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2.1 INTRODUCTION 





23 THE PBCYSTCAL AND CHEMICAL CHARACTERISTICS OF 

PHENOL 

P h m o l s o ~ r e a m t d t o  asUcarbokacidnisamomhydro~.It i3a 

c h ,  coburkss @ght pink wben 9ipinities en prrscnt), !ygmscopk, cqstahe soiid at 

25 O C  (Environumt Carisdq 1985). Tb cbniscal stmctue of pbenol is sbown m 

F i  2-1. 
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@,oudon, 1984). Whm mtaaaisg with wata, pkml alpo k m s  bydrogen boods as its 

phenyl group pulis an ekctn>n away h m  - O-H group d trair9aen a proton to the wata 

m>bcul  ( F i i  2-2). As a rrsult thc OH gtoup bcoo1ncs wcakiy acadic. 

Figure 2-2. Protonaîion of pkml with water m > W  (Cabwaert, 1980). 

Pbeaol sohibüay in water is due to the hiydrogcn bond ~~n (Wolbe, 1986). 

With its solddity of 8.2 g per lûûg (8.2%) at 200C phenol is rrsand to as mdcrateiy 

so1uble (toudon, 1984). Based on its solubdity chenctaubcs C . aid oc&noYwater 

partitionkg axGchî, phmol is alpo rrasrrd to as a lryQopbilic compod or a 

compouuî w i t h ~ ~  to LIeanPe rrpoits tbat a ~droptiiIic contambnt bas 

asohbilityinwaterat25Tgreatertbm 10 g~- l ,  whilcahyâroPhobiccompodbs9an 







2.4 DRY ANAEROBIC DIGE!WION PROCESS 



1982). The n b i c  compost qs@m can a b  k re8pitd to as a dymdc system of 



2.4.1 Feeüstock 

The main components of tht k i s b c k  fbt DAD Dmchde: the O& firaction of 

~ W S n a ~ s ~ e s s u c h ~ : ~ w ~ s h i d g e , ~ l r e n e d ~ s h d g c , d  

digestcd shidge. The primey shdge Ew bsbme hss a total solids content h m  2 to 8 

percent and is composecl niainty of gmse, &s, a d  pteim @l&df& Eddy, 11991). 

The organic âaction of JWW consists of mate&& such as: fbd waste, paper, 

CO- c d b o d ,  piaatics, Wood, yard -a Crc~-&us, 1993). The 

c h e m c e i o o ~  f i d  P the Orgiimc Fraction ofMunici@ SOM Wacte (OFMSW) 

caa mchade: ligwccIhiloses, po- &-Co- organic InOIiecules, and 

pteias (Seaior, 1990). 



T k e  are iiaay reports m the litcnhat about miCrobiai dcpiadrition of phcnol in 

the abscna of oxygen (Wang et ai. 1993; Bécbiird et al. 1990; Bhaibn et ai. 1991 

Bisaübn et al. 1993; LRtoucœau et al 1995; WatsonCmik 4 Senior, 198% 1989b. 

1990, EjLrtrrson et al. 1996). Stili, m data was fbund on p b l  dcgmhtbn m the DAD 









soluti011~ are more cbtinicslly mbik than compods sorbe$ thus bacmid 

decomposition of sorbeci cornpoumis b sbwcr t h  disohmi particies. Tb sorbed 

c h c m i c a l b e e o l l l ~ b o a v a ü e b l e o r c o n p ~ u n a v a i l a M e t o ~ b i 8 l ~ n . W b e n  

thc microaal degradation i n c b  the mion of htmxIhilar aaym*l (the iactabolism of 

bw-mkask-weiga oompounrtQ), tk inmoalaod chemral on solid phase is mt h e  to 

go throughtkoutersurfaceanditcaimotentertkriricroaalceIL Whenthemiaobial 

metaboliSm Ïnvohns the action of extraceMar enynies (rnet8bOlisni of some bw- 

molecalat-wcigtt d ~ m o ~ w e i g M  mokuk),  tk enzymes csn also be sorbed 

and may bae their eiayniebic actMty* (AhcsnQ, 1994). 

Sorption of an compod on soad pbape c m  be aikted by type aod 

ciugtitp.ofciay~tbco~m8ttcrcontent,p~temperaturrdcbaractaisbcs 
. .  

of the c k m i d  of intemt (Aheader, 1994). The metter content m solid phase 

have becn f o d  a chief nictor m sorptPn of O- compouds (haCson and Fri& 

1984; BiPbop et al. 1989; O'Neill et aL 1993; -h et al. 1993). The 

charad- oforganic matter that arc niportant m sorpion inciude high swkc arca. 





A a e g i b b i c ~ ~ i s a p r o c c s s o f ~ n o f a c o m p I c x . o ~ n à a t e r i a l  

bydif6xrnt~bialpopitetioll~to~ndio~d~mthtebsaiceofoxygen. 

TkproccsrrsmMcstksi)cltcmofdry~ôicdi$cstionQttosini i lar~bic 

ttaMfO~~~~dmicrobiii lpopilhtiDnsimroMmtbtproc*ls. 

~ ~ b a v t ~ t h c e B d a n d ~ ~ ~ ~ ~ o f p h a i o l i n s h d g e  

~ n ~ T b t ~ o f p b e i i o I o n ~ g a I j C ~ w e i s a c a o P r d b y W a i l g d  

ai. (1989, 1991, 1993), FcQriiL and Enudy (1989), Owen a d  Young (1989) wbaess 

s t u d k s a n p b e a o l ~ ~ ~ ~ t c o x d u c t e d b y K n o l l d  Wi(19û7),KobayashidaL 

(1989), Young ami Rivera (1985). Phmol cfart on the digassion pmcess was shom by 

~ ~ m t h c ~ o f g s ~ p o d u c o o n , e n d g a r c o m p 0 ~ 1 ~ T o ~ ~ o f ~  

pberP1ammtdmsceDscdaduxcaseinmethntprodoctPn(W~ctaL 1991). Phmol 

degiadatiDn (d9iippcaance o f p b î )  causeci tk rroovery of phmol in tk fOnn of biogas 

mthepbnioltmiibiaicddigesrarr It wasteportedthatbothtbttorric~dpbeaol 

19 



degradation depended on phenol coaceatratioa Som workers pointed out tbat microbiai 

accfiiiiation to pbesiol can make the pmcess more r o b t  to kmashg phmol comentmtbn. 

It cm decr~a~e tk iag period, shorten degraâation tirne, hcrease the range of phen01 

concenhation transfi,rmad, a d  improve gas prodtlcfion @ea&and Young, 1978; Waiig et 

al. 1989,1993; Kobayashi et aL 1989). 

As the degradation pathwy of phen01 wes d e s c r i i  it immived sevetal steps 

including ring -II, riag fission and produaion of vasbus a r o d  intamsdiate 

products viobitile fàtty acids, and irydtogex~ Volatile niay acids and hydrogen wme used by 

metbaiiogesiic~topiodirethenislprodudo:cerbondiolrideandmetheme(Youngaid 

Rivera, 1985; Kobayashi et ai. 1989). 

Phenol comrersion to carbon &rade and niethane m tk abseaa of oxygen is 

a c c o m p W b y m ~ ~ ~ d m e t h g n o g e n i c  popuiatiom ofbectcria At least three 

bacterial spccies i m K , M  m p-1 dcgradetion bave been recognind: 'a phen01 - 
metabok, aiilgdmg~ritilizing IlietbBM)gen, and an acetotrophic LnCfhBLY)gen' (Sheridan 

et ai. 1985; Dwya a ai. 1986; B i d o n  et al. 1991; Lètoumeau et aL 1995). The o v d  rate 

ofphciioloodnto~dbt~bytbeadniityoftbctbrrebirtaislspccies 

responsibie for its degmhtbn (Wang et ai.1989; S m  et al 1985). Some afodren 







eoergics valus poduoed ducbg phml dcgiedritiDn accordhg to eqyatbn 2-5 (Fedorak and 

Hndey, 1989). 

A more detaüed stPdy with respect to intermtdiate products m phenol degradation 

pathway d u h g  m b i c  batch studge digestion was conductcd by Young and Rivera 

(1985). He reported that pbmol trans£o&n iachmded ring satumion, h g  fissios 

production of organic acids which wae useâ as a ptecursots n>r methan: production. The 

m e t a b o a C ~ o f ~ l i r i d a ~ b i c ,  mdmmgenic conAitinns baseâontbe nndmgs 

of other workers was presented @vapis, 1977; BaIba and Evsaq 1980; Suifita a al 1982; 

Boyd et aL 1983; Boyd and Sbclioi5 1984). The intemiedistes of the degmbhn pathway 

are presented m Figure 2-3. 

F'icc 24. Pbaiol degradationpethway inanaerobic sludge digestion (Young and 
Rivera, 1985). 





COOW COOH 

Figare 2-4. Phmol dqgdatkn pahwry in amembic plmol acchated shdge. 
Bold liacs repment thc ptopod piitharay (Kobayashi et al. 1989). 

was also reported by BiPailbn et ai.1991; Lttomcau et al 1995; Béchard a aL 1990; 

et al. 1991 rcported metbanogenk pbcaol degradation via cahxyiation The observeâ 











at 3S°C a d  isyQaPlic retention tb ofom day. Pkml concatmthlll~ were mgeased 

st~anCrnVew#Lsof~aIt~beairrportalthacachphmoladditionwas 

ibhwcd by a deaesrc in COD remval, vohitüe nIny rcids rrmovaJ, and biogas production 

withîn 24 hom. At tk m time pH dmp was obscrvcd ad tk aociimuletion of otganic 

acids, cspaiany propionic. In a CO-, tbt mettilme content m the biogas mcnasod 

~ i y ~ p b e m l w a s ~ T h e r c f o r e , ~ h a s b e a i s u g g e s t c d ~ p h c n o l a o u l d b e  

m > i e ~ r y m a à d o g e n i c ~ ~ t h e n t o m e t h B r Y ) g e t l ~ ~ I t w a s a l s o p o m t e d o i b  

that the opemion of macciimated anaerok system oDr kachate treatment under phenol 

loadingcan~m~iinkssbactniala~eomabionorbecterislspeciesselcctionis 

pro* 



~ i n b i o b g i c d a r s o t e a c a s g . T h t ~ ~ n o f c d b p l s y s a ~ r o l t  

~ w h e n t o l I i c ~ ~ m p o ~ a r c ~ h t h e ~ . T b c s y s t a i i w i t h i n a i a ~  

œ~offitheprotcctjonofcelbnOmtbt~ofinhinitnryaibstanas,bcttnsubstraie 

o .  mkdmmnduto thcretcntionofliiamtdiiiteprodpa~aal1986), dbager 

retention tE of biomass @mkï d ai. 1994). Longer mention thœ of niicrobial ceh 

provides microbial ~~n to toxic compouod (Parkm et al.1983). 

A~dcerbonhrrsbtaiGwndtobt~efscctivtsolidsupportmtdiimisgamst 

phmolshockb~siace~pn,videsthcwirnicearrsforattacbtdpwtbdphear,I 

sorption Khan et al (1981), who has examMd tht dcca of immshg p b l  

concentration m a continiinusîy operated qstcm in an activlted carbo~packcd up fhw 

systemsuggestedthsttheprrsc~ce0fen~carboncouldpro~bectaiasgaiDst 

shock baâ. 

Ceiiinariabilizationonothasupport~suchasagarhnnelsobeenfod 

efhtive m mddon pharol sliock bad. Dwyer a ai. (1986) shdLd kinetics of p b l  

degradation m phaiohkgmhg mCthBrY)gaic Cumae Pimio- on agate He reporteci 

that the inrmn-n protectcci ceils h m  toxic c m  of phenoi. The nstm cdlp were 

complcteiy iihiaied at phnioi CO-n of2000 pg L-' wkreas tht imxmbilizcd ce& 

remaiiied at oœ-Mof tbcir pbcml d q d @  rictivity. Tbc inmiobilaed celb showcd a 

daresschlagpriodaclconpsrrdtotheiiativccek 









2.6.2 Rok of tk naturil o r g i i c  matter ii r sdid p b i c  in a sorptkn 

The mtmdorganic matter inchdcs biopcthamrs suchasprotc~ lignh, celhilose, 

and also resiâues h m  âqgdathn prodots and organics rrnriining b m  organi9mp 

(Schwanciibech et ai. 1993). It is mody made ofcarbon (40 to 50 percent by weight). 

The are d pperties of nrnaal orgak matta tbat are nkvmt to sorption- 

Thcyinoadr.bafapo~riscompeicdtoweipd~~H-boads~~natfew 

sites swh as: arboxy, pbmoxy, hydroxy, a d  carbnyi SU- (Schwarzciibach a al 

1993). 



2.6.3 Sorpaoi of chrgd pheid on a sdid pais 

P~ldoshcrorgamCacidsclm~oproton~rraEtionsdprod~ 

chargai coaqods (!khwaraenbcw:h et al 1993). The pmtonatkm rradion fw p h 1  can 

be descrJnd accordkg to opueOion 2-7 (Sobmw. 1987): 

-to cqrietioo2-7atpHapdpRi=9.gZthae~esemt81110unts ofneutral 

d D m a c d p h e m l ~ A s t b c p H ~ m p H n i i g e ~ t h a n p g i i t b e p i o p r i i o n  

ofPmacd~m~AtpHlar tb in9 .82mo~t l i en5~pbeno lremai i i smbneutra l  

form. 







TbcrrrrmLepatsPtbc~on~0iptiO110fphcnolmacontiaun91~dieesting 

system of sood waste* Howew, t h e   KG h b d  data on phumPbCIlOl sorption on soiid waste. 

Soiptionofolgiiir~1111115on~0lidwcudsmhidfinsy~temwr,dtriisscdbyRemhett 

a ai. (1991). It was tcported tba tht kgc srÿErc arca of the nfiisc mde tbe SUif8bk 

c o n d i t i n ~ n o t s o r p t i o 1 1 T k ~ o f ~ ~ a s i d c s n r ; a o b i i i l ~ n  

tbat~0~~theietcadiontmuofphcno1mkndfill~~wasalsosuggestedbySenior 

(1990). T k  iataactions of p-1 wïth rcfige have ban rraCned miimty to as physro- 

c h e m c a l p r o c a ~ o f ~ o f ~ l ~ m a I i p i i i d  to solid srir6iaJ or as a hmmbümition 

proces of p k m l  m a rebe systcm (Senior, 1990). 

Amrc&taikd arpriiriit was perbDnrir)rl by Knox anci Newton (1976) on pknol 

ndaactDnwiih&meSficrefiise,ThearpaimcntwsscanicdinsbeLetestswbnecontaii3iers 

wiihl k g r e n i s d 5 l i t r c s o f a s o h a i w o f p ~ i d ~  otkrphcaoiswaeshskenby 

bsrd Fiive bithl conCCIlffBSiOns of pbenol wcrc a d y s d  200,500,1000,1500, and 2000 

mg L -'. Two typs of landfin re&ne wen usid neah (8 wœirs okî) with maistmt content 

of 3Wh d deeo-SCd (4 y e a ~  0)rl) with m~ishrilt astent 0f49?!* L i  -les ~ a e  

takenat-tmicsiatcnialsupto60drys.Thtrrsultssbowedarapid-m 

p b t  comcnîdonwahin Sirrhours fipbwing thc contact oftbe soiution wiihrenise. It 

was amchiAni ttps tbc imiid doorras m pkml  commddon couid k causcd by cbcniical 

reactionorsorptbn T h e ~ o f ~ ~ c o ~ ~ n r e a p i i r r d ~ 3 6 b o u r s a f t a  

contact sbowed pkml so@n onto nfiire. DcsoDesorption tests werr carrvd out by a 

comparison of p b I  mcaa coiwiitration m tht priod 1-26 bur with the meen 



2.6.6 S a i u g  

~ontbcprrsesd#lotaahae,~~rptiDnofphciiolonsolidphas~on 

organic and m h d  c o m p o ~  of solid pbase, moistute, pH, d pbciiol c o m a  

Marrpbenolirsorbtdonmn>Mphiistwah~~~conient.Soodplirstwah 

bwez misturc sorbe3 mm p b L  At d u s  pH's, t h e  are dinaenb amomts of neutral 

4 0  











The extraction procedure imrohted mhchg 10 g of soil wiîh 200 mL of 











2.8 ASSESSMENT OF LABORATORY AND 4NALYTICAL METHOD. 

STATISTICAL ANALYIS. SAMPLING. 

The ~~ aaaia of a laboradory mdhod mCiudc (Sachs, 1984): 



Systdcnoncar ibeca irrdbycontrnninstcdrraeent~ ,unre l ïaôk~poor  

calibration, a d  emrs in da?a handling (Sachs, 19W, Kartochvil a d  Taylor, 1981). The 

errorscanbt- 9 .  - ùy popa iisPPg of s t d a d ,  b h b  and refhmx sampks. 

Howent, it is mt possible to elimmste them. la evahmîbn of solid waste the overail 

staDdard deviedPn bot raidom amrs is reM to standmi deviation br sampbg opistion 

a i l d ~ d c v i a t i D n f i r ~ ~ c i c c o ~ t o c q u s t i D n 2 - 1 0 ~ h v i l  

and T ' ,  1981): 









CI=Ett 's, 



U ~ t h e s i e p s p c r b d o n o œ o r t w o ~ a n g o i i g s e t s a n ~ t o ~ ~ t ~ ~ t o  

deteranine raquirrd mimbcr of sslipks with a high h l  of CO*- 

As reporteci by US-EPA the muits of ~~ waste cvahiation u d i y  exhifi m d  

distribidion ngadlesp tk sm@qg ritratcgy usd (VSEPA, 1982). In siinit cascs howrver, the 

resUttrcan~~miioPmadrPbi')ritinn,SmathemimbaofsampIeskusUanySmaaEven 

$the disttikition is abrmrillal, it does mt afFcct tbe mcaa w k h  i9 m ~ s t  hportsnt (üS-mA, 

1982). As for confideacc intend (CL), US-EPA t c c o ~  CI o f  90% to be used to fbr aii 

prddpurp~s*r to evahiste sood wastc (US-EPA, 1982), aithough workers use 95% 

CI for compost studks (woodbmy and BRJlis 1992). 





1 PHASE I - OBJECTIVES AND METHODS. 

'IheobpctMofPhsseIwastaobsemtbc~ofmcrrasi i igphmol~~~m 

on* pnn*nr ofDAD and to assess -1 mnitoring mtrmg tk @estion proces. 

The e W  was evahtated by rnmdng the blbwing pafonriaiice c- e * ofthe 

digestion systcm: gas production, gas conposition, v o W  solids (VS) m v a l  cfncicrry, 

volatilt &&y aAs (VFA), and a m t m k  The imtial phcnol comcntmhn added to tht system 

was50mgkg-' e i d c o n s f f u t i v c a d d i t i o l l ~ ~ ~ i n c n a n c d b y 5 0 p a c a d u ~  to a 

maxjmum of 379.65 mg kg -'. P b 1  nmnitorhg pognnn bhded: sampling fbxn 

hetcrogemu~ compost meterial rt dikent stages of the digestion pooess. adraction a d  

adysis of p b l  using HPLC. 







REACTOR 

F i i r e  3-1. Phase 1 - DAD reactor set-up. 



The nniun fhaid wes added hadiatek m arnouds 1423 g and 1373 g to R1 and R2, 

respective&. The cortespoadmg arm- of dig- were rrnioved go tbat each -or 

contaid a constaut mass 38ûû g of tk cügcshtc. At this poiat, t& contents of tk reactor 

were as fbbws: RI- 1423 g ofww nmni end 2377 g ofa mixture ofana~~bic digestet 

s h U i g ~ ~ o ~ ~ , ~ k d d i g e s t a t e ~ p m i D u s D A D ~ , R 2 -  lW3gcow 

manure d 2427 g oftk niirdiae- The total solids in tht rcactors was 14.5%. 

The amount of kdstock to be added to tk reac~ors ans cakuked aaoding to 

equation 3-1. 

3800 M,=- T 
MRT 

Waerr: M,ismassoffeedstockcddedto rractor, (g) 

3800 is consesnt mass of reactor content, (g) 

MRT is aiiiss retadion time, (days) 

T i s ~ ~ t b e i u x i Q a w d a r Z ( d a y s )  



Whcrr:Erl(istbtlnarsof*~tokdiawa,(g) 

M, iP the mass of remor kfim ièding, (g) 

nt& iP the nnirrp ofcmpty -or, (g) 

M,ismassof8#dstockadàedto reactot,(g) 

Ran>viPg digestate hmtb: w r s  a d  eddaPn of kîstock took plea in a glow 

box~wahnitiogeap.AAcrt#diigwascomplted,tbcsolid~emeachrcactor 

was mixed for fùur minutes ushg a B k k  & Dcckcr drill (type 1, vafiabbe speed and 

rrvasiiig) with a mecbincd aaacbmed mnstnictcd in our hiboratory. The m o r s  were then 

sealed,weigbcddrehimodtothec)wmher. 

From day 1 to day 57, the regcfors werc nd twice a week Starting on the 

e q e r b d  58th day, the ncdPg schtdult was cheilged d the reactors wcn &d once a 

wedc'IaecbasgemGecdiqg~wasQneto~rmm~teefncicntphem,1mo~oriag 

in longer priods bstw#n kdhgs. Lesg kqat k ü n g  opcraîions wouid slbw more 

~~~dctcmiistion'Lbe~~of~supplZedtothc~r~dririiigtwic+ 

a week frdgg schsdule on TPesdiy and Friday was 542.9 g and 723.81 g, rrspectiveiy. The 

amouut of fcod supplicd to tbe maetors durÎng once a week h c h g  scbeduk was 

1266.67 g. 



In orda to have a Qia fêedsîock, the &dstock was kept in a mufac oven at 90°C 

for about 20 mhutes. At tk sam tirrit the misture or solid content was determined 

periodidy ushg the Moiphnr Balaiw untïi tbe soads content of about 35 percent was 

reached. 

To maintah the optimal fange of aikah&y m the m o r s  sodium bicarbonate was 

added at each ftedmg m ratio sodium bicarboaate/substrate soods = 0.06 based on solids 

content in tbc kls tock dcamimcd PsEqg the M o W  BalSnce. The ratio bicarbonate to 

substtate solids was poposcd by Ten Bninntieier and Kostcr (1989). hw\g priods o f  

PcrraPcd acid quentitics, thc ainoirnt of sodami bicarbonate was mcreescd by 50 percent of 

the calculated amount. 

Starhg on day 48, pbciiol was ad&d to R2. The s u b w  additions took place on 

days: 51,65,72,79 end 83. Each tim the anmunt of p b l  added was 50 percent bighet 

than the dosage h m  tbc previous addition The mcrrasiPg amounu of phmol were addeci 
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are Iisted in Tabk 3-1: 

Tabk 3-1. Phme 1 - Amount ofphad aArlrd to R2- 

Dayoftheacpïimcot PhGabladdd VohUrplofstock solution 

83 1 379.65 1 22.50 
NOTE: Lc& is kg ofreactor content 











q n g g - 1 =  (A-B) xO .Olxl4.l 
C 

W k e :  A is vohniit of HQ tairated fit smnpk, (mL) 

B is voium of HCL tiîmtai fiDt blank, (mL) 

C r P w e t ~ ~ f ~ l e , ( s )  

~MhRrriitrogenPtbtdig*aatcandâcdstockwasdetamiriedusisgTotalKjeldhal 

N r t r o g e n D i g c s t b n ~ ~ T e c a t o r D S  20-1015 digestet. Asmsllamountofasannpie 

(approrcinraaeiyO.Sg~)wasphadmto adigestiontube.ThtaddaionofnftyinillilOtrrs of 

~ ~ ~ a i d ~ o L j c ~ ~ ~ b W C d b y ~ o f n f t y ~ o f w ~  

sulfial:acidtotbtbibe.'Ibtprrperrdtubeswaeplaadmto~whrhhasthe~estion 

tube holder m place. The sampks wae digested with the autostep contder pmgram set 

according to dîgester d exoept the third step m step 2 of the progrem was w at 45. 

A f k  wmplIion of the digesîion, cooliag and addition of  îi& millilitns ofdeionizlied water 

t o e a c h t u k , t h e s a m p k w e r e ~ u s m $ I ( i e ~ A u t o  103OAdyser.TotalKjeldhai 

Nitmgen m mg was calculatcd ushg equation 34 .  

Pheiiol~~iaiqgEIigbPcr8e,~LiqiUdChn,~0~ryequippedwith 

Waters 6ûûE Waters pimp, Rcvns P b  cohmm, Rbeodyne injector with 20 pL bop, 

Waters 740 Data Moduk hteptor, and W detcctor at wavehgth 254 nn The flow of 

mobile phase was 2 mL 'RE umbilc p b  comktd of 0.1 N trkhm phosphate 

buffer soiution a d  1:l acetonitrilt solution with water tba wme nmad in a proportion: 5 



Table 3-2. Pbace 1 - Protocol to prrpsrr the HPLC mobk dm= 
Ikd@on 











Table 3-4. Pb 

SteP 

1 

IT 

m 

S. 6œae the vial mtii the day of 
HPLC l d y s h  
& ~ o a b 1 0 b o W c s c n d ~ r m  
stepslistedabove 



2 point 

95% of O*l N sodium 

phosphate and 5% 

acetonitrile solution 

(5W vhr m mer) 

2 

254 1 

2!54 

gU8rdPR.P-lcohmnimptalled 

in &nt of tbe revefted PRP -1 

c o h  





4.1 PHASE 1 - EXPERIMENTAL RESlJLTS AND DISCUSSION 

Phase 1 inchului the obecrvadion the cfïect of b m d n g  phaiol comentmthns and 

assessiieat of phaiol rmnëor9g programduring dry m b i c  digestion. P b 1  monitoring 

program i ~ ~ h d e d  s~mpling h m  betcrogenaus compost m t c d ,  achctbn and HPLC 

analysis. Tht nsYlis of P b  1 are psenkd ia Appcodix A d F i  4-1 to 4 4  and 

inchde$encral~rmeacecbiradeaPtics, prEomraiccpmm=temofthedigeStionpmcss, 

and assmmmt of sanipling mctbod Grnaal ~~ c- fir both reactors 

are outliœd in Tabk A-1 m Appendix A. Table A-1 contains data of bbgas vohnne produceci 







1 R I  - without phenol 1 

O 20 40 60 80 100 

time (days) 

[ R2 - with phenol ] I 

t h  (days) 

begiMing of 
phenol addition 



Wbcrr: Mi,, is mass ofreaetor contents befbre âraw and füJ, (g), 

Mi,ismassofrcactorcoi1~cn~safter~dnU, (g), 

VSr, is volstilc SOW of compost b&re draw ad (fktbaal), 

VS, is voIrdile 9olidS of compost product drawn h m  reactor, (hctbnsi), 

vs, û wkik som of ikistock, (firactiom, 

VSr, is voiatik solids of compost afta draw a d  fin, (btbiial), 

II+ is mesr of Feedstock gohg into the reactor, (g), 

II+ is m a s  of compost drawn h m  the W t ,  (g), 
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1 Ri  - maiout phenol 1 
60 

b'me (days) 

I R ~  - with phenol 1 

time (days) 

beginning of 
phenol addition 





O 20 40 60 80 100 

Orne (days) 

O 20 40 60 80 

time (days) 

beginning of 
phenol addition 











1 ~ 1  - without phenol 1 ? - 

time (days) 

tirne (days) 

methane beginning of 1 UANNH3-N phenol addition 



attached to sotid0 m DAD system, tky can pravide better rrsigtlmcc to pbcriol badirig- 

92 





InTable4-1 , tkdi iyswi th~two pkno lco~nrnprrsa i tdayswhere  

k&g opastion took place a d  difbent pimol concentdons were ncorded befDre and 

after~.Whmnophemlwcusadd#ltoR2,tbeooncentrrrtiona&r~wsobwer 

than the coiwinhaiion befbre feediqg on days 55,58 ami 91 (T'able 4-1). On these dam 

"i'tutinnntodrplsceasa&rdrwviqgdig*rtatefcdrtodrwilhabaDstprophcnolwasaddcd 

Whenphenol~addcdtothtrc8ctot,tbtconcaitraiione&ateediqgws9highctthan 

wncentratiDn kfim amdPig on days 51,65,72,79, and 83 (Table 41). 



Table 4-1. Phase 1-Tbe estiniatcd pheaol c u ~ m  PI B. 

91' 1 1 478.00 1 338.00 1 3il.ûû 1 NA 
JOTE: F is h i h g  dey. 







The aps*rnnent of the -1 -n h m  digestmg rrfPPt was done bssed 









evahietion Uousng erhiat mmmi âkbt ion  r c g d b  of sampling stmtegy (US-EPA, 



Tabk 4-2. P b  1 - F s h a t d  nquIcd mmiba of sampks m assessing phmol 

NOTE: CI - CO- 



FromtberrsunSoftbcsbPdyonpbaiolcndddetcmioiiitionmdry~k 

~ m a ~ o f ~ ~ P s t y o ~ ~ o t ~ a i M R T e q u a l 2 1  daysthe 

folb* coacbispm canbe mmdc 

1. ThenwasabDghwddiîyoftbeeiq#iacntalcîatambodinactors. 

2. -or s u p p ~ w i d i p b e n o l a n r r p a s b r m i a g ~ a t b i n t k  wntrolteactor 

througbut the apaiimt. Pbmol nriditions up to 168.75 kgœ1 (224 iqg L") clid mt 

bave a deleCCrious &kt on ~ g C l l C S i S  m R2. 





4.2 PHASE II - EXPERIMENTAL RESULTS AND DISCUSSION 

Astbatanisahigh~ofrrsulrsmpbeoolmoMtoRigpro~mPbesc5  

t was decidrd to coDduct aqdmnhi P b  II which wouki be h s s e d  only on the 

a d y b i p a r t o f p b e o D l ~ 1 ~  ThtobjcctnreofthcshidydririqgPhiucII was to 

develop a stadad operathg pmccduc BDt pheml txtractbOn ad anahmis h m  compost 

ÊedstodcV~~sspplehndliip~HPIA:~andartractaniswmtesttd. 

The study was coamicied in two stages. Stage A was desigmd to optinrip a method of 

sample hdl@g and p k m l  ana@& ad as a scmxhg mdbDd to identay the best 

extractant, Stage B was designd to mvestigett tbt dikt of sbaking t ï m  on phenol 

m v e r y *  

The selection of tbe p b L  was besed upon severai Wors such as: 

adnrtads uaeâsuxdidy in previous pbaiol extradon shdics (Evangelis& et ai. 1990, 

O'Neill et aL 1993, Rajput a al 1994), hydfophik chsractaistics of phemi, bw toxkity, 

and ease of urit (Ruben ad Assi& 1983). F k  were chosen: deionizzd watet 

0, aliraoir water at pH of 11.5 (AW, pH=115), hot àeionkd water et 50°c @WH), 

tap water 0, a d  a mhition of 95% of 0.1 N sodiimi pbospbge and 5% acetonitrik in 

a sohmon with deionid wata 1:l v/v (BUFFER)). Tb percent recowry of p b l  was 

calculstcd accordmg to the bIlowing rew-: 





Tabk 4-3. Stagc A - Phenol h m  ~~mecutim hjdons m ady& of 

20 26 AW, pH=11 .S 



set AW 
DW TIUT BUFFER DWH 

pH=11.5 

A& 1 53(10) 1 52(23) 1 58(10) 1 58(10) 
VOTE: a-eachsampkanalysdbyasinglemcsammeat 



Tibk CS. Stage A - Rccirioa wqmbon of two sampk h d b g  techniques in set A-2a 

AW, pH=lL.5 

NOTE: l i s  a- 
sisstandard-n 

AW, pHs1 1.5 





Figure 4-5. Phase II - HPLC chÿomato~hs mpheaol extrdon. 
HPLC corviitinns: fbw of 1 mL min", m b i k  phase composition of 88./. of 0.1 N 
sodium phosphate aiid 12% aceto- in a solution with dcknimd water 1: 1 v/v, 
eid a Hsmilton PRP-1 oohmm a d  a PRP-1 gpsrd coiunm. 
A - p h 1  s t d a d  10 mg L", pbcaol -II time - 2.536 mh, 
B - spiked sampk exûactd with BUFFER, p b l  mention tmw - 2.589 min, 
C-imPpiLedsanpk~withBUFFER,phmolrett?ntjnntim-2.535 min 



The optimai s~mple  badbg proc+dun and HPLC conditions in the exprhmt  

extractantS. Table 4-4 simmiaraes pheml recuvefies %r difïèmt exmams. Since the 

meaniigful comperison of the aûactm~. However, some coirhisions can be drasvn m 



Sbge B 

StageBwaodaignsdto araminethe~ofshaiùngtitmonpbaiolrecovery. 

T h e ~ o f ~ t m i e o n ~ I r e c 0 V e t j C S i s s h o ~ 1 ~ ~ F i g i t n s e 6 , 4 7 d  

Tablee6.Fgm96sho~~tbt~of~tmieonphcoolt~~0vezyiisPqgTWaid 

DW. F i  4-7 h w s  the dikt of- timC on p k d  rrcovcry ushg BUIFFER; AW, 

pH=ll.5,adDWKAssho~11mF1giiries~iind47 tbecxûacthncfnciary BDtahmst 

a i l a d r a c t a d s ~ w i t h t i r a e ~ A & r s b a k i n g o f 5 d l O ~ c i l k a l n r ~ a t  

p~11.5dBUFFER1mrrtbc~d9~~0nd~aitiadadqrrspcctRrc&~abk46). 

BU- d dhib wdcr w pHIl1 J gave the bigbcst pbmol iecowrks of 84 d 83 

p a c e n t . ~ i y ~ ~ o f 3 0 ~ ( T a b k 4 = 6 ) .  



shaking time (minutes) 



shaking tÏme (minutes) 

Figare 4-7. Phase II - EBkt of sbaLiag timt on phmol rrcovery 
ushg BUFFER; AW, p H 4  1.5; a d  DWH. Each point rqmxmts avaage h m  
two sampks adysed twice (fim redis). Emr ben repment standad deviation 
for a shgk obwathn. 







io)ailriwtimt 

Set 

5 1  

5 2  

El 

5 2  

5 3  

B-4 

NOTE: % n 
%R 

DWH 









v 9 R D u s ~ s o l i d P s u c h a s : s i l P a a d s o o t r r p a i s t h e ~ l e t m s t a i d e t d ~ n s  

tbatarpsimiilirorsomewbithighathintherrlstivestindiirddeviaSio11~obtnmedmour 

study (Bawtholpe and Miiier, 1994). Tk dative stadad éeviations hr chioraraded 

pheaols ranged h m  12 to 41% end firom 11 to 152% h r  Soxhla and suprrritical CO2 

exmiction, rwpectively. 'Làtrrsults i k m m t b c r - s h i d y o f ~ n o f v a r i o u s o ~  

compomds h m  homgeriipd staiiderd re- scdPnent sbow simïk range of 

p&sbn@opez-Avila et aL1983). For example, the reportecl relative standard deviation 

for phmol &faction wes 21%. 







T h e f i b w i i g s s e t i D n w i n ~ t h e o b j c a i v c s , o b s e r v a s i o r i ~ p , r i n d ~  

s i g d h m  of tbe shdy. Tk papose of thc stidy wu thc h b p m c a o t  of protocols for 

asscssingtkefbcctofpheiiDlonthedry;inilwm&digcstiDnprocerrr.Tbcshidywas 

c o a d u c t t d m t w o p h s s a r p h . s e I ~ h r c d b ~ n o f p b c n o l e f n c t o n t b t ~  

of dry amembic digestion and tht of pbaml monitoring program during the 

4estionprocerrs.P~11~MtbedenEbpmcntofastaidardopaatineproccd~ 

for phen01 amaaion and ana@& h m  compost kdstock 

ThepiiniarysigiiitrcmCeofthtshidywas~ntwasprobab~th?nrstsmCtthe 

recent~lscksanyexperhmMdata.Noliiacitoretcportshevtbcaifodeitha 

on tbt efbct of p h e d  on DAD or p h 1  extradon h m  the organk &action of MSW. 

Whenpbcnolh~mthecmlto~aidcanenterthcprocess ,  tkreis a d  for 

donitse86ict ,andaS quadidonduring the dïgestionproo*is and in fkdstock. 

T h e ~ n o f p h m l c a n ~ ~ b c u s c d t o d e t a m m e a S ~ ~ ~ ~ ~ d u r i s g  

hptocess* 

T b e ~ n d s r y ~ o f t b c s b i d y ~ t b a ~ m t n n d m g s c a n b e a a a p t a d a l n o  

to other composting tccbaobgies as weL Thesc wouki i b c U  sampiing h m  buk 

compost, pamDI adraction tecbhpe, sampk bandhg âuring HPLC malys& ami 

statisticaianalysUofthcrrsults, 





compcirrd to the total amount of gas producd h m  tbe rest of th? fbmmthn syatem 
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APPENDIX A - PHASE 1 RAW DATA 



L t L G G W x d  gVYkgrxd % 

R i  
R2 

R1 
R2 

R I  
R2 

R I  
R2 

R i  
RZ 

R i  
R2 

R I  
R2 

R1 
R2  

R1 
R2 

R1 
R2 

R1 
R2 

RI 
R2 

R l  
R2 

R I  
R2 

Rt 
R2 

RI 
RZ 

R I  
R2 

R i  
R2 

R I  
R2 

R I  
R2 

NOTE 

NIA 
NIA 

KI.? 
19.9 

39.3 
43.4 

44.5 
48.8 

46.8 
33.0 

282 
55.5 

31.0 
43.9 

33.8 
85.1 

NIA 
NIA 

4.5 
66.8 

4 8 1  
12.2 

5.6 
38.7 

NIA 
50.5 

43.3 
30.1 

NIA 
27-1 

35.0 
55.7 

21 -8 
43.0 

1.9 
9.6 

80.8 
41 -3 

11.0 
16.9 



Gas mposioon 

dayof RICH4 R I 4 0 2  R2-CH4 R2-CO2 
experiment % % % % 



Note: 1 - R I . 2 4 2 ,  F-fieedstock 





Note: 1 -RI. 2-R2. F-Ihadstodt 



SOUDS 

NOTE 



SOUDS 

66 

NOTE: 

18 
lb 
a 
a 
FI  
n 
l a  
1b 
a 
a 
F i  
FZ 

18 
1b 
a 
2b 
FI  
F2 

la  
1b 
a 
2b 
F1 
F2 

18 
lb 
2a 
2b 
FI 
F2 

l a  
1b 
2a 
2b 

Fld 
F2d 
Flw 
F2w 

la  
1b 
2a 
a 

Md 
F2d 
Flw 
F2w 

la  
t b 
2i 
2b 
FI 
F2 



SOUDS 

73 

80 

83 

92 

96 

NOTE 



VFA 

04.4 
a 1  

68.8 
111.6 
13.4 

81.0 
76.3 
103s 
w.2 
Zb,2 

110,o 
m.0 
10&8 
81.4 
34.2 
393 

123.6 
130.2 
15.0 

121,7 
w,a 
1623 
178.1 
10.0 
fi. 1 

127.0 
127.1 
1I.O 
IWO 
4.4 
6.1 

138,s 
113.8 
143.3 
148,1 
2.7 
2.6 



44 

48 

51 

65 

65 

65 

NOTE: 





NH3 and TKN 

&Y d 
e*pehwnt wnpb mpk HCL HCL NH3 

M h t  concinkitlon 

ary a 
sxperlmsnt u m p b  umpb HCL HCL TKN 

W m t  tmcmratkn 

NOTE: 1 - R 



NH3 and TKN 

NHS 

0.33 
0.32 
0.08 
0.M 
0,Oo 
0.00 

0.44 
0.42 
0.07 
0.07 
0.23 
0,24 

0,66 
ove4 
0,17 
0.13 
0,41 
037 

2.16 
2.17 
1 .Sa 
2,w 
0.48 
0.43 

2.08 
2 ,s  
2.42 
2,28 
1 A2 

NOTE: 

80 I a 
2a 
2b 
F I  
F2 

BLl 
BU 

1 -R1,2-R2 
F - feedaock 
BL - biank 







ri; 



alkalinity 

day of sample mas8 extract H2SW aîkalinily alkalinity 
expenment 

9 ml ml nXv w9 



NOTE 1-Rl. 2-R2 



NOTE 1-R1 ,2-R2 





Sterilized digestate ~amples 

sample digestate phenol solution phenol extradant extractant phenol HPLC phenol 
conc. added added QQe volume conc, readlng analyseci 

Initial 
no 8 Sn mL mQ mL fW H mg(l 

1 
2 
3 
4 
5 
6 

BLOl 
BLD2 
M O 3  
BLM 
BCDS 

1 
2 
3 
4 
5 

BCO1 
BLD2 
BL03 
BLM 
BLPS t 
BLPS2 
BLPS2 

NOTE; 

1 
1 
1 
1 
1 
1 
1 
1 
1 

NIA 
WA 
NIA 

64 
64 
64 
61 
84 
04 
N/A 
NIA 
NIA 
NIA 
NIA 

84 
64 
64 
64 
84 
iWA 
NIA 
N/A 
NIA 
64 
64 
64 

0.0039 
0,0030 
0.0030 
0,0039 
0.0039 
0,0030 

NIA 
NIA 
NIA 
NIA 
N A  

BCO - blank digestate 
DW - âetionized water 
BCPS - blank phenol solutlon 
ND - not detected 
H - hight 

0,0030 
0.0030 
0.0030 
0.0039 
0,0030 

NIA 
NIA 
iWA 
NIA 

0,0030 
0.0030 
0,0030 

0,25 
0.25 
0,25 
0,25 
0,2S 
0,25 
N/A 
NIA 
NIA 
NIA 
NIA 

0,26 
0.25 
0,25 
0.25 
0.25 
NIA 
N/A 
NIA 
NIA 
0.25 
0.25 
0.25 

methanol 
meîhanol 
meaianol 

DW 
ow 
DW 
DW 
DW 
ow 

methanol 
methanol 

DW 
ow 
DW 

DW+methanol 
DWtmethanol 

OW 
DW 
OW 

DW+methanol 
DW 
DW 
DW 





RESULTS OF EXTRACTION 

day of dey of sampie sampllng HPLC readlng phenol phenol standard standard 
expriment enaiysls average devlation error 

of mean 
H msn msnc9 msncs 







RESULTS OF EXTRACTION 

dayot Qyot aarnpk difutkm sernpling HPLC meding phenol phenol standerd atendarâ 
expriment anaty8is awrage âeviatlon srmr 

d mciin 
H mon mml 

NOTE: ND - no4 detecteâ 
la, 1 b - samples from R1 
F 1, F2 - feedstock 
NA - not analysed 



APPENDIX B - PHASE 11 RAW DATA 



Srmpllng rot A 3  

Incubation at ambient temperature of 24C 
vortex mixer 
shake Ume - 2mln 
cenlrtfuglng tlme - 4 min. 

1 
2 
2 
3 
4 
5 
5 
6 
7 
8 
9 

10 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

BLF 26 
BtF 27 
8LF 28 
BLF 29 
BLF 30 

0,005 
0,005 
0,005 
0.605 
0 . m  
O, 005 
0.00s 
0,005 
0.005 
0,005 
0,005 
0,005 
0.006 
0.005 
0,005 
0,005 
0.005 
0,005 
0.005 
0,oos 
0,005 
0,005 
0.005 
0.005 
0,005 
0,005 
0,006 
0,005 
NIA 
NIA 
NIA 
NIA 
NIA 

12 DW 
12 w 
12 DW 
2 MN 
i2 MN 
12 MN 
12 DW 
12 AW,pWl1,6 
i2 AW,pWll,S 
12 AW,pWll,S 
12 AW,pW11.5 
12 AW,pWll.b 
i2 AW,pH-11-6 
12 TW 
iZ TW 
iZ 7W 
12 fW 
12 TW 
12 BUFFER 
12 BUFFER 
12 BUFFER 
12 BUFFER 
12 BUFFER 
12 MllM 
a DWH 
12 wtl 
'2 OIllM 
12 m 
9 MN 
9 DW 
9 MN 
4 MN 
4 MN 

64 
64 
64 
64 
04 
64 
61 
61 
64 
64 
64 
81 
64 
64 
64 
64 
84 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
NIA 
NIA 
NIA 
WA 
NIA 

NOTE: MN - delonlzed waler; AW, pH=) 1.6 - alkallne water @pH=11,6 
TW - tap water; BUFFER -solullon of 95% of 0.1 N riodlum phosphate and 5% acetonildle in a solutlon with delonized water 1:1 v/v 
DWH - delonized water hot al temperature 50 C; BLF -blank feedstock (unsplked) 
H - hlght 



Sampllng set A - 2r 

incuballon @D 25 C 
vortex mbcer 
shaklng Ume - 2 min, 
cenlrifuging Ume - 4 min. 

032 MN 
0.32 MN 
0,32 DW 
0.32 DW 
032 MN 
0.32 DW 
032 DW 
032 DW 
032 AW,pH=ll$ 
0.32 AW,pH=11,5 
032 AW,pH=11,5 
032 AW,pH=lI .5 
032 AW,pH=11,5 
032 AW,pH=11 ,S 
0.32 AW,pH-11 ,S 
0.32 AW,pH=11,5 
0.32 TW 
0.32 TW 
0.32 TW 
0.32 W 
0.32 TW 
032 W 
0,32 BUFFER 
0.32 BUFFER 
032 BUFFER 
032 BUFFER 
0.32 BUFFER 
032 BUFFER 
0.32 DWH 





Sampling set A - 2b 

incubation @ 25 C 
vortex mixer 
shaking Ume - 2 min. 
wntribglng Ilme - 4 min, 

1 1 
2 1 
3 1 
4 1 
4 1 
4 t 
5 1 
6 1 
7 1 
8 t 
9 1 
1 O 1 
11 1 
12 1 
13 1 
14 1 
15 1 
16 t 
17 1 
18 1 
19 1 
20 1 
2 1 1 
22 1 
23 1 
24 1 

BU25 1 
BLF26 1 
BLF27 1 
BLF 28 1 

0,005 
0,005 
0,005 
0.005 
0,005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.005 
0,005 
0.005 
0.005 
0,005 
0.005 
0,005 
0.005 
0,005 
0.005 
NIA 
NA 
NIA 
NIA 

032 DW 
032 W 
0,32 DW 
0.32 W 
0.32 DW 
0.32 DW 
0.32 MN 
0.32 AW,pH-Il ,S 
0.32 AW,pH41 ,S 
0.32 AW,pH4 1,5 
0.32 AW,pH4 1,s 
0.32 AW,pH-11,6 
0.32 MI 
0.32 TW 
0.32 TW 
0.32 TW 
O. 32 W 
0.32 BUFFER 
0.32 BUFFER 
0.32 BUFFER 
0.32 BUFFER 
032 MNH 
0.32 DWH 
0.32 MNH 
032 MNH 
0,32 DWH 
NIA DW 
N A  DW 
NIA MN 
NIA MN 

64 
64 
64 
84 
64 
84 
64 
64 
64 
81 
64 
64 
84 
64 
04 
64 
84 
84 
64 
64 
64 
04 
64 
64 
64 
64 

NIA 
NIA 
NIA 
NIA 

TW - tap watec BUFFER -sdution of 95% of 0,1 N sodlurn phosphate and 5% aœtonttrile in a solutlon wiîh deionlzed water 1:1 vhr 
MNH - deionized waler hot at temperature 6û C; BLF -blank feedslock (unspiked0 
H - hight 
NA - not anaîysed 



incubation @ 25 C 
shaker, speed - 1600 
shaklng Ume - 2 min, 
œnlrifuging \lm - 4 min. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
l e  
1 Q 
20 
21 
22 
23 
24 
25 

BLF 26 
BLF 27 
BLF 28 
BLF 20 
0LF 30 

0,005 
0,005 
0.005 
0,005 
0,005 
0,005 
0,005 
0.005 
0,005 
0.005 
0.005 
0.005 
0.005 
0,005 
0.005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
NIA 
NIA 
NIA 
NIA 
NIA 

0.32 W 
O32 DW 
0.32 MIV 
0.32 OW 
032 QW 
032 AW,pH=11 .5 
032 AW,pH=11,5 
0.32 AWlpHml 1.5 
032 AWlpH~l 1 -5 
0.32 AWlpHal 1,s 
0.32 W 
0.32 TW 
032 TW 
O TW 
032 W 
0.32 BUFFER 
0.32 BUFFER 
032 BUFFER 
0,32 BUFFER 
032 BUFFER 
032 DWH 
0.32 DWH 
0,32 DWH 
032 DWH 
0.32 W H  
NIA DWH 
NIA MNH 
NIA DWH 
NIA MNH 
NIA MNH 

64 
64 
e4 
64 
64 
64 
84 
84 
64 
64 
64 
8) 
w 
64 
64 
64 
04 
64 
64 
64 
64 
84 
04 
61 
61 
NIA 
NIA 
NIA 
NIA 
NIA 

NOTE: MN - dehked water; AW, pH=11,5 - alkaline water @pH=l1.5 
tW - tap water; BUFFER -soiution ot 95% of 0.1 N sodium phosphate and 5% aœtonHrib ln a solution Ath deionked water 1:1 viv 
MNH - deionized water hot at temperature 50 C; BLF -blank (eedstock (usplked) 
H - hlghl 









Sampllng set A - 6 (contd) 

1 2 3 4 5 6 7 8 9 10 11 12 13 
date sample feedstodc phenol solution phenol extractant extractant phenol HPLC phenol phenol m c ,  standard 

m c .  added added type volume conc,initial reading concanal, average deviatlon 

Analysis on filîeted samples using quard column. 

14 
14 
1 5 
15 
15 
16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
20 
20 
2 1 
2 1 
2 1 
22 
22 
22 
23 
23 
23 
24 
24 
24 

BLF 25 
BLF 25 
BLF 26 
BLF 26 
BLF 27 
BCF 27 

64000 
64000 
64000 
89000 
84000 
64000 
64000 
64000 
64000 
84000 
64000 
84000 
64000 
6r)oOo 
64000 
64000 
84000 
64000 
64000 
64000 
64000 
64000 
64000 
64000 
64000 
64ooo 
64000 
64000 
64000 

NIA 
NIA 
NIA 
NIA 
N/A 
NIA 

0,005 
0.005 
0.005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.005 
0.005 
0,005 
0,005 
0,005 
0,005 
0,005 
0.005 
0.005 
0,005 
0.005 
0.005 
0,005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.005 
0,005 
0,005 
N A  
NIA 
NIA 
NIA 
NIA 
N/A 

0.32 
0,32 
0.32 
032 
0.32 
032 
0.32 
0,32 
032 
0.32 
0,32 
0.32 
0,32 
O, 32 
032 
0.32 
0.32 
032 
0.32 
O, 32 
0.32 
0.32 
0.32 
O, 32 
0.32 
0.32 
0.32 
0.32 
O. 32 

NIA 
NIA 
NIA 
NIA 
NIA 
N/A 

TW 
lw 

BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFf R 
BUFFER 
BUFFER 
BUFFER 

MNH 
DWH 
OWH 
MNH 
DWH 
DW 
DWH 
DWH 
DWH 
OWH 
DWH 
DWH 
DWH 
DWH 
OWH 
DWH 
DWH 
DWH 
DWH 
DWH 

64 
64 
64 
64 
84 
64 
69 
64 
64 
64 
64 
84 
64 
04 
64 
64 
64 
64 
04 
64 
04 
64 
04 
84 
64 
64 
64 
64 
84 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

38931 
38498 
31 965 
28543 
27022 
28245 
26848 
25202 
35785 
31430 
831 30 
3û308 
2W16 
33215 
31897 
32687 
28480 
32264 
30048 
27018 
3mB 
31 106 
30308 
34537 
33008 
27Q34 
36430 
3ûô29 
27819 

NIA 
NIA 

0.00 
0.00 
0.00 
0.00 

51 
61 36 
42 
38 
37 
38 
34 
33 
47 
41 
44 
40 
3a 
44 
42 
44 
38 
41 
30 
36 
48 
39 
30 
44 
42 
35 
48 
39 
35 
NIA 
NIA 
0.0 
0-0 
0.0 
0.0 





Sampllng 8et B - 1 

incubation @ 25 C 
shaker, speed - 1600 
shaking time - 1,2,5,10, 30 min. 
centrifuglng time - 4 min. 

1 2 3 4 5 6 7 8 O 1 O 7 1 12 13 t S  
date sample feedstock phend solution phenol exbactant extractant phenol HPCC phenol phend standard shaking 

conc, added added VPe volume con.initial reading conc.anal, mc,aver, ôeviatlon time 

no 9 mgli mL mg mL m f l  H mon m f l  min 



Sampllng set B 1 (contd) 

1 2 3 4 5 6 7 8 8 10 11 12 13 16 
date sample feedstodr phenol solution phenol extradant extradant phenol HPLC phenol phenol standard shaking 

conc. added added tVPe volume conc,iniüal reading conc,anal, mc.aver, deviation hime 

14-hl-O5 16 
14-Jul-95 16 
14-Jul-95 17 
14-Jul-95 17 
14-Jul-O5 18 
14-JuI-95 18 
14-Jul-95 $9 
14-Jul-95 19 
14-Jul-95 20 
144~1-95 20 
17-Jul-95 BLF 21 
17-Jul-95 BLF 21 
1 7-Jul-95 BLF22 
17-Jul-95 BCF 22 
17-Jul-O5 BtF 23 
17-Jul-95 BLF 23 
17-JuI-95 BLF 24 
1 7-Jul-95 NF24 
17-Jul-95 BLF 25 
17-JuI-95 BLF 25 
17-Jul-95 BLF 28 
17-Jul-O5 BLF 28 
17-3ul-95 BLF 27 
18-JuI-95 BLF 27 
18-hl-95 BLF 28 
18-Jul-95 8LF 28 
18-Jul-95 BLF 28 
1 0-JuI-95 BLF29 
18-JuI-85 BLF 30 
18-JuI-95 BLF 30 

64000 
64ooo 
84000 
64000 
64000 
gqOOO 
69000 
64000 
64000 
64000 

N A  
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NJA 
NIA 
NIA 
NIA 
NIA 

0.005 
0.005 
0,005 
0,005 
0.005 
0,005 
0,005 
0,005 
0.005 
0,005 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 

0,32 
032 
0,32 
0.32 
0,32 
0,32 
032 
0,32 
0.32 
O, 32 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

AWlpH=l 1.5 
AWlpH=l 1.5 
AWlpH=l 1.5 
AWlpH=l 18 
AWlpH=l 1.5 
AW,pH=11,5 
AW,pH=llS 
AW,pH=11,5 
AW,pH=11,5 
AW,pH=11 ,S 

DWH 
MNH 
MNH 
DWH 
DWH 
DWH 
MlVH 
DWH 
DWH 
D W  
MNH 
DWH 
MNH 
DWH 
DWH 
DWH 
DWH 
DWH 
DWH 
DWH 

84 
64 
84 
64 
64 
64 
04 
64 
64 
64 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 

NOTE - OW - deionized water; AW,pH=11,5 - alkallne water @ pH=11,5 
DWH - deionized water hot @ 50C; BLF - blank feedstock (unspiked) 
H- hight, ND - not detected 



Sampllng set 6-2 

Incubation @j 25 C 
shaker, speed - 1800 
shaking time - 1,2,6,10, 30 mln, 
centrifuging time - 4 min, 

1 2 3 4 5 8 7 8 9 1 O 11 12 13 16 
date sample feedstock phenol solution phenol e a n t  extractant phenol HPLC phenol phend standard shaking 

m c ,  added added type volume con,lniîial reading wc,anal, mc,aver, ~~ îime 

TW 
TW 
7W 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
w 
TW 
TW 
Tw 
TW 
TW 
TW 
w 

BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFf R 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 



Sampllng set B-2(contd) 

1 2 3 4 5 6 7 8 9 1 O 11 12 13 16 
date sampte feedstock phenolsolutlon phenol extractant extradant phenol HPLC phenol phenol standard shaking 

conc. added added type volume conc,iniaal mding concanal. cUnc,aver, ôeviatidn Ume 

17 
17 
18 
18 
19 
19 
20 
20 

BLF 21 
6LF21 
BLF22 
BLF 22 
BLF23 
BLF23 
BLF24 
0LF24 
BU25 
BLF25 
BLF26 
BtF26 
BLF 27 
BU27 
BU28 
BLF28 
BLF28 
BLF20 
BLF30 
BLF30 

64000 
64000 
84000 
64000 
64000 
64000 
64000 
64000 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
WA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
N A  
NIA 
N A  

0,005 
0.005 
0,005 
0,m 
0,005 
0,005 
0,005 
0,005 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 

0,32 
032 
032 
0.32 
0.32 
0.32 
0.32 
0,32 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 

BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUFFER 
BUF FER 
BUFFER 

5 
5 
5 
5 
5 
5 
5 
5 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N A  
NIA 
N A  
NIA 

64 380542 
386276 

64 379247 
64 370439 
64 480927 
84 439044 
64 477428 
04 45500B 
N/A 38038 
NIA 33190 
N/A 42827 
NIA 40704 
NIA 23755 
NIA 336ô2 
NIA ww3 
N/A 52645 
NIA 42383 
NIA 28445 
NIA 45907 
NIA 40770 
NIA 81889 
NIA 57735 
NIA 45880 
NIA 34643 
N/A 63û28 
NIA 64106 
NIA 65749 
N A  58115 

N0TE:TW - tap water, BUFFER - solution of 95% of 0.1 N sodium phosphate and 5%acetonltrile in a solution wiai deionized water 1:1 vhr ; 
H - hight, BLF - blank feedstock (unspiked) 



Sampling set 8-3 

incubation @ 25 C 
shaker, speed - 1ô00 
shaking time - 1,2,5,10,30 min. 
centrihrging time - 4 mlm 
- - - -- 

1 2 3 4 5 6 7 8 O 1 O 11 12 13 15 
date sample feedstodc phenol solution phenol extradant extradant phenol HPLC phenol phenol standard drakirig 

m. a d d d  ad- type volume con.initial reading conc,anal, conc,aver, ôeviath Ume 

64000 
64000 
64000 
64000 
64000 
64000 
64000 
84000 
64000 
64000 
slKMO 
64000 
64000 
84000 
Mo00 
64000 
64000 
64000 
64000 
64000 

N A  
NIA 
N/A 
NIA 
N/A 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

0,005 
0.005 
0,005 
0,005 
0.005 
0,005 
0.005 
0,005 
0,005 
0,005 
0,005 
0,005 
0.005 
0,005 
0,005 
0.00s 
0,005 
0 , m  
0.005 
0,005 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0,32 
NIA 
NIA 
NIA 
NIA 
NIA 
NA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

DWH 
MiVH 
DWH 
DWH 
DWH 
DWH 
DWH 
DWH 
Dwli 
DWH 
DWH 
DWH 
DWH 
OWH 
DWH 
DWH 
DWH 
MrVH 
DWH 
DWH 

AWlpH=l 1.5 
AWlpH=ll .5 
AW,pH=l 1.5 
AW,pH=11.5 
AW,pH=11,5 
AW,pH=I 1.5 
AW,pH=11.5 
AWlpH=l 1.5 
AWlpH=l 1.5 
AWlpH=l 1-5 
AW,pH=11.5 
AW.oH=i 1.5 

5 
5 
5 
s 
5 
5 
5 
5 
6 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 

WA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

64 
84 
64 
64 
64 
64 
84 
64 
64 
04 
84 
04 
64 
64 
84 
64 
04 
64 
04 
84 

N A  
N/A 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 





Sampllng 8et 84 

incubation @) 25 C 
shaker, speed - 1600 
shaking Ume - 1 ,2,5,lO, 30 min. 
centrifuglng time - 4 min. 

1 2 3 4 6 6 7 8 Q 10 11 12 13 15 
date sample feedstodt ptisndsdudion phenol extradant extractant phenol HPLC phenol phend standard shaking 

conc, addsd added type volume con,lnitial readtng concanal, cUnc,aver, devlation Ume 

no 9 m g  mL mg mL man H m@ m g  min 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 

BLFI 1 
BLF11 
BLF12 
BLF12 
BLf 13 
BU13 
BLF14 
BLF14 
BLÇ15 
BLF 15 
BLF16 

84000 
64000 
84000 
64000 
64000 
84000 
84000 
84000 
84000 
84000 
64000 
84000 
wooo 
gqOOO 
84000 
84000 
64000 
84000 
64000 
84000 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0.005 
0,005 
0.005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0,005 
0.005 
0.005 
0.005 
0,005 
NA 
N A  
NIA 
NIA 
NIA 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

0.32 
0,32 
0,32 
0,32 
032 
0,32 
0,32 
0,32 
0,32 
0,32 
0.32 
0.32 
0,32 
0,32 
0.32 
0.32 
0,32 
032 
0,32 
032 
N/A 
NIA 
N/A 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

D W  
DWH 
DwH 
o w  
DWH 
DWH 
DW)S 
DWH 
DWH 
DWH 
OWH 
DWH 
DWH 
ow 
DWH 
DWH 
DWH 
DWH 
OWH 
MNH 
OWH 
DWH 
D W  
OWH 
DWH 
OWH 
DWH 
DWH 
DWH 
DWH 
DWH 
DWH 

64 
04 
64 
64 
04 
64 
04 
84 
64 
64 
64 
64 
64 
64 
84 
64 
04 
84 
04 
84 
N/A 
N A  
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 





data set6; &'- 
i n f i l e  '/horne/ul/dmurphy/trybuLa/set6-dat'; 
input sample test extract $ shaktime phenol; 

run; 

proc print; 
run; 

proc glm; 
class extract shaktime sample; 
model phenol = extractlshaktime sample(extract+shaktime) ; 

run; 

data s e t s ;  
i n f i l e  '/home/ul/dmurphy/trybula/set8~datr; 
input sample test extract $ shaktime phenol; 

run ; 

proc print; 
run; 

proc glm; 
class extract shaktime sample; 
model phenol = extractlshaktime sample(extract*shaktime) ; 
r m ;  

data set9; 
i n f i l e  '/home/ul/dmurphy/trybula/set9.dat'; 
input sample test extract $ shaktime phenol; 

run; 

proc print; 
rua; 

proc glm; 
class extract shaktime sample; 
model phenol = extractlshaktime sample(extract*shaktime); 
r u ;  

data setl0; 
in£ ile /home/u~/dmurphy/trybula/setlO .datr ; 
input sample test extract $ shaktime phenol: 

run; 

proc print; 

proc glm; 
class shaktime sample; 
model-phenol = shaktime sample(shaktime1; 
run; 
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The SAS Systam 13.49 Wedneeday, J i i l y  1 L99h c 

Generdl L inoar  Hodsle Procedurs 

Iwpeiideni Var- i a b l a  PHENOL 

Çoii rcc DF Sum of Squares Mean Square P Valus 

Hodo 1 19 3718,5953SOOO 195.71554474 44.92 
c-. -- 

Error  2 O 87,13720000 Q .  35661000\ 
-.--/ 

Correctod Total 3 9 3805,72755000 

RSOquare C . V .  Root MSk 

O .  977 105 4 840840 7.08724939 

EXTRACT 1 
BHAKTIME 4 
EXTRhCT*BHAKTIHE 4 
SAHPL(EXTRAC*SHAKTI) 10 

Source DP 

Type l 68 

Type I I I  SB 

nean Square P Valuo 

84 ,52  
175.82 

7 . 7 6  
3 .47  

P Value 

84.52 
l7S,82 
7.76 
3,47 

F m  the toial variations, the pmporth associated with sampling nror: 

SAMPLING SET B-2 
PHkNOt Hean 



Dcpci~dant  V a r  l a b l a  PHENOL 

Suii r r:e DF 

Mode 1 19 

E r r o r  2 O 

Corrsctod Total 3 9 

R-Bqudrs 

O ,  994463 

Source DF 

EXTRACT 1 
SHAKTIHE 4 
EXTRACT*SHAKTIHE 4 
SAHPL{ EXTRAC*SHhKTI ) 10 

EXTRACT 1 
SHAKTIHE 4 
EXTRACT*SHAKTIHC 4 
3AMPL(LXTRAC*BHAKTI) 10 

Csnsral  Linear Modela Proaedure 

S m  of Squares Haan Square P Value 

C.V.  

2.072968 

Typo 1 88 

26.29161250 
2405.8857 3500 

110.60976500 
329,02091500 

Typa X f t  6s 

26.29262250 
24OS,885735OO 
110,60976500 
329.02097500 

Wian Squarn 

26,19261150 
601,47 143315 

Woan Square 

26,29262250 
601,47143375 

27.65244125 
32,90209250 

P value 

32,tlb 
751.16 

N , J B  
b1,15 

I Valu0 

31,88 
752. 26 

34,58 
41,15 

The esthte  of sampling amr v a h œ  canpa#nt cancs âan solving qwtion (*): 
6.4.70996 
6: = (32.902 l-O.7996) x0.5 =M.OS 12 

Tho total variation is the sum of îhe cstUMtad vadam 0ompolldnts 

61 * = 6: + 66 = 0.7996+16.0512=16,851 whm: 4 -total variation 

F m  the total vu*ticms. the pmportion associatd with anaiyticrl aior: 

From the total variations, the proportion associated with sampling amr: 

SAMPLING SET B-3 

whm: 6~~~iuiancscomp0llcdltd~touulyticrlaior 
6: - VUIIIIW ~anp~ laa t  due (0 s~lpling amr 
2 -  n u m k  of tests pa sampb 
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SAMPLING SET B-4 Dependonr Var l a b l e  a PHENOL 

t rror  1 O 

Correctad Total 19 

Source Typa X 68 

source t Valu. 
SHhKTf HE 
SAHPLL ( SHAKTIHE) 

F m  the toiai vadaticne, the ptopadioa a8sociatad whh railyciorl am: 

6:/ (6: + 6: ) =1.346/17.339= 0.0776 

Fmm the total variations, the ptoportion associatd with sumpling m r :  

6; /(6: + 66 ) =lS.993/l7.339=û.922 




