of < 25%. These data for BTEX
concentrations demonstrated good agreement
with the NIOSH acceptability criterion for accuracy
of results within +25%. [10]

MDL+SD (ng)

Benzene
Toluene
Ethylbenzene
o-Xylene

3.85+1.23
5.08+1.62
466+1.49
13.91+4.43




3.5 Repeatability test
The relative standard deviations of repeatability
of diffusive sampling analysis in the triplicate
analysis were mostly less than 10%. These results
demonstrated good agreement with the NIOSH
acceptability criterion for precision, with the results
deviating less than 10%.[10]

3.6 The study of environmental
factors affecting results temperature
factor

A test of the significance of the difference
of the mean BTEX concentration at temperature
25°C and 40°C were analyzed by the paired-
sample test. Summary statistics for the two groups
of the temperature all eight treatments indicated
that there were no significant difference among the
results obtained at temperature 25°C and 40°C.
This finding implied that temperature did not
effect the concentration of BTEX when using
diffusive samplers. The study on temperature
effecting the diffusive sampler (with Carbograph
TD-1) could not be compared to other reported
studies since there are still scarce information.
However, in practice, temperature might cause
some back diffusion (this is the same phenomenon
involved in the thermal desorption process).
[11,12] Therefore, it is suggested that sampling
devices should be protected from heat sources

such as direct sunlight in the field.

Humidity factor

A test of the significance of the difference
of the mean BTEX concentration at relative
humidity of 50% and 80% were analyzed by
the paired-sample test. Summary statistics for
the two groups of the relative humidity all eight

treatments indicated that there were no significant

difference among the results obtained at relative

humidity 50% and 80%. This finding implies that

the humidity does not influence the efficiency of
the diffusive samplers. A comparison with a study
reported by De Bortoli et al [13] for humidity
factor affecting to Carbotrap which its properties
was equivalent to Carbograph TD-1, has been
made and it is found that they obtained similar
results. One can conclude that humidity has no

effect on the diffusive sampler.

Exposure time factor

The effect of exposure time on the
efficiency of the diffusive samplers (150 mg
Carbograph TD-1 and 450 mg Carbograph TD-1)
was tested. Two different time periods, 8 hrs and
7 days, were chosen for this experiment. It was
found that the concentration of benzene in the
150 mg Carbograph TD-1 was reduced more than
a factor of two when compared to the concentration
of benzene in 450 mg Carbograph TD-1 as the
concentration of benzene was more than 0.56 ppm
and the exposure time 7 days. This finding might
be caused by back diffusion phenomenon since
the adsorbent may be saturated with benzene at
the level > 0.56 ppm. However exposure time did
not appear to influence the efficiency of diffusive
samplers for collecting toluene, ethylbenzene and
xylene at the level of 0.69 ppm, 0.52 ppm and
0.66 ppm, respectively, which were generated in

the exposure chamber.

Quantity of adsorbent factor

It was found that the quantity of adsorbent
(Carbograph TD-1) might be depended on the
concentration and exposure time. The findings
from this study suggested that 150 mg
Carbograph TD-1 can be applied for low
concentration of BTEX at level concentration
< 056 ppm and 450 mg Carbograph TD-1 can
be applied for high concentration of BTEX at
level concentration > 0.56 < 1.13 ppm. It is highly
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unlikely that BTEX concentration greater than
0.56 ppm will be reached in ambient air. Provided
sampling time is considered the lower quantity of

adsorbent can be used.

3.7 Diffusive uptake rate

Table 3. shows the diffusive uptake rates
for the BTEX species. In comparison to diffusive
uptake rate in this study with the studies of
Brown [14,15] for benzene at exposure time for
1 week, it was found that the diffusive uptake
rate for benzene at 2.16+0.29 ngppm'lmir(1 was
within the range of 1.99 ngppm"lmin-1 to 2.28
ngppm 'min” of the other studies. The diffusive
uptake rate for toluene at 2.83+056 ngppm 'min"
was comparable with the range of 175 ngppm’
min" to 257 ngppm'lmin'l. The diffusive uptake
rate for xylene at 2.84+0.46 r1gppm'lmin-1 was
comparable with the range of 2.16 ngppmflmin’1
to 2.58 ngppm 'min". Therefore, the obtained
diffusive uptake rates for benzene, toluene,
ethylbenzene and xylene in this study were used for
calculating the concentration of benzene, toluene,

ethylbenzene and xylene in the diffusive sampler.

3.8 Comparison between diffu-
sive sampling and active sampling
in laboratory

The findings from the comparison between
diffusive sampling and active sampling in

laboratory by reliability analysis test indicated that

there was good agreement in the measurement.
The intra-class correlation coefficients (ICC) value
between diffusive sampling and active sampling
for investigation benzene, toluene, ethylbenzene
and xylene were 0.878, 0.713, 0.718 and 0.830,
respectively. These results indicate that the diffusive
sampling technique can be used as well as active
sampling. These results also support the use of

the determined diffusive sampler uptake rate.

3.9 Comparison between diffu-
sive sampling and Opsis instrument

Comparisons between the diffusive
sampler and the Opsis instrument based on
exposure times of 1 day, 7 days and 14 days
were made for benzene and toluene. It was found
that the 7 days results gave the best relationships
(Figure 3). It seems appropriate, subject to further
comparative study between the two methods, to
recommend a 7 days sampling period as being
optimum for the diffusive sampling unit. Reliability
analysis test was also evaluated between diffusive
sampler and Opsis instrument for investigation
benzene and toluene at exposure time 7 days,
it was found that the intra-class correlation
coefficients value between diffusive sampler and
Opsis instrument for investigation benzene and
toluene were 0.423 and 0418, respectively. These
results indicated that there was a moderate
agreement between the two measurement methods

and that further parallel study is recommended.

Table 3. Uptake rate of BTEX from experimental at difference exposure time

Compound

Uptake rate (ng/ppm/min)

Exposure time 8 hrs Exposure time 7 days
Benzene 2.09+0.44 2.16+029
Toluene 2.46+0.53 2.83+0.56
Ethylbenzene 3.11+0.67 2.75+0.67
Xylene 2.95+0.40 2.84+0.46




4. Conclusion

A summary of the conclusion presented
that it was possible to utilize diffusive sampling
method as well as active sampling and also utilize
this sampler in parallel to Opsis instrument for
investigation BTEX in ambient air. The modified
diffusive sampler could be applied for investigation
BTEX in rural, sub-urban, urban area and indoor air.
One hundred and fifty milligrams of Carbograph
TD-1 is suitable for low concentration of BTEX at
level < 0.56 ppm. Four hundred and fifty milligrams
of Carbograph TD-1 is suitable for higher
concentration of BTEX at level = 0.56 < 1.13 ppm.
A seven day exposure time for collecting BTEX
in ambient air is recommended. During sampling,
the diffusive samplers in the field should be
protected from heat source such as direct sunlight
in order to eliminate the back diffusion affect
from temperature that it might occurred. The
sampling tubes used in this study are suitable for
application to a wide range of VOC’s and further
research based on other atmospheric hydrocarbons

is recommended.
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State of Air Quality in Nakhon Ratchasima Municipality,

Nakhon Ratchasima Province

Fazww feRsaniuy’, kn - winws’
Aswod v, B5u Wewly®

Abstract

The study on state of air quality in Nakhon
Ratchasima municipality was conducted to
anticipate the air quality problem in Nakhon
Ratchasima under Agenda 21. Ten major air
pollutants were studied, such as sulfur dioxide
(5O,), nitrogen dioxide (NO,), nitric oxide (NO),
nitrogen oxide (NO,), carbon monoxide (CO),
ozone (O;), total hydrocarbon (THC), methane
(CH,), non-methane (Non-CH,) and particulate
matter (PM-10). The mobile air quality monitoring

station was installed at 2 sites in Nakhon
Ratchasima municipal area. The measurement
was done continuously for 13 days. The results
showed that the concentration of 5 major
pollutants such as SO, NO, CO, O; and PM-10
were far lower than the national air quality
standards except for the maximum value of
24 hours average of PM-10 wich was 025 time
less than the standard in May 16, 2001 at K.S.
Pavilion hotel, in which this hotel is located near

the traffic intersection. It showed that traffic is an

*audiSeuazinousui owindew nau ‘o Supmn uwanden walue1il neasawh o.ARBoMa AUNueT 12120 Tns. 0 2577 41829 Tns 75 0 2577 1138
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important source of PM-10 in the city and should
be under control in the future. As for the other
5 pollutants, there are no national standards given
for each pollutant. However the concentration of
these pollutants are normally found throughout

the atmosphere.
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1. dusgopvrwndnndy 10 Tupsou (PM-10)
2. asusunauanlEs (CO)

3. lulnsausanlss (NO, NO, NO,)

4. Faaslaeanles (S0,)

5. lalau (0,

6. lalpsmsusu (HC, CH,, Non-CH,)

Beta ray absorption
Non-dispersive infrared detection (NDIR)
Chemiluminescence
Ultraviolet Fluorescence
Ultraviolet Absorption
Flame Ionization Detection (FID)
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Establishment of emission inventory data for
acidification modeling in Thailand

melfnnusiudialne- Jiau n9u ‘o 5u
ANIW S suIndaulihnisAne13dui300n13
AN ¥ wYBUNIAUUIEIANY (Study of Possible
Acidification in Thailand) 939U IVL, Swedish
Environmental Research Institute W% Swedish
Meteorological and Hydrological Institute (SMHI)
Tnefifagusy vAWsldnsufvlSnmnenn & «
Yoy 195n3Alu swIndeuvasUsEmAlesuiiosn
nunserfimfomelutaznusnussma

Tun1sfnwinsuiidelffinsdanhdnydnie
szvy 19naRluuTssmA Ingldmelinnisusydfiu
n153zu1y 19n9man danslfidewmaelunia
VSEgNaR10 wazthuUseliunsseuIy 19NNy
nunauidnsiieg TuawsInvasUsemafin na
funsszuneviosiofudl (Spatial distribution) umz
#2181 (Temporally distribution) Heiliadah
suuvudayahniugudeyanisszuivusy 15
N9R (emission database input) THunwuudaey
Multiple Scale Atmospheric Transport and
Chemistry Model (MATCH) Wauszifiunis
AN ¥ wwpy 19nInlulszmAlessll wwudiang
Isvhmsuszfiumsnn ¢ wwavnen Iaglétoys
anflesinenludionan 12 deu (Waumnay 2544 -
fquiny 2545) YBUNMSARMINATIY BUNISAN ¢ o
waonsaalsenA  dothisysiidinlifainuuy
dmoy wSsudisuiudoyafiniainads wanis
Anwmu deyavio ufiay anadaciuidustied
Tawriis avatlutheidsiufe 2 whussriwdy

Dr. Hathairatana Garivait’, Mr. Sirapong Sooktawee’

Abstract

Within the framework of the Thai-Swedish
Cooperative program, Department of Environmental
Quality Promotion (DEQP), the Swedish
Environmental Research Institute (IVL) and the
Swedish Meteorological and Hydrological
Institute (SMHI) have jointly performed a study on
possible acidification in Thailand with the aim of
determining the relative contribution from national
emission sources to potential acidification in the
country’s ecosystem.

An emission inventory has been developed
from a combination of top-down (sector statistics)
and bottom up (local emission inventories)
perspectives, the temporally and spatially
resolved emission inventories for Thailand were
established to provide a series of emission
estimates which could be used as an input to
a regional transport and dispersion model,
namely, Multiple Scale Atmospheric Transport
and Chemistry Model (MATCH). The model
was driven by archived, high resolutions
meteorological data extending over a 12 months
period covering the monitoring campaign. The
model output has been compared with
measurement data to ensure realistic performance
of the model and the uncertainty of the emission

estimate compiled by ERTC. The results of
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measured and modeled calculation concentration for
air pollutant levels and deposition of acidification
substances showed good agreement within a factor

of two, which is considered a successful result.

l. Infroduction

Emission data supply one of the most
important pieces of data required by air quality
dispersion models for atmospheric pollutants:
the amount of pollutants emitted on each point
in space at a given moment, ie. the emission
inventory. The elaboration of emission inventories
for an urban area or on a national, regional or local
basis is a necessary step when setting up plans
to control the levels of pollutants.

Emission inventory is a compilation of
pollutant emission estimates classified according
to the different sources of emissions. Emission
inventories contain data from three types of source
emissions: point, area and mobile/line sources.
Point source emission estimates are provided on
an individual plant/facility or emission outlet in
conjunction with data on geographical position,
capacity, type of process, operating conditions, exit
gas temperature and velocity, etc. Area sources
deal with diffuse sources, where the necessary
information is provided on area basis and is used
to identify an aggregation of sources, which because
of their size or number cannot be easily classified
as point sources. Emission from area sources is
assumed to be spread over a certain geographical
area, where averaged values in space and time are
used for each square of the grid system adopted.
Mobile/line sources are used to estimate emission
routs like streets, highway, waterways, etc.

A source emission relationship for
atmospheric pollutants is necessary if the
objectives are to obtain a better understanding of
the causes of air pollution exceedences occurring

in a determined area and to develop strategies for

bringing the area into compliance with the air
quality criteria. Emission inventory studies are
imperative not only for computing the emissions,
but also for providing guidance in organizing and
presenting such data in a concise manner.

In our study, a regional transport and
dispersion model, namely Multiple Scale
Atmospheric Transport and Chemistry Model
(MATCH), developed by Swedish Meteorological
and Hydrological Institute (SMHI) will be used as
a tool to estimate possible acidification in Thailand.
The establishment of temporally and spatially
resolved emission inventories for Thailand is
necessary to provide a series of emission estimates,
which could be used as an input to the modeling

system.

ll. Methodology

There are two different approaches to
perform emission inventories, the top-down and
the bottom-up approach. Depending on the
emission source type and the availability of
statistical data, either the bottom-up or the
top-down approach may be more suitable.
Unfortunately, emission inventories works from
either approach is still scarce in Thailand.

For bottom-up approach, Pollution
Control Department (PCD) in 1994 made the first
attempt on emission inventory for air pollution
in Thailand. The study aimed to establish an
emission database for air quality management in
Thailand. The main objective was to explore the
major emission sources, collect source data and
set up emission database in geographical
information system (GIS) format. The work
focused on 11 industrialized provinces out of 76
provinces in Thailand. The emission, in ton per
year of sulfur dioxide (SO,), oxides of nitrogen
(NO,), carbon monoxide (CO), suspended
particulate matter (SPM) and hydrocarbon (HC)



were estimated for various sources, such as
stationary, mobile and area sources. For stationary
sources, 547 big point sources of industries and
power plants were explored for the emission
database. This is the most complete database for air
emission in Thailand up to now.

Top-down statistic method uses available
inventories for a greater emission area and
disaggregates the overall emissions to sub-units
using actual data for source strength and emission
generating activities [1]. The underlying assumption
for this approach is that the emission distribution
follows the pattern of demographic and socio-
economic data. Based on this method, the stepwise
procedures for emission inventory work in this study

are as follows.

= Calculate national total emissions of
the target pollutants based on energy
consumption data. It should be noted
that the problem of non-linear relation-
ship between energy consumption and
emissions was also considered in
emission calculation by taking into
account the different types of fuels
used in different sectors.

= Placing known emissions and location
of major point sources. The total
emission of point sources can be
determined by summing up all emissions
from these major point sources.

= Determine the area emission by
subtracting the total point source
emissions from the corresponding
national total emission.

= Disaggregate the area emission by
population density and land use using
geographical information system (GIS)

approach.

In our study, we aim to establish the
emission inventories of SO, and NO, using
top-down approach, which could be used as an
input to the MATCH model given the model
approach (horizontal resolution, chemical scheme,
etc.). The following sections describe and justify
the methods and data used to estimate the
magnitude of emissions and their spatial
distribution in Thailand for the year 1994 and
2000. The emissions of the year 2000 will be used
as the emission of the studied year according to
the monitoring period (June 2001- June 2002) in
this study. The base year of 1994 was chosen due
to a higher degree of bottom-up data availability

compared with the studied year.

2.1 Estimating SO, and NO, emissions
in the year 1994

The estimation of SO, and NO, emissions
in 1994 was done based on the PCD database
[2]. However, there are some data not available
in the PCD database for some particular sectors.
Such data will be replaced by the emission data
reported by Department of Energy Development
Promotion (DEDP) based on Thailand energy
consumption 1994 [3]. The decision can be made
since the total emissions of the target pollutants
reported in the PCD database 1994 (1.2 Mton
and 0.46 Mton of SO, and NO,, respectively)
were consistent with those emissions reported
by DEDP in the same year (1.3 Mton and 0.53
Mton of SO, and NO,, respectively).

2.1.1 SO, emission in 1994

= National total emissions

1,195,978 ton-SO,/year
= Total emissions from the major point
sources 878,496  ton-SO,/year

According to the PCD database 1994,

all point sources that emit more than 10 ton-SO,/




year are considered as major point sources in
this study. These comprised of 194 point sources
out of the total 547 point sources investigated in
the PCD database 1994. The total emission of
the major point sources was calculated by taking
into account the emission amount of those 194 point
sources.
= Total area emissions

449,482 ton-SO2/year

The total area emissions were calculated
by subtracting the total point source emissions
from the corresponding national total emissions
plus the emission from transport sector which is
estimated based on fuel consumption in the DEDP
report (1,195,978 - 878,496 + 132,000 = 449,482 ton).

= Spatial disaggregating of the area

emissions

The principle of the disaggregation
system is to relate emissions from various source
categories to the areas where the emissions
actually take place. In this study, the geographical
information system (GIS) tool, namely, Arc view
GIS 3.0a Patch, is applied to allocate emissions
from the smallest administrative units to the
actual relevant areas. The Arc view GIS 3.0a Patch

is upgraded from the website www.esri.com. The

script was downloaded from http://arcscripts.
esri.com with extensions as follows; Geo-processing,
Gridder Aide, Grid Utility 1.1, Spatial Analyst,
Grid Transformation Tools (sample) and Surfer
Extension 2.5. The spatial disaggregation of the
area emission described in this study was done
by two different methods: one is the disaggregating
by population density and another one is the
disaggregating by land use.

Disaggregating of emission amount by
population density:

The resolution of 5x5 km in the Arc view

GIS 3.0a Patch was used for this purpose. The total

grid number according to the resolution is 20,610

grids. Since the difference of population between
1994 and 2000 was only 3 millions, we assumed
to use the population density data of the year 2000
for the disaggregating of emission by population
of both years. The lowest possible administrative
unit in this study, for which population data in
the year 2000 are correctly available, is in the
district level, as shown in figure 1. The sum of
all the districts gives the total population of
60,869,899 heads. The emission (ton) in each grid

was calculated as follows.

Emission (ton) in grid,

= Total area emission x Population in grid;

Total population

Disaggregating of emission amount
by land use:

The land use classification in the Arc view
GIS 3.0a Patch consists of industrial area, urban
area, water, forest, golf course, agricultural and
miscellaneous, as shown in the figure 2. This is
slightly different from the emission estimation
by economic sectors reported in the PCD database
1994 which are industry, mining, residential,
construction, agriculture and transport. To be
consistent with the Arc view, the emission by
economic sectors will be grouped to determine
the total emission of each land use category as shown
in Table 1. We assumed no SO2 emission from the
land categories: forest, golf course, water and miscel-
laneous, in which these lands account for about 39%
of the total area of Thailand.

In order to get the representativeness of the
emissions disaggregating by land use, the resolution
up to 1x1 km in the Arc view GIS 3.0a Patch is
needed. The total grid number according to the reso-
lution is 515,716 grids. It should be noted that there
are many cases where the emission from land use

categories are superimposed, especially the emission




Table 1 The total SO, emission of each land use category in 1994 (ton-SO,/year)

Land use in Arc view

sectors (ton)

Emission by economic

. Industry = 301,676 302,495
Industrial area
Mining = 819
Resident & Com. = 495
Urban area 6,126
Construction = 5631
Agriculture area Agricultural = 8859 8,859
Transport area Transport* = 132,000 132,000

Total emission in each

land use category (ton)

* Data obtained from Thailand Energy Situation Report 1994. Department of Energy

Development and Promotion (DEDP), Ministry of Science Technology and the Environment

from road network that passed through each land
use category. In this regard, the emission disaggre-
gating was made of three steps. In the first step the
emission per grid of each land use category was
calculated by taking into account the total emission
in each land use category divided by the total num-
ber of grids corresponding to that category. In a sec-
ond step, the emission per grid was calculated by
taking into account only road emission. In the final
step, the results of the first and the second steps
were overlapped to make up the total emission in
each grid. Figure 3 shows the GIS map of land use

overlapped with the major road system in Thailand.

2.1.2 NO, emission in 1994

The estimation of NO, emission in 1994
followed the same procedure as for SO,. The
NO, emission amount by economic sectors was
taken from the PCD database 1994 and the stepwise
procedures for the emission estimation were done
exactly the same procedure as SO, emission.

= National total emission

457,094 ton-NO, /year

= Total emission of the major point

sources 175,963

ton-NO, /year

According to the PCD database 1994, all
point sources that emit NO, more than 10 ton/year
are considered as the major point sources. These
comprised of 174 point sources out of the total
547 point sources investigated in the PCD database
1994. The total emission of the major point sources
was calculated by taking into account the emission
amount of these 174 point sources.

= Total area emission

281,131 ton-NO, /year
(457,094 - 175,963 = 281,131 ton-NO,/year).

= Spatial disaggregating of the area

emission

Again, two completely different methods
were considered.

Disaggregating by population density:

The NO, emission (ton) in each grid was

calculated as follows:

Emission (ton) in grid,

= Total area emission x Population in grid,

Total population

Disaggregating by land use:

To be consistent with the land use in Arc

1
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Table 2 The total NO, emission of each land use category in 1994 (ton-NO,/year)

Land use in Arc view

sectors (ton)

Emission by economic

Industr = 23532
Industrial area naustry 25,135
Mining = 1,603
Resident & Com. = 1,096
Urban area 15,828
Construction = 14732
Agriculture area Agricultural = 87812 87,812
Transport area Transport = 152,356 152,356

Total emission in each

land use category (ton)

view, the emission by economic sectors in the PCD
database 1994 are grouped to determine the total
NO, emission of each land use category as shown
in Table 2. Again, we assumed no NO, emission
from forest, golf course, water and miscellaneous,
in which these lands account for about 39% of

the total area of Thailand.

2.2 Estimating SO, and NO, emissions
in the year 2000

Due to few consistent available data on
point source inventories, the estimation of SO,
and NO, emissions in the year 2000 were done
based on Thailand’s energy consumption data (ie.,
a top-down approach). Reference source of energy
consumption data is from Thailand energy situation
2000 reported by the Department of Development
and Promotion DEDP [4], Ministry of Science and
Technology. To cover the problem of non-linear
relationship between energy consumption and
emissions, the emission calculation was done
according to socio-economic activities and the
major types of fuel. The socio-economic activities
as air pollution sources were classified into
7 sectors: Transport, Power Plant, Manufacturing,

Residential and Commercial, Agriculture,

Construction, and Mining. Major fuels were

classified into petroleum products, natural gas,
coal and its products and renewable energy in
which their sub-types were also considered for

the calculation.

2.2.1 SO, emission in the year 2000
= Calculating total SO, emission.
Anthropogenic sulfur dioxide (SO,)
emissions are mainly caused by the combustion
of sulfur-containing fossil fuels (especially coal and
oil products). The general equation for emission

estimation is,

E=AXEFx (1-ER) oo (1)

Where: E = emissions, ton-SO2
A = activity rate (e.g. fuel consumption),
EF = emission factor, and

ER = overall emission reduction efficiency, %

Sulfur emission factors for fossils fuels and
biomass fuels combustion depend on the sulfur
content of each type of fuel and the proportion
of sulfur retained in the waste ash after combustion.
The emission factors for fuel were calculated by

the following equation.



All variables for the determination of emis-
EF =S x (1-R) x 1/C x 10 ..cccocvcunee ()
sion factor in this study are described in Table 3-5

with reference sources.

Where: EF = Emission factor (ton Sulfur PJ 1),
The total SO2 emission of 497,351 ton/year
S = Sulfur content of fuel (%),

was obtained from the calculation using equations 1

R = Retention factor (proportion of o
and 2. It should be noted that the overall emission

sulfur that is retained in the ash ) o . .

r reduction efficiency of 95% was considered in the
after combustion), kg kg,

C = Net calorific value (TJ t'l),
10

SO2 emission calculation based on lignite consump-

tion of Mae-Moh thermal power plant since the power

(Unit) conversion factor. ) ) o
plant has been equipped with flue gas de-sulfurization

(FGD) units since 1997.

Table 3 Sulfur content of fuel

Sulfur content
Fuel types References

(weight %)

Petroleum Products

Juutentyneeycia_geniuuitnrym=ensecsLuasy]

Gasoline
= ULG 0.01 [5]
= ULG 95 0.01 [5]
Diesel
= HSD 0.031 [5] 0
= LSD 0.697 [5] -
Kerosene 0.15 [5] %
Fuel oil 1.70 (average value) [5] E
Coal and its products 2
Coal 05 [4]
Lignite (Power Plant) 3.0 [4]
Lignite (Manufacturing) 2.0 [4]
Renewable energy
Fuel wood 0.2 [6]
Charcoal 0.03 [6]
Paddy husk 0.03 [6]

Bagasse 0.03 [6]
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Table 4 Retention in ash factors

Fuel Sectors Retention factor (R)

Hard coal (ie. cooking coal, other Power generation and Industry 0.050
bituminous coal and anthracite) Transport, Agriculture, Residential

and Commercial 0.225
Brown coal (i.e. sub-bituminous
coal)/ Lignite 0250
Petroleum products (residual fuel
oil, gas-diesel oil, kerosene, 0
motor gasoline)
Biomass fuel (wood fuel, other
biomass fuel) 0

Source: Harry W. Vallack, 2000 [7]

Table 5 Net calorific (thermal) values for fuels

Net calorific value [C]
(1] £

Coal

Lignite

Residual fuel oil
Gas-diesel oil
Motor gasoline
Kerosene

Fuel wood

Other biomass

0.03000
0.03000
0.04020
0.04334
0.04485
0.04375
0.01500
0.01200

Source: Harry W. Vallack, 2000 [7]

= Major point sources emission of SO,

The major point sources emission of
SO, for the year 2000 estimated in this study
was from power generation sector only. The Thai
government has a policy to promote the role of
private sectors in power generation since 1994.
In relation to this, the government will buy
electricity from the power producers which are
divided into two groups, namely, Independent

Power Producers (IPP) and Small Power Producers

(SPP). The power generation capacity of IPP is
larger than SPP. Both IPP and SPP generate

electricity using mainly natural gas and renewable

energy. Therefore, the emission calculation was
done based on types of fuel consumption and
the power generating capacity (MW) of each power
plant. The detailed information was obtained from
the web site of National Energy Policy Office
<www.nepo.go.th>. It should be noted that some
power plants use more than one type of fuels to
generate electricity. In this regard, we assumed
that each fuel type produced the same power
generation capacity in Mega Watts (MW). It means
the SO, emission (ton-SO,) for each point source

can be drawn from the following equation.



[SO2 emission, ton],

[ Mega Watts of fuel ;] x Total SO, emission of fuel ;

Where subscript i fuel type

Subscript j point source

The total SO, emission of 142,707.61 ton
of the point sources emission estimated in the year
2000 was resulted from the above formula.

= Total area emission

354,643.39
(497,351 - 142,707.61 = 354,643.39 ton-SO,/year).

= Spatial disaggregation of the area

ton-SO,/year

emission
Disaggregating by population density:
The SO, emission (ton-SO,) in each grid
was calculated based on the total population of
60,869,899 heads as follow.

Emission (ton) in grid,

= Total area emission x Population in grid,

Total population

Disaggregating by land use:
Similar to the emission estimated in the
year 1994, the emission by economic sectors are

grouped to determine the total SO, emission of

Total Mega Watts of fuel ;

each land use category according to the Arc view
application as shown in Table 6. We assumed no
SO, emission from forest, golf course, water and

miscellaneous.

2.2.2 NO, emission in the year 2000
The NO, emission in the year 2000
was calculated based on the same procedure as
SO, emission for the same year. The calculation

was done by the following equation.

No, emission

= Fuel consumption x Emission Factor .......(3)

Where, fuel consumption data were taken
from DEDP report 2000. The regional emission
factors in the paper of H. W. Vallack, 2000
(the paper entitled “Emission inventories for
anthropogenic sources of SO, and NO, in
developing country regions in 1995 and projected
emissions of SO, NO, and NH; for 2025 and

2050”) were used in equation (3).

Table 6 The total SO, emission of each land use category in the year 2000

Land use in Arc view

sectors (ton)

Emission by economic

Industr
Industrial area ¥

Mining

Resident & Com.
Urban area

Construction
Agriculture area Agricultural
Transport area Transport

(ton-SO,/year)

Total emission in each

land use category (ton)

298,630.97

8,630 298,681
50.10

= 389143

= 933.03 4,824
10,348.11 10,348
40,789.75 40,790

1
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The estimated national total NO,
emissions, which were calculated, based on fuel
consumption by socio-economic sectors and the
major fuel types using equation 3 are 709,395.50
ton-NO,/year.

= Major point sources emission of NO,

The same calculation method as SO,
point source emission was performed for NO,
emission. The total NO, emission of 167,551.29 ton
of the point sources emission estimated in the year
2000 was obtained.

= Total area emission

541,844

(709,396 - 167,551 = 541,844 Ton/year).

ton-NO,/year

= Spatial disaggregating of the area
emission

Disaggregating by population density:

The NO, emission (ton-NO, per year) in
each grid was calculated based on the total

population of 60,869,899 heads as follow.

Emission (ton) in grid,

= Total area emission x Population in grid;

Total population

Disaggregating by land use:
Similar to the emissions estimated in the

year 1994, the emissions by economic sectors

are grouped to determine the total NO, emission
of each land use category according the Arc view
application as shown in Table 7. We assumed
no NO, emission from forest, golf course, water

and miscellaneous.

lll. Results and Discussion

It should be noted that SO2 has significantly
decreased from 1994 to 2000. This is because Thai-
land has done a lot of efforts to control the SO2
emission after the SO2 emission episode caused by
Mae-Moh thermal power plant in 1994 in the north-
ern part of Thailand. While NO2 emission continues
to increase year by year since 1994. This may due to
the emission from mobile sources, which the number
of vehicles registered have significantly increased in
the major cities. The same emission trend has been
found based on the emission estimates from other
studies as shown in Figure 1.

In terms of the total emission estimates, the
results of ERTC study are consistent with the emis-
sion estimated by the Department of Energy Devel-
opment and Promotion. While the emission is found
slightly high compare with the estimation in the
Pollution Control Department report 2002 (studied
by Japan International Cooperation Agency). The

comparison results are shown in the Table 8.

Table 7 The total NO, emission of each land use category in the year 2000

Land use in Arc view

sectors (ton)

Emission by economic

Indust = 178859
Industrial area naustry 179,016
Mining = 157
Resident & Com. = 41,012
Urban area 43,134
Construction = 2122
Agriculture area Agricultural = 56877 56,877
Transport area Transport = 262818 262,818

(ton-SO,/year)

Total emission in each

land use category (ton)
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Figure 1. Trend of SO, and NO, emissions in Thailand based on different studies.

Table 8 Comparison of the total emission in the year 2000 with other studies

Total SO, emission (ton) Total NO, emission (ton)
ERTC study 497,351 709,396
DEDP" 587,000 640,000
JICA study® 387,888 NA*

(1) Department of Energy Development and Promotion
(2) Japan International Cooperation Agency report 2002.

*  not available
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IV. Conclusion

By using the emission inventory data of
the year 2000 compiled by ERTC, a general feature
is that SO, concentrations were overestimate and
NO, concentrations were underestimate in the
model at the seven regional monitoring sites.
However, the measured and modeled results of
air pollutant levels and deposition of SO, and
NO, agree within a factor of two, which is
considered a successful result. Contrary to the
results of NH;/NH,", in which the emission
inventory for Thailand has not been established,
showed less good agreement in the study. It
reveals that the more general emission data from
a global emission inventory are less representative

for the conditions in Thailand for the modeling.

References

1. ISBN 1 853 12 5172 Computational Mechanics
Publications, Southampton, UK and Boston,
USA.

2. Pollution Control Department, Air and Noise
Pollution Emission Database 1994, PCD.
03-009.

Department of Energy Development and
Promotion (DEDP), Thailand Energy
Situation 1994, ISSN 0857-8494.

Department of Energy Development and
Promotion (DEDP), Thailand Energy
Situation 2000, ISSN 0857-8486.

Pollution Control Department, The study
on the Acid Deposition Control Strategy
in the Kingdom of Thailand 2002,
SUURI-KEIKAKU Co.Ltd., Pacific Consultants
International, under the support of Japan
International Cooperation Agency (JICA).
Intergovernmental Panel on Climate Change
(IPCC) 1996. Guidelines for National
Greenhouse Gas Inventories, Reference
manual vol.3.

Vallack, HW., 2000. Emission Inventories
for Anthropogenic sources of SO, and NO,

in Developing Country Regions in 1995
and Projected Emissions of SO, NO,,
and NH, for 2025 and 2050, Stockholm
Environmental Institute at York (SEI-Y),
University of York, York YO10 5YW, UK.

http://www.cgrer.uiowa.edu/emission_data/

index_16.htm




N
_.j-!l!ll!

TR N R
a0 - A
= as
& e
& as







ANSWAUUILIUURNAINWANIAAT ASAIANISDUS:AUL &N

ANNISISTASNWSIV

The Development of Road Traffic Noise Prediction Model

swMuE 0 219" Wm anww’ oigwed und Wi 358 Dansusse’

Road Traffic Noise Prediction Model

o

B [ e o meswdies [ s

ot e = = T W

bemiagy | bemmes T

81175 Tusny® wus3 Bln® Anfvus @uodes’

Radd o . o0 N N Masher o Lt

[} il p W & =N L] ™ ¢
=1

S (= |
. = [l == e [l e

e e
wit Jlens s -nu  ErrE T é
e

Abstract

Road Traffic Noise Prediction Model had
been developed by Environmental Research and
Training Center, Department of Environmental
Quality Promotion, for Environmental Impact
Assessment (EIA) in Thailand. By the noise
level measurement of 5330 running vehicles, the
mathematical equation for noise prediction was
established and tested for accuracy with the
measurement data from 2, 4, 6, 8 and 10 lane roads.
As the result, the prediction noise levels are almost
the same as the measurement noise levels at

the distance of 0 to 99 meters from roadside and at

éa o

the height of 1 to 12 meters. This model can be
used with any traffic volume but the traffic velocity
must be in between 30 km/hr. and 140 km/hr.
Moreover, it is found that it has more accuracy
than TNM 1.0 under the same traffic condition
in Thailand.
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Study on the effect of noise and vibration on the BTS platform
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Abstract

In this study, the Equivalent Sound

Pressure Level (Leq) and Maximum Level (L,.,)
were measured for noise measurement, and the
Acceleration Vibration Level (L,,) was measured
for vibration measurement. The measurement
points had been set at Saladaeng and Mo Chit
station. As the result, the noise level at
Saladaeng station (on the platform) was rather
high. The main noise source is the reflected
noise from the road traffic under the platform

and the maximum noise level was about 85 dBA.

The vibration level on the platform was rather low

Y
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which it has no effect to the station structure and
human health. The vibration level on X axis was
63 dB, Y axis was 71.5 dB and Z axis was 75 dB.
Under Saladaeng station, the noise level was rather
high because the structure of station was built
cover the road and it made the reflection of
sound. Therefore, the noise level was increased.
The equivalent sound pressure level (5 minutes)

under the station was about 82 dBA.
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Study of vibration level on railway structure and ground surface
when electric train passing with normal speed
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Abstract

The vibration level on BTS railway con-

struction was studied in order to investigate the
efficiency of isolation material and the vibration
level on ground under the platform while
BTS trains were passing with normal speed.
The measuring point had been set at Saladaeng
station on Silom road. The vibration level was
measured as vibration acceleration level (L,).

The efficiency of isolation material can not reduce

Y

the vibration level for parallel with railway line.
The vibration level can be reduced about 4-5 decibel
for horizontal perpendicular to railway line and
about 10 decibel for vertical with railway line.
For the vibration at the ground surface of road
under BTS platform, the average maximum
vibration level on Z axis was 80.2 decibel which
consists of the frequency from 31.5 to 63 hertz. This
level had no effect to the people who were under

Saladeang station.
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Abstract

The noise theory had been applied for

calculation of noise propagation from BTS electric
train. The predicted noise level is calculated from
two major noise sources; the noise from the BTS
system (motor) and the friction between wheels
and rail tracks, and the noise from the traffic under
the BTS structure.

As the result, the sound power levels (PWL)
of BTS trains were 94-100 dBA. The general
noise levels from the calculation were 70-90 dBA

depended on distance between source and receiving
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point. The equivalent noise levels (1 hour) were
54-73 dBA depended on distance. The noise levels
of the trains from the calculation were smaller
than the traffic noise (calculated) with the
difference of 10 dBA. Then, it could be
concluded that the noise at road side near the
BTS route may mainly came from the traffic.
This study can predict the noise levels from the BTS
train, help in preparing EIA (Environmental
Impact Assessment). Moreover, people can use

this prediction method to know the noise from

BTS by themselves.
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Noise Mapping in Bangkok 2001
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Abstract

Bangkok noise mapping had been revised

in 2001 after the first map came out in 1997 in
order to investigate and update the noise level data
in Bangkok area. In this study, Bangkok area
had been divided into 329 squares (one square is

2 x 2 kilometers or 4 square kilometers) and 5

Y
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measurement points had been set in each
square. By using data of L, 10 minutes and L,
30 minutes from each measurement point, the
estimated L,, 24 hours had been calculated and
used for noise mapping. As the result, 14 percents
of measurement areas, the noise level are exceeded

70 decibel(A). Most of them are in the inner area




and around Don Muang airport. Moreover, the
noise pollution in Bangkok is getting more serious
in the area of Ladphrao, Bangkapi and Ram-indra
due to many projects (such as sub-way, elevated
road, O-ring road etc.) were constructing from
the past 5 years, and also, the increasing of the
population in those area. The result also shows
that the main source of noise problem in Bangkok

is the traffic noise.
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Study on Noise Level in Trang Municipality, Trang Province

Abstract

The study on noise measurement at Trang

Municipality, Trang province, was done to
anticipate the situation in Trang municipality under
the Agenda 21 Project. The Continuous Equivalent
Sound Pressure level (L,) 24 hrs and Maximum

Sound Pressure Level (L were studied for

max)
noise measurement in the communities, the
hospitals, the schools, the government service
and roadsides during July 4™ - 6™ It was found
that the L, 24 hrs were between 61 and 77 dBA.
In this measurement, there are 5 measurement
points which the noise levels were greater than
General National Noise Standard of Thailand.

And the maximum sound pressure level (L,,.)

éa o

waa

su1ys Tusny® oigwed Fund W@ swius n 91w’
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P
Freeks! o

were quite loud, between 85 and 109 dBA, but
not exceeded the standard value (115 dBA). The
noise levels at the roadside points were in quite
high level, which is in between 74 and 80 dBA.
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Study on Noise Level in Nakhonrachasima Municipality,

Nakhonrachasima Province

Abstract

The study of noise measurement in

Nakhonrachasima Municipality, Nakhonrachasima
Province, was done to anticipate the noise
situation in Nakhonrachasima Municipality under
The Agenda 21 Project. The Continuous Equivalent

Sound Pressure Level (L,) 24 hrs and Maximum

eq)

Sound Pressure Level (L, ,) were studied for

max
noise measurement in the communities, the
hospitals, the schools, the government service and
at the roadsides during July 23-27, 2001. The

results show that L, 24 hrs were between 53 and
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70 dBA and L,
Both of L., and L
General Noise Standard of Thailand but the noise

were between 83 and 102 dBA.
max Were lower than the National

levels at the roadside points were quite high,
between 74 and 80 dBA.
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Trend of Endocrine Disruptor Compounds contamination
in rivers and coastal areas of Thailand

Ruchaya Boonyatumanond®, Areerat Jaksakul’, Panomporn Wongpan’,

Sutiab Srilachai’, Sukanya Boonchalermkit’

Summitted to the United Nation University (2002)

mstudieuray 19n&x Endocrine Disruptor
Compounds (EDCs) Tu~uwindaulasunisfiansnn
Futiovnd Aytaunie 8 1snguilhn
T8lunvgn mnssn “ofduninainudnsiud
NIINI9NBAT LRN1TEEd ANty wioih
55uwAdY W dwiw  1snguilidy PCBs 13
guuaunguansnluAaesy  J1enguiiuea uavngy
wwnian Wudu dadummsu anunsniuazeiin
waomstuion 1swanil vinnuhh 1wdn was
wedmeiavaslszmalng gudideuayfinaususi
“ouIndow 990U The United Nations University
nel#lAsyn19mIusIuifie “Environmental and
Governance : Endocrine Disrupter Compounds
Pollution in the East Asian Coastal Hydrosphere”
sotnohuih 4 Jevdn uanhvzaudnoensile
VeiauaUsEmATIIY 100 Fpg1e Tudag 3 T
(W.7.2541-2543) Tawuvaduiiogrontiudousy
wiih ¥hnsesaiiesgd 1angusesmiunasdu
AUDA URLWINUEN INKANITATIITATIEY 18150
M33aWU 19 HCH-isomers aldrin endrin dieldrin
way PP’- DDTU®y isomers @uUSunfingiawy
atjinirfiuinsgunanwhiiAufinsunIunu
Ao wiue uazlivnliuanaudisieutunans
R9I9ATIEVT W.A.2526-2534  “mFunguiiuea
N933WU  4-t-butylphenol 4-n-pentylphenol
4-n-octylphenol Wag bisphenolA 19NFUNINILEN
MWy di-2-ethyl hexyl adipate Wz di-2-ethyl
hexyl phthalate.

Abstract

Contamination of Endocrine Disruptor
Compounds (EDCs) in the environment has been
recognized as the important issue of pollution
problem. These compounds are found in industrial
products, wastes as well as in agricultural runoff.
such as PCBs, pesticides including organochlorine
pesticides, phenols, phthalates, etc. In order to
identify the situation of EDCs contamination in
the river and coastal areas of Thailand, The
Environmental Research and Training Center has
cooperated with The United Nations University
(UNU) to carry out the monitoring program of
EDCs in the coastal hydrosphere of Thailand
during 1999-2002 under the UNU project called
“Environmental and Governance: Endocrine
Disrupter Compounds Pollution in the East Asian
Coastal Hydrosphere”. 144 samples of water
were collected during wet and dry season from
rivers and coastal area in the upper Gulf of Thailand
and the Andaman sea. The samples were analysed
for organochlorine pesticides, phenol compounds
and phthalate compounds. The results indicated
that organochlorine pesticides residues found
HCH-isomers, aldrin, endrin, dieldrin and p,p’-DDT-
isomers. It was found that the concentrations of
the residues are lower than the Water Quality
Standard of Thailand. The phenol and phthalates
compounds found were 4-t-butylphenol, 2,4-
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dichlorophenol, 4-nonylphenol, 4-n-butylphenol,
4-n-pentylphenol, 4-n-octylphenol and bisphenol-
A, di 2-ethyl hexyl adipate and di-2-ethyl hexyl
phthalate. The results indicated the decreasing
trend of EDCs contamination in river and coastal
areas of Thailand in the period of 1999-2001 as
compared to 1988-1995.

Keywords : Contamination, Endocrine Disruptor

Compounds, pollution in Thailand

1. Introduction

Endocrine Disrupter Compounds (EDC)
such as organochlorine pesticides, polychlorinated
biphenyls, phthalate compounds phenol compounds
have been used for long time in Thailand. Thailand
like other developing countries have benefited

from the available pest control chemicals and has

Table 1. Quality (a.i) of import pesticides (1985-2001)

also produced its share of pesticides poisoning.
The trend of toxic chemical are increasing for
supporting many kinds of agriculture products
and industrial activity as shown in term of total
quality in Table 1. The contaminations of chemical
have transferred to the environment because of
human activities [9,17,19]. These chemicals were
discharged into the environment through industrial
wastewater, municipal waste, agricultural runoffs,
air [12,22] and eventually flow into rivers and
coastal areas [6,15].

In addition, DDT have been used as
Malaria vector control for long time in Thailand
but banned the use for agriculture activity as
shown in Table 2. However, Government tried to
control the amount of some pesticides which are

revealed by the decrease .

Insecticide Fungicide
1985 5,146 2,646
1986 5,799 2,512
1987 5,881 4,530
1988 7,050 4,362
1989 6,937 4,724
1990 7,176 2,800
1991 5,560 2,087
1992 6,098 3,513
1993 5,305 3,988
1994 5,252 4,885
1995 6,573 4,828
1996 6,608 4,446
1997 12,543 5,820
1998 12,823 3,683
1999 19.525 7,204
2000 12,532 7,392
2001 16,667 7,824

Herbicide
4,830 210 12,832
4,262 204 12,777
3,967 247 14,625
5,596 205 17,213
6,747 317 18,725
8,272 346 18,594
7,071 311 15,029
8,450 418 18,479
9,056 476 18,825
9,554 640 20,331
11,934 727 24,062
14,041 446 25,541
22,459 - 42,180
15,108 - 32,977
27,639 745 56,865
29,714 657 52,738
32,422 644 60,541




Table 2. Organochlorine pesticides banned
and/or restricted under the Ministry of

Agriculture and Cooperatives, Thailand

chemical effect year

HCHs 1980
dieldrin 1981
DDTs 1983
aldrin 1983
endrin 1983
toxaphene 1983
heptachlor 1988

Many kind of chemicals were used as
raw material in industrial factory and byproducts
such as phenol and phthalate. Phenol is mainly
a man-made chemical. It is widely used in the
manufacturing process and in many products
such as resins, plastic, insecticide, explosives, dye
and detergent [15,23], etc. Therefore, the exposure
of phenol can pass through human being and
raised concern of impact on the environment. It can
also be found in the air, drinking water, surface
water, food, and groundwater, etc [13].

For example, phenol is widely used in the
manufacturing process such as resins, plastic,
insecticide. Bisphenol-A used in the manufacture
of a variety of plastics. The Bisphenol-A is
expected to exist almost entirely in the particulate
phase in the atmosphere [7]. Nonylphenol
ethoxylates which used as an ingredient of
surfactant in various industrial and household
application. 4-nonylphenol is as a biodegradation
product of nonylphenol ethoxylates. Nonyl
product is used in the preparation of lubricating
oil additive, resins, surface active agent,
antioxidants for rubber and plastic [1]. Nonylphenol
will bioconcentrate in aquatic organisms [5] and
4-nonylphenol should occur rapidly in water.

2,4-Dichlorophenol’s production and use in

organic synthesis may result in its release to
the environment through various waste streams.
2,4-Dichlorophenol that has been detected in
waste waters from bleaching process at pulp
mills and runoff [10,13,17].

Phthalate compounds such as diethyl
phthalate (DEP) and n-butyl phthalate (DBP) which
are used as a plasticizer, solvent for resins,
wetting agent and insect repellent may be released
in to the environment through wastewater effluent.
Bis 2-ethylhexyl phthalate (DEHP) is used as
an insulating fluid in electrical transformers,
industrial tubing and food packaging system
including bis2-ethylhexyl adipate which released
into the environment during PVC blending
operations and consumer used of finished
product. DBP is also exposured from using
cosmetics and food wrapping. EDCs compounds
effect to human and can accumulate in food chain
[4,14,16,18,21].

This paper focused on concentration of
EDCs in water sample from land-used to coastal
area. And to identify the situation of EDCs
contamination in the coastal area of Thailand and
the source of pollutants, The results of organo-
chlorine pesticides residues were compared with

prior data from 1988-1995 [2].

2. Materials and methods

The monitoring program started from
May 1999 - December 2001. Sixty-six river water
samples from 11 stations were collected at four
main rivers namely The Chao Praya river, The
Mae-kong river, The Bang pakong river and The
Tha-chin river and seventy-eight sea water
samples from 13 stations were collected from the
West side of The Gulf of Thailand where connect
with Andamun sea and the east side of the Gulf

of Thailand as showed in Table 3.

The Chao Phraya river is the most important
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river in Thailand, flow through several cities
including Bangkok. There are industrial located
along the river and a large number of inhabitants
live along the river banks. The river, which
discharges into the upper Gulf at Samutprakran
province, has an average discharge varying from
8,000 x 10° to 34,000 x 10° m’/year. The Bang
pakong is the river received domestic sewage
from several cities, and effluent from agro-industrials
which has a flow of 3,000 x 10° ms/year. The
Tha-chin river which flow and discharges into
the upper Gulf at Samut Sakhorn at a rate about
1,500 x 10° m°/ year. The Mae-kong river which
discharges into the upper Gulf of Thailand at
Samutsongkram from 9,000 to 16,000 x 10° m6/ year.
The wastewaters generated from these industries
in Chonburi and Samut Prakharn province such as
sugar, metal plating, paper mill and food industrial
located along the river at a distance about 100 km
upstream from the Gulf. The samples were
collected in dry season (April-May) and wet
season (September-December). The samples were
analysed organochlorine pesticides (1999-2001),
phenol compounds (2000-2001) and phthalate
compounds (2001). The water sample for
organochlorine pesticide analyses and phthalate
compounds were kept at 4°C and especially sample
for phenol analyses which were preserved with
hydrochloric acid to pH 2-3 at the field and keep
at the same temperature.

The quality control of sample analyses
are followed the UNU method which used
tap water as blank test and checked the repro-
ducibility for 10% of total sample. The recovery
test of all parameters were checked by surrogate
spiking. The method of detection limit was
determined by repeat of blank test for 7 times

and calculated the relation by multiply with

3 times of standards deviation for integrate

the result. For qualification by GC/MS of all

samples were used internal standard techniques

by deuterium chemicals.

2.1 Reagents

a) Organochlorine pesticides standard (Accu
Standard Inc. and Wako chemical industrial
Ltd.) o-HCH, B-HCH, y-HCH, 8-HCH, p,p’-
DDE, p,p’-DDT, p,p’-DDD, Aldrin, Dieldrin,
Endrin 10 mg of each standard was weighted
accurately on an analytical balance, put it in
volumetric flask with 100 ml and dissolve
with 100 ml n-hexane-acetone for stock solution.

b) Internal standard solution and surrogate
compounds (Cambridge isotope laboratory, Inc)
Phenanthrene d10, Pyrene d10, Naphthalene
d8, Di n-butyl phthalate d4, Di 2-ethyl hexyl
phthalate d4, n-pentyl phthalate, Bisphenol-A
d16

c¢) Phenol standard (Wako chemical industrial
Ltd.) 4-t-Butylphenol, 2,4-Dichlorophenol, 4-n-
Butylphenol, 4-n-Pentylphenol, 4-n-Hexylphenol,
4-n-Heptylphenol, 4-t-Octylphenol, 4-n-nonyl-
tylphenol, 4-n-Octylphenol, Pentachlorophenol,
Bisphenol-A

d) Phthalate standard (Wako chemical industrial
Ltd.) Di-ethyl phthalate, Di n-butyl phthalate,
Di 2-ethyl hexyl adipate, Di 2-ethyl hexyl
phthalate

2.2 Sample preparation for organo-
chlorine pesticides

1 liter of water sample added 30 g of
sodium chloride, was extracted with 50 ml of
n-hexane for 10 minutes by shaker. The hexane
was transferred to erlenmeyer flask. The water
sample was extracted repeatedly with 50ml of
n-hexane. After shaking, the extractant was
transferred into the same flask. The hexane was
dehydrated with sodium sulfate before it was

reduced the volume into 1 ml. It was transferred
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to silica gel cartridge for cleanup. The cartridge
was washed with 5 ml of acetone and 15ml of
n-hexane. Organochlorine pesticide residues
was eluted with 5 ml of 5% acetone/n-hexane
and was injected into GC/MS for measurement.
This method and QA /QC were followed the UNU
manual 1999.

2.3 Sample preparation for phenol
compounds

500 ml of water sample was adjusted pH

condition at pH 2-3 by using hydrochloric acid

and add 30 g sodium chloride into separatory

funnel. The sample was added 100 M1 of 1ppm of

surrogate compound (Bisphenol-A d16) and
was extracted with 25 ml of dichloromethane by
shaker for 10 min. The organic layer was
transferred to erlenmeyer flask and the water was
repeatedly extracted again with 25 ml dichloro-
methane. The organic layer was transferred into
the same flask. The extractant was dehydrated
with sodium sulfate and concentrated to
0.5 ml by rotary evaporator and nitrogen. The
extracting was added 100 M BSTFA and stay
for 1 hour at room temperature and added
100 MI of internal standard before inject into
GC/MS. This method and QA/QC were followed
the UNU manual 2000.

Table 3. Sampling collection information for EDC in water samples

% Numberof Code number Name of station Remark

g sample

E 1 CH1 The Chao Praya river Agricultural area

2 2 CH2 The Chao Praya river Domestic area
3 CH3 The Chao Praya river Domestic area

@ 4 CH4 The Chao Praya river Industrial area

© 5 CH5 The Chao Praya river Industrial area

f 6 MK1 The Mae Klong river Industrial area

% 7 MK2 The Mae Klong river Domestic area

g 8 TR1 The Tha Chin river Industrial area
9 TR2 The Tha Chin river Domestic area
10 BP1 The Bang pakong river Industrial area
11 BP2 The Bang pakong river Domestic area
12 Trad Trad province Domestic area
13 Chonuri Chonburi province Domestic area
14 Samutprakharn Samutprakarn province Domestic area
15 Pattani Pattani province Domestic area
16 Petchaburi Petchaburi province Domestic area
17 Chumporn Chumporn province Domestic area
18 Surat-thani Surat-thani province Domestic area
19 Ranong Ranong province Domestic area
20 Trung Trung province Domestic area
21 Pang-ga Pang-ga province Domestic area
22 Krabi Krabi province Domestic area
23 Nakhorn-Srithammarat Nakhorn-Srithammarat province Domestic area
24 Prachub-kirikhan Prachub-kirikhan province Domestic area




2.4 Sample preparation for phthalate
compounds

Add 100 ml of water sample into a
100 ml volumetric flask add surrogate compound
(10 M1 of 10ppm of di n-pentyl phthalate d14) and
add 5 ml of n-hexane. The internal standards were
add 10 M1 of 10ppm and shake for 1 min for
extraction. Transfer 1 ml of hexane layer from

volumetric flask into vial for injection into GC-MS.

2.5 GC-MS confirmation

Mass fragmentation data were obtained
with Gas Chromatograph model GC-17A
(Shimadzu) and interface equipped with Mass
Spectrometer model QP-5050A (Shimadzu) and
Electron impact mode (ion energy was 70 EV).
The chromatography column bonded DB-5 fuse
silica column (30m x 0.32 mm id x 0.25 mm film
thickness) was used. The condition for inlet
was splitless 2 min, injection volume was 2 L
The carrier gas was helium with a flow rate of
2 ml/min. The temperature program of organo-
chlorine pesticides for GC column was followed:
The initial column temperature was 70°C (2min)
and increase at 20°C/min to 150°C, increase at
5°C/min to 220°C and increase at 15°C/min to
300°C. Interface temperature at 280°C and injection
inlet temperature was 280°C. The method detection
limit and recovery of the analysed organochlorine
pesticide compounds were at the range of 1 ppt
(ng 1) and 80-105%, respectively.

For 11 phenol compound condition
were quatified by using the same column with
organochlorine pesticides. The oven temperature
program was 50°C for 1 min. to 200°C at the
rate of 20°C. min-1, held 1 min and increased by
20°C.min-1 to 300°C and held 8 min. The carrier gas
was helium (flow rate 1 ml min!). The interface

and injector temperature were 300 "C and 270°C

and splitless mode (2 min). The method detection

limit and recovery of the analysed phenol
compounds were at the range of 0.01 ppb (ng g™)
and 86-102%, respectively.

For 4 phthalate compounds analysed
using the same column with organochlorine
pesticides. The oven temperature program was
70°C for 1 min. to 120°C at the rate of 20°C. min™,
held 1 min and increased by 10°C min to 200°C,
and the last step is 320°C at the rate of 5°C.min”,
held 3 min. The carrier gas was helium (flow rate
1 ml min™). The interface and injector temperature
were 300°C and 320°C and splitless mode (2 min).
The method detection limit and recovery of
the analysed phthalate compounds were at
the range of 0.01 ppb (ng g) and 85-100%,

respectively.

3. Results and discussion

The 144 water samples were analysed
for organochlorine pesticides, phenol compounds
and phthalate compounds in dry season and wet
season because chemical loading were significantly
different from season. In order to understand the
different environmental situation of contamination
at present, the concentration of organochlorine
pesticide compounds were compare with prior
data from 1988-1993 as shown in Table 5 and
Figure 3 [2]. Briefly, the water sample were only
collected at the Chao Phraya River and analyzed
for organochlorine pesticides during 1988-1995.
HCH-isomers from The Chao Phraya River were
detected at the range of 0.1-19.0 ppt (ng 1) during
1988-1995 and the highest concentration among
HCH-isomers is 3-HCH in 1988. The frequency
of organochlorine pesticide residues detection
were 60-100%, 11-92%, 10-50%, and non detectable
during 1988-1989, 1990-1991, 1992-1993, and
1994-1995, respectively. The result of this studies
were shown in Table 6-9 for dry and wet season,

Hexachlorocyclohexane (HCHs ;0. ,f ,y ,0 isomer)
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was found at the range of 5.0-17.0 ppt (ng 1').
The highest concentration was (-HCH at Pang-ga
station (sea water, dry season). HCH-isomers
were found 12 samples from 144 samples (about
9% of total samples) as shown in Table 4. HCH-
isomers were detected with higher frequency in
river water more than sea water during 3 years,
especially Tha-Chin River and Bang pakong River.
This study show that the trend of HCH-isomers
detection was declined in the Chao phraya River.

Dieldrin has been used in agriculture for
the control of soil insects and several insect vectors
of disease. Dieldrin has been banned in Thailand
since 1981. In former time, it was used to control
termites and wood borers and against textile pest.
Dieldrin bind strongly to soil particles and hence
is very resistant to leach into groundwater. The
concentration of dieldrin were found at the range
of 0.2-24 ppt (ng 1) during 1988-1995. The
frequency of detection of dieldrin was at the
range of 2.7-17 ppt (ng 1), 6.7-24 ppt (ng 1),
and 2.8-7.4, ppt (ng 1) which were 80%, 80%,
100% and 92% of total samples in 1988, 1989,
1990, and 1991, respectively. In this study, the
concentration of dieldrin was found at the range
of 1.0-25 ppt (ng 1) about 3% of total samples
as shown in Table 4. Dieldrin was detected at
several stations (i.e Ranong-2, Trung-2, CH4-2
and TR1-1). The highest concentration was
detected at the Tha-chin River in dry season.

Aldrin is a pesticides used to control
insects such as termites, corn rootworm. It has
been widely used to protect crops such as potato
and corn. Aldrin was found at the range of 0.1-
22.0 ppt (ng 1-1) during 1988-1995. The highest
frequency detection was at the range of 4.7-22 ppt
(ng 1) and 1.3-8.1 ppt (ng I'") which was 100%
of total samples in 1989 and 1990, respectively.

In this study, aldrin was found at the range of

2.2-5.4 ppt (ng ') in 1999 and 5.0-16.0 ppt (ng 1)

in 2000 which is 2% and 4% of total sample,
respectively as shown in Table 4. The highest
concentration of aldrin was found in chumporn
station in 2000 (dry season) and was not detected
in 2001.

Endrin is a foliar insecticide used mainly on
field crops such as cotton and grains. It has also
used as a rodenticide to control mice and voles.
It can contaminate surface water from water
runoff. Endrin was not reported during 1989-1995.
In this study, endrin was found 1.0-10 ppt (ng 1)
at Chonburi station, BK2-2 station CH4-1 station
and CH3-2 station. The highest concentration
of endrin was found at CH4-1 station which is
an industrial area. And samples were collected
during dry season. The percentage of endrin
detection is 3% of total samples as shown in Table 4.

The frequency of detection of DDT-isomers
(p,p’-DDD, p,p’-DDE, p,p’-DDT) were 70% to
100%, 11% to 59%, 8% to 25%, 50% and 10% to
20% of total samples in 1988-1989, 1990, 1991-1992,
1993 and 1999-2001, respectively. The relation
of DDT-isomers detection is not systematic
among p,p’-DDE, p,p’-DDT and p,p’-DDT but
the trend of all DDT-isomers in water samples
decreased during 1989-2001. The concentration
range of DDT-isomers was 1.0-20 ppt (ng 17)
during 1999-2001. The highest concentration of
p.p’-DDE, p,p’-DDD and p,p’-DDT in 2001 were
15.0 ppt (ng 1-1) at Krabi-2 station, 17 ppt (ng 17)
at SMP-1 station and 20 ppt (ng 17) at Krabi-2
station , respectively. The percentage of p,p’-DDE,
p,p’-DDD and p,p-DDT detection were not
significant distinguished, 2% to 5% during
1999-2001. The DDT-isomers detection were
found in wet season higher frequency than dry
season. May be because flood and a lot of water
was flushed from many area. It would accumulated
organic pollutants, transfer and discharge into

river and finally to upper Gulf of Thailand. Other



Table 4. Summary of concentration of EDCS in water samples (1999-2001)

1999 2000 2001
Organochlorine pesticides
(ng/L) ND-6.1 (2/48) ND ND
1. o-HCH ND-15 (2/48) ND-17 (1/48) ND
2. B-HCH ND-5.0 (2/48) ND-16 (1/48) ND
3. y-HCH ND-5.7 (4/48) ND ND-14 (1/48)
4. O-HCH ND-6.2 (4/48) ND-10 (1/48) ND
5. endrin ND-6.2 (4/48) ND-20 (6/48) ND
6. aldrin ND ND-1.0 (1/48) ND-25 (1/48)
7. dieldrin ND-2.9 (3/48) ND-1.0 (1/48) ND-15 (1/48)
8. p,p-DDE ND ND ND-17 (3/48)
9. p,p-DDD ND-7.6 (2/48) ND-18 (1/48) ND-20 (1/48)
10. p,p’-DDT
Phenol compounds (ng/ml)
1. 4-t-butylphenol = ND-15 (29/48) ND-2.5 (34/48)
2. 2/4-dichlorophenol - ND-19 (20/48) ND-0.02 (12/48)
3.  4-n-butylphenol - ND ND-0.02 (1/48)
4. 4-n-pentylphenol - ND ND-0.02 (2/48)
5. 4-n-hexylphenol - ND ND
6. 4-t-octylphenol - ND ND
7. 4-heptaphenol - ND ND
8. 4-n-octylphenol - ND-1.9 (29/48) ND-2.1 (48/48)
9. 4-n-octylphenol - ND ND-0.13 (1/48)
10. pentachlorophenol - ND ND
11. bisphenol-A = ND ND-0.32 (4/48)

Phthalate compounds (ng/ml)

1. di-ethyl phthalate - - ND
2. dibutyl phthalate - - ND
3. diethyl hexyl adipose - - ND-0.04 (1/48)
4. diethyl hexyl phthalate - - ND-0.009 (8/48)
Remark:
- : did not analyze
ND : non detectable or lower than method detection limit
(number /number) : (number of detected sample / total of samples)
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Table 5. Concentration (ng 1-1) of organochlorine pesticides in the Lower Chao Phraya River (1989-1992)

Orcg:;‘;ciﬁgjne 1988 1989 1990 1991 1992
HCHs 100* 90* 82* 90* 40*
(min-max) (0.11-19.0) (0.07-0.70) (0.21-2.6) (0.12-0.61) (nd-5.0)
Aldrin 90* 100* 100* 92* 20*
(min-max) (0.57-5.5) (4.7-22) (1.3-8.1) (0.87-2.4) (2.0-7.7)
Dieldrin 80* 80* 100* 92* 0*
(min-max) (2.7-17) (6.7-24) (2.8-7.4) (0.44-1.7) nd
p,p’-DDE 100* 100* 53* 8* 50*
(min-max) (0.20-18) (0.30-1.5) (0.27-0.94) (nd-0.27) (nd-4.25)
= p,p’-DDD 100* 60 59* 8* 0*
g (min-max) (0.23-18) (0.12-0.52) (0.24-1.7) (nd-0.48) nd
g p,p’-DDT 70* 70" 59" 25 0*
& (min-max) (0.31-29) (0.21-1.1) (0.30-6.7) (0.30-0.82) nd
Remark

Tnsomsdvsua:usmuinalula
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*

(min-max)

: Frequency of occurrence in %
: concentration in minimum-maximum

Comparison of detection of organichlorine pesticides in water samples (1988 - 2001)

H HCHs
5 g O Aldein
g c B Dieldrin
i g O p,p-00D
O p¢-0DT

year

Fig 3. Trend of organochlorine pesticides residue in mussel samples from 1988-2001

reasons would explain that suspended solid which
homogenize the organic matter into river water.
As mention before the flow of water among
4 rivers are very high in wet season. Storm and
depression usually attack Thailand during the

rainy season (June-October). It can easily be seen

in the color of water that changed to red because
organic matter that make the turbidity. The organic
matter was commonly bind with organic
pollutants. This purpose of this study is to collect
the sediment at the same station, in order to

explain the status of contamination of organic



pollutants in the future plan.

Phenol residue in river water and sea
water samples were monitored for 11 phenol
compounds in dry season and wet season during
2000-2001. Phenol residues were found 4-t-
butylphenol, 4-n-pentylphenol, 4-n-butylphenol,
4-nonylphenol, 2,4-dichlorophenol and Bisphenol A.
The method detection limit is 0.01 ng ml™ (ppb)
and 86-102% recovery. The highest frequency
detection of phenol compounds are 4-nonylphenol
at the range of 0.03-1.9 ppb (ng ml™) and 0.04-
2.1 ppb (ng ml™) in 2000 and 2001, respectively.
4-Nonylphenol was detected about 60% and
100% of total sample in 2000 and 2001, respectively.
This compound was detected in river water at
high frequency than sea water about one order of
magnitude. The highest concentration of river
water was 1.9 ppb (ng ml™?) at TR2-1 and TR2-2
station where were near estuary in dry and wet
season in 2000 and also 2.1 ppb (ng ml!) at
TR2-1 in 2001. The sea water samples were found
0.78 ppb (ng ml™) at TRUNG-1 station which
was the highest concentration in dry season.
4-Nonylphenol was detected in domestic area
and industrial area because of its various
application use such as surfactant.

4-t-butylphenol was found at the range of
0.02-15 ppb (ng ml™) and 0.02-0.92 ppb (ng ml™)
in 2000 and 2001, respectively. 4-t butylphenol
was detected at about 70% in sea water samples
and about 95% in river water samples but the
high concentration of this compounds was
detected in sea water such as , 15 ppb (ng ml™)
at Ranong-1 in 2000, 2.5 ppb (ng ml') at
Nakhorn-1 in 2001, 4.4 ppb (ng ml™) at Nakhorn-1
in 2000 and 1.2 ppb (ng ml™) at Chump-1 in 2001.
The percentage of detection was 60% and 70%

of total samples in 2000 and 2001, respectively.
2,4-dichlorophenol was found 0.02-19.0
ppb (ng ml™") and 0.01-0.03 ppb (ng ml™) which

were 41% and 25% of the total samples in 2000
and 2001, respectively. The highest concentration
of 2,4-dichlorophenol is 19 ppb (ng ml™!) at
Ranong-2 station in 2000. If compared with the
concentration of 2,4-dichlorophenol among 4 main
rivers, TR1-1 station has detected 16 ppb (ng
ml?) which was the highest concentration in dry
season. It may be indicated discharge of
wastewater to Tha-chin Rver such as
bleaching process from pulp mills factory.

Bisphenol-A was found 0.02-0.21 ppb
(ng ml?') and 0.02-0.40 ppb (ng ml™) which
are 80% and 90% of total samples in 2000 and
2001, respectively. The highest concentration
was detected 0.21 ppb (ng ml™?) at Chump-1 for
sea water and 0.20 ppb (ng ml™) at MK1-1 for
river water samples. The result indicated that
the organic pollutants could detected in dry
season higher frequency than wet season.

In case of Phathalate residues were
selected 4 compounds were selected di ethyl
phthalate (DEP), di n-butyl phthalate (DBP),
di 2-ethylhexyl phthalate (DEHP) and di
2-ethylhexyl adipate (DEHA). This study used
tap water for quality control of blank test. The
method detection limit were at the range of
0.01 ppb (ng g-1) and recovery 85-100 %. In this
study were found only DEHP and DEHA. The
percentage of DEHA and DEHP detection were
0.04% and 14% of total samples. The concentration
range of DEHA was nd-0.04 ppb which was
detected only at one station at The Tha-Chin Rver
station in dry season. The concentration range
of DEHP was nd-0.09 ppb. The highest concen-
tration was detected 0.09 ppb at The Tha-Chin
Rver station in dry season. DEP could not
detected, may because of the chemical property
such as slowly volatilize from water surface and
can adsorb to sediment or particulate matter given

its measured Koc value.
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This study also focused a source of
pollutants from other river which are possible to
contain organic pollutants. It can remark that
Tha-chin Rver and Bang pakong River are point
source from land-use pollutants. Because the
result showed that the Tha-chin River and the Bang
pakong River were contained with many kind of
organic pollutants at high concentration such
as 4-nonylphenol and HCH-isomers. However,
The concentration of all pollutants are under the
surface water and seawater quality standard by
Notification of the National Environmental Board,
No. 7-8, B.E. 2537 (1994). This may confirm the
reason for decreasing of pesticide residues
detection. DDT was used mainly for malaria
vector control in boundary area. In addition,
Department of Communicable Disease Control,
Ministry of Public Health has introduced to use
d-methrin and B-trihalothrin instead of DDT since
1995. There are many factors for transport of
residues from the land area in the air and surface
water to sea and ocean [6] such as structure of
estuary and its hydrokinetic parameter effect the
transport of contaminants in tropical coastal area
[20]. The distribution of organochlorines in tropical
and temperature regions showed that more
volatile compounds such as HCHs tend to be

prevalent in the air.

4. Conclusion

This study is useful in understanding
the distribution and try to define other point
source of organic pollutants in Endocrine disrupter
compounds by comparing the result from the
previous data. In case of organochlorine pesticides
compounds detected in this study although those
were banned about 20 years ago. It may be illegally
used and mix with other formula of pesticide

products. However, the trend of organochlorine

pesticide residues are decreasing as the result

under the surface water and seawater quality
standard. The phenol compounds it indicated that
river water may be a point source of this
pollutants, especially the Tha-chin Rivers and
good season for phenol monitoring is dry season.
Phthalate compounds were detected very low
concentration in water sample. The purpose of
next research is analysis of sediment samples
together with determination of suspended solid
for water sample in order to explain more detail

for contaminants in this area.
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S1IEVIUIASINISITUAANMINASIA DU ISWURNAN
naN Endocrine Disrupting Compounds

Tusdagw viDAdoN

Abstract

In order to apply the methodology of
organochlorine pesticides (OCPs) and polycyclic
aromatic hydrocarbons (PAHs) analyse, 42 of
green mussel samples were collected in 1999-2002
around coastal area of Thailand and to follow up
the monitoring program of persistent of OCPs
and PAHs by using green mussel as bioindicator.
The result indicated that the mussel samples were
detected P,P’-DDE range 0.8-43.4 ng g_1 (wet
weight) and the trend of endosulfan sulfate was
detected increasing. The concentration of PAHs
residue in mussel samples detected low molecular
weight higher than high molecular weight and
the pattern of PAHs indicated that the possible
sources of PAHs accumulate from combustion

(petrogenic) and petroleum product (pyrogenic).
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N193tATIzANI RN ILa LSRR R d
LA3BY gas chromatography W% gas chromato-
graphy mass spectrometer (Shimadzu, QP 5050A)
M5ULATBY GC/MS capillary column #® DB-1
(30 m length x 0.25 mm.id x 0.25 mm film
thickness) injection temp 250°C interface temp
250°C oventemp program 70°C ifiugaugfilui
130°C #edms71 20°C/min uaziiisidu 250°C
AIEdm31 10°C/min uazidu 300°C fwdna
5°C/min

“W3U gas chromatograph uazl#f capillary
Column A® HP-1 Cross linked Methyl Silicone
Gum (50m length x 025 mm.id x 025 mm film
thickness) injection Temp 220°C Oven temp
program 100°C uaztfisidu 180°C swdns1 20°C/
min waziiady 220°C A1 2 min/min uaz
Wi 250°C sedme1 5°C/min

2.4 5851As:HA 1S PAHs

n93tA31ef PAHs Tushathovioyuuaog
T8 w.m2542-2543 fazldhwinuesduniunis
Auiuazn1s Masiege Ty wnsalituneunis

Aawmilouiu OCPs ynuszms enciunisuenlngld
Silica gel column udz elute 5y 40 ml 2B 25%
dichromomethane/hexane N133tATILINIIAUNTIN
wazUsundirsizilaelfiia3og gas chromato-
graphy mass spectrometer (Shimadzu, QP5050A)
Tneld capillary column #Aa DB-5 (30 m length x
025 mm.id x 025 mm film thickness) injection
temp 280°C interface temp 280°C oven temp
program 70°C uaziiau 150°C fwsns1 10°C/
min uaziindu 250°C HwdmT 5°C/min waziiiy
\0u 280°C Fwdnan 10°C/min
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Tsiwu HCH-isomers heptachlor lag heptachlor
spoxide TupehoiATd T1eaziBunsomiay 2
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(% PIBEIYVINTIINLY)
HCH-isomers - - 0/36 (0)
Aldrin Dieldrin w8 5.8-30.7 M3 (2544) 6/36 (16)
Endrin
DDT-isomers 0.8-434 YaY3 (2544) 23/36 (63)
Heptachlor ez - - 0/36 (0)
Heptachlor epoxide
Endosulfan o 34-27 JeUDY (2544) 5/36 (14)
Endosulfan § uay
Endosulfan sulfate
cis-Chlordane wag 0.6-29.2 YnIUINT (2544) 2/36 (5)

trans-Chlorane
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1. Naphthalene 09-6.0 n3R (2544) 17/36 (47)
2. Acenaphthalene 0.2-55 n5¢d (2544) 11/36 (30)
3. Acenaphthene 02-29 JeUBY (2544) 6/36 (16)
4. Fluorene 02-24 MM (2544) 6/36 (16)
5. Phenanthrene 0.2-54 dnmdl (2545) 14/36 (38)
6. Anthracene 0.1-40 naell (2544) 6/36 (16)
7. Fluoranthene 03-7.0 Unenil (2545) 17/36 (47)
8. Pyrene 1.1-10 URIAFFITNIY (2545) 11/36 (30)
9. Benzo [a] anthracene 05-15 ne9 (2544) 7/36 (19)
10. Chrysene 02-22 Unenil (2545) 8/36 (22)
11. Benzo [b] Fluoranthene 14-15 UayaUAITUS (2545) 2/36 (6)
12. Benzo [k] Fluoranthene Tsiwu/shnin MDL - -

13. Benzo [a] Pyrene 15 UYava1UAIIUS (2545) 1/36 (3)
14. Benzo [ghi] Perylene 12-13 N9 (2544) 2/36 (6)
15. Benzo [ah] anthracene Nd-1.3 P49 (2544) 1/36 (3)
16. Indeno [1,2,3-cd] 13-3.6 YUWT (2545) 5/36 (14)

Pyrene
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Absiract

The utilization of organochlorine pesticides
for pest control chemical has been of great interest
on residue contamination from biological organisms
in the environment. Green Mussel (Perna viridis)
samples were monitored as bioindicators for
assessment of the water quality in coastal waters
along the Gulf of Thailand. Thirty-six samples were
collected from 12 stations during 1997-1999 and
analysed for 26 organochlorine pesticide compounds.
This paper focuses on the contamination of
organochlorine pesticide residues in green mussel
(P. wiridis) during 1997-1999. The limit of

detection of all organochlorine pesticides
compounds was at the range of 0.1-8.3 ng.g1 wet
weight and recovery 75-95%. The concentration
of organochlorine pesticides residues in green
mussel was lower than the maximum residue
limit for aquatic animals as recommended by the
Ministry of Public Health of Thailand. The trend
of organochlorine pesticide residue contamination
in this area decreased from 1989 to 1999.

Key words: Organochlorine pesticides, monitoring,

green mussel, distribution

1. Introduction

In the past, organochlorine pesticides were
extensively used as pest control chemicals for
increased of agricultural product. Thailand is
a tropical country where persistent insecticides
like HCHs, DDTs, aldrin and dieldrin were used
in large quantities for agriculture and public health.
The total amount of pesticides used clearly showed
a growing trend. The pest control chemical has
produced its share of pesticide poisonings and
wider environmental contamination, especially in
the agricultural sector. In recent years usage of
some imported pesticides such as DDT were banned
in 1983. Endrin, aldrin, dieldrin and heptachlor
were banned in 1988. The coastal pollutants are also
varied to nature as they originate with variety of

anthropogenic activities such as domestic sewage,

*Audibuaginausuim swindex walusill a. ARaeh 8. ARBIMAIY 3. Upuenil 12120 ns. 0 2577 41829 Tns 13 0 2577 1138
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agricultural activities, industrialization, etc. In
order to assess the current status of organochlorine
pesticide residue to the marine environment,
the mussel watch program was established along
the coastal area in Thailand by the Environmental
Research and Training Center since 1989.
Monitoring of trace toxic substances in the
aquatic environment using green mussel (Perna
viridis) as a biological indicator is commonly
used because of its advantages such as the wide
geographical distribution, immobile, easy sampling,
tolerance of a wide range of salinity and
comparatively long life-span. The organs of mussels

can accumulate chemicals from surrounding water

!
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and water itself as state in the mussel watch
concept (Phillip, 1980; O’Connor et al.,1992;
Sericano et al., 1993,1995). This paper highlighted
their comparison of the concentration of

organochlorine pesticide residues found during.

2. Materials and methods

Thirty six green mussel samples were
collected from 12 stations along the coastal area
of Thailand during 1997-1999 as shown Fig 1.
The samples were cleaned and frozen at -20°C
until analysis. The mussel samples were cleaned
and removed carefully to avoid any contamination.

The tissue was homogenized about 300-400 g in

10 Chumphorn

Fig. 1. Map and sampling stations along the gulf of Thailand



each station. The samples were analysed for 26
compounds of organochlorine pesticides (e.g.
aldrin ,dieldrin, endrin, hexachlorocyclohexane
(HCHs ; o, P, Y, O isomer) heptachlor, heptachlor
epoxide, mirex, chlordane (cis-and trans-isomer),
hexachlorobenzen (HCB), and DDTs (o,p™- and p,p’
- isomer). Moisture content of the mussel sample
was determined by drying to a constant weight
at 105°C. The method validation is used SRM
IAEA142 mussel homogenate for repeat 8 times
and spike samples. The method detection limit
was determined by 3 times of standard deviation
of variation of concentration in 8 times of spike
sample.

Ten grams of mussel tissues were extracted
with 100 ml hexane by using homogenization,
centrifugation, filtration and concentration.
The samples were concentrated until dryness to
determine the fat content. The residue was cleaned
up with florisil column and a solvent mixtures
of hexane and diethyl ether.

Gel Permeation Chromatography technique
(GPC) was used to eliminate the fat . The GPC
column was prepared with biobeads, SX-3, 200-400
mesh in solvent mixture of cyclohexane : ethyl
acetate (1:1). The gel material were packed into
600mm x 22mm id. The samples were eluted
with 200 ml of solvent mixture of cyclohexane :
ethyl acetate (1:1).

Florisil column (glass 30 cm x 1.2 cm id)
was prepared by placing glass wool and packed
with 10 g florisil® PR grade (activated 130°C,
3 hrs) in hexane and add about 2 g.Na,SO,
on the top of the upper florisil®. The hexane
concentrate was quantitatively transferred to
the column and eluted with 100 ml hexane
(fraction 1) and 200 ml 20 % diethyl ether in hexane
(fraction 2)

Quantification of organochlorine pesticides

residues was performed by a gas chromatograph

(Hewlett Packard 5890 series II plus) equipped
with a Ni® electron capture detector . The fuse
silica capillary column was HP-1 (50 m length x
032 mm id , 025 PUm film thickness of stationary
phase) the oven temperature program was
70°C for 1 min to 150°C at the rate of 10°C min ',
held 1 min and increased by 3°C min' to 180°C
and the last step increased by 10°C min" to
220°C, held 20 min. The carrier gas was hydrogen
(flow rate 1 ml min"). The detector make up gas
was nitrogen at a flow rate ca 30 mlmin". The
detector and injector temperature were 300°C and
220°C.

3. Results and discussion

The concentration of organochlorine
pesticides in green mussels (Perna viridis) from
the coastal area of Thailand in 1997-1999 were
analysed on wet weight basis. Biological
information and concentration of organochlorine
pesticides were shown in Table 1. The result of
validation method by SRM IAEA 142 is in the
range of IAEA142 requirement. The method
detection limit and recovery of the analysed
organochlorine pesticide residues by spike
organochlorine standards in green mussel for
8 times were 3 times of standard deviation at
the range of 0.1-8.0 ppb (ng.g'1 wet weight) and
75-95 %, respectively.

Concentration of B-HCH was detected
5.0 ng.g_1 only one station during these three
years at Krabi station in 1998. The other isomers
such as o.-HCH, y-HCH and O0-HCH were not
detected . The data in 1989 and 1990 were detected
o-HCH and y-HCH in 60% of total samples
(Siriwongse et al 1991, Ruangwises et al, 1994).
A number of sample and concentration of
pesticides residues in 1997-1999 were decreased

from pervious data in 1989-1996.
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Relatively of DDTs and isomers (o,p™- and
p.,p>- of DDT, DDE, DDD) were detected during
1997-1999, p,p>-DDE were found at the range of
0.50-1.7 ng.g'1 in many stations. In these three
years, the highest and lowest concentration was
detected at Prachuab Kirikhan and Pang-nga
stations in 1998, respectively. The p,p’-DDD
were detected at the range of 0.78-1.9 ng.g ',
which the highest and lowest concentration are
found at Ranong station in 1997 and 1998.
Concentration of p,p-DDT were detected at the
range of 1.5-5.7 ng.g"l, which the highest and
lowest concentration at Ranong station in 1999

and Trung station in 1998, respectively. The trend

of frequency of DDT-isomer were p,p-DDE > p,p*-
DDT > p,p’-DDD. The p,p’-DDE was major
compound among organochlorine pesticides. The
main source of p,p’-DDE is metabolic transfor-
mation of p,p-DDT to p,p’-DDE isomer under
oxidation condition. The results from 1989-1990
were found DDT-isomer in 100% of total samples
at the range of 0.78-5.38 ng.g'1 and 0.54-7.3 ng.g'l,
respectively (Siriwongse et al, 1991; Ruangwises
et al, 1994). A number of sample in 1997-1999
were detected only 20% of total samples. The
trend of some organochlorine pesticide residues
in green mussels were summarized as shown in

Table 2 and Fig. 2, respectively.
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Fig. 2. Distribution of DDTs of green mussel (Perna viridis) from coastal area of Thailand during 1997-1999.



Table 2. The trend of organochlorine pesticide residues during 1989-1999a

Year Trend of organochlorine pesticide residues

1989 DDTs > aldrin > dieldrin > HCB > heptachlor > HCHs
1990 DDTs > dieldrin > aldrin > HCHs
1991 DDTs > aldrin > dieldrin > heptachlor

1993 - 1996 -HCH > o-HCH > 0-HCH > endosulfan II

1997 - 1999 Nonachlordane > oxychlordane > DDTs

* References of the data in 1989, Siriwongse et al. (1991); 1990, Tabucanon et al. (1990); 1991, Ruangwises
et al. (1994); 1993-1996, Boonyatumanond et al. (1999).

Chlordane has been widely used to
protect soil and house foundation against termite
infestation. Chlordane could released into the
environment primary from its application as an
insecticide. It is applied directly to soil or foliage
to control a variety of insect pest. Technical
chlordane constituents cis and trans-nonachlor
and cis-chlordane metabolites oxychlordane. It
was directly applied to soil or foliage to control
a variety of pests (Worthing et al., 1983). Artificial
pollution source of chlordane may enter the
atmosphere through volatilization from plants,
soil or water. Significant correlation were found
among cis, trans-nonachlor, cis-, trans-chlordane
and oxychlordane in blood level whose home
had been treated for termite control (Watshi
et al., 1986). Environmental accumulation of total
chlordane were detected in fish and shellfish
sample (Miyazaki et al., 1980). In this study
chlordane and metabolizes were detected in the
green mussel sample. The concentration of cis-
and trans-chlordane during 1997-1999 were
detected at the range of 0.38-1.6 ng g'l, where
the highest concentration was at Prachuab
kirikhan station in 1997. Oxychlordane was found
at the range of 0.22-0.55 ng g’1 , Where the highest
concentration was at Trung station in 1999. Cis-
and trans-nonachlor were 1.0-12.0 ng g'1 , where

the highest concentration is at Trad station in 1998.

Chlordane and isomers were shown in Fig. 3.

Dieldrin and aldrin have been applied
extensively in the past. Dieldrin were detected at
the range of 1.8-2.8 ng g’1 at Pattani and Prachub
Kirikhun station during 1998-1999. Aldrin were
detected at the range of 0.69-1.3 ng g'1 at Krabi
and Pattani station in 1997-1998. The detection of
dieldrin and aldrin in green mussel were declined
from 100% during 1989-1990 (Siriwongse et al.,
1991) to 10% in 1997-1999.

Other organochlorine pesticide residues
such as heptachlor, heptachlor epoxide, endrin,
endosulfan-isomer and mirex were not detected
or concentration of residues were lower than
the detection limit during 1997-1999. A number
of organochlorine pesticide residues found such
as aldrin, dieldrin, DDTs, a-HCH, B-HCH and
heptachlor were mostly found. The concentration
of pesticide residues were found higher than
during the year 1993-1996. Comparison of the
trend of orgenochlorine pesticide residue in green
mussel found in the coastal area of Thailand during
1989-1995 are shown in Table 2. The residue levels
were far below the US. FDA Action level, 1987

The Environmental Research and Training
Center has monitored green mussel since 1989
and the result showed that all samples DDT and
isomer DDT, dieldrin and HCHs were detected.

Decreasing of pesticide residues were observed in
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Fig. 3 Distribution of chlordane of green mussel (Perna viridis) from the coastal area
of Thailand during1997-1999.

1993. HCHs were banned for using in agricultural
activities in 1980, DDT, dieldrin and endrin in
1983. It is a one reason for decreasing of pesticide
residues detection. DDT was used mainly for
malaria vector control in boundary area as shown
in Table 3. Department of Communicable Disease
Control, Ministry of Public Health has introduced
to use O-methrin and O-trihalothrin instead of
DDT since 1995.

The concentration of organochlorine
pesticide residuesl were detected at lower level
along the coastal area of Thailand if compared

with other area in Table 4. The green mussel

sample of Thailand was reported at low

concentration (Tanabe et al, 1998). The moisture
content of wet mussel is about 80-85% and fat
content about 0.15-0.25 g. fat/10 g wet weight.
The transport of residues from the land area to
the aquatic environment in the tropics and the
bioavailbility to resident aquatic organisms is low.
(Tanabe, 1991). The tropical climatic conditions
favor rapid volatilization of the residues from
the soil and heavy rain fall also facilitates the loss
of residue, through water run off from the source
area. The contamination of coastal species by
pesticides in the tropical countries are not higher
when compared to those of developed countries.
(AN. Subramanian, 1980).



Table 3. The usage of DDT 95% for malaria vector control in 1993-1998"

Location

(provinces) 1993 1994 1995
Phetchaburi 2476 1917 4468 3038 3024 3326
Prachuap Kirikhan 4432 4083 b - 1555 2121
Chumphon 22092 8161 4332 - - -
Nakhon SiThammarat 11816 7812 4101 - - 7281
Pattani - - - - - -
Trung 7016 5241 432 400 257 2399
Ranong 8967 6668 5505 5052 4960 224
Chonburi 1880 1494 3193 - 1170 1124
Trad 5523 3957 1893 1552 1768 2640
Suratthani 26272 18905 13739 10334 8952 323
Krabi N/A N/A - - 1336 -
Pung-nga N/A N/A 11504 1815 2062 2549

Source: Malaria Division (1993-1998), Department of Public Health, Thailand
not used.
¢ N/A, not available.

10_BejnjuuiLNrym:ensecsLunsy]

Table 4 Concentration of organochlorine pesticides residue found in shellfish from different location.

AMSL NLYriceyc

Shellfish Location Compounds References
Marine bivalves East Java DDE 0.01-2.0 p.g'l g lipid wt Boon et al, 1989
(Mytilus edulis) Jakarta bay (Indonesia) | 19208 ng g wet wt Razak et al, 1991 e
Oyster Gulf of Mexico Sum of heptachlor, heptachlor epoxide and s
chlordane 1-590 ng g dry wet Sericano et al, 1993 g
Mussel Estuarine bays, (Spain) Heptachlor 621639 ng g wet wt pineiro et al, 1995 S
(Mytilus edulis) | Derth, DDT 02 ng g" wet wt Burt ef al, 1995 :
(Western Australia) Chlordane 50-17.0 ng g wet wt
Clam Manukau Harbour, Sum chlordane 103 ng g lipid wt Simpson et al, 1996
(Mactra ovata) (New Zealand)
Oyster Taiwan HCHs 0-7 ng g'1 dry wet Ling et al, 1997
(Crassostrea gigas) DDTs 0-131 ng g dry wet
Endosulfan sulfate 0-23 ng g" dry wet
Ogster China HCHs 0-0.0080 Ug g wet wt Guan, 1997
DDTs 0-0.74 Hg g" wet wt
Clam The Red river Sum HCHs 12 ng g dry wt Dang et al, 1998
(north Vietnam) Sum DDTs 194 ng g dry wt
Mussel The marine coastal DDTs 051279 ng g dry wt O’Cornnor et al, 1998
(USA) Chlordane 0.033-7.97 ng g dry wt
Mussel Coastal water of Thailand | Sum DDTs 039-0.41 ng g wet wt Siriwong et al, 1991
(Perna viridis) Sum HCHs < 0.02-0.09 ng g wet wt
Coastal water of Thailand [ DDTs 0.09-0.32 ng g wet wt Boonyatumanond ef al, 1999
HCHs < 002-16 ng g wet wt
Chlordane < 0.02-34 ng g" wet wt
Coastal water of Thailand | DDTs 0.05-5.7 ng g wet wt This study
Chlordane 0.22-12.0 ng g wet wt
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4. Conclusion

Residues of organochlorine pesticides also
remained widespread, but showed a significant
decline from1989 to 1999, especially HCHs,
heptachlor, endrin, aldrin, dieldrin and DDT-isomer.
The most persistant DDT and metabolise is
p.p-DDE that is the major breakdown product
of DDT. Recent evidence has shown that some of
chlordane metabolize could detected in green
mussel during 1997-1999. However, the
concentration of residues were lower than the
Maximum Residue Limit (MRL) for aquatic animal
as recommended by The Ministry of Public Health
of Thailand.

Acknowledgements

The authers wish to thank Mr. Panomporn
Wongpan, Mr. Sutiab Srilachai and Mr. Prachuab
Kunaake for sample collecting. Mr. Ouichai
Pugapiboon, Department of Communicable Disease
Control, Ministry of Public Health of Thailand
whose supported the use of DDT for Malaria disease
control in Thailand. This study was supported by
Environmental Research and Training Center,
Department of Quality Promotion, Ministry of

Science Technology and Environment, Thailand.

References

Action Level for Poisonous or Deleterious
Substances in Human Food and animal
Feed, 1987. US FDA, Washington, DC.

Boon. J. P, Everarts. ]. M., Kastoro. W. W., Rasak .
H.,, Sumanta . I, Nelissen. P. H,, Stefels . ],
Hillebrand. M. T. J., 1989. Cyclic organochlorines
in epibenthic organisms from coastal waters
around east Java. Netherlands journal of Sea Re-
search 427-439.

Boonyatumanond. R., Monthip S. Tabucanon., Sunitra

T., Boonchlaermkit S., 1999. Persistent of

organochlorine pesticides compound of green

mussel (Perna Viridis) from marine estuaries in
Thailand. Chemistry and Ecology, 17, 31-39.

Buret. J. S, Ebell. G. E., 1995. Organic pollutants in
mussels and sediment of the coastal; waters
off Perth, western Australia. Marine Pollution
Bullatin, 30, 723-732.

Dang. D. N., Nguyn . M. A, Nguyen. C. H, Luu.
V. D., Carvalhos. F. P., Villeneuve . J. P., Cattini.
C., 1998. Organochlorine pesticides and PCBs
In the Red river delta, North Vietham. Marine
Pollution Bullatin. 36, 742-749.

Jitpan Puangmalit., Patanan Sangkatawat., Boonsong
Hutangkabordee, Niyom Ratanapong.” 1989
pesticides statistic ( importation, exportation,
formation, supply and use)” Department of
Agriculture.

Ling. Y-C., Teng. H-C., 1997. Supercritical fluid
extraction and cleanup of organochlorine
pesticides and polychlorinated biphenyls in
mussel. Journal of chromatography A. 790,
153-160

Miyazaki T; Tokyo Toritsu., 1980 EISEI KENKYUSHO
KENKYO NEMPO (Annual Report Tokyo
Metropolitant Research Laboratory Public
Health) 31(1) : 161-165

O ‘Connor T. P., Beliaeff. B. Recent Trends in
Coastal Environmental Quality, Result from
the Mussel Watch Project, NOAA Silver Spring,
MD, 40.

O ‘Connor. T. P, 1998. Mussel watch results from
1986-1996. Marine Pollution Bullatin, 37, 14-19.

Hamidah R. 1998 The occurrence organochlorines
compound in Indonesia waters. Paper
presented in the Marine Pollution Research
and Monitoring Training Workshop on Toxic
Contaminants, Thailand,

Phillips D. J. H., 1980. Quatitative Aquatic
Biological Indicators, Alpplied Science
Publishers, London

Phillip,D. J. H., Segar. D. A, 1986. Use of bio-



indicators in monitoring conservative
contaminants: programme design imperatives.
Marine Pollution Bullatin, 17, 10-17.

Pineiro. M. E. A, Lozano. J. S, Yusty. And M. A.
L.1995. Organochlorine compounds in mussels
of the estuarine bays of galicia (worth-west
Spain). Marine Pollution Bullatin, 30, 484-487.

Ruangwises . S ., Ruangwises. N. Tabucanon S. M.,
1994. Persistent Organochlorine Pesticides
Residues in Green Mussel ( Perna wveridis
from the Gulf of Thailand “Marine Pollution
Bulletin. 28, 351-355.

Ramesh A., Tanabe., Murase H., Subranmanian A.N.,
Tatsukawa R., 1991. Distribution and
behaviour of persistant organochlorine
insecticides in paddy soil and sediments in the
tropical environment : A case study in South
Indis. Environmental Pollution, 74, 293-307.

Sericano. J. L., Wade. T. L., Brooks. J. M., Elliot. L. A.,
Fay. R. R., Wilkinson. D. L., 1993. National status
and trends and mussel watch program:
chlordane-relates compounds in gulf of Mexico
oysters. Environmental Pollution., 82, 23-32.

Sericano. J. L., Wade. T. L., Jackson. T. J., Brooks. J.
M., Tripp . BW., Farrington . J. W., Mee . L. D,,
Readmann. J. W, Villenenve J. P., Goldber E. D.,
1995. Trace Organic Contamination in the
Americas: An overview of The US. Nation
Status and Trends and the International
Mussel Watch Programmes. Marine Pollution
Bulletin. 31, 214-225.

Shinsuke. T., Tatuskawa. R., Phillips D. J. H., 1987.
Mussel as Bio-indicators of PCB pollution;

A case study on Uptake and Release of PCB

isomers and Congeners in Green - lipped
Mussels (Perna viridis) in Hong Kong Waters
Environmental Pollution 47, 41-62.

Simpson. C. D,, Wilkins. A. L, Langdon. A. G., Wilcock.
R. J,, 1996. Chlordane residues in Marine
Biota and sediment from in intertidal sandbank
in Manukau Harbour, New Zealand. Marine
Pollution Bullatin, 32, 499-503.

Siriwong. C., Hironaka . H., Onodera S. and Tabucanon
S. M. 1991. Organochlorine Pesticide Residues
in Green Mussel (Perna viridus) from the Gulf
of Thailand. Marine Pollution Bulletin, 22,
510-516.

Subramanian A.N., 2000.” Global transport of
bioaccumulative organic chemical effect on
marine biodiversity” UNU International
training workshop on methodologies for
assessing biodivesity in estuaries, mangroves
and coastal waters. March, 2-16.

Tanabe S., Kan-Atireklap S., Prudente M.S.,
Subramanian, A. 1998. Mussel Watch marine
pollution monitoring of butyltins and organo-
chlorines in coastal water of Thailand,
Philippines and India.

In: Proceedings of the Fourth International
Scientific Symposium: Role of Ocean Sciences
for Sustainable Development, pp. 331-345.

Watashi M., 1986. Bullein of Environmental
Contamination Toxicology 36(5), 635-643.

World Health Organization (WHO) 1988.
International Programme on Chemical Safety
(ICPS), 17, 1-10.

Worthing CR, Walker SB., 1983 The Pest Manual
seventh ed. British Crop Prote

I

M¥M=eNRECcsLUOSY

njuuiLr

AMSL NLYreeycno_ge;

©

952 - PG OLESN




7]
&
=
‘s
@
v,
[
Q

Tnsumsavena:wmuninalula

©

Us:91U 2544 - 2546

Distribution of Toxic Compounds in Green Mussels
(Perna viridis) from Marine Estuaries in Thailand
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Abstract

Fate of trace metal contamination in the
coastal area of Thailand was studied by means of
bioaccumulation in green mussel (Perna viridis)
samples. The samples were collected from 13
stations along the coastal area of Thailand during

1998 - 2003. It was found that, contamination of

Sukanya Boonchalermkit®, Sutiab Srilachai *

8 types of trace metals, cadmium, chromium,
copper, lead, nickel, manganese, zinc and iron,
are 0.06 - 2.10, 0.07 - 3.01, 028 - 6.52, 0.01 - 1.23,
0.08 - 1.12, 0.82 - 1584, 2.18 - 16.89 and 12.87 -
484.69 mg/kg wet weight, respectively. The
three-most contaminated areas are Nakhon
Si Thammarat, Prachuab Khirikhan, and Trat
Provinces, which are along the Gulf of Thailand,
regarding those areas have high industrial
activities. Signifiest difference of contamination
between different years was not found. In addition,
the levels of contamination are still very low.
However, the responsible agencies of the Thai
Government have set up guidelines and control
measures in order to prevent future serious problem
of toxic substances contamination to sustain natural

resource management and protection.

Introduction

Coast means the land from the shoreline
up to the land until the areas that the topography
changes obviously. The wide of the coast is not
stable. The coast of Thailand is 2,815 kilometers
length. It comprises of 2 sides of shoreline i.e.
on the gulf of Thailand close to the South China
Sea in the Pacific Ocean with 1,878 length and on
the Andaman Sea in the Indian Ocean with 937
kilometers. They have the characteristics as the
follow.

1. Coastal on the gulf of Thailand is

located in the South China Sea in Pacific Ocean.

*AuiiduuaBinausuiu owindon walue1dl nAsau B.AsBuvaIy dvusdl 12120 Tns 0 2577 41829 Tns 15 0 2577 1138
Environmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120



It could be divided into 2 sides ie. the east of
the gulf of Thailand is in the middle of the Thachin
river and the Chaopraya river to the east until
the border of Cambodia at Ban Had Lek, Trat
province. The total length is 544 kilometers
approximately. And at the west of the gulf of
Thailand, it is on between the middle of the
Thachin river into the west until Malaysia at
the river mouth of the Sughai Kolok river,
Narathiwas province. The total length is about
1,334 kilometers.

2. Coastal on the Andaman Sea from
the river mouth of Kraburi, Ranong province until
the border of Burma and into the south until
the border of Malaysia at Satun province in
Malaca Streight. The total length is 937 kilometers.
The Thai coastal lines are about 2,815 kilometers
in total.

The marine areas, which are between
the east of the gulf of Thailand at Samae San,
Rayong province and the west of the gulf of
Thailand at Amphoe Hua Hin, Prachuab Khirikhan
province until the bottom of the gulf of Thailand
is called “Historical Gulf”. The bottom of the gulf
of Thailand is between the river mouth of the
Mae Klong river until the river mouth of the
Bangpakong river . The areas are very productive
and diversified.

The rapidly increasing population and
development of agroindustrial activities in Thailand
have created potential risks of contamination by
toxic substances in the marine environment
(Hungspreugs et al., 1989). Most domestic wastes
contain extremely high amounts of organic matter,
which contribute to high BOD values. In addition,
industrial wastewaters also contain other pollutants
such as pesticides, PCBs and trace metals.
Moreover, the other problems could be concluded

into the main items as the following.

1. Community growth dramatically.

2. Utilization of the resources without
careful.

3. Lack of awareness in capacity of the
nature serving.

4. Deterioration of mangrove forest, coral
reefs and sea grass such as use of
mangrove in shrimp farming.

5. Loss of beauty of natural in tourism site.

6. Conflict in land use at the coastal
areas such as waste land, extrusion of
the land, old mining, and mangrove
destroy.

7. Extrusion of coastal areas to construct
such as construction of hotels and waste
water drainage into water course and
the sea, construction of high building and
hind the beauty of the nature.

8. Destroy of aquatic life and buffer
naturally.

9. Water pollution and throw solid waste
into the sea. (http://www.environ
net.in.th/evdb/info/coast/coast6.html,
30.06.04)

Moreover, the marine pollution of the oil
leak into the sea could impact the marine resources
in quality, beach, corals, fishery and tourism
(Office of the Environmental Policy and Planning,
2546)

Monitoring of trace toxic substances in
the aquatic environment using green mussel
(Perna viridis) as biological indicators are
commonly used because of its advantages such
as the wide geographical distribution, immobile,
easy sampling, tolerance of a wide range of
salinity and comparatively long life-span. The
organs of mussels can accumulate chemicals from

surrounding water and water itself as stated in

the mussel watch concept (O’ Conor et al, 1992,
Phillip, 1980, Sericano J.L.1995).
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The aim of this study was to assess the
current status of contamination by trace toxic
substances in the coastal waters of Thailand by
using green mussel as a biological indicator.
This study also investigated whether contamination
levels in the mussel tissues are still within the

acceptable levels for human consumption.

Materials and Methods

Green mussel samples were collected
from 13 stations along coastal areas of the Gulf
of Thailand and the Andaman Sea once a year
(Figure 1) during the dry season (March) from
1998 to 2003. At each station, approximately
5 kilograms of green mussels, 6-9 cm in length
were collected. The mussels were rinsed for 2-
3 times with water at the sampling station to
wash off mud and remove barnacles, then washed
by deionized distilled water and freshly packed in
plastic bags. Samples were kept in iceboxes during
transportation to the laboratory where they were
frozen at-20°C until analysis.

In the laboratory, 50 - 100 mussels of

the same size (6-9 cm. In length, 4-55 cm. In

width) were selected for each site. Whole soft
tissues were separated carefully from the shell
to avoid contamination. Samples at each station
were ground in a glass blender equipped with
a stainless steel cutter.

For trace metals determination, the samples
were analyzed for 8 trace metals (cadmium,
chromium, copper, nickel, lead, ion, manganese
and zinc) approximately three grams of mussel
tissue (wet weight) were digested with 20 mL
concentrated HNO; at room temperature for
overnight, then heated about 130°C until the
solution reduced to 5 mL. After that 5 - 10 mL
HNO;, were added until clear solution were
observed (add more HNO; if necessary). Care
was taken to avoid overheating and boiling
during the digestion process. After digestion,
the samples were cooled at room temperature
and rinse with 10 - 20 mL DDW and followed
by filtration with filter paper (No.5B). The filtrate
solution was made up to 50 mL with double
distilled water and measured using Atomic

Absorption Spectrophotometer (AAS).

Figure 1 Map and sampling stations along the coastal area of Thailand



Results and discussion

The concentration of trace metals in green
mussels from the coastal of Thailand during
1998-2003 were analysed. The concentration of
each trace metal in mussel tissue was showed
in table 1. It was founed the accumulated was
different in each area, in each year (13 stations for
6 years). The concentration of cadmium was
detected at the range of 0.06 - 2.10 mg/kg wet
weight. The lowest and highest concentration
were found at Pattani station in 2001 and Prachuab
Khirikhan station in 2002 respectively. The
chromium was detected at the range of 0.07 - 3.01
mg/kg wet weight, where the lowest and highest
concentration were found at Samut Prakan in
2000 and Phetchaburi in 1999. The copper was
detected at the range of 028 - 6.52 mg/kg wet

weight, with the lowest concentration at

Chumphon in 2001 and highest concentration
at Prachuab Khirikhan station in 1998 . The lead
was detected at the range of 0.05 - 1.23 mg/kg
wet weight. The lowest and highest concentration
were found at Surat Thani in 2000 and Phang Nga
in 2001. Concentration of nickel was detected at
the range of 0.08 - 1.12 mg/kg wet weight with
the lowest and highest concentration at Ranong
in 2001 and Phetchaburi in 1999. The concentration
of manganese, zinc and iron were detected at
the range of 0.82 - 15.84, 2.18 - 16.89 and 12.87 -
484.69 mg/kg wet weight respectively. The lowest
concentration of these trace metals were found
at Prachuab Khirikhan in 2001, Chumphon in 2001
and Prachuab Khirikhan in 2001. The highest
concentration were found at Phetchaburi in 1999,
Surat Thani in 2000 and Nakhon Si Thammarat
in 1998. (Table 1)

Table 1 Concentration of trace metal accumulation in green mussel tissue along the coastal area of Thailand

Trat 0311022 (028 | 071
Chon Buri 039 | 014 [ 019 | 016
Samut Prakan NA [ NA | 014 | 027
Phetchaburi 041 | 028 | 041 | 0.21
Prachuab Khirikhan 0.83 [ 057 | 093 | 1.11
Chumphon NA | 042 | 089 | 0.77
Surat Thani NA [ 028 | 1.28 | 047
Nakhon Si Thammarat 051 | 058 | 0.85 | NA
Pattani 024 032|024 | 0.06
Trang 020 | NA [ 019 | 0.14
Krabi 020 | 017 [ 018 | 0.12
Phang Nga 027 | 035 | 022 | 0.12
Ranong 016 | 023 [ 0.10 | 0.08

Mean 035 | 032 | 045 | 035

0.59
0.18
0.16
021
210
0.89
042
025
0.19
0.16
018
0.24
0.06
043

039 | 042 [ 091 | 0.64 | 037 | 023 | 059 | 048 | 0.54
029 | 023 | 047 | 040 | 0.16 | 038 | 050 | 052 | 041
036 | 023 | NA | NA [ 007 | 092 | 070 | 059 | 0.57
026 | 030 | 028 | 3.01 | 025 | 0.65 | 047 | 0.71 | 0.90
073 | 1.05| 0.84 | 090 | 021 | 132 | 1.38 | 0.56 | 0.87
0731 074 | NA | 147 | 040 | 067 | 0.68 | 0.71 | 0.79
046 | 0.58 | NA [ 0.73 [ 0.10 | 0.66 | 0.68 | 0.82 | 0.60
030 | 050 | 1.32 | 041 | 050 | NA | 1.68 | 057 | 0.90
077 | 030 | 051 | 1.63 | 019 | 050 | 096 | 0.83 | 0.77
035|021 | 073 | NA [ 040 | 039 | NA [ 053 | 0.51
011 [ 016 | 043 | 0.62 | 040 | 023 | 046 | 0.77 | 048
012 ( 022 | 1.23 | 0.65 [ 053 | 1.01 [ 057 | 031 | 0.72
0.06 | 011 [ 038 | 097 | 033 | 0.60 | 044 | 0.74 | 0.58
038 | 039 | 071 | 1.04 | 0.30 | 0.63 | 0.76 | 0.63 | 0.66
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Table 1 (Cont.)

Trat

Chon Buri

Samut Prakan
Phetchaburi
Prachuab Khirikhan
Chumphon

Surat Thani
Nakhon Si Thammarat
Pattani

Trang

Krabi

Phang Nga

Ranong

Mean

2.66
1.68
NA
1.34
6.52
NA
NA
394
221
2.64
122
348
203
2.77

2.07
6.34
NA
161
1.70
1.34
1.19
1.18
124
NA
0.73
237
2.66
204

1.64
284
197
1.52
1.82
1.65
154
336
0.84
1.67
127
278
225
193

1.65
091
129
1.02
0.35
0.28
0.30
NA
041
0.49
0.32
124
122
0.79

124
127
0.97
0.89
142
120
1.64
177
1.55
NA
044
0.87
111
120

1.85
1.06
1.03
0.68
081
119
2.06
1.14
1.69
245
1.04
042
1.10
127

1.85
2.3
1.32
1.18
210
113
135
228
1.32
181
0.84
1.86
173
1.62

0.30
0.40
NA
0.50
0.32
NA
NA
0.55
040
0.92
0.29
0.74
0.59
0.50

048
045
NA
0.53
0.55
0.72
027
033
0.30
NA
0.35
051
040
044

0.56
0.71
0.76
0.70
0.58
0.97
0.05
0.99
0.79
0.46
081
0.84
119
0.72

048
040
0.51
0.34
057
0.55
044
NA
043
0.53
0.61
123
0.75
0.57

0.07
0.05
0.07
0.08
0.04
0.06
0.28
0.15
0.36
NA
0.03
0.10
0.01
011

024
013
017
0.08
018
0.08
0.19
023
043
0.08
0.18
0.04
0.08
0.16

0.36
0.36
0.38
0.37
0.37
048
0.25
045
0.45
0.50
0.38
0.58
0.50
042

Trat

Chon Buri

Samut Prakan
Phetchaburi
Prachuab Khirikhan
Chumphon

Surat Thani
Nakhon Si Thammarat
Pattani

Trang

Krabi

Phang Nga

Ranong

Mean

0.83
0.56
NA
0.16
0.34
NA
NA
0.99
051
0.62
0.15
049
014
048

0.29
042
NA
112
0.53
0.69
046
0.37
0.78
NA
040
031
0.28
0.52

073
031
028
020
048
032
0.30
0.81
018
032
019
021
011
0.34

0.67
0.24
0.60
0.14
0.32
021
0.32
NA
024
0.26
0.09
0.24
0.08
0.29

0.81
029
0.16
0.26
0.61
0.27
024
090
043
NA
044
0.25
033
042

0.77
047
041
0.26
0.57
041
0.53
0.46
048
0.68
0.33
0.28
0.35
0.46

0.68
0.38
0.36
0.36
048
0.38
0.37
0.71
044
047
027
0.30
022
042

6.05
6.64
NA
744
1371
NA
NA
10.40
8.04
345
547
463
3.68
6.95

6.37
13.83
NA
15.84
8.66
12.82
6.05
942
525
NA
291
536
10.38
881

7.67
917
472
7.54
596
11.37
6.60
234
534
4.86
6.19
498
749
6.48

10.36
2.56
11.70
827
0.82
1.80
181
NA
2.03
132
142
275
6.81
430

11.96
1424
773
1421
594
9.02
7.89
7.56
6.09
NA
921
477
14.58
943

528
7.83
787
3.81
582
10.07
13.72
822
523
3.64
1.01
6.14
453
6.40

795
9.04
8.01
9.52
6.82
9.01
722
7.59
533
332
437
477
791
6.99




Table 1 (Cont.)

Trat 1044 | 896 | 944 | 842 | 1098 | 912 | 956 |387.99| 1311131282 | 10585 | 17284 | 86.84 199.58

Chon Buri 588 | 775 | 821 | 411 | 860 | 753 | 701 | 5385 | 9059 | 5572 | 3559 | 9147 | 5348 | 6345

Samut Prakan NA | NA | 1205 | 812 | 844 | 771 | 908 | NA | NA | 3298 | 11478 8217 | 9623 | 81.54

Phetchaburi 744 | 1135 | 912 | 607 | 919 | 581 | 816 | 79.88 | 14198 {12627 | 66.89 | 97.77 | 67.65 | 96.74

Prachuab Khirikhan 1209 | 1129 | 861 | 400 | 11.39 | 680 | 9.03 |368.34| 6570 | 8929 | 1287 10674 | 6591 |118.14

Chumphon NA | 879 | 936 | 218 | 901 | 792 | 745 | NA |[14111|16995 | 4261 |117.07 | 14279 [ 12270

Surat Thani NA | 1394 | 1689 | 330 | 921 | 1502 | 1167 | NA [101.64| 89.83 | 4026 | 17407 | 17495 | 116.15

Nakhon Si Thammarat 1291 | 888 | 1361 | NA | 1037 | 865 | 1088 | 48469 7183 | 4747 | NA |22457)133.07 (19233

Pattani 1094 [ 1078 | 623 | 308 | 795 | 655 | 7.59 | 2405824285 (122.08 | 6612 | 216.07 | 171,57 | 176.54 =

Trang 687 | NA | 773 | 340 | NA | 803 | 651 [18637| NA [108.64| 1741 | NA | 6825 | 9517 i

Krabi 885 | 675 | 993 | 269 | 866 | 235 | 654 | 7880 | 7256 (12472 | 3082 | 4897 | 36.10 | 65.33 §

Phang Nga 968 | 902 | 912 | 489 | 951 | 7.05 | 821 |126.05/139.94|10L16 | 76.85 | 8167 |131.51|109.53 %

Ranong 645 | 881 | 697 | 461 | 1028 | 753 | 744 | 6717 | 11152 | 56.56 | 3346 | 93.00 | 10416 | 77.65 g
Mean 916 | 966 | 979 | 457 | 947 | 770 | 840 |20737|119.17|110.58 [ 5363 | 125.53 | 10250 | 11653

AMSL NLYriceyc

The result could be used to predict the  of lead metal decreased dramatically in 2002

©

tendency of trace metals contamination. In each  and 2003 (Table 2 and Figure 2). But the total
year, it has been found that the tendency has  tendency of every trace metal during the study

not been shown obviously, unless the tendency  period from 1998 to 2003 by using the
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Table 2 Concentration (mg/kg wet wt.) and % of concentration of each element for study period

Concentration (mg/kg wet wt.) and % of concentration of each element for study period

Element

Cadmium 035 | 1535 | 032 | 1404 | 045 | 1974 | 035 | 1535 | 043 | 1886 | 038 | 1667 | 228 | 100
Chromium 071 | 1744 | 1.04 | 2555 | 030 | 737 | 063 | 1548 | 076 | 1867 | 063 | 1548 | 407 | 100
Copper 277 | 2770 | 204 |2040 | 193 | 1930 | 079 | 790 | 120 | 1200 | 127 | 1270 | 10.00 | 100
Lead 050 | 2000 | 044 | 1760 | 072 | 2880 | 057 | 2280 | 011 | 440 | 016 | 640 | 250 | 100
Nickel 048 | 1912 | 052 [2072 | 034 | 1355 | 029 | 1155 | 042 | 1673 | 046 | 1833 | 251 | 100
Manganese 695 | 1640 | 881 [2079 | 648 | 1529 | 430 | 1015 | 943 | 2226 | 640 | 1511 | 4237 | 100
Zinc 916 | 1819 | 966 | 1919 | 979 | 1944 | 457 | 908 | 947 | 1881 | 7.70 | 1529 | 5035 | 100
Ion 207.37 | 2886 |119.17 | 1658 [110.58 | 1539 | 53.63 | 746 |12533 | 1744 |102.50| 1426 |71858| 100
% Conc. of 6 yrs. 20.38 19.36 17.36 1247 1615 1428 100
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Figure 2 Concentration of trace metal accumulation in green mussel tissue (perna viridis)
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Figure 3 % of concentration of trace metal accumulation in green mussel tissue (perna viridis)

contamination values of trace metals to be
calculated into percent in each year (as in
equation 1). While the total of 8 metals have

tendency to decrease slightly about 1 percent

(Figure 3).

% of concentration of metal A in year B =
(concentration of metal A in year B x
100) / total of metal A concentration
in the whole study year

when, A is type of trace metal and

B is the year collecting the samples.

The contamination and distribution of
each trace metal in each area during the study
period has been found that the characteristic is
different in each area and each trace metal. The
contamination value in average from 6 years in
each station of cadmium, copper, lead, nickel,
manganese, zinc and iron are in the range of 0.11 -
1.05, 041 - 090, 0.84 - 2.35, 0.25 - 0.58, 0.22 - 0.71,
332 -952, 651 - 11.67 and 6345 - 199.58 mg/kg wet
weight, respectively. The contamination values in
6 years, and the values of each trace metal are
shown in Table 3. The distribution of each trace

metal in each area is shown in Figure 4 -11.



Table 3 Average concentration of trace metal accumulation in green mussel tissue (perna viridis)

Trat 042 0.54 1.85 0.36 0.68 7.95 956 | 199.58
Chon Buri 023 041 235 0.36 0.38 9.04 701 | 6345
Samut Prakan 0.23 057 1.32 0.38 0.36 8.01 9.08 | 8154
Phetchaburi 0.30 0.90 1.18 0.37 0.36 9.52 816 | 96.74
Prachuab Khirikhan 1.05 0.87 2.10 037 048 6.82 9.03 | 118.14
Chumphon 0.74 0.79 1.13 048 0.38 9.01 745 | 12270
Surat Thani 0.58 0.60 1.35 0.25 0.37 722 1167 | 116.15
Nakhon Si Thammarat 0.50 0.90 228 045 0.71 7.59 10.88 | 192.33
Pattani 0.30 0.77 1.32 045 0.44 533 759 | 176.54 >
Trang 021 051 1.81 0.50 047 332 651 | 95.17 2
Krabi 0.16 048 0.84 0.38 027 437 654 | 6533 é
Phang Nga 022 0.72 1.86 0.58 0.30 477 821 | 109.53 ]
Ranong 0.11 0.58 1.73 0.50 022 791 744 | 77.65 g
Sum 504 | 862 | 21.10 | 541 541 | 90.85 | 109.14 |1514.84

fAMSL nLyneeycna_ge

Figure 4 - 11 Distribution of average concentration of 8 elements along the coastal area of Thailand
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Figure 4 Cadmium Figure 5 Chromium




Figure 7 Lead

Figure 6 Copper
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Figure 9 Manganese

Figure 8 Nickel




Figure 10 Zinc

Distribution of each trace metal in each
area has been found that there is the significantly
difference. But the perspective analysis of
distribution of 8 trace metals in each area and
using the percent values of contamination of each
trace metal to be combined, it has been found
that the area in the Gulf of Thailand has high
values of contamination. The first three areas
which have the highest values are NaKhon
Si Thammarat, Prachuab Khirikhan and Trat
(Table 4 and Figure 12-13). Those three areas are
located on the coast of the gulf of Thailand. While
the coast on the Andaman sea has the lower
contamination of trace metals. The cause of the higher
on coast of the gulf of Thailand than on the Andaman

sea come from the areas have many activities such

as residents, industries i.e. eastern seaboard project

Figure 11 Iron

and southern seaboard project. These are the
sources of the trace metals into the environment.
While they emphasis on the tourism on the coast of
the Andaman sea mainly. Moreover, the physical
characteristic of the gulf of Thailand is close that
the circulation of the pollutants is limited. The coast
on the Andaman sea is open that the circulation

and dilution of pollutants is better.

% of concentration of trace metal A in the area C =
(concentration of trace metal A in area C x
100)/ total of concentration of trace metal

A during the study

When, A is the type of trace metal and

C is the sampling area.
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Table 4 % concentration of each element in each station for 6 yrs.

Trat 827 623 878 656 | 1267 | 875 876 13.17 | 73.19
Chon Buri 446 470 | 1113 6.60 7.07 9.96 6.43 419 | 5453
Samut Prakan 462 6.60 623 6.98 6.68 8.81 8.32 538 | 53.63
Phetchaburi 590 | 1039 | 557 6.87 6.59 1048 | 748 639 | 59.67
Prachuab Khirikhan 2073 | 1010 | 997 6.92 8.80 751 827 780 | 80.09
Chumphon 1468 | 9.11 536 8.81 7.02 9.92 6.83 810 | 69.84
Surat Thani 1151 | 695 6.38 455 6.88 794 | 10.69 767 | 6257
Nakhon Si Thammarat 9.90 1041 | 10.79 8.29 13.09 8.35 9.97 12.70 | 83.49
Pattani 5.98 893 6.27 8.35 8.09 5.86 6.95 11.65 | 62.08
Trang 411 594 8.58 9.16 8.64 3.65 596 628 | 52.33
Krabi 321 5.63 396 6.97 498 481 5.99 431 | 39.86
Phang Nga 436 8.33 8.81 1063 | 550 525 753 723 | 57.63
Ranong 227 6.68 8.19 9.30 399 871 6.82 513 | 51.08

SUM % 100 100 100 100 100 100 100 100 800

i SN

I'he An

dlam; an Sea

£ B Sural Thani

The Gulf of Thailand

—Nakhon 3i Thammaral

Figure 12 Average concentration of 8 trace metal accumulation in green mussel tissue (perna viridis)
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Figure 13 Sum % of concentration of each element in each station for 6 yrs.

Comparison with the average concentration
for some trace metals which are defined by other
agencies in table 5, and the Maximum Residue
Limit (MRL) of trace metals in green mussel, it

was found that the residue concentration were

still less than the standard (Table 5). Comparison
of recommended for daily intakes with metals
accumulation in mussel tissue. The concentrations
in mussels tissue were in recommended for daily
intakes. (Table 6).

Table 5 Standard for trace metal in food (mg/kg wet wt.)

Agency
THE CANADIAN FOOD AND DRUG
DIRECTORATE (UTHE AND BLIGH, 1974)

THE TASMANIAN PUBLIC HEALTH
(FOOD AND DRUG STANDARD REGULATION)
(EUSTACE, 1974)

THE NATIONAL HEALTH AND MEDICAL
RESEARCH COUNCIL (EUSTACE, 1974)

Ministry of Public Health (1986)

Average value in study

Lead Cadmium Zinc Copper
10 - 100 100
= 53 40.0 30.0
- 2 1,000 -
1.0 = 100 20
0.57 038 8.39 1.82

Reference : Tongra-ar, V. 1991.
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Table 6 Recommended for daily intakes compared with concentration from study.

Range of conc.

Element e from study Remark
(el (mg/kg wet wt.)
Cadmium 04-05 0.06 - 2.10 PTWI
Copper 20-30 028 - 6.52 ADI
Lead 30 0.01 - 123 PTWI
Manganese 25-50 0.82 - 15.84 ADI
Zinc 15.0 218 - 16.89 RDA
Iron 10.0 12.87 - 484.69 RDA
* RDA = Recommended Daily Dietary Allowances (For male 25 - 30 years old, 75 kgs. body weight)

ADI = Adequate Daily Dietary Intakes

PTWA = Provisional Tolerable weekly Intakes

Reference : Wongpitak, U. et al. 1994.

Implementation of the Thai
government

Though the level of trace metals in the
coastal areas of Thailand is low, the problems
have been occurred as mentioned previously. For
the sustainable utilization of coastal resource, the
Thai government has defined the measures as the
following.

1. Provide various agencies relating the
coastal resource such as Office of the Environmental
Policy and Planning to consult and coordinate the
coastal management in perspective, Department of
Forestry, Department of Land Development, and
Department of Fishery to consult and be responsible
for those areas. For example, Department of
Forestry is responsible for marine national parks
and mangrove forest, Department of Fishery is
responsible for aquatic living conservation zone
and coral reefs. Department of Land Development
is responsible for coastal land use planning. The
development agencies are responsible for the
major projects such as the office of the National
Economic and Social Development Board.

2. Publicize the regulations and laws such

as Environmental Conservation Act B.E.2535,

Fishery Act B.E. 2490, National Park Act B.E. 2504,
Thai Maritime Navigation Act B.E. 2456, Land
Law B.E. 2497, cabinet approval concerning
mangrove and coral reefs in land management.
Coastal resources management lacks of integration.
In B.E. 2545, the government reforms the system
into the cluster such as coastal resources under
the Ministry of Natural Resources and Environment
in order that it could be planned the integration
administration effectively.

3. Provide the conference at the ministerial
level on sustainable development in marine in
East Asia between 8-12 December B.E.2546. The
Thai government has defined the strategies for
sustainable development in marine in East Asia.
The important contexts are as follow.

= Give the importance of marine transpor-

tation, bio diversity conservation, marine
pollution problems from land, fishery
resources and aquatic culture, the
importance of cooperation in local
level, national level and regional level.
= Provide the draft regulation of Office
of the Prime Minister on policy and

restoration of Thai Sea BE.....



4. Provide the collection system and
wastewater treatment system from domestic, coastal
aquatic culture, fishery activities, pig farms and
factories.

5. The Pollution Control Department
proposes the measures to solve the problems
effectively and the water quality is within the

standards of effluent. (Appendix 1)

Conclusion

The result has been found that there is
no trend of the accumulation of trace metals except
lead, which tends to decrease obviously seen in
2002 and 2003. While the trace metals contami-
nation on the coastal of the gulf of Thailand is
more than the coast of the Andaman Sea. The
reasons of this come from the various activities on
the coast of the gulf of Thailand distribution of
pollutants into the sea. Though such contamination
is low compared with the standards, the monitoring
and protection of the problems, which may increase

in the future, is necessary.
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Appendix 1
Coastal Water Quality Standards

Classification of Coastal Waters

Class Description

1 Preservation areas
The water is preserved as natural conditions and its beneficial uses include the following:

1. Scientific research and/or demonstration. These activities, such as scientific observation,

monitoring, etc., must not alter the natural surroundings.

2. Activities related to aesthetic and natural beauty.

3. Activities related to management and conservation which do not alter the environment.
2 Coral conservation in coral communities area.
Conservation of other natural resources such as mangrove, wildlife habitat, reproduction zone,
nursery zone, and nutrition zone for marine organisms.

3 4 Areas for coastal aquaculture activities such as shellfish, prawns, fish.
g 5 Water contact sport, such as swimming.
o 6 Water proximity sport, such as sailing.
ig 7 Industrial zone where water is used for industrial activities such as mining or used as receiving
:g water for industrial effluent. After effluent discharge, the water quality must be within set
% standards.
: Coastal Water Quality Standards
@ Parameter Unit Class Class Class Class Class Class Class Methods for
1 2 3 4 5 6 7 Examination
1. Floatable solids - n NOB* | NOB* | NOB* | NOB* | NOB* | NOB* | Visual Testing
§ 2. Floatable oil/grease - n NV NV NV NV NV NV | Visual Testing
3 3. Color/odor n NOB | NOB | NOB | NOB | Color-Visual testing odor-
g Organolaptic
3 4. Temperature C no [ >>330 | 55330 | >>30 | - - | #30 | Thermometer
5. pH n 7589 | 7585 | 75-85 - - ** Electrometric pH Meter
6. Salinity ppt n 29-35 | >>10% | >>10% | - = * Refractometer
7. Transparency m n +10% | #10% | +10% | 10% - ** | White Secchi Disc,
Diameter 30 cm.
8. Dissolved Oxygen (DO) | mg/1 n <<4 <<4 <<4 - - ** Azide Modification
9. Total coliform MPN/
100 ml n - - >>1,000 | >>1,000 - ** Multiple Tube
Fermentation Technique
10. Fecal coliform Bacteria | MPN/ n = = n = = ** | Multiple Tube
100 ml Fermentation Technique
11. NO; -N mg/1 n n n n - - * Cadmium Reduction
12. PO, -P mg/1 n n n n - - * Ascorbic Acid
13. Mercury (Hg) mg/1 n >> >> >> - - >> | Atomic Absorption Cold
0.0001 | 0.0001 | 0.0001 0.0001 | Vapour Technique
14. Cadmium (Cd) mg/1 n | >>0005 [ >>0.005 [ >>0005 | - - >>0.005 | Atomic Absorption
Spectrophotrometry
(Flameless Technique)
15. Chromium (Cr) mg/1 n >>01 | >>01 | >>0.1 - - * Atomic Absorption
Spectrophotrometry
(Flameless Technique)




. Class Class Class Class Class Class Class Methods for

RArmeter st 1 2 3 4 5 6 7 Examination
16. Chromium hexavalent | mg/I n >>005 | >>005 | >>005 - - >>0.1 | Atomic Absorption
Spectrophotrometry
(Flameless Technique)
17. lead (Pb) mg/1 n >>005 | >>005 | >>0.05 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)
18. Copper (Cu) mg/1 n >>005 | >>005 | >>005 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)
19. Manganese (Mn) mg/1 n >>01 | >>01 | >>01 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)
20. Zinc (Zn) mg/1 n >>01 | >>01 | >>0.1 - - o Atomic Absorption
Spectrophotrometry 3
(Flameless Technique) %
21. Iron (Fe) mg/1 n >>03 | >03 | >>03 - - ** Atomic Absorption %
Spectrophotrometry %
(Flameless Technique) 3
22. Fluoride (F) mg/1 n >>15 | >>15 | >>15 - - * Colorimetric SPANDS i?’f
with Distillation S
23. Residue Cl, mg/1 n >>001 | >>001 | >>001 - - ** Iodometric Method %
24. Phenols mg/1 n >>0.03 | >>003 | >>0.03 - - * Distillation, 4-Amino é‘
antipyrene N
25. NH; mg/1 n >>004 [ >>004 | >>004 | - - ** | Distillation Nesslerization
26. Sulfide mg/1 n >>001 | >>001 | >>001 - - ** | Colorimetric, Methylene
Blue N
27.CN™ mg/1 n >>001 | >>001 | >>001 - - ** Pyridine- Babituric Acid é
28. PCB mg/1 n n n n - - ** Gas-Chromatography ®
29. Total Chlorinated g/l n >>005 | >>005 | >>005 | - - ** | Gas-Chromatography -
Pesticides 5
30. Radioactivity - - * Low Background
Proportional Counter
- Alpha Gross Becquerel/l | n >>01 | >>01 | >>01 - - h
- Beta Gross Becquerel/l | n >>10 | >>10 [ >»10 - - **
Remarks : NOB =  not objectionable
NV = not visible
n = natural condition

5 = natural floatable solids not included

** = may be established as necessary
>> = not more than

<< = not less than

+ = change from natural condition

Base on Standard Methods for the Examination of Water and Wastewater recommended by APHA: American
Public Health Association, AWWA : American Water Works Association and WPCF : Water Pollution Control
Federation
Source :  Notification of the National Environmental Board No. 7, dated January 20, BE. 2537 (1994), issued under the Enhancement
and Conservation of national Environmental Quality Act BE. 2535 (1992), published in the Royal Government Gazette
vol. 111, Part 16, dated February B.E. 2537 (1994).
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Abstract

The concentration of polycyclic aromatic
hydrocarbon (PAHs) of surface sediment from
canals, rivers, estuaries and coastal area in
Thailand were investigated in 2003. In order to
assess the status of the pollutants, thirty-five of
sediment samples were collected and analysed
from low to high molecular weight (3-7 rings)
PAHs by gas chromatography mass spectrometer
(GC/MS). Total concentration of PAHs in sediment
range is 6-8399 ng g-1 (dry weight). The average
of total PAHs concentration in sediment samples
from canals, rivers, estuaries and coastal area
are 2554, 226, 325, and 62 ng g-1 (dry weight),
respectiverly. The composition of PAHs showed
the patterns of PAHs and the ratios of
methylphenanthrenes/phenanthrene (MP/P ration)
are 0.27-3.10, Flu/Pyr are 0.58-1.45, and Flu/
Flu+Pyr ratio are 0.41-0.64, which all ratios
indicated that the sources of pollutant are mixture
of petrogenic and pyrogenic source. The recovery
of all PAHs compounds is in the range of
75-110% and standard deviation 3.2-10.0%. The
result from this study will be applied to investigate

the source of pollutants in the future plan.

Tasunisnisfinyimsnszaesiue 1engu
walapdnonlsindnlalnsemsuou (PAHs) lu foths
penaufuusnuAssviidsusafuuhidwazen
pousideninaysenfotinusithdsmin ymsusinis
wazuSieilunziavasdszmalng anUsy oA
Watsrdin ougnistwdouves IFNFUAINGETI
Tumznoudiufmi wasfiom Tweuanuazunss
fuwesnisuudeusonan  Inugudiduuaziin
ausuiu T swIRdey  LAvhnsifiusegieduiu
35 fpEe ¥N1IMIIAIATIEY 15ngy PAHSs
9 3-7 rings ABsils Phenanthrene Hy coronene
Tneldipdovfielnsanlnns i uy  wWalnsfimed
Bowuhrnudiuduues 19ngu PAHs Tumznaumiu
fiFagsewiny 6-8399 ngg' (dry weight) uasdl
AAnudiuiuaisuinueese  wiihdwsssn
Unwith uazeneily fofl 2554, 226, 325 uae
62 ng.g’1 (dry weight) snuasiu syAUsznauYBY
PAHs Wa¥ ratio 5inge) 12t MP/P ratio A

0.27-3.10 Flu/pyr An 0.58-1.45 uaz Flu/
Flu+Pyr o 041-0.64 u svlifiuiiunsoiinnzey

15 PAHs filon Julsleis petrogenic uag
pyrogenic W8IINNII9NA BU recomvery YUY
75-110% uazAdosiuumis 32-10% HaaINNI3
AnwAsuil tunsashanuszyndliluns 9290
uwssfiunwey 15 PAHs [Alusunan

*AuiiduuaBinausuiu owindon walue1dl nAsau B.AsBuvaIy dvusdl 12120 Tns 0 2577 41829 Tns 15 0 2577 1138
Environmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120 E-mail : ruchaya@deqp.go.th
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19ngu Polycyclic Aromatic Hydrocarbons
(PAHs) Ju 1engud @ wliAlulutuusztogimly
Tuswindon  19nguilonasnlsianmusssued
uagfiuywd 0ty 7sngw PAHs Usenaushe 19
hydrocarbon HuWsl 2 ¥F01INNT1 2 benzene ring
Fuld  wsufanssusies vaeuywdi awaliiin
15 PAHs uazvuidioulu~vuindeuudolsdu
2 Uszwnnlugq Ae pyrogenic source YU
s mdishelugn wnssueseg nsld
susudlperhiuuuduuasiies mawnth sy
Wz petrogenic source ABMIIENARNWTINTIRL
swtensiingdiwmanisaisaluahiu  Ousu
Wovan 19sonanirnuduie  duasoszuu
endocrine system [ws19ne 1Ju wnusunis
Wiauzide vhlkiAanswasuUssuuuingllu “n?
VADY (mutation) Buea ‘ywaluuywdiie Ui
N9ANYINMSNIzAURILEY 19 PAHs wazmiunay
fuwey 19ReilEEN5lY ratio sihe wzaelunis

i
H

THAILAKD

88Uy 13U Pyrene/Fluoranthene sum of
methylphenanthene/phenanthrene cyclopenta (def)
methylphenanthrene/methyl phenanthrene Wae
high molecular weight/low molecular weight
Wusiu nsAnwInisnszaiees 1snguiiie
Useidiu ounisoluazm awnuasmsyndide 19
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M9aAnSLin 15 PAHs Win - guwindauiinzu

2. 5 AaUNsnilla:35Ms
2.1 5 paunsni
= Ultrasonic
= Rotary evaporator
= Glass column

= Gas Chromatograph-Mass Spectrometer
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1579 1 NuARNuILazAufat IR nDURY

IANURBE W ety IANURIDE W Fapee
ARDY 93N 1HRT StA Unuivh 2. ynsUsINe GT4
AaBy “l5v StB Unwsih 2. gnsusinng GT6
ARBYNTElULY st.C Unusih A, wmsuaIng GT11
ARBYLIINBN WY StF Unwsih 2. ywsusinms GT12
ARBULIINBNTDY StG
ARDYUIIETY StH
ARDINAUINFILNLY St
NI YNILARY St.2 .MM Cs1
3. YIWIN9
35809 Cs2
pNszlzung 3. ynsUaInIg St3 Y3 Cs3
VNISDARDULRAY NFINH-T St4 3. ynauIns CS4
UNYIYI CS5
YiE0 " WIzE N9WN St5 aszay CS6
LAUTNE nquwe St.6 AYHNT CS7
TNUNTTTIN 7 IUUNYS St7 . 1wt Cs8
yhrhuningm a3 St8 JURFRETINTTY Cs9
TWIUUUNYT St9 3 Ummil Cs10
R. U8 3.Unue79 5t.10 2730 Csi1
a.ulng 2.0858" St11 ansed Cs12
8.\5i9y 3.9y68 St12 58907 Cs13
DUNUIN 9.08587 St13 3.98UDY CS14

2.3 55msdAs K

n133tA31z% 19ngu PAHs Tumenaudu
Tsgimswmunainlasenisiaulneldfagrahliue
Py freeze dry waz3LAsIeMEIuWATIA sonication
Tneld ultrasonic anthuima Aawens nuanse
silica gel column (5% H,O deactive) WazUyN
fraction 53¢ Fully activated silica gel column R
elute 5% 20 ml (3:1) hexane : dichloromethane

MINUIINARIEAIY GC/MS (Hewlett-

Packard 5892 series II plus) W8z Capillary column

HP-5MS fuse silica column (30 m length x 0.25 mm.id
x 0.25 um film thickness) inlet temp 310°C
oven temp 70°C sl 150°C $udme1 30°C/min
uazdisdu 310°C shedmen 4°C/min MY QA/
QC WU uilld surrogate compound As

Naphthalene d8

benzo[a]anthracene d12

Anthracene d10

Perylene d12

P-terphenyl d14



3. wanisdlAsAlla:dIISnl

M99 2 HaMSIASIEiRANNNguYeg 15PAHSs Tufagunenauiuus i Aany wiiidwszen Uinusith
warnssuaaUsemA ((lunsu/n3y ; dhviinuti) uwazSeuiisy ratio sy 9

station Total PAHs  perylene MP/P CPP/MP Pyr/Flu  Fluo/Fluo+Py H/L

ratio ratio ratio ratio ratio
stA 512 108 0.35 0.361 0.81 0.55 0.90
st.B 1735 107 254 0.103 112 047 051
st.C 1462 88 3.10 0.132 0.86 045 0.58
st.F 8399 168 0.31 0.248 0.69 0.59 092
stG 708 184 1.76 0.502 1.20 045 137
stH 2513 104 1.34 0.148 0.86 0.54 0.61
stl 1958 111 2.66 0.091 114 047 0.69 z
st.13 33 44 022 0.573 0.73 0.58 0.33 i
st.11 134 67 0.39 0.328 092 052 0.54 §
st.10 187 189 0.73 0492 0.82 0.55 1.15 i
st9 268 67 048 0.553 0.83 0.55 0.83 §
st.8 150 100 0.54 0.382 092 0.52 1.00 g
st.6 285 182 1.36 0.266 1.02 049 156 i
st.5 570 107 1.04 0.236 0.90 0.53 1.33 -
st4 157 230 1.63 0.383 0.81 0.55 0.96 @
st.3 251 156 255 0.235 171 0.37 1.06
GT4 724 156 1.63 0317 0.73 0.54 153 §
GTé6 285 182 1.36 0.266 0.86 049 1.56 %
GT11 88 105 1.84 0.129 1.02 046 1.60 g
GT12 207 134 152 0.208 117 0.49 145
Cs1 9 7 0.71 0.609 129 044 0.64
CS2 24 1 1.83 0.114 1.03 044 0.66
Cs3 39 8 145 0.172 0.82 048 1.31
Cs4 49 67 1.85 0.154 1.10 048 1.19
CSs5 46 34 093 0.184 1.10 0.55 041
CS6 32 2 3.82 0.119 1.10 0.39 0.35
Cs7 6 3 0.67 0.442 0.85 054 0.72
CS8 39 6 1.31 0.220 1.56 0.30 091
Cs9 13 10 0.83 0.537 1.10 048 121
CS10 22 7 0.96 0.185 231 0.50 0.90
Cs11 228 7 043 1.761 073 0.58 141
CS12 82 4 1.90 0.114 1.81 0.36 0.52
CS13 21 3 1.08 0425 114 047 0.83
CS14 33 5 027 0450 0.80 0.55 0.30
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5U 5 4 Ay PAHs pattern yaunamains1enlumiaeonenauau

nuan1sfnste 35 seotholde auldly
a9 2 Fowe quldded USunammdudiud
n5IawU PAHs Tupsey wihdwszen vinusish
waryeionziafinszwine 512-8399 ng.g” (dry
weight) 33-570 ng.g1 (dry weight) 88-724 ng.g’1
(dry weight) U 6-228 ng.g_l (dry weight) sy
ssusue aolumia1e 2 uaz U 2 (log scale)
Feadui shathunznauiuanAaasiiANNduiy
woy PAHs _oniifiotuainiidug wWu menauiu
N Uinudih wazmzilonza vlE 1un9n
whlaldiunssfisnuae PAHs s1afinsaewann
ARDYYT TOwIndBNEU WMSUAT MP/P ratio
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A MP/P wavuuusslnefiunli stuaniiui
aysen uavdlorwnfioofi MP/P _uiu u avih
finnudululsilEsunansemuanitufindisvetne
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st3 uazfinisdiewm 15 PAHs uSnnuinusiih

syl GT4 GT6 GT11 umz GT12 31nm919 2
mMsuUsHasiensly ratio sve WeaBuudnuy
woy PAHs #wulneld Sum of methylphenanth-
rence/phenanthrene ratio (MP/P ratio > 1 fu
petrogenic waz MP/P ratio <1 TJu pyrogenic)
cyclopenta (def)/methylphenanthrene ratio (CPP/
MP ratio > 0.2 1fu pyrogenic k8 CPP/MP ratio <
02 Ju petrogenic) Fluoranthene/Fluoranthene+
Pyrene (Fluo/Fluo+Pyr>0.5 1Ju pyrogenic uaz
Fluo/Fluo+Pyr <0.5 {1 petrogenic) high molecular
weight PAHs/low molecular weight PAHs (H/L >
1 pyrogenic a8 H/L < 1 petrogenic) W831N
kil Pyr/Fluo ratio Wa% Fluo/Fluo+Pyr ratio
Wwa? anAdooiufio 95% 371nA1 ratio FIgY
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Tumso u aoliifiudtunssiiunsasnstudion
Tunznaudusilont Oululdhe 2 unds A
pyrogenic Wz petrogenic vy muluguil 4 Bu
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(Pyrogenic) uazn1sUuiliauainunsduiiuiain
nAnAwiUngfoy Inuanie st3 oy “Wwus
sewig ratio 6199 Ay 3 Tu 5 ratio (MP/P ratio
Pyr/Flu ratio 8¢ Fluo/Pyr+Fluio ratio) FINAY
waz 4 Tu 5 ratio (MP/P ratio H/L ratio Pyr/Flu
ratio 48y Fluo/Pyr+Fluio ratio) fhun3suifivy
dudualunioiieiiuie 70% wanainsunisle
composition 289 PAHs Ryw R9FIBE1g pattern
Tusu 5 u szu avlfifuifimnudululsuse
wslofiuie 2 wuu Wi fumsld ratio Watson
soi wsl3udthesiu adhvlsfimudiayslulasens
¥piiazldlunsfnwsaludemunsufiinlidmian
1INt ST ANEAiAIONSuNsnSEa1BYey PAHSs
Tnvagyhnmsifiushedy suindaudug  Welhwa
1nWSeuidipusialy

4. sUwamsFAnu
3INN19ANEINIANTEI8AIWDY 19 PAHs
Tungnaufufivrhusnumanere wiidmezen
Unnudthuazoeilonziauastssna  wudifing
Yuidouuazns ¢ wluusinorautie v lasawe
UILIUARDIFINI Fudousatuuinh wazduunliy
amauifian ‘vinnusishidmase  waztinwith
wazfiUSHINNS ¥ 8 13 PAHs N7l pReavnauhu
1wy nwansAnyhaviuunfunisnsgany
FILAY ’lLMl?Jﬂ’l‘ﬁUHLﬁE]‘LA p7audlevandgy PAHs
Twioolnefinisvzas  unavwhsssuvilassiy
papuree aenslsfimy wyRgusonaiazioold
wafindudnuneduiedsiiy  suiueasdun
wnuszanudululivosiiunzes 15 PAHs Taw
#duavyhnisf@nuisialy Taeld 15 molecular

Y
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ANYEING

T-PAHs: sum (anthracene, phenanthrene,
fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[b]fluoranthene, benzolj]fluoranthene, benzo[k]
fluoranthene, benzole|pyrene, benzo[a]pyrene,

benzo[a]pyrene, perylene, indeno[1,2,3-cd]pyrene,

benzo[ghi]perylene, and coronene),MP/P:sum

(I-methylphenanthrene, 2-methylphenanthrene,
3-methylphenanthrene, 9-methylphenanthrene/
to phennanthrene, CCP/MP : cyclopenta(def)pyrene
to sum(1-methylphenanthrene, 2- methylphenanth-
rene, 3-methylphenanthrene, 9-methylphenanth-
rene (H/L: sum(benzo[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[e]fluoranthene,
benzo[k]fluoranthene, benzo[e|pyrene, benzo[a]
pyrene, benzola]pyrene, perylene, indeno[1,2,3-
cd]pyrene, benzo[ghi]perylene and coronene ) to
sum (anthracene, phenanthrene, fluoranthene,
pyrene), Pyrene/ Fluoranthene (Pyr/Fluo),

Fluoranthene/Fluoranthene+Pyrene (Fluo/Fluo+

Pyr)
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NSAnUNBUAUDILIWAINADU MOUNIA (Rotifer species)

TutrasihidnisuuiUou 1sky

Study on Zooplankton (Rotifer species ) in the Arsenic Contaminated

Water Resources

Abstract

Rotifers were considered as biological
indicators of water quality. Rotifers can also be used
as test organisms in toxicity test and heavy metal
in water.

Two water resources were studied. They
were similar in water characteristic but only the
contamination of arsenic level in water and
sediment. Rotifers were collected and identified
from two water resources compare from the list of
11 selected species.

Some of Brachionous species, Lecane
species were shown clearly different, and can be

uses as biological indicator.
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wazAndan uiiTinfuene u Tunsfnwiadeills
wWavRay “niiin wuglsAimes (Rotifer sp.)
\Husuiddyn davanfieyaainmanumiuien 13
52y Rotifer sp. fin1smay uasiifAan1siwasuuUay
qmmwﬁﬂ uenaNil Rotifer species UBlindogn
T#lunansa surnuduiiy viamsuudouuay
5w atolaveminluhlfidustneg
naAnwlRun1sARRansdnuog  Rotifer
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¥ilnupy Rotifer AinTianuifishuniouiisuly
wigBuNI9NIEYFILAENITABY LR IFxNL TN
Foyaiuglumslsduseig anmsundouls
NN15ANET Rotifer NnsIanuu auld
Wiusdaifieyluuwmdshvious liwuludnunsoh
Fofimnuunnssiuluseiunmsvudionuoy 19my
waz wnsalddusuidindeesuliiud Brachionus

sp. (U1 species), Lecane sp. (U149 species)
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wiawihdurunilodsusiaain 19uy
Yuitien 1wnsnhainliuselvniifionisgulnnls
wiFBeiin1sma1a aulanisdrsizdimondl By
gornlauazmildany o Aeduwnniiiznnsatis
drelunisusdnisuuidouvey 19uyluundesh
wifazifulszlowdadvBsluniansia sunis
Uudiouaviu

n13Anu1ITuRdeilfignuss vALians
Useyndlduiidanm Tnswwizunasnou “nihin
uiln Rotifer 3nllunsvstmaundioudassiu Tny
Rotifer wawufinldgnlidusufivednouninb
Tumanuanwsvidl 1wy Usiueendlauszaiuh
Usinoulaveniin USnode”™ aradunsmduw
Vs 19dunsduudeu  saielive sumy
Wuiw (toxicity) Bnsy (21)

2. 55msAnu
Rotifer 14 Zooplankton IWUNINUAY

o

wiulalsaluumaniialy  Swaluszuvdnml
Tnudusmuslnasusuusnluwiisldewis dn1s
naraureuiie, silewSuidisuiiu Zooplankton
ndudug o1awusuLs 50-250 wilaluuvauiiifien
Fy wsathunUssufivuiuuvaohdug 1§
fowmpgszuine 45 [unseu aufle 25 Jadwms
ATHETIATDYIYIg 100-500 lupsew  wlngjaz
Wiy Rotifer azfinansgaiusagioniuig
wazdmdunguuss “nilifinszgn “wdeliiiuii s
Tu nwiluagwusy 50-500 & sioth 1 dms

Rotifer azwulluwmasiily vzl
wupude awivluveth sy wilee ulug
Rotifer azwuluuwvasihiisluin littoral zone 28y
vz U Seu Uausn with pase S51801wi 75%
20y Rotifer 3zwuluiam littoral zone (13)

Wawey pH fiflsia Rotifer Iaesialuhiidl
v wdRduy  (pH>7.0) azfidausiinuey
Rotifer Tioy wiazddussesfinun luunefih

e wa

7fnoe wURIunsnazwuiniufinuay Rotifer 170

.

1= o v '

wifisufmesintpyndl Inienszatyda_unil

Y
¥
'

Tuhffino wdmduww 16 qunsves pH 7iisie

#flpusy Rotifer 31 Widamn wFidusvazdvin

9

28y Rotifer 144 Asplanchra, Asplanchropus,
Mytilina, Brachionus, Filinia, Lacinolaria,
Sinantherina, Eosphora u&¥ Nothalea ¥HRYBY
Rotifer fifiogjlaioluhiidu uaznsmazidu
Twnjups Rotifer uazwiinuay Rotifer #ingluih
#ifign3idunem WU Cephalocella, Lepadella,
Lecane, Monostyla, Trichocerca W8¥ Dicranophorus
Jusu (11) 12)

wilny NInuAa3ouds Rotifer 111307
sznszawildlavay th sufudenlifinisuws
nszgawatnenFvvrlaeiail Tueiledl wen
nszanpiuaswulEvlulumnumaei

Rotifer gndmdussidianmninihiis
dawssuidisuludnuazmaudousedunds 19
finsdudefiuAn BODs v3aAaandiauazaiuih
finanafuni1sle Rotifer species Tun1587m
Ao wihluunashineg Sunumaisunde uae
w150 Usdiavos Rotifer A 1un9niudu
srfitinwlslnefiny “wwushuds 55 (18) (21)

Rotifer gnl#fusuiitinnanwihndousn
lsiufingfinuey Rotifer Ao Rotaria neptunia
w8z Rrotatoria [0 Polysaprobic species pou
T#y Diplax trigona T Polysaprobic, Brachionus
ureceolaris Tu Beta mesosaprobic, Filinia longiseta,

Polyarthra platyptera, Kellatella longispina W8
Keratella cochlearic \Ju Oligsaprobic (5) (6)

(7) (25)

2.1 msAnIdonstinuay Rotifer Tu
NSANUYN

finstudin Rotifer 13 82 wfim Jufusuil
#¥afisuazinugnisudowssuifivuainns
JTigimaed (21) ﬂ'ﬁﬁﬂwm%\jﬁiﬁ'ﬁagaﬁugm
senauAmdenlngAuniidredeansiseui
HIN (2) (15) (16) (17) (21) (24) (26) Iaendiums
Aniianamiz Rotifer idusviingn sunnnwih
Midpoiulavemin warfiogluuszmalne Tavay
Aoolinu uUAlanwiIzi aRRdoafuRNINYDY
wisgwhfifusiegie shinAndanyiinuas Rotifer

Agpundululgduie 11 vfin Foudazuind




FURLLBYARD

Brachionus angularis angularis \0u
Rotifer fioAvayluunsohifigndiduse wu T
seth wuindunddsluvneiln svieiivasmasny
Twhiifl awiifivan1iz v feunasesring 160-200
Tupseu fiUsunsening 5-100 it 1 &ng (1)

Brachionus quadridentatus wuluih
mwidusng fnmsnszanyimirsuing sudlivgunn
iy uazazwulipinnluuwndorhfifinaniie wu
Tuwdathimh "y

Cephalodella uncinata bicuspidata \Ju
wilpfwuiluluuwanhssaed wd 1nsausum
ey luuwmswhiifiuanelidustho

Platyias quadricornis wulslumhau
NI BYBUWENH Duefiafifinnsnszatesi v
wulwlaUsn  9e1h wasnzia uwnauEn sy

Keratella cochlearis \{Ju Rotifer #
wnsowulEvily. finnsnszanwsn wisluuwswiile
wazuvasihvadin wudn wrsafueImnslsine
UWRINRDURS LR UNRSARBU BT (4)

Lecane bulla \{Ju Rotifer #5in15n3vay
fegilvuazayluunyisthvasundeh 1y
yigngie 10 Us  szuteaseazwuludethon
v pBeiamunwhaidusuuann

Lecane luna \{u Rotifer 1% macrophyte
\Duunavans unsanglFluhifivaniizusd
mawsyiulnlaFluumsdeh gem (22)

Lecane lunaris \Ju Rotifer ﬁmﬁaagﬂu
ihusnnuauneile littoral zone wpuuUsUal 9¢
wif nnsowulFtheluussihuesszuutimh ™y

Rotatoria rotatoria \Ju Rotifer fwuls
TasmlUTungia 1w 92 Taw wsnaswuuiion

mse7 1 genfiufieeng funa Swauiiety

Littoral zone

Anihluung o uiaswundunnd aluussan Rotifer

9
v

oy wuhiluwethmhi“sainlswhne
Wusiadiwuludsudesluue?dl nwiad  whag
wuhfidudinsnnlueffihannwa (19) (20)
Lepadella acuminata wuldluuvanid
Wl Tn1snsraefmAsuined  unsanwulsusd

Tuiufiguhvdeunanhdsuunnidn

Rotatoria nepturia Wuluunay littoral
zone aranululpauudnufuvssaznuluwaeh
ffmsundonvonsluattn  1w190suun
Idy fdnwusidaauuay wisomuegly n1aeh
Unidlou v (23)

2.2 GUABUNSIAULA:SIAS KRN

2.2.1 FBnsifiusaatng

Ausetoluundod 2 unde As wyu
wilsoiimethau  wazyumiliosiiuinsineiEe
nsoufiyad dadunmswisuidisusvaziBualy
397 1

FIBE199INdIUIN 10 FIvg1s Ui
littoral zone wDWHY DYUMWhazifiulaunisld
Plankton net w11m 30 [WAsaU wazdn 10 fMaty
¢l¥ plankton trap wum 20 Ans sndulaediold
12 Flusluwsnzgmifiu

Tniuiagisargnusslueiawan Anlny
\anhen formalin Wasnw A Auawh o e
Wivagnsainuaziufingomgi Asdunanu
Ay mashlih wenanildefiusethahuas
Aunznauluwdavyumisnhudrasinusun
Tyuidiou FeswaziBualumaed 2

Plankton trap

yumlaeoau 29 u.A. 45
yuwilaeny5e 30 3.A. 45

5

5 Uncontaminated

5 Contaminated
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PH | Temp |Salinity | ORP C:’_“?‘“C' }““;
1vity prp (ppm)
yuwifiaovjohan | Uncontaminated 699 286 0 1355 | 764 8.2 30
yumiaeinede | Contaminated 756 | 293 0 1241 | 825 | 16410 | 185

222 FBMSIANziRete

= Fipd1vthunsiunznauazyinig
JrzimUiuin 1evylaglfia3os
Atomic Absorption Spectrophotometer

= 10879 Rotifers azdnuunidaosu
waztufinawizadnfignAmdanfud
nnthyihmsieamlaensfndenuay
a LLuﬂﬁﬁmazTﬁaqﬂiuﬁﬁm 8) (9) (10)
(14) (17)

3. wamsfAnu

31 Audnwuzlawilvyosundsihi3uy
Jigu 2 unady (m1919 2)  wen UlEh shly
finou B mitlndiAvefue PH, Salinity,

P15797 3 4 AuTineY Rotifer iwuluuvsin

Rotifer species

ORP, Conductivity wARIMUANA1G7A “sinalfias
Usunawey 1suylhoyumiiaeinyFefiAn iy
20 wihwesyuwfisejorha  ulunznaudu
Usinowey 1amylugumiiswinudeianduy 6 wh
yaoyuwTDjwhaw

32 MIULNLYUAYBY Zooplankton ¥R
Rotifer i 1313nduunanyumiiosis aolny
Aadanawizadad [Famhsienisly anmisy
WisuWivusenitoyuminsiifinsuuleuvas
Tsnyfaywmiissineidafuyumiiosi lifinns
vuilaufsyuwmiawjurhauar 1snsn gulsan
413 Rotifer fhn1svunawen 1suasAmidenty
11 wfin  wsowuiiesutsefinusedielsinig
Rotifer fnwufifinauumnsiiosou aslumssd 3

yudipeyjsihanu
Uncontaminated

yuliaenuEe
Contaminated

=

Brachionus angularis angularis
Br. quadridentatus

Cephalodella uncinata bicuspidata
Platyias quadricornis

Keratella cochlearis

Lecane bulla

L. luna

L. lunaris

o X N S ok LN

Lepadella acuminata
10. Rotatoria nepturia

11. Rotatoria rotatoria

+ +
+ +
+ +




IMWINMIANYIWUT Zooplankton M1 N3
Adanld dwau 11 oiln wudill 5 efladines
Tiwuluuvawivie sounss Ao Brachionus angularis
angularis, Cephalodella uncinata bicuspidata,
Lepadella acuminata, Rotatoria nepturia WRE
Rotatoria rotatoria % 3 wiiafinsiawuluie av
wyiRaFa Keratella cochlearis, Platyias quadricornis
U8y Lecane bulla m33awuddl rotifers 71U
3 wilnfinuanizluunanihildfinisvuden
A8 Brachionus quadridentatus, Lecane luna Wag

L. lunaris

4. suU

3INN15ATIANULTRYBY Rotifer 1 13190
wulsiawzluund o lifimsuudousy 19my
\Wu Brachionus quadridentatus Befinns a0
agnultopsnnluwanififiuaniiz wse Lecane
luna waz L. lunaris fazwusnniuunawii za0m
Judia “ownnlgdienaszldidusefilunisdyn
Dousuls

Rotifers #AmdanlunisAnsinsuiias
i wifawizd onmdaoiuuvanh  f5Use
NN LMWL HBAITIRILAZNITIUUNT L TR
281915An1UN15lE Rotifers Tun19m933Tmng
Yuidenvavlaneminlwhadusssosinamn oy
MoeRwIne iaRnunaveslaeminfiise Rotifer

I3

ﬁﬁmﬁuq TuiZavuaonsadgiiuln I LEREI
MUY URZN19MBU UBusan1slasulanymin
wfininge TuseiuAudiuduseiy snsnsasey
wWuln sufusmsinismelunrazdional uae
dropnudiuduvaslaveming lisu Tnusaolduiin
udansedueluipeuiiing wigAulals
Twhusunasios  “uiuglnsliievordumwa uaz
w90 “ainemsainismelfetednEy

5. 091 udlu:

Phytoplankton W&z Macrophyte 3znndu
159115 war 15w Foslneiiunieh
wianaznauiu lnwawizlugluey 15azany

srouulu of8ImA vlu 1Wu Zooplankton azlf5u

1sfwlaengaini wazlfsusinamns Befife
Phytophankton W8% Macrophyte 1Ly ﬁuag’ﬁu
#fipuoy Rotifer wazdl “¥n1siuemIe 38M9nIs
v wupe 15Aslus19N1Y AINAYNURD 19RY
wiazsfln SIUTIAIIN 1W1S0luNITUSURIYBY

Zooplankton a1l Fomuuansipeily

U

=

n1sAmReanydnuay  Zooplankton fBiTusudl
s Tamsuuiau
n1slgaaiginmlunisfinmiunsia oy
A owndoy  Snuguiuagiunisnuayvio
n1ameldues efiginslinfignazylu vuindow
vEotusgfumanszanui  Bomslduiiganiwud
Lily38msmsratalaense  wiilunisuszandld
s Te  wazfinmuanufsuslavesgnmn v
“ouindaw pr13axlfidusuilun "y ufiou
“warning signal” wangalsfimudinnusnduiay
FouliBneneBanm waziafisiuiu fleeanis

mavvagld snsamawnudndsuilsls (3)
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Abstract

Reddish soil (laterite) naturally can absorb
arsenic in water because of its iron content. Two
and a half kilograms of laterite was used as filter
media in the laboratory-scale filter equipment
made for absorption efficiency testing. It was
found that, for the water sample containing arsenic
100 Mg/l the first 150 liters of filtrate contained
arsenic less than 15 Mg/l After that absorption
efficiency was decrease consequently. For the
water sample containing 500 Hg/l, the first
100 liters had arsenic concentration less than 100
Mg/l then the absorption efficiency was reduced
fluctuated rate. When testing with natural water
with arsenic contamination at concentration of
about 200 Mg/l 15 kilograms of laterite was used
and packed in twenty five liters of buckets were
used for the test. It was found that after first
filtration, the arsenic concentration in the filtrate
was less than 100 Mg/l After the second filtration,
the filtrate contained arsenic less than 1 pg/l.
This figure is very much less than the standard of
drinking water. The finding from this research was
transferred to the public through workshop for
the local community where arsenic contamination

has been found.
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(Treatment of Heavy metals from laboratory’s wastewater)

Abstract

The major objective of this study is to
investigate appropriate methodology for treatment
of heavy metals from ERTC laboratory’s
wastewater. Wastewater was classified into 3
types including 1) wastewater from general
analysis of heavy metals as Cd, Cr, Cu, Fe, Mn,
Ni, Pb and Zn 2) wastewater from As analysis
and 3) wastewater from COD analysis which
included Ag, Cr, Fe and Hg. Each types of
wastewater can be treated by precipitation process.
The first type of wastewater was precipitated by
NaOH with pH between 5 to 9 compared with
adding NaHSO; before setting with NaOH at
pH 9. The second type of wastewater was
precipitated by NaOH at pH 9 compared to
adding NaOCI before hydroxide precipitation at
pH 9. The third type of wastewater precipitated
by NaCl-NaOH compared to NaOH-Na,S
precipitation at Na,5 1.0 and 0.1 gm-equivalent,
respectively.

The results of the study showed the various
concentrations of heavy metals in wastewater
and treatment efficiency of each treatment. The
first type of wastewater was well precipitated by
hydroxides at pH 9 and high efficiency when
adding NaHSO,. The second type of wastewater
was almost precipitated by hydroxide at pH 9
except Fe and Mn. The adding of NaOCI
increased treatment efficiency especially for As.

For the third of wastewater, the precipitation by

a

wla “snanen

NaCl-NaOH at basic condition was higher than
the acidic one especially for Ag and Cr. Adding
0.1 gm-equivalent of Na,S was well sulfide

precipitation.

MafnuieIsNsiwine s

PP

= wifimsudeouveslaneminainiesufiing
Tugudisuuazfinaususu ouwndon Buhi"vgn
wenuvsUodn 3 Uszwam Ae 1), 1" we1n
msiwezilaneninimily Boillavewiney 8 wile
AINNIRSgINnslse01ufinsensregn mnIIN
Awundu [§un Cd, Cr, Cu, Fe, Mn, Ni, Pb uaz
Zn 2). s wiildanmsinsigd 1y Bull As
WusuAusznaudl Fy  waed). B BaInnig
reiElesnd Ag, Cr, Fe unz Hg upsdusznau
duihi"susazUszinn 1w1sathdalanemiind
vuidou Tnemamnmenousiy 15iadfunnsioiu
" pasinusnmiineneznaulensenlesd 7 pH
Fewing 5-9 WiyuWisuiunsiis NaHSO, faukan
Forhananagnou NaOH 7 pH 9 i susem
7 2 Whaaneznaulansenles 7 pH 9 wWasuiisy
fun15tAy NaOCl Aoy wdIFeshuImnmnenau
Tonsenled 9 pH 9 shi™sUsewmii 3 vhmetidn
Tavmnmenousiie NaCl-NaOH wWisuifisuiuis
N15ANAZNEUAIY NaOH-Na,S 7l Na,S 1 uaz
01 whn3u uyd muasu
nan1sAnelnsRarsnnaInALduduens
Tavewiinudazifivdeayluh uazusy nanwns
vimh ~swsagisluhusagyssiom wudnhis
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Usy nBamnsude undd pH 5-8 waznmisiiiv
NaHSO, tevihliiuse “nenwmsuinitu vy
Uszindt 2 wuinsanmznaulaasenles 7 pH 9
wsonnaznaulavglfifiouvun wniiu Fe uag
Mn matfiy NaOCl #hevilsfuse “nEnmnisuiin
Atu Usuin 1anydimdssylushsindtinue
WIRIgIUmUA 1" 831nn153A91 88l d
Tavawiz As wui Tavgmaslssfinnnynausie
NaCl-NaOH # nmgsg fusz n3n1mni9ihin
Lundd anznse TawawivlBuuarlasidivy
WREMISLHAN Na,S U 0.1 wih Weuwa wmsy
ManNAENOUSa A

1. unun
UsewalnefivesljuAniamnasuiitu
neifpulifunsulsoougn wnesy Ussunm
200w uazsofisufoRnisiediduysiansu
RUIBIIUTIBNITURE UANwIsIee 1 Duduu
wniildlFtunsioy  FudipoufuRniTurazuviod
i~ vfiintu NNMTIATIEIUTINMABUTY o
Wi g ginlavevtin wagih "y
nnmsirsingledlneislalaswn i ymenil
agfimsvulowvavlanenin  Fuidudunause
“ui#dn Fudusdevlisuniathinieuldssiis
uonenms usiiflovanndslsifiranmnsgiunnnweh
funniiosUfuinigy sonulitedu Fuvihlivies
Uufn1sutvusednasutdasin yvavluve
s7ufuihiivainairislaeldiiunisvidnlng

%
o

AelviAndamnisuudeuvaslaveninluunsi
B9 ‘wwasis wnwaunfbuar Sowandeuls st
vovufuRnisnnuiIualsiisnisdanisuas“ulu
Vevufiinisvaeemuas  wasdfinihdiieafioeas
Fosiseimununams  Weiluwnmelunsujos
Aol

" efifnsuudeulaveminandie e o
nsvpeAuEITeY wiiindnisusiusaulkiuzun
winwaudh 'vuiEm GENCO yhmsuwnsialy
Fousiaznsesinol " vAlETlun1sdnduns o

Usznaudulidl o1ufiAiusiusinie~sauiusin

ATy uTuuIAnNaLyn19Un TRy~ B na1H

U

€ o

mulwiosufoinisveogudideee Insfinwim
S8msuazwaluladfivany u wmsuihefidnie
Uudowaslaveminvavquiin Uszlpedainnis
Anwlupdodl wonanagl@isnsvnfimene o
wir Soliduuuamolunisdmin Good Laboratory
Practice “WSupuUjuRn1sveuaudide saly
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2. 5 AaUNsnilla:35Ms
2.1 3 Aua:unsni
1) Jar test
2) pH meter
3) Oxidation-Reduction Potential meter
4) p3avipngieilnuazuSunalanemin
= Graphite Atomic Absorption
Spectrophotometer o Perkin
Elmer §u 4100 ZL
= Flame Atomic Absorption Spectro-
photometer #%s Perkin Elmer
JU 2100
= Hydride Generation Atomic
Absorption Spectrophotometer
@%ia Perkin Elmer 34 Analysis 310
= Mercury Analyzer (Cold Vapor
Technique)

2.2 35Atuns

2.2.1) msiiusegs fuseislneuen
yiinvavi " sfifinsuudeuyaslanemindiingu
sgnonisiwsgiluiasuuinisuaoaudides

=

worh “efisimsuwdenlavemineandu 3 Uszwm
2R

1) W gannsiesiginlavemindly
8 ¥flm MINNINTFIURMAININTVIBINTENTIY
gm wn35u lur Cd, Cr, Cu, Fe, Mn, Ni, Pb
WY Zn

2) W SEaInSIAsIsi 1avy Bl

TaveminUudou 9 wlialdurd As, Cd, Cr, Cu, Fe,

I
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Mn, Ni, Pb 8¢ Zn

3) s wanmsinaingled Tngds
Dichromate, Closed System Reflux Fufilanzmin
fudiouny 4 vfin [#unl Ag, Cr, Fe uay Hg

i smaiazgnsrunumudssianuas
MR Wedusetslunmsfinumasut] s
19REAlE sueeguiiwd A3 snTIa TR
yilnuazUSualavemin  way uimiasiglu
Myuy NENTIATIER 53 Tudoindoasuwsn
warASef avuaunsdumausilElunisimsi
i wheumazgnifiulfludenar fin vim 20 Ans
TenfeiUauuy  FUTIIRARRAINUBNYHAYDY
Tavewin Ussinvuaumsiirasdt Seveoufuinis
fuwazvanuwmede  Weihlulglunis@nsim
Usg ™ nBnmsthimsialy

2.2.2) m5393LAsIERMIBERUaTUSUI
Tangwinlush“vuszwnd 1) 2) waz 3) fau

ymsvnlaedsnasuil

1) vn1sdey R1eiEIegTe Wi
NIRTIVILATILRAIBLATDY Graphite Atomic
Absorption Spectrophotometer WeItRsIEsiu
Cd, Cr, Cu, Pb, Ni 8% Zn

2) whsag IR siEiAseg

= Flame Atomic Absorption
Spectrophotometer \iB3LATIZIN
Ag Fe une Mn

= Hydride Generator Atomic
Absorption Spectrophotometer
WadtRTgvin As

= Mercury Analyzer WipitA129n Hg

2.2.3) e smuUszanzaeig e
TumpunaTRwiagIEw mTugU 12 udy 3 My
§FU Mavaewh 3 91 Tufineiile wAady
wazrdBgLUuIN 19§11 (Standard deviation; SD)

2.2.4) P9I AITRNIBAA LA TUTUIN
Tangaidnluthi“suszni 1 2 waz 3 udv
vmstie Taevhmu 222) Widle 1) uay 2) mu
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sU 1 Fumaumstialaveminainu “eiidlanemindaly
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At ule 500 ua

A NaOC) wuA1 ORP o T

v TOUUATAR

AU NalkH U pH 1T 295 Aeeyidu FeCl, Tufadu

v 13 Auirr A amznsuanmuygsd dszuie 2 su
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A 200 un. |

ne il . arula i Ma s ou pi i g aznowi ifindaiu
RENBUWT RN e u e Ay MeOH w1 pH dlu 9 Lt

¥ u CRLEEE sy 33 u 1 iwd oudia
v iennda AngTAM FeCl, aaadu 13
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2.2.5) sIusIunnaudelansninly
saeiu wazilhlun wyue1dludne unznaw:
Y 13 w alishAusudielTiuie anduiiu
T 'nwueln 9n

3. wanmisAnua:DIsn

3.1 U gannisiiaszrnlanzAtn
nolu

Ao " sinE USRI pH
1# 2.14 ms29vU331ae wesCd, Cr, Cu, Fe, Mn,
Ni, Pb uszZn fimudiuduaiumiitu 43.87,
67.30, 11.39, 79.49, 6548, 7.63, 24.82 1.8z 62.17 mg/1
PIURIAU

357 1 maunmin"ude NaOH # pH 5-9

wui# pH 5 Cd, Cr, Cu, Fe, Ni, Mn, Pb
waz Zn frenududumdswingu 25.82, 2.69,
1.89, 1.19, 544, 1.05, 321 uaz 398 mg/L Amdu
Usg"ninwmatdawindu 41.1, 96.0, 834, 98.5,
917, 863, 87.1 uaz 93.6 WadBudmuaIfiu wae
dlorn pH _otiu Usinadaveminfimdeatlnhi "y
ulvgjansy wnfu Cr usy Fe uaz? pH 9
fise "B wnstdmvindu 987, 94.0, 94.1, 922,
969, 946, 942 uar 994 Wasdus mussu Iziiu
159 anzsonans wnsaldthdm Cu , Mn uag
Zn WmRamniumsgudmun Tuunegdl Cd, Cr,
Ni, uaz Pb Sunswdsayluhluiinn v fou ag
Tums9 1

387 2 msviavhi ey NaHSO, - NaOH
# pH 9

wuhiiAmAnuduiuadeuse Cd, Cr, Cu,
Fe, Mn, Ni, Pb uay Zn i1y 0.13, 0.04, 0.05,
0.10, 0.03, 4.10, 6.33 4@z 3.26 mg/L M5
Anmdudss " nEnwnistneylugie 46.3-99.9
WosBus faw malumsg 2

Wisu@iguismafiwiune u wsuthin
- srinmsimszimlangminily

WUIINISANAENBURIY NaHSO, -NaOH
wine wsun1sthmh el nsvwdeulane
niinluunniinisiis NaOH ifiweatngifie?

Wavanuse “nEamlunisthipusslansminiiou
nni stulasawiy Cr #fiwmdssylushsinia
WIM9§IUfuR vzl Fe, Mn U8y Zn &
Usz nEnmnrstntamus ldifiuuinsgiuhi
Awuald nmsveaeg 3 ASs wuihmshRe
NaHSO, #usz ndaw olndiAveiy Taudida
WeotuuyInsgIumsenitg 0.01-0.08 snifu Fe
fifiAdsoiuuninggiu vl 0.9 Snsonisiiu
NaHSO, #wannnudufivuaelanzninfivhin
ynuefimsanaznauiy NaOH 7 pH 9 1wsathin
Cu, Mn uaz Zn (67 YSwindlanzuindvie
Twhlaifiusnnsguhitsgn wnssufvualy wa
USinas Cd, Cr, Ni uay Pb fiwdoaglunhsy_sni
WRsguy Femshih " edenaunttaneufiag
Usoray via 157904y Wil U1nlaeds chieate

3.2 lj-'lldil'i'lﬂﬂ'ISSlﬂS'l:ﬁﬁ'l As

Apwihhi~sinrweuumsUnRiam pH
18 235 Audiutiumfvuey As, Cd, Cr, Cu, Fe,
Mn, Ni, Pb uag Zn HAWWNAU 267.8, 45.5, 22.8, 27.9,
158.1, 1125, 46.8, 56.2 Uz 65.7 mg/l MUFIHU

357 1 nsuhimhi eshy NaOH # pH 9

navn1sUIvANUIY As HATRINTuTY
WREWhTU 6.6 mg/L Andudsy nBamnisthin
975 wasdusd w Cd, Cr, Cu, Fe, Mn, Ni, Pb
uay Zn frmAnuduiuaduwiiu 068, 055, 2.3,
735, 239, 197, 253 une 322 mg/L AINETAU
Anduuse " nBnmmsthdawihiu 985, 97.6, 92.0,
535, 788, 958, 955 uar 95.1 WasEus mussU
Bolaneynsfivsinalansfimassyluh vifiuni
WRTFIUhfoi U Bniiu Feuas Zn

357 2 nstiahc ese NaOCl- NaOH
# pH 9

ndun19thdmnwudn  Hranududiuiaie
289 As, Cd, Cr, Cu, Fe, Mn, Ni, Pb 8¢ Zn
Wwiniu 0.02, 0.09, 0.36, 1.4, 2.7, 44, 0.050.17 uxe
1.53 mg/Lonuasiu Andudse ninmnistidn
agflugay 950-100 WasiBus musd1siu Usunn As,
Cr, Mn, Ni, Pb sz Zn #wdsluhfirshnid

IMIIUINRauR ungdi Cd Ul Cu fwie
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S —1— Wisufisuignisfivnny § wsutitne
Vaa [ ; g g % o P ol A
c ENERE % WL YIIMNITIATIZIIN As
> - i am = .
=g |3 — WuITIBLAN NaOCl fiousnaznoulansanlen
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) = _ wnninisenaznaulaasanlefifisontioifien
=l a2 | S = = AN B o
S AR L'I:’l Wavanusz “nEnmlunmstiUnuaslaswin oy
< | s |w© — - )
il & = W& Tauwawiz As, Cr, Mn, Ni, Pb sz Zn
e} Q [ = e P ¥ 0 a ¥ L o 1%
D =R I e N fiusunoumaelihlifusnasgaineivuals
E <
— o | o
dg a ; g g T - - o —I’ -
= EEEE H 3.3 ull g’31NNISOIAS ARG A
=< O N = —_— .
alll B = Ine38 Dichromate
2 = B x NE M ] o 77 1
2 £ G £ Aeuhi " yuEweUIuMsUIURTRAT pH
E = N o 1% 012 mududumlsuoy Ag, Cr, Fe unz Hg
[ — = 2
=} [ +| < o
: = EAEaE 7 WU 16349, 2145, 3527 udg 12836 mg/l mu
& = = [aY] = o o
= — B il
= = L o . ¥ o
g | = 8 & 359 1 msuUmi sy NaCl- NaOH
= = o | o =
e — o
2 gl =s|Z g 9 pH 9
; “g C_'I_JI i! ﬁ ﬂ o °o_ ' v a
2 = R = S NSt Anuindumasuey Cr
e T S
= = = U8z Fe wnu 172 uaz 32.76 mg/L uaz 1190
? r";] ' N LS o_ o ¥ 1o o
(Ol = > > AAnlEFs o Aslumsy 4
2 © aoa o o % = v =
. S e g = 350 2 msuUmiy iy NaOH 7 pH 5
B 2 | Fl ;
B4 +l ¥ o = '
) = EAREE = WRY 9 WRILFY Na2S 71 1 w8z 0.1 win
- . 2 = = wuil 9 pH 9 “wnsaminUsenlfnde
I — ' o~ [~e}
5 51| == =N SN A 1 y ¥ o T a
3 % C Ea FndAINIRsgIufey Asldiiu 0.005 mg/l
= Q b= g S ' C =1 a o a
2 lelals|s = wlavewinfadugi pH 5uaz pH 9 He0_oifiu
= Al i v
S =82 S WIRSFILATNINUR WRTNAIIINLAN Na,S TuuSaiu
(S 0 I ' = P
.,E - EIBE = 1 Wi pH 5 wuil Ag, Cr, Fe waz Hg fimdn
) 32 P v v = [
S | = T = agfifAnudnduadswindy 29.34, 7.50, 0.694
@ S S | 3 = oo A .
g 2 b E E ke 0.1639 mg/l PIURIAU B9 _UNIININIFIU
P [ A ) S ¥ 2, 2 o - -
«g 2 S| S = Wierivunly wnefl pH 9 niin Na,S TuuSunm
b R 8 1 vih wsathde Hglidaududusinin
= 2 o i o o v 5
S = WIRIgIUEimun U Cr wsathUelas a
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2 B & ﬁ ﬁ ey 24 mg/L W Ag Uay Fe NaaiipmuIn
= B 5 =2 = oo = = e
= S |7 = wWisusuiunisiiy Na,S Tuuduim 0.1 wid
v VY s v
< | 2 Bz pH 9 Usz“nEnmmstinlndiAssiunsld Na,s
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S B & g = s 1 wih wer wnsnduiulansfimdelin
@« s NN s = . 09 % o o
I = £z = g Junegnoudalwiliimovun  Budulunurmng
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1579 4 Usinoulaveminfimas wasUss " nEnmwndunisutm $1e NaCl way NaOH

Usunalaneniin
(mg/L)

X£SD.

X#£SD.

X#£SD.

X£SD.

faumstiun 1634.943.15 -

21451021

352.7+0.57 - 1283.6+3.80

ANRENBUEIY NaCl 848+029 | 948

117.1£0.08 | 454 | 139.0£020 | 606

0.037£0.01 | 100

ANRZNDUGIY NaCl

48z NaOH 7 pH 9 6.460.17 99.6

1722002 | 992 | 32762040 | 90.7

0.00£0.00 | 100

7919 5 Usinalaveminfiunde uazuUse nEnwmasniathonsiy NaOH uaz NaS

Usunalangniin

(mg/L) X£SD. %Eff.

X#£SD.

%Eff. |  XtSD. X#£SD.

1634.9+3.15 -

AauNIsUIUR

214.5+0.21

352.7+0.57 - 1283.6+3.80

3 1 anmenowioy NaOH 7 pH 5 | 554741727 | 66.1
- fEY NaS 1 0

15021004 | 993
29.34+0.31 982 7.5%0.12 96.5

14841014 | 999
0.1639£0.02 | 100

4585%0.12 | 987
06941003 | 99.8

3 2 mnaznausay NaOH 7 pH9 | 86432023 | 995 | 1051£005 | 951 | 9250066 | 738 0.00 100
- NUAY Na$ 1 wh 0.3032£0.06 | 100.0 24%0.10 989 | 02331002 | 999 0.00 100
- Ay Na$ 01 Wi 0.3219£0.00 | 1000 | 2.6743£0.04 | 988 | 0.2433%0.00 | 99.9 0.00 100

F1579 6 Wisu@isuIznisuva " sflimwdsannsinasvidlas

Ussnalangniin

(mg/L) X£SD. YoEff. X#£SD. %Eff. |  XxSD. YoEff. X#£SD.
NaCl - NaOH i pH9 6.46£0.17 996 | 1724002 | 992 | 3276+040 | 907 0.0£0.0 100
NaOH - Na,$ 1 il pHb5 29344031 | 982 7.510.12 965 | 0.69%0.03 99.8 | 0.164%0.02 | 100
NaOH - Na,$ 1 whil pH9 0.303x0.06 | 100 24%0.10 989 | 023%0.02 99.9 0.00£0.0 100
NaOH - Na,$ 0.1 i pH9 [ 0322000 | 100 | 267+004 | 988 | 024000 999 0.00£0.0 100

WisuWeuisnsfiuane u wsuthdmi san
msineislas

nmswWspudisute 2 38 wuiIEd 1
Wiz 3 wsumsthtmih sannsimaeisled
i desandiuse nBnwmsthdn Cr HFnT
wazste 2 3% sz vwEawlunimhde Hg 18
100 Wasidus Vs Cr Audsluhiimanududu
\WRWhiU 172, 75 Wy 2674 mg/L 7 pH 5 uay
pH 9 musfu uazUsandalisfimnisazaivayi
9.0X10-20 mg/L usiflmean 15dalwsnAndnAumiiu
finnuduiivguuse  AofuSosipuliszuumunudis
wanani NaCl #lFlunsanaznaudody 1908

PfwnswlElu@inusyar funasfisnangn

5. sula:idl udlu:

1) My 15eesulirnnznou (Coagu-
lant) 194 FeCl, agvhlusy nBamniatiin sty
ANLFILAZINIVBINISAU 19RERI8TiAN ATy
Aan1sAnmenouuaylane nISLAN 15199019
nnngnausiasldainuislvasluiasefumusie
tunas Was 12 wiii Welingnawundusiiu
ey eeiiuszimeug Faldaudluis
Jouaglfiau [3]

2) mrnaufingnoanu1shuvhlduiodie
WiusausmRiUSinasnnwe  newihluvhiveylu
sUzpuudy (Solidification) Sazyuvniludne
RrnoussyuY1I 1.3 [3]

CeyCia_BejnjuuIiLNMYMm=ensecsLunsy|
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P

3) wndslensenles T5Agn Tan wdR

q

Aslave waz 1w1snavarwnsulddie e pH
wWivuuazfloswsiulanz indulavzoanlgang
mynawuwn [1]

4)  9efAlElunevhufisenavioed

A WAl W laveminanazneu uaznznou
Plsazsooldazaendu lanewinursuingomgl

o o

LANRTUNITRZAIY  LaneinANIUNISANAZNDY

2)

wiazfimdsagusnnhlniuegiu  Jadenaiy

DL
S v

fu i USinalaveniisususiiaues 19annznew
Pl amngmhliAnugEen Taeawiy pH 19
o MReUueylwh@venadishdudemsiinnznaw

1) AIsfinsAnenh wandeeufuinTs
wiodu wWlsuifisuiy sauieinmsuszsdurly
Fwlunstitn wenanilenald 1siafidsinanw
mavafiadunisanfunuuazifuumeliios
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Activated Char Production from Pyrolysis of

Coconut Husks

#37elavhnisAnyinisafenuenin
Twmwilwlslad  TuusseiniafiusAneandiau
figuwndl 400, 500 uar 600 udilagn
sndushuyasndulehaamalish (4'8) neiiindu
hlAwrsstaudusznauseamrdaoun Tasunlansm
dhluusuugunmnmlsicmiuiiug ween oy
Usy niniwnisgadunisdaiiaslnoonlesi
Weulvsvg wansfnwwui Wegamgilnlslad
Lot agldudndneinfuwhiuuaznizuniy Tu
vougfnandnfiifuvoudofnduazanas  hifud
188~ mdsvsou  fddnsuzlisiuduidaifvasu
(heterogeneous) wazfl un 1My oxygenated
compounds 310 tuftlfidathludSuugunmnm
fiusy “nEamlunisgaduniy

U

vt uiuTud
Fawpslnoanled v wamsiRsIziNuAf By
leshinad e 5 nEndeiduiusiusifsiaugi g
undunaziiuusenanmlunisgedy  §3dulsh
b UBUUIARTTIIIUAULUY MSUN1SYEIEHALTY

NI

Coconut husks were pyrolysed in a fixed
bed reactor at 400, 500 and 600°C. The pyrolysis
oils were collected in a series of condensers and
ice traps, and analysed to determined yield and
properties in relation to process conditions. The
pyrolysis vapours were analysed off-line by packed
column chromatography. The char products

from pyrolysis were activated and tested for
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Toru Ishiib, Yoshiaki Matsusawab,

Hiroshi Aramakib, and Emi Yoshitaka®

desulphurisation property under different
conditions with and without steam at 800°C.
Surface areas of the char samples were determined.
The pyrolysis oils of coconut husks were light
yellow heterogeneous, of low viscosity and highly
oxygenated. The greater the temperature, the more
percentage of oils and gases were produced,
while char products were reduced as pyrolysis
temperatures were increased. The char from
coconut husks can be activated to give high
quality activated carbon. The higher the pyrolysis
temperatures, the better activated char were
produced. The specific surface area increased
significantly while water vapour was added to
the activation system. The biomass utilisation
system through pyrolysis, activation and
desulphurisation processes for commercial pilot

plant has been proposed.

1. INTRODUCTION

Biomass is defined as: trees, grasses, and
algae; agricultural and forest wastes; municipal
solid wastes; and miscellaneous wastes which
contain three major components: cellulose,
hemicellulose and lignin.

Availability of biomass makes it having
advantage for being used as energy source. Biomass
fuels are renewable, and contain very low amounts
of sulphur compared to fossil fuels. Biomass

conversion technology is a low-temperature process
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and there is negligible augmentation of the
greenhouse effect compared to the burning of
fossil fuel, as biomass synthesis is part of the
natural carbon cycle (enhanced use may, however,
cause temporary variation of CO, emissions).

Biomass energy has a number of additional
benefits, including the provision of modern
energy forms to rural communities, improved land
management, job creation and the reduction of
carbon dioxide emissions.

Advanced biomass technologies have also
being developed in many countries in various parts
of the world. Biomass is therefore one of the clean
energy resources that shows high potential to
supply the future increasing energy demand, and
to substitute the use of existing depleted fossil
energy with little negative effect on the world’s
environment.

Thailand is one of the World leaders on
agricultural production and export. Agriculture is
a large and an essential sector. Biomass resources
especially agricultural residues are abundant. The
EC-ASEAN COGEN Programme estimated that
energy potential from four main agricultural
residues: bagasse, rice husks, palm oil wastes, and
wood residues; was 11,200 GWh/yr or 2,985 MW
of power capacity. Apart from this, there is a
substantial amount of unexploited agricultural
residues that have not been accounted for. It was
reported that in 1997 more than 100 million tons
of agricultural products were produced. There
were also about 61 million tons of residues, of
which about 15 million tons was already used
as fuel, and a small amount was used for other
purposes. About 41 million tons, which is
equivalent to about 426 PJ or 10.07 MTOE
(Megaton oil equivalent) of energy, was left either

on the field or at the processing plants.

This study was carried out under the
joint research project on the “Development of
Biomass Pyrolysis and Utilisation System” between
the Ishikawajima-Harima Heavy Industries (IHI),
Japan, and the Environmental Research and Training
Centre (ERTC), Department of Environmental
Quality Promotion (DEQP), Ministry of Natural
Resources and Environmnet, Thailand, supported
by the New Energy and Industrial Technology
Development Organization (NEDO), Japan.

This research project target technical
development for the use of biomass not only as
fuel but also advanced application for the use
of char produced from slow pyrolysis as
desulphurising agent. The pyrolysis conditions

and desulphurisation test were investigated.

2. MATERIALS AND METHODS

The coconut husks used were obtained from
Thailand and were chopped to size Ixlem’ (see
Figure 2.1-1). Table 2.1-1 shows the proximate,
ultimate analyses and calorific value of the coconut
husks.

Figure 2.1-1 Chopped coconut husks



Table 2.1-1 Properties of the coconut husks

Volatiles 648 | Carbon 50.8
Moisture 6.1 | Hydrogen 54
Ash 29 | Oxygen 403
Fixed carbon 262 | Nitrogen 04
Gross calorific value 18960

(kI/kg (wet))

2.2.1 Pyrolysis reactor

The pyrolysis reactor was batch type
reactor equipped with a chamber in which
samples were placed, heated up by electric furnace
with thermocouple. A series of condersers placed
in a cool ice tank, were connected to collect
pyrolysis vapours from the reactor. An activated
carbon column and water bottle were connected
to adsorb remaining hydrocarbon vapours. The

details of pyrolysis reactor are as follows:

(1) Chamber

Size: 300mm diameter x 400mm height
with the thickness of 4mm; Flange 10K thin
type

Materials: Stainless steel SUS304

(2) Electric furnace

Size: Inner diameter 339mm, inner height
320 mm

Maximum temperature: 800°C

(3) Condensers

Column: Pyrex glass tube, 100mm diameter
x 400 mm height x 3 units

Cooling tank: Acrylic resin, 1,000 mm
length x 300 mm depth x 500 mm height;
with cooling water circulating unit

(4) Activated carbon column: Acrylic resin,
60mm diameter x 770mm height

Figure 2.2-1 and 2.2-2 show the

schematic diagram of the pyrolysis process and

the photograph of the pyrolysis equipment.

Activated carbon column

To drafl lan
-

Sample .
\ washing

Gas sampling
N,
CO

H,
CH,

rd
rFd
Electric furnace / Cooler

Cooling water

C.H,
C,H,
C,H,
C;H,
CHg
\‘\\CIH]H

Gilass column

Figure 2.2-1 Schematic diagram of the pyrolysis process



Figure 2.2-2° Batch type pyrolysis reactor

2.2.2 Methods

The coconut husks were dried prior to
the experiment. The dried sample was placed in
the chamber, and N, was passed into the reactor
to provide free-oxygen atmosphere and acted as
a carrier gas, at the flow rate of 150 ml/min.
Biomass sample was placed in the chamber. Then
the chamber was heated by the electric furnace
at a heating rate of 5.3°C/min until reaching
specified maximum temperatures of 400, 500 and

600°C. The pyrolysis vapours were then passing

Table 2.2-1 Conditions of gas analysis

through a series of ice trap condensers of which
condensate was trapped, the escape gas vapours
were trapped by activated carbon column and
water bottle. After finish the test, the chamber
was removed from the electric furnace for cooling
down. The weights of biomass sample, char and
condensate were determined. Pyrolysis gas
was analysed off-line for determination of gas
composition.

The methods of analysis of char and
condensate are as follows:

Industrial analysis (4 elements): JIS M 8812

C, H: JIS M 8813 (Liebig’s method)

Sulphur (total): JIS M 8813 (Eschka method)

Chlorine (total): JIS M 8813 (Eschka method)

Calorific value: JIS M 8814 (Nekken type
automatic calorimeter)

Specific surface area: JIS M 8830 (method
of measuring specific surface area of powder (solid)
through gas absorption)

Pyrolysis gas was analysed by gas chroma-
tography. The conditions of gas chromatograph
are indicated in Table 2.2-1.

GC type Shimadzu GC-8A | Shimadzu GC-8A | YANAKO G2800 | YANAKO G2800
Detector TCD TCD FID FID
Column packing material MS-13X Porapax Type Q Porapax Type N Chromatosorb
Carrier gas Ar Ar N2 N2
Primary pressure, kg/ cm’ 32 32 -

Secondary pressure, kg/cm2 22 20 32 26
(specimen size)

Secondary pressure, kg/ om’ 20 22 -

(reference size)

Injection/Detector 80 80 50 50
temperature, C

Column temperature, C 80 80 45 45
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Figure 2.3-1 The schematic diagram of the activation process

2.3.1 Test equipment for activation
process

A vertical tubular electric furnace in which
an SUS reactor has been installed was used as
the test equipment for the activation process.
A pipe for supplying gas and water vapour was
connected to the reactor. Figure 2.3-1 shows the
schematic diagram of the activation process, and
Figure 2.3-2 shows a photograph of the electric
furnace. The detail specifications of the equipment
are as follows:

Type: vertical tubular electric furnace
(external temperature control at 3 points)

Heating temperature: maximum temperature
800°C

Reactor: SUS316 reactor, inner diameter
(id.) 40mm; length 600 mm

Gas introduction: nitrogen gas, with mass
flow control

Water vapour introduction: small electric
furnace heating system for distilled water, with

tube pump supply

Figure 2.3-2 Photograph of the electric furnace

2.3.2 Test equipment for desulphurisation
In the desulphurisation test, a nitrogen
based standard sulfurous acid gas was introduced

into the glass reactor with a diameter of 15 mm.



The gas outlet was measured using a SO, meter.
Figure 2.3-3 shows a schematic diagram of the
test equipment. The details of the test equipment
are as follows:

Test equipment for desulphurisation

Supplied standard gas: 486 ppm SO,/N,

Reactor: glass reator with id. 15 mm,
length 400 mm

SO, measurement equipment: Horiba
VIA-510-S0O,

2.3.3 Methods

2.3.3.1 Activation process test

Twenty grams of the char sample was
placed into the reactor and installed in the vertical
tubular electric furnace. The reactor was then
purged with nitrogen gas with a steady rate for
one hour in order to eliminate the remaining air
in the reactor. The reactor was then heated by
the electric furnace to reach the activation
temperature of 800°C, which the test was
commenced. Water vapour was introduced to
the reactor through the nitrogen gas pipe during

the test. After completion of the test, the furnace

Maszs llow controller

Standard gas:
486 ppm of SUZJN?

l Sample 1 g

was opened to let the sample cool down to room
temperature. The activated char was then remove
and weighed. The activated char and the original
pyrolysis char were analysed for specific surface
area (BET method).

The activation process temperature was
limited at 800°C due to limitations posed by
the pyrolysis temperature and the heating
capacity of the electric furnace. Assuming practical
application, the process was limited to use only
inert gas (N,) with addition of water vapour.
Neither acid nor other chemicals preprocessing
was used for conditioning of the test in this study.
The test conditions are indicated in Table 3.2-1
in Section 3.

2.3.3.2 Desuphurisation test

The desulphurisation tests were under-
taken with respect to specimens obtained from
the pyrolysis and the activation tests.

One gram of roughly powdered char
specimen was placed at the centre of the glass

reactor and standard sulfurous acid gas (486 ppm)

2 15 mm Glass reactor Exhaust gas

| Doo

SEIEH:IJ:!

Figure 2.3-3 Schematic diagram of the desulphurisation equipment



was introduced into the reactor at flow rate of
500 ml/min. The concentration of sulfurous acid
gas was measured continuously using SO, meter
to monitor absorption process. In order to prevent
channeling during the test, the standard sulfurous
gas was supplied into the reactor downward.
The test run simultaneously for introduction of
the standard gas until reaching breakthrough time
that the concentration of the standard gas reached

the halfway point (243 ppm), the test was ended.

The mass and heat balance of pyrolysis
of coconut husks at 400, 500 and 600°C show
that product yields are about 99% by weight. As
the pyrolysis temperature was increased, there
was a marked increase in gaseous and liquid
products, but decrease in char yields. This can
be explained in that at higher temperature the
biomass components become more volatile due
to the severity of the pyrolysis which as the
temperature is increased, the secondary cracking of
tar to form gases will occur'. The decrease in the
char yield as the temperature were increased
could either be due to, at higher pyrolysis
temperatures, the greater primary decomposition
of the biomass to form gases and tar (see equations

3.1-1 and 3.1-2), then tar could undergo secondary

cracking to form gases (equation 3.1-4), or
through secondary decomposition of the char
residue (equation 3.1-6). Since there is no obvious
mechanism for carbon loss with increasing
temperature, it is suggested that higher pyrolysis
temperature volatilises some of the solid
hydrocarbon content of the char’. The lower
pyrolysis temperature will favour char formation
(equation 3.1-3). Radlein’ suggested that at
higher temperature, the decomposition of biomass
to form liquids and gases will become dominant.

These observations are in agreement with the

literatures (see Nugranadz).

Biomass Le Gas (3.1-1)
k.

Biomass 2= Tar (3.1-2)
k

Biomass — = Char (3.1.3)
ky

Tar Gas (3.14)
k

Tar > > Char (3.1-5)
k

Char 5> Gas (3.1-6)

Mass and heat balance of a practical
pyrolysis process was calculated to evaluate the
possibility that energy of pyrolysis gas would be
enough to run the process, based on the result of
this experiment (see )-
shows the process flow diagram of a possible

pyrolysis process.
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Table 3.1-1 Yield and calorific value from pyrolysis of coconut husks at 400°C

Conditions Yield
Sample Coconut husks (dry)

Sample 504 100
Max. pyrolysis temp. 400°C Char 263 522
Heating time and rate 72 min (5.3°C/min) | Condensate 150 29.7
Carrier gas N,, 150 cc/min Gas 847 16.8
Moisture content 20.8% Total 498 987

% Calorific value data Energy
‘; Sample 18960 k]/kg Calorific value (k])  wt%
é Char 25080 kJ/kg Sample 9958 100
é Moisture in condensate 92.4% Char 6598 69.0
E TOC in moisture 15% Condensate 1604 16.8
§ Oil in condensate (wet basis) 21030 kJ/kg H, 5 0.1
g Moisture in oil 30.5% 0, 0 0.0
) O H, 68 kcal/mol N, 0 0.0
—w 0, 0 keal/mol CO 176 18
e N, 0 kecal/mol Co, 0 0.0
;) CO 68 kcal/mol CH, 33 03
% CO, 0 kecal/mol CH, 7 0.1
CH, 213 kcal/mol CH, 9 0.1
CH, 337 kcal/mol C,Hg 3 00
CHy 373 kcal/mol CH, 8 0.1
C,Hg 531 keal/mol i-CH,, 0 0.0
C3H 492 kcal/mol n-CH, 1 0.0
i-CH;, 688 kcal/mol i-C,Hy 4 0.0
n-CH,, 688 kcal/mol Total amount of gas 245 2.6

i-C,Hg 649 kcal/mol Total 8448 884




Table 3.1-2 Yield and calorific value from pyrolysis of coconut husks at 500°C

Conditions Yield

Sample Coconut husks (dry)

Sample 469 100

Max. pyrolysis temp. 500°C Char 229 488
Heating time and rate 90 min (53°C/min) | Condensate 145 309
Carrier gas N,, 150 cc/min Gas 915 195
Moisture content 22.2% Total 465 99.2
Calorific value data Energy g

Sample 18960 kJ/kg Calorific value (k])  wt% %
Char 23930 kJ/kg Sample 8885 100 %
Moisture in condensate 88.9% Char 5470 61.6 %2
TOC in moisture 15% Condensate 1667 188 %
Oil in condensate (wet basis) 22990 kJ/kg H, 19 02 §
Moisture in oil 259% 0, 0 0.0 %
H, 68 kcal/mol N, 0 0.0 O )
0, 0 kcal/mol €0 182 20 @_
N, 0 kecal/mol Co, 0 0.0 &
Cco 68 kcal/mol CH, 67 0.8 %
CO, 0 keal/mol GH, 12 0.1 ;
CH, 213 kcal/mol C,H, 25 03
(@I 337 keal/mol Csl 11 0.1
CHy 373 kcal/mol C3H, 20 0.2
GC,H; 531 kcal/mol i-C,H, 0 0.0
CH, 492 kcal/mol n-C,H,, 2 0.0
i-C,H, 688 kcal/mol i-C,Hq 6 01
n-CHy, 688 kcal/mol Total amount of gas 344 39
i-C,Hg 649 keal/mol Total 7481 842
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Table 3.1-3 Yield and calorific value from pyrolysis of coconut husks at 600°C

Conditions Yield
Sample Coconut husks (dry)

Sample 356 100
Max. pyrolysis temp. 600°C Char 157 441
Heating time and rate 108 min (5.3°C/min) | Condensate 121 339
Carrier gas N,, 150 cc/min Gas 758 213
Moisture content 13.8% Total 353 99.3
Calorific value data Energy
Sample 18960 kJ/kg Calorific value (k])  wt%
Char 20900 kJ/kg Sample 6744 100
Moisture in condensate 86.9% Char 3277 486
TOC in moisture 15% Condensate 1391 206
Oil in condensate (wet basis) 22720 kJ/kg H, 27 04
Moisture in oil 18.0% 0, 0 0.0
H, 68 kcal/mol N, 0 0.0
0, 0 kcal/mol CcO 146 22
N, 0 kecal/mol Co, 0 0.0
Cco 68 kcal/mol CH, 87 13
CO, 0 keal/mol CH, 12 0.2
CH, 213 kcal/mol CH, 34 05
Gl 337 keal/mol C,Hg 14 0.2
CHy 373 kcal/mol C3H, 20 03
C;Hg 531 kcal/mol i-C,H,, 0 0.0
CH, 492 kcal/mol n-C,H,, 2 0.0
i-C,H;, 688 kcal/mol i-C,Hg 6 0.1
n-CH,, 688 kcal/mol Total amount of gas 346 51
i-C,Hg 649 keal/mol Total 5015 744




Results of analysis of condensate from coconut pyrolysis at different temperatures

Moisture, wt%

Ash, wt%
Volatile, wt%
Fixed carbon, wt%

Gross Calorific
value, kJ/kg

C, wt% (dry)
H, wt% (dry
N, wt% (dry
0, wt% (dry)

T-S, wt% (dry)
T-Cl, wt% (dry)

)
)

TOC in aqueous
phase, wt%

Specific surface
2
area, m'/g

At 400°C

Ladorum Hus ks

o
s

arific Yalue

Modsiure
Calorific Walue

& focigmphor

6.1

29
64.8
262

18960
(wet)

50.8

54

04
403
0.1

09

I-i
t/h

400°C 500°C
Char Condensate Char Condensate
24 924 28 924
(inc. organic) (inc. organic)
154 241
245 136
57.7 59.5
25080 30259 23930 31026
(wet) (dry) (wet) (dry)
64.7 75.5 634 72.8
35 6.46 26 7.02
0.2 0.83 04 0.77
15.8 170 8.8 193
0.1 0.20 0.1 0.13
1.0 0.83
- 15.0 - 15.0
21 27

!-L'-l'!]l

P hii B LEnip )
Haat of kin

Aeailable gas for other pupose

0.3 | %

t capacity and heal of reaction of biomess = egual o

Tamp
—

sFhar

"1"r'|rl

Char
22

368
8.1
529
20900
(wet)
56.0
19
04
41
0.1
0.77

146

Froducthon rata

Value

& PAoCuchioen rabe

celuiose ong

Mass and heat balance of coconut pyrolysis

600°C
Condensate
86.9
(inc. organic)

27707
(dry)
715
6.85
091
206
0.17

15.0

Kjkg

(K a3l
| T 2
{Mcalh)
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Figure 3.1-2 Flow diagram of biomass pyrolysis process

3.2 Activation process test

The specific surface areas of specimen are
summarised in Table 3.2-1. It can be seen that
the specific surface area of the activated char was
increased significantly as the steam was introduced
to the activation process. In addition, the higher

the pyrolysis and activation temperatures, the

higher specific surface areas were found. This could
be explained that as the temperature increased,
the organic compounds in the biomass sample
undergone thermocracking/decomposition reactions
to give more volatiles, leaves the residue char
with less volatiles but remain the fixed carbon in

the structure.

Table 3.2-1 Conditions and yields of activation process test

Pyrolysis Temperature

Activation condition

Activation
yield (%)

Specific surface

area (m’/ g

- - 21
- 800°C, N, 0.5hr"” 76.8 25
800°C, N, 2.0hr"” 726 <1
800°C, N, + steam 0.5hr 57.1 479
- - 27

500°C . @
800 C, N, + steam 0.5hr 67.6 616
- - 146
. 800°C, N, 0.5hr"” 81.1 10
800°C, N, 2.0hr"” 872 98
800°C, N, + steam 0.5hr 835 642

Note: N, 100 ml/min
®'N, 100 ml/min, H,0O 04 g/min (steam 83%)



Table 3.3-1 Results of desulphurisation test

Pyrolysis Temperature

Activation condition

Activation
yield (%)

Specific surface

area (m’/ 2)

- - 111

. 800°C, N, 0.5hr"” 76.8 97.9
400°C 800°C, N, 2.0hr"” 726 146
800°C, N, + steam 0.5hr 57.1 807

500°C ) ' - ] 48
800 C, N, + steam 0.5hr 67.6 102

- - 743

. 800°C, N, 0.5hr"” 81.1 66.1
600 800°C, N, 2.0hr"” 87.2 426
800°C, N, + steam 0.5hr” 835 101

Note: " N, 100 ml/min

2 N, 100 ml/min + H,0 04 g/min (steam 83%)

Standard gas: 486 ppm of SO,/N,
Gas flow rate: 00 ml/min (downward)

Sample weight: 1.0 g

3.3 Desulphurisation test

As indicated in Table 3.3-1, steam addition
during activation process of the char has influence
on the property of the activated char. At activation
temperature of 800°C, with addition of 83% steam
for 0.5hr, the efficiency of desulphurisation was
found to be about 100 %.

3.4 Biomass utilisation system for
commercial pilot plant

This research project combines two types
of technology; the pyrolysis of biomass, and the
use of char obtained from the pyrolysis in
a simplified desulphurisation system at low cost
as alternative way for traditional desulphurisation
system (limestone/gypsum process) or other
advance technologies. According to the study,

we proposed the idea of the pilot scale for

biomass utilisation through pyrolysis, activation

and desulphurisation processes. The biomass
utilisation system consists of pyrolysis, activation,
and desulphurisation for commercial pilot plant

has been proposed as shown in Figure 3.4-1.

4. CONCLUSIONS
The char obtained from the pyrolysis of

coconut husks was activated then used for
desulphurisation test under different conditions.

It was confirmed that the activated char could ab-
sorb a maximum of 0.87 mol (64 g) of SO2 per kilo-
gram of char. This value indicates that about 40 m3
of flue gas containing 500 ppm of SO2 could be
treated using one kilogram of the char. The process
conditions such as temperature, amount of steam and
flow rate, have influence on the efficiency of pyroly-
sis and desulphurisation, and also on product yields

and properties.
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ABSTRACT

Rice husks were pyrolysed in a fluidised
bed reactor at 400, 450, 500, 550 and 600°C. The
rice husks were then pyrolysed at 550°C with
zeolite ZSM-5 catalyst upgrading of the pyrolysis
vapours at catalyst temperatures of 400, 450, 500,
550, and 600°C. The pyrolysis oils were collected
in a series of condensers and cold traps and
analysed to determine their yield and composition
in relation to process conditions. The gases
were analysed off-line by packed column gas
chromatography. The pyrolysis oils before catalysis
were homogeneous, of low viscosity and highly
oxygenated. Polycyclic aromatic hydrocarbons
(PAH) were present in the oils at low concentration
and increased in concentration with increasing
temperature of pyrolysis. Oxygenated compounds
in the oils consisted mainly of phenols, cresols,
benzenediols and guaiacol and their alkylated
derivatives. In the presence of the catalyst the yield
of oil was markedly reduced, although the oxygen

content of the oil was reduced with the formation
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of coke on the catalyst. The influence of the
catalyst was to convert the oxygen in the pyrolysis
oil to largely H20 at the lower catalyst temperatures
and to largely CO and CO, at the higher catalyst
temperatures. The molecular weight distribution of
the oils was decreased after catalysis and further
decreased with increasing temperature of catalysis.
The catalysed oils were markedly increased in
single ring and PAH compared to uncatalysed
biomass pyrolysis oils. The concentration of
aromatic and polycyclic aromatic species increased

with increasing catalyst temperature.

Biomass is recognised as an important
source of energy, particularly in developing
countries where it may be used to reduce the
reliance on imported forms of energy and
conserve the limited supplies of fossil fuels [1-2].
Developing countries tend to have economies
largely based on agriculture and forestry.
Agricultural waste is one form of biomass which
is readily available but is largely not utilised in
energy recovery schemes. Rice husks are an
agricultural waste produced as a by-product of
the rice milling industry. The world wide annual
production of rice husks is estimated to be about
100 million tonnes, 90% of which is generated
in developing countries [3]. The utilisation of
this source of biomass through energy recovery
processes would solve both a disposal problem
and also generate useful energy.

Pyrolysis is one form of energy recovery
process which has the potential to generate a char,
oil and gas product all of which have a potential
end use. The process conditions of pyrolysis can
be optimised to maximise the production of
either pyrolytic char, oil or gas, all of which have
potential uses as fuels [1-11]. The process

parameters which have the largest influence on

the products produced from pyrolysis are the
temperature and heating rate [10]. The oil produced
has a high energy density and may be combusted
directly or refined for the recovery of special
valuable chemicals. The production of a liquid
product has advantages in that it is easier to handle,
store and transport and hence the product does not
have to be used at or near the pyrolysis process
plant [9-11].

However, a drawback in the utilisation of
biomass pyrolysis oils in fuel applications are
their chemical and physical characteristics.
Biomass pyrolysis oils are highly oxygenated,
viscous, corrosive, relatively unstable and
chemically very complex [12-13]. The direct
substitution of the biomass derived pyrolytic oils
for conventional petroleum fuels may therefore be
limited. Consequently, research has developed into
upgrading the oils by catalytic treatment to produce
a derived fuel product similar in quality to a refined
petroleum fuel. Catalytic upgrading has been via
for example, catalytic hydrotreatment of the oils
with H, or N, and CO under high pressure and/
or in the presence of Hz donor solvents, or
alternatively using zeolite type catalysts
at atmospheric pressure to dehydrate and
decarboxylate the oil [13-14]. The main zeolite
catalyst used for upgrading biomass pyrolysis
oils has been the hydrogen form of the zeolite,
ZSM-5. The zeolite ZSM-5 catalysts have a strong
acidity, high activities and shape selectivities
which convert the oxygenated oil to a hydrocarbon
mixture in the C1 to C10 range [13,15]. The
resultant oil is highly aromatic with a dominance
of single ring aromatic compounds similar in
composition to gasoline [16-24].

The majority of catalytic pyrolysis work in
relation to biomass pyrolysis oils has been with
wood derived oils. However, there are less data

on the influence of catalyst process parameters on



the yield and chemical composition of the derived
products from other types of biomass. In this
paper rice husks were pyrolysed in a fluidised
bed reactor in relation to temperature at 400°C,
450°C, 500°C, 550°C and 600°C. The rice husks
were then pyrolysed at 550°C with the freeboard
of the fluidised bed containing a fixed bed of
zeolite ZSM-5 catalyst. The catalytic upgrading of
the pyrolysis vapours was carried out at catalyst
temperatures of 400, 450, 500, 550, and 600°C.
The results of oil composition in relation to the
catalytic upgrading of rice husk pyrolysis oils are
compared with the composition of uncatalysed
rice husk pyrolysis oils. In particular, the aromatic
and polycyclic aromatic hydrocarbon (PAH)
contents of the oils are compared. PAH contents
are important since some are known to be
carcinogenic and/or mutagenic [5-6, 20-21] and
their presence in biomass pyrolysis oils in
significant concentrations may lead to problems

with handling and utilisation.

The rice husks used were obtained from
Thailand and were sieved to size 0.25-1.0 mm
to minimise elutriation of fines from the fluidised
bed. Table 1 shows the proximate and ultimate

analyses of the rice husks.

Properties of the rice husks

Volatiles 59.5 Carbon
Moisture 79 Hydrogen
Ash 7.1 Oxygen

Zeolite ZSM-5 catalyst was used for the
upgrading of the pyrolysis oils derived from rice
husks. The zeolite ZSM-5 used was a high acidity,
shape selective type with an elliptical pore size of
54 to 56 Angstroms diameter. The grain size of
the catalyst was 0.2 cm diameter spheres which size
prevented the fluidisation of the fixed catalyst
bed and possible elutriation of the catalyst from
the reactor. The silica/ alumina ratio was 50 and
the binder was clay. The surface area of the
ZSM-5 was 300 m’ g, the pore volume was
0.48 ml g'l and the average bulk density was
072 g ml". The catalyst was regenerated after
each experiment in the form of heating at 550°C
in the presence of air for 8 hours. These conditions
were shown to remove the coke deposits easily

from the catalyst.

The rice husks were pyrolysed in a fluidised
bed reactor, constructed of stainless steel and was
75 cm diameter x 100 cm high. The fluidisation
gas used was nitrogen and this was preheated
prior to its entry into the reactor. The flowrate
of nitrogen used was sufficient to provide three
times the minimum fluidising velocity (MFV) to
the bed and to ensure good mixing of the rice
husks within the sand bed. The bed material was

quartz sand with a mean diameter of 250 pm

446 Cellulose 344
5.6 Hemicellulose 29.3
493 Lignin 19.2

Ash 17.1



with a static bed depth of 10 cm. The rice husks
were fed to the reactor via a screw feeder to
the top of the fluidised bed at a feedrate of
0.200%£0.015 kg h'. The residence time of
the pyrolytic vapours in the hot reactor was
approximately 5 seconds at a pyrolysis temperature
of 500°C. The rice husks were fed for a period of
20 minutes.

Where pyrolysis/ catalysis was investi-
gated, the same fluidised bed reactor was used
but with the freeboard packed with zeolite
ZSM-5 catalyst to form a fixed bed of catalyst,
held in place with a flanged coarse distributor
plate. For the catalysis part of the work, the fluidised
bed pyrolysis temperature was maintained at
550°C for all the experiments and the fixed bed
catalyst temperature was maintained at either
400°C, 450°C, 500°C, 550°C or 600°C. The
calculated residence time of carrier gas over the
6.5 cm bed depth of the catalyst was 0.4 seconds.

The pyrolysis vapours on exiting the
reactor were passed through a series of condensers.
The initial condensation was provided by two
stainless steel condensers which were water cooled
both internally and externally with the catch pots
for each condenser ice cooled. There followed
a series of glass condensers containing loosely
packed glass wool and cooled using a mixture of
solid carbon dioxide and acetone which were used
to remove any residual vapours from the gas
stream. The condensation system was tested by
evaporating known weights of toluene and water
and passing them through the condensation
system. The system was found to be 97% efficient
in trapping the toluene and 99% efficient for
the condensation of water. The pyrolysis condensate
from all the condensers was mixed and stored
at -10°C. The oil from pyrolysis was a homogeneous
oil containing water and the water fraction of

the pyrolysis liquids was removed to leave the oil

using the standard ASTM D244 and IP 29.1
methods. However, the derived pyrolysis/ catalysis
oils after condensation consisted of distinct oil
and aqueous phases, and were separated by
removal of the oil layer by pipette. Several repeat
runs were carried out under identical conditions
to ensure the repeatability of the process. Figure 1

shows a schematic diagram of the reactor.

The carrier gas stream was sampled after
the condensation system at intervals by means of
gas syringes and were analysed off line by packed
column gas chromatography. Gas samples were
taken every 2-3 minutes and analysed to produce
a gas evolution versus time relationship over the
duration of the experiment, that is until there was
no significant yield of gas after discontinuation of
feeding. The gases were analysed for CO, N,,
and CH, using a molecular sieve SA 60-80
column with argon as the carrier gas and a thermal
conductivity detector. Carbon dioxide was
determined using a silica column and argon as
the carrier gas with a thermal conductivity detector.
Gaseous hydrocarbons were determined on
a Porosil C 80-100 column with nitrogen as the
carrier gas, using a flame ionisation detector.
Data manipulation was carried out using a Harley
Peakmaster data analysis system. The total weight
of gases produced was calculated by comparison to
the known nitrogen flow rate, gas chromatographic
analysis of concentration and known molecular
weights of the gases and was used to determine

the total mass balance.

The carbon and hydrogen content of the
pyrolysis oils and pyrolysis/catalysis oils were

determined using a Model 240C Perkin-Elmer
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Schematic diagram of the fluidised bed reactor

Elemental Analyser. The oxygen content was found

by difference.

Functional group compositional analysis
of the oils after removal of water was carried
out using Fourier transform infra-red spectrometry.
A Perkin-Elmer 1750 spectrometer was used which
had data processing and spectral library search
facilities. A small amount of the oil was mounted
on a hand made KBr disc which had been
previously scanned as a background. The infra-red

spectra of the sample were then taken.

The molecular weight (MW) distribution
of the oils was determined by size exclusion
chromatography. The system incorporated two

150 mm x 4.6 mm id. columns with Polymer

Laboratories 5 Um RPSEC 100 A type packing.
A third column of the same material was placed
in line between the pump and the injection valve,
to ensure pre-saturation of the solvent with the
column packing material. The calibration system
used was based on polystyrene samples of low
polydispersity in the MW range of 800 to
860 000, also included was benzene for low
MW calibration. Johnson and Chum [25] for
biomass pyrolysis oils also used polystyrene
MW fractions and showed that aromatic acids
and naphthalenes significantly deviated from the
calibration curve. Deviations from polystyrene
calibration curves have also been shown previously
for other model compounds [26-28]. However, in
this work the size exclusion chromatography

system was used to compare oils derived from



different process temperatures rather than to
determine the absolute MW. Samples were
introduced through a 2 Pl loop injection valve
and tetrahydrofuran was used as the solvent
mobile phase. Tetrahydrofuran has been shown
by Johnson and Chum [25] to be suitable for the
analysis of biomass pyrolysis oils. A two detector
system was used consisting of an ultra-violet (uv)
detector from Merck-Hitachi and a refractive index
(RI) detector from Varian. The output from the
detector was recorded on a micro-computer which
analysed the data. The MW distribution was
determined as number and weight average MW,
in addition the polydispersity of the oils was
also calculated. The number average molecular
weight (M,) has been defined as the average
molecular weight according to the number of
molecules present of each species [29]. The weight
average molecular weight (M,,) is defined as the
sum of the product of the weight of each species
present and its molecular weight divided by
the sum of the weights of the species [29].
Polydispersity is defined as the difference in the
values of M, and M,, where the closer the two
measured average molecular weights, the narrower
the molecular weight distribution. For example,
the polydispersity of a single compound measured
on the system used in this work would be about
1to 1.1

The oils derived from the pyrolysis and
pyrolysis/ catalysis of rice husks were fractionated
into chemical classes using open tubular liquid
chromatography and the fractions analysed for
aromatic, polycyclic aromatic hydrocarbons and
oxygenated aromatic hydrocarbons.

A sample of the oil was mixed with a solid
adsorbent, inert Chromosorb G/ AW/ DMCS 60-80
support, and placed on the column. The column

was then eluted with, n-pentane, benzene, ethyl

acetate and methanol (polarity relative to ALO,,
0.00, 0.32, 058 and 095 respectively), to produce
an aliphatic, aromatic, oxygenated-aromatic and
polar chemical class fractions respectively. In
previous work [20-24], the pentane fraction has
been found to contain any aliphatic species present
in the oils, however, for highly aromatic oils, such
as in this work where the catalyst was used, low
molecular weight aromatic species also elute into
the pentane fraction. The efficiency of separation
of the various fractions was verified by analysis
of the fractions by Fourier transform infra-red
spectrometry and gas chromatography/ mass
spectrometry.

The concentration of single ring aromatic
hydrocarbons and PAH in the benzene fractions
of the uncatalysed oils and pentane and benzene
fractions of the catalysed oils and the
oxygenated 7 aromatic species present in the
ethyl acetate fractions were determined. Analysis
was by capillary column gas chromatography
with flame ionisation detection. Identification and
quantification was by the extensive use of relative
retention indices [30-32] and the use of internal
standards and response factors. In addition,
the samples were analysed separately by gas
chromatography/ mass spectrometry to confirm
identification of aromatic species. The gas
chromatograph/ flame ionisation system was
a Carlo Erba 5300 chromatograph with cold
on-column injection. The column used in the gas
chromatograph was a 25 m x 0.3 mm fused silica
capillary coated with DB5 and the temperature
programme was 60°C for 2 minutes followed by
a 5°C min-1 heating rate to 270°C. The carrier
and make-up gas was helium with a carrier gas
flow rate of 2 ecm® min” at 270°C. The gas
chromatography/mass spectrometry system used
for confirmation of compound identification was

a Carlo-Erba Vega chromatograph also with



a DB5 capillary column and temperature
programme identical to the gas chromatograph/
flame ionisation system. The mass spectrometer
was a Finnigan-MAT bench top ion trap detector
with a mass range from 20 to 650 u with scan times
between 0.125 and 2 s and was linked to a computer

with a library containing 38752 mass spectra.

Table 2 shows the yield of the pyrolysis
products from the fluidised bed pyrolysis and
pyrolysis/ catalysis of rice husks. For the pyrolysis
of rice husks in the absence of catalysis, the derived
liquid was a brown homogeneous colour of low
viscosity and showed a decrease in yield as the
temperature of pyrolysis was increased from 400
to 600°C. There was a consequent increase in
the gaseous product yield with increased pyrolysis
temperature. The increase in gaseous products is
attributed to be predominately through secondary
cracking of the pyrolysis vapours at higher
temperatures. Beaumont and Schwob [33]
and Samolada et al. [34] also found for the flash
pyrolysis of biomass that as the pyrolysis
temperature was increased the gaseous yield
increased. The increase in gas yield was suggested
as being due to secondary reactions of the pyrolysis
vapours in the reactor. The char yield was reduced
as the pyrolysis temperature was increased, from
33.0 wt% at 400°C to 255 wt% at 600°C. The
decrease in the char yield with increasing
temperature could either be due to greater
primary decomposition of the rice husks at
higher temperatures or through secondary
decomposition of the char residue. The secondary
decomposition of the char at higher temperatures
may also give non-condensable gaseous products

which would also contribute to the increase in

gas yield with increasing temperature of pyrolysis.

Table 2 also shows the product yield
from the pyrolysis/ catalysis of rice husks at
a pyrolysis temperature of 550°C and catalyst
temperature increasing from 400°C to 600°C.
The liquid after catalysis consisted of two distinct
phases, an oil phase and an aqueous phase. The
oil phase was light brown in colour with a
distinctive aromatic odour. The yield of oil after
catalysis fell to 7.2 wt% at 400°C and was reduced
further to 3.4 wt% as the catalyst temperature
was increased to 600°C. The role of the catalyst
in this work was to reduce the oxygen content of
the oil and increase the aromatic content through
the selectivity of the pore size and activity of the
catalyst. As will be shown later, the oxygen content
does become markedly reduced and the aromatic
content of the oil increased, however, table 2
shows that there is a penalty of a reduced yield
of the product oil. The conversion of the oil over
the catalyst was from 285 wt% for the 550°C
pyrolysis reaction condition to the upgraded yield
of oil which represented a 25.2% conversion of
the oil at 400°C to 11.9% conversion at 600°C.
The low oil yields are as a result of oxygen
removal to water, CO, and CO, to coke formation
on the catalyst and an increase in hydrocarbon
gas yield due to catalysis. Comparison of the oil
yield after catalysis with those for biomass pyrolysis
in the literature shows similar results. For
example, Scahill et al. [18] reported an oil yield
in the gasoline distillation range of 7 wt% for
the zeolite catalytic upgrading of biomass. They
also showed that the oil yield decreased to
4.4 wt% as the catalyst temperature was
increased from 493-548°C. Williams and Home
[20] pyrolysed biomass in the form of wood in
a fluidised bed with catalytic upgrading. They also
showed that there was a marked reduction in oil

yield from 43.3 wt% for uncatalysed pyrolysis



reducing to 8.8 wt% at a catalyst temperature
of 400°C and 52 wt% at a catalyst temperature
of 550°C.

The gas yield from the pyrolysis of rice
husks at 550°C was 25.4 wt%, after catalysis
there was a small reduction in yield at a catalytic
temperature of 400°C, followed by an increase in
gas yield as the temperature of the catalyst was
increased to 600°C.

Table 2 shows that the percentage mass
yield of water for pyrolysis of rice husks and
shows an increase as the temperature of pyrolysis
was increased. After catalysis with a catalyst
temperature of 400°C there was a marked increase
in water yield. As the temperature of the catalyst
was increased to 600°C, the yield of water reverted
back to the value obtained for the uncatalysed
pyrolysis.

The coke formation on the catalyst showed
a decrease as the temperature of pyrolysis was
increased, from 12.0 wt% at 400°C catalyst
temperature decreasing to 7.8 wt% at 600°C.

Evans and Milne [35] reported similar coke

formation of 10 wt% for the catalytic upgrading

of wood pyrolysis oils.

Table 3 shows the gas composition from
the fluidised bed pyrolysis and pyrolysis/ catalysis
of rice husks. The data represent on a nitrogen free
basis the weight percent of each gas evolved and
therefore correlate with the total gas yields of
table 2. The gases consisted largely of carbon
monoxide and carbon dioxide with lower
concentrations of hydrogen, methane, ethane,
ethene, propane and propene. There was a marked
increase in the yield of each gas as the temperature
of pyrolysis was increased, reflecting the increase
in total gas yield shown in table 2. The increase
in CO was far more pronounced in comparison
to CO, and of the hydrocarbon gases, methane
showed by far the larger increase. The increase in
the yield of gaseous species was, as discussed
before, thought to be due to either the primary
decomposition of the rice husks with increasing

temperature, or through secondary reactions

Product yield from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Temperature (°C)

Oil Water Gas Char Coke
Pyrolysis
400°C 465 125 6.5 33.0 -
450°C 435 135 10.0 320 =
500°C 37.0 17.0 175 29.0 -
550°C 285 18.0 254 26.8 =
600°C 215 19.0 345 255 -
Pyrolysis/ catalysis
550°C-400°C 72 281 222 305 12.0
550°C-450°C 6.7 252 26.6 30.3 10.7
550°C-500C 44 19.5 36.2 29.6 97
550°C-550C 338 18.4 39.7 295 9.6
550°C-600°C 34 183 41.0 29.3 7.8



Table 3 Gas composition from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Pyrolysis Temperature (°C)

400 450 500 550 600

CcO 1.10 2.26 7.58 13.70 21.50
Co, 5.01 6.83 8.09 9.57 9.31
H, 0.01 0.01 0.04 0.11 0.20

CH, 0.29 042 0.89 136 1.61
C,H, 0.05 0.08 0.12 0.16 0.30
C,H, 013 021 0.28 043 0.63
C;Hg 0.06 0.09 0.08 0.11 0.13
C;H, 0.14 0.16 0.22 0.38 046

Pyrolysis/ Catalysis Temperature (°C)
550-400 550-450 550-500 550-550 550-600

CcO 11.40 9.72 16.60 15.30 18.90
CO, 11.10 8.90 17.50 13.70 15.70
H, 0.04 0.05 0.06 0.13 0.18

CH, 072 0.63 0.95 1.48 1.50
C,H, 0.15 0.12 0.16 0.23 021
CH, 1.18 0.83 1.56 271 1.95
C,H, 026 0.16 0.18 0.30 011
CH, 1.68 1.63 247 2.76 245

occurring, which are increased at higher
temperatures. Beaumont and Schwob [33] and
Scott and Piskorz [36] pyrolysed biomass in
a fluidised bed reactor and found a similar
increase in the production of carbon monoxide
and carbon dioxide and the hydrocarbons gases
with increased pyrolysis temperatures.

Table 3 also shows the gas composition
from the pyrolysis of rice husks at 550°C with
zeolite catalytic upgrading in relation to catalyst
temperature. The marked increase in gas yield
was mainly due to the increase in CO and CO,
with increasing catalyst temperature as has
been shown before for the pyrolysis/ catalysis
of wood [20].

The conversion of the oxygen in the
pyrolysis oils from the fluidised bed is clearly to
CO and CO, as the temperature of the catalyst

was increased. Table 2 showed that at the lower
catalyst temperatures conversion of the oxygen
was to H,0O mainly. The hydrocarbon gases after
catalysis consisted mainly ofalkanes and alkenes.
The hydrogen and hydrocarbon concentration of
the gases increased as the temperature of the
catalyst was raised. Alkane and alkene gases have
been reported to be the main hydrocarbon gases
from the zeolite catalyst upgrading of oils derived
from pyrolysis of biomass [18-19, 35] and also
from the zeolite catalytic upgrading of biomass
liquefaction oils [37-38]. An increase in
concentration of hydrocarbon gases with increasing
catalyst temperature has been reported by Evans
and Milne [35] and Mathews et al [38]. Mathews
et al [38] also showed that as the reactor
temperature was increased there was a decrease

in the C; gases. Sharma and Bakhshi [37] have



shown that as the temperature of the zeolite
catalyst was increased from 370°C to 410°C,
the concentration of CO and CO, in the derived
product gases increased. The conversion of the
oxygen in the pyrolysis oil to CO and CO, and
H,O has been reported as the primary conversion
oxygen species for zeolite catalytic upgrading
[19, 35].

Table 4 shows the elemental analysis of
the oil separated from the aqueous fraction of
the liquid product from the pyrolysis of rice husks
and for the oil derived from the pyrolysis/ catalysis
of rice husks. The elemental analyses of the
pyrolysis oils in relation to pyrolysis temperature
showed little variation but reflect the typically
high content of oxygen found for biomass derived
pyrolysis oils. For example, the composition of
the oil compares well with that given by Churin
[39] of carbon 52.6%, hydrogen 6.5% and oxygen
40.8% for the pyrolysis oils derived from other

biomasses. Table 4 shows that after catalysis the
oxygen content fell to 145 wt% at 400°C catalyst
temperature decreasing further to 8.2 wt% at
600°C catalyst temperature. Clearly, the action of
the zeolite catalyst in removing the oxygen from
the rice husk derived pyrolysis oils is evident
from the much reduced oxygen content of the oils.
The carbon:hydrogen ratio is consequently
increased, being only 6.8 for the uncatalysed oil
and increasing to 10.0 for the 400°C catalysed oil
and further increasing to 11.0 at a catalyst
temperature of 600°C. A similar trend was found
for the catalytic pyrolysis of wood derived biomass
pyrolysis oils [20]. Whilst oxygen levels in the
catalysed oils are much reduced, oxygen is not
completely eliminated. Therefore, the experimental
system used here of fluidised bed with a fixed bed
of catalyst may not be appropriate for the adequate
reaction of pyrolysis vapours and catalyst. In
the petroleum industry where catalytic cracking
takes place, the catalyst reaction takes place in
a fluidised bed catalytic cracking unit to ensure

efficient catalytic reaction.

Elemental analysis of the oil from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Carbon

Pyrolysis

400°C 53.8

450°C 50.6

500°C 55.1

550°C 521

600°C 514
Pyrolysis/catalysis

550°C-400°C 77.6

550°C-450°C 79.7

550°C-500"C 83.9

550°C-550C 84.1

550°C-600°C 84.2

Hydrogen Oxygen
74 38.8
72 423
72 37.7
7.6 40.2
7.0 415
7.7 145
7.8 125
79 81
7.6 83
7.6 82



Typical Fourier transform infra-red

spectra of the oils from (a) the pyrolysis and from (b)
the pyrolysis/catalysis of rice husks.

Functional group compositional analysis
was determined by Fourier transform infra-red
(FT-ir) spectrometry and the results are shown
in figure 2 for a typical uncatalysed pyrolysis oil
and typical pyrolysis/ catalysis oil. The spectra
are normalised to the highest concentration peak.

The uncatalysed rice husk pyrolysis oil
shows the presence of oxygenated groups. For
example, peaks representing O-H vibrations
between 3050 and 3600 cm”, C-O stretching
vibrations between 1650 and 1850 cm”, C-O
stretching vibrations between 850 and 950 am’!
and C-O stretching and O-H in-plane deformations
between 950 and 1325 cm’ are all present in
the uncatalysed oil. However, these oxygenated
peaks are also present in the catalysed oil
suggesting that the zeolite catalyst does not
completely remove the oxygenated species, as
has already been shown by the significant oxygen
content in the oils shown in table 4. The
oxygenated compounds represented by the
functional groups discussed are represented by
a wide range of oxygenated compounds which
have been identified in biomass pyrolysis oils.

These include primary, secondary and tertiary

alcohols such as methanol, propanol, butanol
and furfuryl alcohols, carboxylic acids for example,
formic, acetic, propionic, benzoic and butyric acids
and their derivatives, ketones and aldehydes
including, acetaldehyde, benzaldehydes, acetone,
pentanone, indanone and alkylated derivatives,
phenol, alkylated phenols and oxyphenols etc.
[20, 40-41].

Also present in the uncatalysed and
catalysed oils were peaks representative of non-
oxygenated compounds. For example, the C-H
stretching vibrations between 2800 and 3000 am’
and C-H deformation vibrations between 1350
and 1475 cm” indicate the presence of the chemical
functional groups, -CH;, -CH, and -CH which are
characteristic of alkane groups. The absorption
peaks between 675 and 900 em” and 1575 and
1625 ecm " are characteristic of single ring aromatic
compounds and polycyclic aromatic compounds.
Alkanes, single ring aromatic compounds and
polycyclic aromatic hydrocarbons have been
detected in biomass pyrolysis oils but at low
concentration [20, 40]. Therefore, the presence of
these peaks in the uncatalysed oil are perhaps
more likely to represent the presence of alkyi
groups attached to oxygenated compounds and
complex oxygenated compounds with attached
aromatic groups, which have been detected in wood
pyrolysis oils [40].

There are clear changes in the functional
group composition of the oils before and after
catalysis. The peaks at 3000 and 3050 cm” and
between 675 and 900 cm’ are characteristic of
aromatic compounds and these peaks show
a marked increase after catalysis compared to
the uncatalysed oil. These compounds are
representative of aromatic compounds, indicating
that aromatic compounds are significantly increased

in concentration in the pyrolysis/ catalysis oils.



The influence of increasing pyrolysis
temperature and increasing catalyst temperature
for the pyrolysis/ catalysis experiments was not
large, however, a small increase in the intensity of
the aromatic peaks on the spectra could be seen as

the reaction temperature was increased.

The oils derived from the pyrolysis of
the rice husks were analysed for their molecular
weight distribution and the results for the number
average (MW,) and weight average (MW,)
molecular weights for the oils are shown in
table 5 for the RI and uv detectors. The uncatalysed
pyrolysis oils all showed quite similar molecular
weight distributions from 60 to over 1500 Daltons
(Da) for both the RI and uv detectors. In addition,
the RI and uv data showed that there was a small
but significant shift to lower molecular weights,
reflected in the number and weight averaged
molecular weight data as the temperature of pyroly-
sis was increased from 400 to 600°C. The poly
dispersity data for the oils are also shown in
table 5 for the uncatalysed pyrolysis oils.
Increasing polydispersity indicates a more
complex array of compounds present in the oils.
Table 5 shows that as the temperature of pyrolysis
was increased the polydispersity of the derived
pyrolysis oils showed a slight decrease, suggesting
that thermal degradation of the rice husks at
higher temperatures produces increasingly less
complex oils.

Other researchers have carried out work
on the molecular weight range of biomass pyrolysis
oils [16-17]. For example, Diebold et al. [16]
analysed oils derived from the flash pyrolysis of
biomass at 625°C in a vortex reactor and found
compounds in the oils with molecular weights up
to 2000 Da. Other work [17] on the molecular
weight distribution of the vapours within the

pyrolysis reactor have shown much lower

molecular weights of between 100 and 150 Da.
Diebold et al. [16] have, therefore, been suggested
that the primary pyrolysis vapours generated
within pyrolysis reactors are highly reactive and
when condensation takes place they quickly
polymerise to form higher molecular weight
material.

After catalysis table 5 shows that the MW,
and MW,, were significantly reduced as recorded
by the RI and uv detectors, and further reduced
as the temperature of the zeolite catalyst was
increased. The zeolite ZSM-5 catalyst has a specific
pore size structure with a selectivity with an
elliptical pore size of 5.4 to 5.6 Angstroms
diameter which is shape selective. The particular
pore size structure allows compounds of the
approximate molecular size of a C,; molecule to
enter and leave the structure. Therefore, the higher
molecular weight material detected in the zeolite
catalysed oils could either be unconverted pyrolysis
vapours or catalysis products formed on the
outer surface of the catalyst. In addition, as has
been discussed above, it has been shown that
condensation of biomass pyrolysis oils results
in polymerisation to form higher molecular weight
compounds. Consequently the pyrolysis vapours
may enter the pore structure of the catalyst and
react but subsequent polymerisation of species to
increase the molecular weight range of the oils
may occur on condensation.

The polydispersity data for the pyrolysis/
catalysis oils are also shown in table 5. The results
show that for the refractive index detector which
measures all the eluting species there was a small
increase in polydispersity for the catalysed oils
compared to the uncatalysed oils suggesting that
a more complex array of chemical species was
found after catalysis. However, the ultra-violet
detector showed a comparative decrease. The uv

detector detects the aromatic compounds in



Table 5 Molecular weight distribution from the pyrolysis and pyrolysis/ catalysis of rice husks (Daltons)

MW, ' Mw,’ Polydispersity

Pyrolysis
400°C 296 334 157
450°C 267 322 1.52
500°C 204 291 143
550°C 195 271 1.39
600°C 206 278 1.35

Pyrolysis/catalysis
550°C-400°C 182 259 143 g
550°C-450°C 179 253 143 g
550°C-500°C 174 248 143
550°C-550°C 173 246 142 =
550°C-600°C 172 243 142

MWn1 MWW2 Polydispersity §

Pyrolysis §
400°C 234 377 174 O
450°C 218 365 1.71 @_
500°C 211 258 1.70
550°C 210 247 1.65 g
600°C 192 224 1.69 g

Pyrolysis/catalysis :w;
550°C-400°C 168 260 155 :
550°C-450°C 162 257 1.62
550°C-500°C 151 248 1.64
550°C-550°C 147 235 1.59
550°C-600°C 143 218 1.53

MWn1 = Number average molecular weight
MWW2 = Weight average molecular weight

the oils preferentially. This suggests that the chemical class fractionation of the uncatalysed
aromatic species after catalysis were less complex  pyrolysis oils and the pentane and benzene
than the uncatalysed oil. There appeared to be  fractions of the pyrolysis/catalysis oils were

no significant trend with increasing catalyst analysed to determine their aromatic hydrocarbon

temperature. composition. The uncatalysed pyrolysis oils for
3.3.4 Detailed analysis of the oils. 400°C and 550°C and the pyrolysis/ catalysis oils
The benzene fractions derived from the  for 550-400°C and 550-550°C were not analysed.




The major aromatic hydrocarbon compounds
present in the oils are shown in table 6 for the
single ring aromatic compounds and for PAH.
Single ring aromatic compounds, including, toluene
and alkylated benzenes were detected in the oils.
The main PAH present in the oils were naphthalene,
fluorene and phenanthrene and their alkylated
derivatives. Also present were pyrene and
chrysene and their alkylated derivatives at lower
concentration. Lower concentrations of PAH have
been found by other workers in uncatalysed
biomass pyrolysis oils from other feedstocks. For
example, Home and Williams [5] pyrolysed wood
waste in a fluidised bed reactor at between 400
and 550°C and found that single ring aromatic

compounds and PAH were present in the derived

pyrolysis oils. For example, at 550°C, toluene
was identified at a concentration of 67 ppm,
naphthalene at 11 ppm, fluorene at 1 ppm, and
phenanthrene at 11 ppm. Pakdel and Roy [41]
analysed oil derived from the vacuum pyrolysis
of biomass in the form of wood chips. They
identified benzene and alkylated benzenes and
naphthalene, phenanthrene and fluorene and their
alkylated derivatives in the derived oils. They also
quantified certain higher molecular weight four
and five ring PAH including, benzo[a]pyrene,
chrysene and benzo[k]fluoranthene, which were
in concentrations of less than 5 ppm. However,
biomass pyrolysis oils generated at higher pyrolysis
temperatures have higher concentrations of PAH,

for example. Home and Williams [5] showed

Aromatic hydrocarbons in pyrolysis oils derived from the pyrolysis and pyrolysis/catalysis of rice

husks (ppm)

Pyrolysis Temperature (°C) Pyrolysis/Catalysis ~ Temperature (°C)
450 500 600 550-450 550-500 550-600
Toluene 23 40 48 50540 34980 6320
Ethylbenzene 20 20 27 44350 43430 41850
Naphthalene 524 600 759 11750 20820 34000
Methylnaphthalenes 1922 1628 572 21310 33290 48600
Biphenyl 60 50 50 100 110 120
Dimethylnaphthalenes 201 504 783 10680 19920 23120
Acenaphthene 92 112 120 170 190 200
Trimethylnaphthalenes 123 179 312 2830 3670 5330
Tetramethylnaphthalenes <1 19 54 150 480 1950
Fluorene 16 26 15 80 510 1350
Methylfluorenes 102 123 194 420 1200 2470
Phenanthrene <1 94 97 400 1710 2590
Anthracene <1 9 97 1160 3290 5130
Methylphenanthrenes <1 143 180 2550 4060 7720
Dimethylphenanthrenes 20 42 86 410 1840 2080
Pyrene 16 50 68 190 1200 1400
Methylpyrene 17 20 22 310 1520 1970
Chrysene 10 10 10 60 160 310
Methylchrysene 30 29 40 150 310 450



a significant increase in PAH concentration in
biomass pyrolysis oils as the temperature of
pyrolysis was increased from 400 to 550°C.
Elliott [42] has also shown that PAH are not
significant in oils produced below 500°C, but are
markedly increased in concentration in gasification
tars produced above 700°C.

The above quoted literature analyses of
biomass pyrolysis oils for PAH were for wood
which has a low ash content. However, the rice
husks have a very much higher ash content which
may influence the thermal decomposition of the
rice husks producing a relatively more aromatic
oil compared to low ash biomass types such as
wood. Examination of table 1 shows that the ash
content of the rice husks was 17.1 wt% compared
to typical ash concentrations for wood of about
1.5 wt% [5]. The high silica content of the rice husk
ash [3] may influence the thermal degradation of
the biomass. In addition, the presence of metal
salts in the thermal degradation of cellulose has
been shown to exhibit a catalytic effect resulting
in a change in the yield and composition of the
derived pyrolysis products [43]. Consequently,
the high ash content of the rice husks may also
influence the composition of the derived oils
resulting in a catalytic process which increases the
formation of PAH.

The detailed composition of the pyrolysis/
catalysis oils are also shown in table 6. The results
show that single ring aromatic and PAH are in
very high concentrations in the zeolite catalysed
pyrolysis oils. Table 6 shows that in general,
the single ring compounds show a decrease, and
the polycyclic aromatic hydrocarbons show an
increase as the catalyst temperature was increased
from 450 to 600°C. The single ring aromatic
compounds consist of toluene, alkylated benzenes,
indene and methylindenes. The majority of the

PAH are naphthalene, phenanthrene and fluorene,

and their alkylated homologues, whilst fluorene,
pyrene and chrysene and their alkylated
derivatives and benzopyrenes are also present in
significant concentrations. Some of the PAH
identified, such as phenanthrene, methylphe-
nanthrenes, methyl fluorenes, chrysene and the
benzopyrenes are carcinogen/ mutagenic [44-46].
The oils derived from the pyrolysis/catalysis of
rice husks show significant concentrations of these
hydrocarbons which may have consequences for
the safe handling of such oils.

The influence of zeolite catalyst on oils
derived from pyrolysis of other types ofbiomass
has been shown by other researchers to signi-
ficantly increase the concentration of aromatic
compounds in derived pyrolysis oils. For example,
Home and Williams [20] showed for the fluidised
bed zeolite catalysed pyrolysis of wood that a very
large increase in single ring aromatic compounds
and also PAH occurred compared to the
concentrations found in uncatalysed wood
pyrolysis oils. Also, Scahill et al. [18] used a zeolite
catalyst to upgrade wood pyrolysis oils and
reported increased concentrations of benzene,
toluene and alkylated benzenes. Others [35, 37-38]
have also reported increased concentrations of
single ring aromatic and PAH for zeolite catalysed
upgrading of biomass pyrolysis oils.

Table 6 shows that as the temperature
of pyrolysis was increased, the concentration of PAH
in the oils also increased for both the pyrolysis and
pyrolysis/ catalysis oils. The work of Home and
Williams [20], Scahill et al. [18], Mathews et al. [38]
and Evans and Milne [35] have all shown that
increasing the temperature of the zeolite catalyst
resulted in significant increases in the aromatic
hydrocarbons in the derived oils.

Table 7 shows the oxygenated hydrocarbons
present in the ethylacetate fraction of the chemical

class fractionation for the uncatalysed rice husk



Oxygenated compounds in pyrolysis oils derived from the pyrolysis/catalysis of rice husks (ppm)

Pyrolysis Temperature (°C) Pyrolysis/Catalysis ~ Temperature (°C)
450 500 600 550-450 550-500 550-600
Phenol 12870 15760 22710 44760 35870 32520
Cresols 25870 32590 56720 133680 92140 84130
Guaiacol 5700 2800 1520 2210 1410 720
Ethylphenols 1070 1730 1450 2680 1070 1360
Dimethylphenols 460 650 320 5720 6270 5070
Methylguiacols 540 230 10 20 90 150
Benzenediol 19740 19070 12010 1450 50 20
Trimethylphenols 12930 11220 7270 11670 10240 7820
Methylbenzenediols 710 1670 4050 2730 930 760
Tetramethylphenols 6030 4500 250 1230 1100 320
Syringol 2840 2220 2730 1520 1000 330
Propenylmethoxyphenols 12250 8830 2410 4780 3710 3000
Naphthols 2200 3120 1670 6270 5380 3790
Methylnaphthols 5330 5610 5530 10940 7340 6810
Dimethylnaphthols 10580 7890 1840 3380 2910 2200
Trimethlnaphthols 6600 4160 2400 3200 2400 1530

pyrolysis oils and the pyrolysis/ catalysis oils.
The main compounds identified were phenol and
alkylated derivatives of phenol, cresols, guaiacol,
benzenediols and alklylated benzenediols,
naphthols and alkylated naphthols. In the case of
the uncatalysed pyrolysis oils in relation to
temperature, the overall concentration of these
compounds was not altered significantly. However,
there were significant changes in the concentration
of individual species. For example, phenol showed
an increase in concentration as the pyrolysis
temperature was increased, but the alkylated
phenols, particularly the tri- and tetra-methylphenols
showed a marked decrease in concentration.
The dealkylation of these alkylated phenols as
the temperature of pyrolysis was increased is
suggested to lead to the increased formation
of phenol. The naphthols and alkylated

naphthols, benzenediol showed a general

decrease in concentration with increasing pyrolysis
temperature, whilst the cresols and methylbenze-
nediols showed an increase in concentration.

The large concentrations of the identified
compounds in the ethylacetate fraction reflect
the highly oxygenated characteristic of biomass
derived pyrolysis oils. The oxygen derived from
the highly oxygenated structures present in the
cellulose, hemicellulose and lignin of the rice husks.
A large proportion, over 90 wt%, of the fractionated
chemical classes of the pyrolysis oil occurred in
the ethylacetate and methanol fractions, but only
approximately 12 wt% was identified and
presented in table 7 for the ethylacetate fraction.
Other compounds in the ethylacetate fraction
could not be identified or were represented by
groups of compounds which could not be resolved
using the chromatographic system. In addition,

the methanol fraction could similarly not be



analysed using the present analytical system due
to the very complex nature of the compounds
present in this fraction. However, other analyses
of biomass pyrolysis oils using different analytical
techniques to those of this work have identified
a variety of oxygenated aromatic compounds such
as, levoglucosan, carboxylic acids such as acetic,
propionic and butanoic acids, benzoic acid,
acohols, such as furfuryl, coumaryl and coniferyl
alcohols, aldehydes such as hydroxy, coniferyl and
syringyl aldehydes, etc. [16, 41, 47-49].

The pyrolysis/ catalysis oils were analysed
for their content of oxygenated species and the
results are also shown in table 7. The main
oxygenated compounds identified were as before,
however table 7 shows that in some cases, after
catalysis the concentration of oxygenated
compounds decreased whilst for other species
concentrations were increased. In addition, as the
temperature of the catalyst was increased, the
concentration of individual species decreased.
Since the role of the zeolite catalyst was to de-
oxygenate the rice husk pyrolysis oils it may be
surprising that the oxygenated species actually
increase in concentration in this ethylacetate
fraction after catalysis. However, table 4 has
shown that the overall oxygen content of the oils
is significantly reduced. Therefore, the de-oxygen-
ation process whilst potentially reducing some of
the species found in the ethylacetate fraction may
also generate such oxygenated species by catalytic
reactions of the higher molecular weight
oxygenated species and more polar species which
occur in the rice husk oils. The consequence of
these two competing reactions is an overall
increase in the particular oxygenated compounds
which occur in the ethylacetate fraction. Williams
and Home [20] have also shown that the zeolite
catalytic upgrading of wood derived pyrolysis

oils also produced a similar increase in the

concentration of oxygenated compounds compared
to uncatalysed wood pyrolysis oils.

A number of chemical mechanisms have
been suggested to account for the increase in
aromatic content of biomass pyrolysis oils after
zeolite catalytic upgrading. It has been suggested
that the zeolite catalytic process forms low
molecular weight hydrocarbon products which
subsequently undergo further polymerisation
and aromatisation in the catalytic process to form
aromatic hydrocarbons [13,40]. The catalytic
pyrolysis of biomass has been shown to produce
increased concentrations of alkene gases. The
catalysis of alkene gases such as, C;H, and C,Hg
over zeolite ZSM-5 catalyst have been found to
produce a highly aromatic oil [41]. Similarly, the
zeolite catalysis of methanol has been suggested
to involve an intermediate formation of C, to Cs
alkenes which then react on the catalyst to form
aromatic hydrocarbons [20].

Alternatively, the formation of aromatic
compounds in zeolite catalyst upgraded biomass
pyrolysis oils have been linked to the direct
de-oxygenation of the large variety of oxygenated
compounds found in biomass pyrolysis vapours.
For example, Diebold et al. [9] suggest that PAH
may be formed from the molecular remnants
derived from carbohydrate and lignin pyrolysis
through catalytic reactions with the zeolite catalyst.
Similarly, larger molecular weight phenolic
compounds present in the heavier fraction of
the biomass oils have been suggested to form
aromatic compounds over zeolite ZSM-5 catalyst
[12]. The zeolite catalysis of simple model biomass
compounds has also shown that aromatic and
polycyclic aromatic hydrocarbons can be formed.
For example, Chen ef al. [42] examined the catalysis
of acetic acid over zeolite ZSM-5 catalyst and
detected large amounts of aromatic hydrocarbons

in the product. Home and Williams [43] passed,



methanol, furfural, anisole and cyclopentanone as
representative model oxygenated compounds
found in biomass pyrolysis oils. They showed
that single ring and PAH including alkylated
benzenes, naphthalene, phenanthrene, fluorene
and their alkylated derivatives were formed in
significant concentrations.

A further point as to the possible reaction
mechanisms for the formation of aromatic
compounds and oxygenated compounds is that
the mass yield of oil after catalysis is much reduced
compared to the yield with uncatalysed pyrolysis.
Consequently, the increased production of aromatic
hydrocarbons and oxygenated compounds in
the catalysed pyrolysis oils may be due to a
concentration effect. However, for the case of
aromatic hydrocarbon formation, much higher
levels of single ring and polycyclic aromatic
hydrocarbons are produced than would be the
effect of mere concentration of species from
the uncatalysed pyrolysis. Similarly, the increased
levels of oxygenated compounds found in the
catalysed oils are higher than could be due to
a concentration effect.

Overall it has been shown that there is
a large decrease in the yield of oil after catalysis,
whilst an improved product is obtained with
lower oxygen and high aromatic contents the oil
yield represents an uneconomic return for the
investment in a catalyst unit. However, Diebold
et al. [50] have projected that potential yields of
approximately 24 wt% of an aromatic oil can be
derived from biomass pyrolysis/ catalysis. The
potential yields were based on achieving 85% of
the stoichiometric upper limit, based on an
elemental balance of the pyrolysis vapours being
converted to aromatic gasoline, water and carbon
oxides. The analysis of Diebold et al. [50] however,
was based on additional process units of an alkene

alkylation reactor and distillation unit to maximise

the yield of hydrocarbons which was not the case
in this work. In addition, the feedstock chosen was
wood and therefore the presence of a higher ash
content for rice husks further reduces the available
organic material for conversion using pyrolysis/
catalysis and thereby reduces the viability of the

process as applied to rice husks.

1. The pyrolysis of rice husks in a fluidised bed
reactor have been examined in relation to
pyrolysis temperature and with zeolite catalytic
upgrading.

2. For the uncatalysed reaction, there was a high
conversion of the rice husks to a homogenous,
low viscosity, highly oxygenated liquid which
showed a decrease in yield with increasing
pyrolysis temperature with a consequent
increase in gas yield and decrease in char
yield. The liquid had a high proportion of
associated water.

3. For the catalysed reaction, the yield of oil
was significantly reduced after catalysis,
however, the oxygen content of the oils was
also markedly reduced. The conversion of
the oxygenated species in the oils was largely
to H,O at lower catalyst temperatures and to
CO and CO, at higher temperatures.

4. The uncatalysed pyrolysis oil separated from
the liquid was analysed and found to be highly
oxygenated, chemically very complex and with
a molecular weight distribution from 60 to
over 2000 Da. After catalysis, the molecular
weight distribution of the oils after catalysis
was shifted to lower molecular weights.

5. Detailed analysis of the oils identified significant
concentrations of polycyclic aromatic hydro-
carbons such as naphthalene, fluorene and
phenanthrene and their alkylated derivatives

which were in higher concentrations than has
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been found for wood derived pyrolysis oils.
The high ash content of the rice husks was
suggested to catalyse the thermal degradation
of the rice husks components and thereby
influence the chemical composition of the
derived pyrolysis oils. The oils after catalysis
were found to be dramatically increased in their
aromatic content and showed a further increase
in aromaticity as the temperature of pyrolysis
was increased.

The main oxygenated compounds identified in
the oils consisted of phenols, cresols, alkylated
phenols, guaiacol and alkylated guaiacols,
benzenediols, alkylated benzenediols, naph-
thaols and alkylated naphthols. After catalysis,
some of the oxygenated species identified
were increased in concentration even though
the overall oxygen content of the oils was
decreased. This was attributed to the catalytic
pyrolysis of higher molecular weight and polar
compounds present in the oils producing lower

molecular weight oxygenated species.
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Influence of Steam on the Formation of Polycyclic
Aromatic Hydrocarbons in the Zeolite Catalytic
Upgrading of Biomass Pyrolysis oils
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ABSTRACT

Zeolite catalytic upgrading of highly

oxygenated biomass pyrolysis oils has been
proposed as a means of producing an aromatic
premium grade hydrocarbon oil product. The
oxygen from the pyrolysis oil is removed in the
catalytic reaction as water, CO and CO,. The
reaction is hydrogen limited with the hydrocarbon
product being limited by the availability of
hydrogen for hydrocarbon and water formation.
It has been proposed that the hydrogen deficit in
the reaction may be overcome by the addition of
steam to the pyrolytic vapours prior to upgrading
and thereby increase hydrocarbon formation.
However, the presence of steam may also
influence the concentration of polycyclic aromatic
hydrocarbons (PAH). PAH are environmentally
hazardous and are known to form in high
concentrations during the zeolite catalytic
upgrading of biomass. In this paper, biomass
was flash pyrolysed in a fluidised bed reactor at
550°C and the biomass pyrolysis vapours in the
presence of steam have been passed over a zeolite
catalyst. The oils were analysed using coupled
gas chromatography/mass spectrometry to
determine the concentration of PAH. The presence
of steam was found to significantly increase the
formation of PAH in the catalytic upgrading of

biomass using the zeolite catalyst.
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Fast pyrolysis of biomass has been shown
to produce a liquid product which may be used as
a fuel and which has a much greater energy
density than the original biomass. However, the
oils can be highly oxygenated, viscous, corrosive,
relatively unstable and chemically very complex
[1, 2]. The direct substitution of biomass derived
pyrolysis oils for petroleum fuels may therefore
be limited. Consequently, catalytic upgrading of
the oils to produce a premium quality fuel or high
value chemical feed stock has received increasing
attention [2]. The zeolite ZSM-5 catalysts have
a strong acidity, high activities and shape
selectivity’s which convert the oxygenated oil to
a light hydrocarbon mixture in the C; to Cy,
range by dehydration and deoxygenation
reactions [2, 3]. The oxygen in the oxygenated
compounds of biomass pyrolysis oils is converted
to largely CO, CO, and H,O, and the resultant
oil is highly aromatic with a dominance of
single ring aromatic compounds [4, 5]. The reaction
is hydrogen limited with the hydrocarbon product
being limited by the availability of hydrogen for
hydrocarbon and water formation. Therefore, it
is preferable for the oxygen to be eliminated as
CO or CO, rather than H,O to preserve the
hydrogen for hydrocarbon forming reactions.

It has been proposed that the hydrogen
deficit in the reaction may be overcome by the
addition of steam to the pyrolytic vapours prior
to upgrading and thereby increase hydrocarbon
formation [6]. Diebold and Scahill [6] used steam
as the carrier gas for the zeolite ZSM-5 catalytic
upgrading of biomass pyrolysis oils. They found
that with a catalyst temperature of 400°C, a yield
of 10% oil was obtained and the major gaseous
products were CO, CO,, and C, and C; alkenes.
Churin [7] showed that for catalytic upgrading

of biomass pyrolysis oils, the maximum

theoretical yield of hydrocarbons is best achieved
by the removal of the oxygen as CO and CO,.
In addition, he also showed that the greater
the amount of hydrogen used in the expulsion
of oxygen from the oils during catalysis the
lower the potential yield of hydrocarbons. Horne
et al[8] have shown that catalytic upgrading of
biomass pyrolysis oils in the presence of steam
produced increased concentrations of H, CO
and CO, and that the derived upgraded oil
contained much higher concentrations of single
ring aromatic compounds than was the case in
the absence of steam.

In addition, it is known that the zeolite
catalytic process also produces significant
concentrations of polycyclic aromatic hydro-
carbons (PAH), whereas the uncatalysed oil
shows only low levels of PAH [5]. PAH are of
interest since amongst the environmental
chemical groups they are known to be the most
environmentally hazardous. Consequently, whilst
steam may have benefits in maintaining the
hydrogen content of the upgraded oils and
increase their single ring aromatic content, the
process may also increase the concentration of
PAH in the oils and thereby have consequences
for their safe handling and utilisation.

In this paper, biomass was flash pyrolysed
in a fluidised bed reactor at 550°C and the
biomass pyrolysis vapours in the presence of
steam have been passed over a zeolite catalyst.
The derived oils have been analysed for their
concentration of PAH in relation to process

conditions.

The biomass used was a mixture of wood

types obtained as waste shavings from a wood



working company. Table 1 shows the proximate
and ultimate analyses of the biomass waste
material pyrolysed.

The catalyst used was zeolite H-ZSM-5,
obtained from BDH, Ltd. (UK). Conversion to
the H-ZSM-5 form involved ion exchange of the
Na-ZSM-5 form with an NH,NO,; solution,
followed by washing and drying to produce the
NH4-ZSM-5. The NH4-ZSM-5 catalyst was then
heated at 350°C in a dry stream of nitrogen to
produce the hydrogen form of ZSM-5. The zeolite
catalyst consisted of 0.2 cm diameter spheres and
the binder was clay. This grain size was chosen
to prevent fluidisation of the fixed catalyst bed
and elutriation of the catalyst from the reactor.
The silica/alumina ratio was 50 and the elliptical

pore aperture was 54 to 5.6 m™" diameter.

Proximate and ultimate analysis of

the biomass (wt%, as received)

Wood Proximate Analysis
Volatiles 91.0
Moisture 7.5

Ash 15
Element Ultimate Analysis
Carbon 45.88
Hydrogen 571
Oxygen 46.64
Nitrogen 0.18

The experimental system used was a
combined fluidised bed pyrolysis unit with the
freeboard of the fluidised bed packed with the
catalyst to form a fixed catalyst bed (Figure 1 and
2). The on-line catalysis of the biomass pyrolysis
vapours is preferred since it has been shown that
condensed biomass pyrolysis oils are difficult

to vaporise and also because they may thermally

degrade to either higher or lower molecular weight
components or both [9]. The reactor was 7.5 cm
diameter x 100 cm high, constructed of stainless
steel with full gas flow and temperature control.
The reactor was heated externally, and the
fluidised bed and freeboard could be separately
temperature controlled. The incoming fluidising
gas was nitrogen and was preheated to
a temperature of 400°C. The bed material was
silica sand of mean size 250 Pm diameter with
a static bed depth of 8 ecm. The fluidising velocity
was 3 times the minimum fluidising velocity.
The mass of catalyst used was 200 g and was
6.5 cm in bed depth. The biomass was fed via
a screw feeder and nitrogen gas stream to the top
of the fluidised bed at a feed rate between 0.216
and 0.228 kg h'. The weight hourly space velocity
(WHSV) representing the weight of reactant per
hour/ weight of catalyst was between 1.05 and
114 h'. The approximate ratio of carrier gas to
pyrolysis vapour was 18:1, calculated from the
mass of vapours and gases evolved during
pyrolysis and assuming an average molecular mass.
The primary fluidised bed temperature was
maintained at 550°C and the fixed bed catalyst
temperature was maintained at either 500
or 550°C. The 550°C primary bed pyrolysis
temperature used has been shown in previous
work to give the highest yields of oil product for
the flash pyrolysis of biomass [10]. The catalysis
temperature was chosen since previous work by
the authors [11] where the catalyst temperature
was varied between 400 and 550°C, has shown
that the optimum catalysis temperature is
between 500-550 C.

The outlet from the fluidised bed was
passed to a series of condensers to trap the
derived oils. Samples of pyrolytic oil without
catalyst upgrading and in the absence of steam

were taken by sampling the pyrolysis vapours



before the catalyst and condensing the oils using D244 and IP 29.1 methods. However, after catalysis

the condensation traps as before. The primary bed,  the condensed phase consisted of distinct oil and

uncatalysed oils consisted of a single liquid phase = aqueous phases, and were easily separated. The

and were separated into oil and water fractions  extracted oil samples were then analysed in detail

by benzene reflux, using the standard ASTM  as described below.
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Chemical class fractionation of the oils
was performed by liquid chromatography. Glass
columns of 10 cm x 1 cm were packed with silica,
Bondesil (sepralyte) sorbent, pre-treated at 105°C
for 2 h before use. A 250 mg sample of the oil
was placed on the column. The column was then
eluted with, n-pentane, benzene, ethyl acetate
and methanol (polarity relative to AI203, 0.00,
0.32, 0.58 and 0.95, respectively), to produce an
aliphatic, aromatic, oxygenated-aromatic and polar
chemical class fractions, respectively. For the
highly aromatic oils after catalysis there was
some pre-elution of aromatic species into the
n-pentane fraction. The concentration of, aromatic
and polycyclic aromatic species in the pentane
and benzene fractions were determined using
coupled gas chromatography/mass spectrometry
(GC/MS). The GC/MS system was a Carlo-Erba,
Vega HRGC with cold on-column injection,
coupled to a Finnigan Mat ion trap detector (ITD)
via a heated transfer line. The ITD was linked to
an IBN PC/XT computer with an NBS/EPA
mass spectral library of 38752 mass spectra.
Identification of PAH was determined by the GC/
MS. Single ion monitoring was carried out to
confirm the presence of species and, in addition,
retention indices were also used for identification.
Details of the experimental and analytical systems

have been reported before [5,8,10,11].

Table 2 shows the concentration of PAH
in the oils derived from the fluidised bed pyrolysis
of biomass at 550°C, without catalysis and in
the absence of steam. The PAH found to be

present in the pyrolysis liquids were naphthalene

and phenanthrene and their alkylated derivatives
and minor concentrations of other compounds
such as pyrene, and chrysene. Some of the PAH
found in the pyrolysis oils have been shown to
by carcinogenic and/or mutagenic for example,
the methylphenanthrenes, chrysene, methylchry-
senes and the methylfluorenes [12-14]. However,
the total concentration of PAH quantified was less
than 120 ppm.

PAH have been detected by other workers
in biomass pyrolysis oils. For example, Pakdel and
Roy (15) analysed oil from the pyrolysis of Aspen
poplar wood chips in a vacuum pyrolysis unit.
They found a wide range of PAH including
naphthalene, phenanthrene and fluorine and their
alkylated substituents, in addition to benzene and
its alkylated substituents. In addition, they
quantified certain PAH, some of which were

biologically active, such as benzo[a]pyrene,

PAH in uncatalysed biomass pyrolysis
oils in the absence of steam

Naphthalene 11
2-Methylnaphtahlene 9
1-Methylnaphthalene 5
Biphenyl 2
Dimethylnaphthalene 15
Acenaphthene 3
Trimethylnaphthalene 7
Fluorene 1
Methylfluorene <1
Phenanthrene 1
Anthracene 6
Methylphenanthrene 16
Dimethylphenanthrene 12
Pyrene 1
Chrysene <1
Methylchrysene <1



chrysene and benzo[k]fluoranthene, but were
found to be in very low concentration at less than
55 ppm. Elliott [16] has also shown that PAH are
not present in pyrolysis oils produced at
temperatures below 500 C.

Table 3 shows the polycyclic aromatic
hydrocarbons in the oils derived from the fluidised
bed pyrolysis of biomass with catalytic upgrading
but in the absence of steam. After catalysis there
was a marked increase in concentration of PAH
which were mainly naphthalene, phenanthrene and
their alkylated homologues, whilst fluorine, pyrene
and chrysene are also present in significant
concentrations. In addition, the concentration of
PAH increased as the catalyst temperature was
increased from 500 to 550°C. PAH have been
detected by other workers in the oils derived

from the zeolite catalytic upgrading of biomass.

Scahill et al. [17] reported increased concentrations
of benzene, toluene and alkylated benzenes for
the catalytic upgrading of wood pyrolysis vapours
using zelite ZSM-5. Sharma and Bakhshi [18]
have also shown that PAH are formed on catalysis
with zeolite ZSM-5. Mathews et al. [19] showed
that zeolite ZSM-5 catalysed biomass oil produced
naphthalenes and alkylated naphthalenes which
increased with increasing catalyst temperature
from 450°C to 650°C. Evans and Milne [20] also
showed the formation of benzene, toluene and
naphthalene with biomass pyrolysis catalysed with
zeolite ZSM-5.

The mechanism for the formation of
aromatic compounds in catalytic upgrading of
biomass oils over zeolite ZSM-5 catalysts has been
investigated by a number of workers. Sharma and

Bakhsi [18] suggest that phenols are the primary

PAH in catalysed biomass pyrolysis oils in the absence of steam

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
Dimethylnaphthalene
Acenaphthene
Trimethylnaphthalene
Fluorene
Methyldluorene
Phenanthrene
Anthracene
Methylphenanthrene
Dimethylphenanthrene
Pyrene

Chrysene
Methylchrysene

Concentration (ppm)
(Pyrolysis temperature 550°C)

Catalyst Temperature Catalyst Temperature

(500°C) (500°C)
5985 9550
5480 4120
2180 1945
180 70
5415 7240
95 110
2085 1435
710 855
955 3715
420 1370
1675 2330
2820 6050
905 2310
130 630
80 120
20 750



product of upgrading, which are then deoxygenated
to aromatic and polycyclic aromatic compounds
as the reaction conditions become severe. Soltes
et al. [21], for hydrogenating catalysts, also found
that phenols are the intermediate products formed
from the cracking of the heavier fraction of
the biomass derived oils and are subsequently
converted to aromatic and alkane compounds.
Chantal et al. [22] also suggest that phenolic
compounds present in the heavier fraction of
the biomass oils form aromatic compounds over
zeolite ZSM-5 catalyst which lead to the increased
formation of coke on the catalyst. However,
Chen and Yan [23] have suggested that aromatic
compounds may also form from oligomerisation
of alkenes followed by subsequent aromatisation
over zeolite ZSM-5 catalysts. Condensation reactions

would lead to the formation of PAH. However,

Evans and Milne [20] suggest that since there
are a higher proportion of aromatic compounds
compared to alkenes for wood pyrolysis vapours,
a direct formation path not involving alkenes is
more likely. In addition, Diebold et al. [4] suggest
that the formation of PAH such as naphthalenes,
indene and benzofuran are thought to originate
primarily from the catalytically altered remnants
of carbohydrate and lignin derived pyrolysis
products rather than products of alkene
oligomerisation and subsequent aromatisation.
Williams and Horne have also shown that
increasing the catalyst temperature markedly
increases the concentration of single ring aromatic
compounds and PAH in the derived biomass
pyrolysis oil [11]

Table 4 show the PAH present in the

biomass pyrolysis oils with zeolite catalytic

PAH in zeolite catalysed biomass pyrolysis oils and in the presence of steam

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
Dimethylnaphthalene
Acenaphthene
Trimethylnaphthalene
Fluorene
Methyldluorene
Phenanthrene
Anthracene
Methylphenanthrene
Dimethylphenanthrene
Pyrene

Chrysene
Methylchrysene

Concentration (ppm)
(Pyrolysis temperature 550°C)

Catalyst Temperature Catalyst Temperature

(500°C) (500°C)
8840 11625
10460 18085
3460 6790

50 140
7860 16860
95 235
1655 3760
640 2150
2065 3100
1095 1850
2220 6885
7335 11715
2055 2580
335 940
260 465
<5 40



upgrading and in the presence of steam. Previous
work [8] has shown that where steam is also present
with the zeolite catalytic upgrading, then increased
concentrations of single ring aromatic compounds
are formed. However, table 4 shows that the
concentration of PAH in the oils have increased
and also increase as the catalytic temperature is
raised from 500 to 550°C. The presence of steam
is clearly increasing the formation of PAH.
Consequently, whilst steam addition may improve
aromatic hydrocarbon formation by maintaining
the availability of hydrogen, it also results in the

formation of increased PAH.

4. CONCLUSIONS

PAH are in low concentration in uncatalysed
biomass pyrolysis oils. However, upgrading of
the oils using zeolite catalysis produces a marked
formation of PAH in the oils and the concentrations
of PAH reached are high. When steam is also
used to improve the formation of hydrocarbons,

increased concentrations of PAH are also found.
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