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o

10731y the mixture would behave like the Livindgston sludde

alone.
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I. INTRODUCTION

The wusefulness of microordganisms in detoxifuing and
dedrading sewade and industrisl waste has been recognized
simnce 1914y whern the activated sludde rrocess was first
develored, Microordganismss which ca3n carre out 3 wide
varietwy of chemical reactionse have many advantades over
chemical resdgents. For examerley many monbiclogiczal treatment
Frocesses  such as  hedrodgen  rseroxides chlorine diowxide or
catalused oxidation are denerzlly exrensive and often sroduce
buy-rroducts that are rollutants amnd must be removed in 3
serarate rurification ster. The most commorn method of
detoxifwing wastes thermal #idationy 1is emnergwe intensive
which makes treatmernt costs high.

Room temrerature hiolodgical idation 1is cataluzed bw
enzvmes of considerable srecificity amd efficiency. Orie
enzdme usually catsluses only one kind of reaction a2t &
srecific site onm the substrate molecule., The wvields in
biclodgical reactioms can oftern reach 100 sercent.

The activated sluddge rrocess derends onm 3 heterodeneous
rorFdlation of microordganismsy the various srecies of which
a2re carable of dedrading different comstituents of the waste
material. In the near futurer with the advent of
genpe-grlicing and  recombinsnt ONA technieuess rFure cultures
of hacteria maw be able to dedrade refractory comrounds such

gs OOT amd 2,45-T [11,. Meznwhiley mixed cultures of
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microordanisms are now availahle commerciallye for dedrading:
specific comrounds or drours of comrounds in  industriasl
wastesy such as roluchlorinated birhenugls (FCR’s) or
straight—cheirm hudrocarbons. These commercial rrerarations
are rroduced by force-feeding and/or irradiation of maturalle
occurring bDacteria that xhibit a3 srecial ahility to
bhioassimilate certain kinds of organic conmtaminants. The
rrerarations can then be added directly to an activated
sludge.

Stills the use of such srerarations in 2311 cases and
under anyg conditions should not bhe considered 38 2 ranzscea.
Thew are no substitute for dgood orerating srocedures or
srrlied science. Insteady amn imrroved understanding of the
kimetics of biolodical desgradation through exsrerimentaztions
where the results sre rerroducible and relisbles is bound to
imrrove the efficiency of wastewsater treatment rrocesses ands

therebwyy penefit our ervironment.



II. BACKGROUND

Ba._lLiterzture_Search

An extensive literature search was undertaken in order to
obtain the rublished results of other investidgators who have
also wused commercizslle svailable mutant bacteris. The
abhstracts of bioclosyy chemistrys and  microhiologe were
gsearched for Lthe reriod 19771983 wusing the following
kevwords: bDacterias biodedradationy commercial cultures
culture, A similar search of the anmnual indices of Arrlied
Ervironmental Microbiologwry Riotechrnolosy and Bicendgineerinsgs
Eulletin of Environmental Tasicologwy and Environmental
Science was rerformed. Roth sesrches rroduced lardge numbers
of referencesr none of which on close insrection were
relevant to the use of commercial rrerarations.

The comruter data base containing the rublications of the
American Chemiczal Society (ACS)» and the Follution Abstracts
(rublished by Cambridsge Scientific Abstracts)r was also
searched for the wears 1974-1984, In order to reduce the
rnumber of references that wouwld eventually heve to be
exaemined for relevancyy the following srecific kewywords were

zed? Bactisolvsy BI-CHEMy Huedrobzser Folubscors Swzbron. The ACS

C
i1

search sroduced no resultsy but in the Follution Abstracts 11
references were foundes 3 of which had relevant subdect
matter, All these references were fournd using the kegwords

Folghace (=roducer of Hudrobac) and Subron (rroducer of
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BI-CHEM DOC-10046/7).

Bw usimg the affilistion index and the author index for
the institutions and suthors krown to be active in this aress
the Selected Water Resources Abstracts (rublished by the
National Technical Information Service) and the asbstracts of
the Engirmeering Index for the wears 1979-1983 were searched.
These were the sources in which most of the articles were
found.

Once a3 comrlete corg of 38 relevant article was oblained:
the references cited within 1t were zlso consulted, A
additional comruter search wasb conducted using these authors
and affiliations ss kevwords, The Follution Abstracts and
the Selected Water Resources Abstracts for the wears
19741984 were searched. A total of 37 asuthors and B8
affiliztions were used, At this roint the literature sesarch
was storred since onlw 3 few of the articles rroduced were

usefulrs while 3 masJdority had sreviouslye been found.

Bes Literature Review

Im the following articles it should be rointed out that
Zitrides is Fresident of Folybac Corroration and Thibault was
formerle anm emslowee of Folowhac,

Zitrides [21 rerorted using mutant bacteris to control an
overabundance of filamentous organisms in an  oxugenated
secondary trestment rlant. A rpuls and rarer mill was the
source of the wasteuwater, The sustem was seeded with

LIGNORAC sroduced bw the Folgbzce Corerorstion. The rroduct
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contsins ordganisms "srecifically selected for their ability
to didgest lidgnocellulose wastes®., The addition of LIGNORAC
reduced the smounts of lignin and tannin in the effluent by
about 42%. The Tilamerntous bacteria were brousgnt wunder
cantrol amd s healthw biomass was rroduced. Alsor the sluddge
settled better than it had rrior to the orset of filamerntous
growth.

Zitrides L33 added FHENDEBAC: made by the Folsbsce
Corrarationrs to the bioctower of a3 facility tresting rrocess
wastewater comtaining emulsified retroleum waxess rolwacrulic
andg roluevinel acetste rolumers. These comsounds inhibit the
growth of the naturaila occurring organisms rresent in the
biotower. The bhacteris in FHENOEAC can dedrade "long— chain
huedrocarhonsy shenolsy cwanidesr detergentsy and herbicides®.
Within 30 daws after inoculastion with FHENOEALCs, CODI was
reduced bhw 574 comrared to 47X rFrior to seeding. When
orerating conditions were chansged to accomodaste a COD load 3
times lardger than the desizgn valuer & 20X reduction was
regdularly obtained.

Srraker and Telerchsk [4]1 used RBI-CHEM 1004T7TX to control
Toaming amd dedgrade nonionic deterdgents 1in 3 wastewater
comtaining ethonulated nongl shernols (ENF’s) and surfactants.
The orgsmisms in BI-CHEM 1004TX are srecizlly zsdsrted to
degrade ENF‘s and reduce foaming. The waste treatment sustem
consisted of & hiotower and four lasgcons. Prior to seedinss
ur to S0% of the biomass could be disrlaced from the biotower

due to foasmins. After adding 3 large dose of BI-CHEM 1004T7TX:»



foaming rroblems subsided sand the biotower achieved a 20%
reduction of COI and an B3Z reduction in  mherol. To reduce
the load on  the biotower each ladgoon was also seeded. Dats
waere collected for ome wgear in order to evaluste how BI-CHEM
1004TX affected the rerformance of the sustem. Over +that
reriod: the averadge oversll reductiom of COD was 62.6%. For
#henclsy, the oversll reduction was 99.1%.

Blairsr et. ales [53 used RI-CHEM DC-1008SF +to zsugment
the bascterial cultures in the clarificastion asnd activated
sludde sustems of a8 rlant treating waste from 3 rulr and
rarer mill, The mill had been out of comsliance on discharde
levels of totzal susrended solids (T88) and biocchemical osxtuden
demand (BOD) due to wide variastions of mixed licuor susrended
salids (MLSS)Y in  the sustem. Addition of RI-CHEM DC~1008GF
stabilized the level of MLSSsy resultinmg in 2 S50X or more
reduction in TS5y thus bringing the slant back.  into
comrliance.

LDavis and Rlair [61 isolated and tested a mixture of
bacteria carazble of reducing the color intensite of RKraft
rrocess hlack licuor waste. A slime lawer of the isolated
culture was built ur on the racking of s bench scale bhiotower
with =2 wvolume of 3.25 liters. The biotower Was run
continuously on Kraft blsck licuor wastewater from two
serarate rarer mills. The firstl wastewster exrerienced a 30
rercent dror in color intemsitwy in the first 4 to 17 hours of
oreration with an additionegl dror of 16 to 24 rercent with

recuwclins. The second wastewater was reduced in color
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inteasitu by 54 rercent in 29 hours with no further reduction
be recweling.  While admitting some sart of the color loss is
due to adsorrtiony the authors also roint out that the
abilitw to comntinuously reduce color sudggests that enzumatic
dedgradation "was a8 rrinciral mechanism® for removal.

Thibault and Tracew [7] discuss the addition of mutant
bacteria as 2 way of imeroving the stability and rerformance
of azetivated sludde wunits. Thew cite exsmrles in which
bacterial additives reduced effluent totasl organic carbon
(TOC) b 32%y generzlle reduced influent snd effluent ROy
and imrroved overzll orerating stazbilitu.

Thibault and Tracew [B1 solved severszl orerating sroblems
of  en oxwdgen zsctivated sluddge system tresting wastewster
generated by the rproduction of alcoholsy olefimsy ordanic
acids and swnthetic rubbers. To dezsl with unzccertably high
levels of ROD» tolal oxuden demend (TODD and totzl susrended
solids (T85)r the sustem was inoculated with FHENORAC Mutant
Hacteriasl Hudrocarbon llegrader, Each microbe in  this
Frreraration  i1s carsble of desrading s srecific class of
comrounds.  llata on TODy BOD (totasl and solubled)y TS8Sy and
tertiary butanol (TROH) were takenm 30 daws srior to the
addition of PFHENOBAC and 30 daws following the bhedining of
regulsr  inoculzation. The sresence of PHENOBAC turicellw
reduced effluent TOD bhw 448X, from 280 m=/1 to 150 m&g/1. The
values of other effluent sarameters were slso reduced! ROD
from 47 mg8/1l to 12.5 ma/l (73%)y soluble BOD from 2.9 mg/1 to

3.9 ms/1 (59%)y averade T58 from 37 mg/l to 23 m=/1 (38%).
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Finallgyr mo measurable amount of TROH was found in  the
effluent during the two-month Périod following redualar
PHENORAC sdditiorn. This is due to the stabilizing effect
that FHENORAC had on the active biomass of the custem.

Traceg and Zitrides [21 used +two rFarallel tresatment
suystems to demonstrate the effectiveness of FHENORAC Mutant
Bacterial Hudrocarborn Dedrader on refinery wastewater. One
activaeted sludHge sustem was seeded with the additive while
the other served as a contrel., The levels of totezl organic
~arbhon  (TOC) were used a@s 2an indicator of effectiveness.
After 12 dawsr during which the mutant ordgenisms rerroduced
zrd  adarted to  their envirommentr the rerformance of the
trested unit imerroved steadilw in comsarison to the control.
Average effluent TOC values were 327 lower in  the treated
sustem. When an urset in effluent pualitw causerd
deterioration ands finslluy shutdown of the control unitr the
treated unit was able to handle 211 the rlant flow Tor two
daws while maintaining & 71% reduction in TOC.

Hirty et. al.»C107 rerorted that chandges made in the
flow watltern of & rarer mill waste trestment rlant
effectively overcsme the sludge bulking sroblems caused bu
fileamentous growth. The authors fTirst tested 38 varietwy of
chemical additives for their abilitw to reduce filamentous
dgrowth and imrrove sludde settling time. Althoudgh no detsils
of these tests were divens thew concluded that chemicals such
as limer rolumers: chlorine and reroxide trested onlw the

sumertoms of an orerstional srohlem. More imrortantley the
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use of commercial rFrerarations of microorganisms Wwas
avaluasted in both bench—- scale and rilot-scale biological
reasctars. Umfortunatelwr rno detsils of the ewxreriments are
erovideds nor are any of the rrersrations mentioned b name.
The suthors state that *rmo  imsrovement was moted®™ from tﬁe
use of commercial rresarations in controlling the rersistence
of filamentous becteris. Fimallyy after a2 review of the
literature concerning the control of filamentous bulkinds and
wet znother set of undescribed testsr am effort wss made to
imrrove the levels of dissolved oxugen (I0) amnd food to mass
ratios (F/M) irn  the four aseration tamks comprising  the
sustem. This was achieved by addusting the flow rattern from

tamk to taenk in such 8 wayw 3s to evenly distribute these

measures of ordgsnic losding sltress. Within 2 weelkss RBOD and
sysrended solids removal were ahove ?é and P4%y

resrectively, In the final month of a three;month trial
reriod there wss 3 925% reduction in filamermt rumber with the
average filament lensth decreasing from greater than 400 pm
to less thaen 100 Hm

Qasim and Stimehelfer [11] tested the effectiveness of =z
*hacterial culture eroduct® in sn serateds continous-{low
sctivated sludse rrocess, Two ididentical bench-scale systems
were orerated under similar conditions. RBoth reactors had 3
volume of 10.? liters and were initially filled with .3
wastewater having s MLSS concentration of 2250 m=g/1. A feed
rate of 35 1l/daw was maintaimed throusgh hoth wunits. Each daw

some sludde was wasted by  removing a8 bhatffle and mechanically
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mixing the contents of the reactors. The waste volume was
made-ur with distilled water. After +the reactors reached
steadu—-state (46 to 8 daws of constant sludge growth and
rercent COD removzl)s dosing of ome reactor besgan while the
other was used as 3 control. Thern» on 38 dailwy basis the
following raramelters were measured! total flowr influent
soluble COD and BOD», effluent soluble COD a3nd BODy effluent
susrended solids (85)y volastile susrended salids (V58)s mixed
licuor susrended solids (MLSS) and mixed licuor wvolatile
_suspended solids (MLUSS)., The data obtazimed from both
sustems were used to determine vaslues of kinetic constants
that reflect the sbility of 3 microhizl mediz to maintain
biolodgical growth and utilize substrates. The comraritive
values of these constants indicated +that the ‘bacterial
culture rroduct® had some rositive effect on sluddge growth
but no effect on substrate utilizstion. The authors conclude
that the rroduct would have little effect *on the oversall
rerformance of & well-designed 2nd well-orerated activated
sludge relant®. Thew also clsim that their exrerimental
Frocedure "srovides a sustematic and rationsl arrroach® for
evaluating bacterial culture rroducts.

Grubbs and Zitrides [12] auestion the data interrretation
and conclusions in  the article bw Qesim and Stinehelfer.
Thew claim that the dats were rresented imsdecustelw and that
the "scale effects" of bicleogical sustems were idnored. The
use of only *4-dsws’ data®™ and the unclear notion of

*stesdu-state® that is arrlied are challended. Sludge
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residence time (SRT) is seen as being 3 more arrrorriate
measure. The conclusionsy howeversy drew the sharrest
criticism. Comtending that the exreriments were not
rerformed in 8 "well-desidgned and well-orerated activated
sludge mlant"s the conclusion that the rsroduct would have
"little effect® on such 3 ~lamt is considered to be
erroneous. Alsor since the authors of the original article
did rnot comrare their exrerimentzal srocedure with those used
bw  other investisstorsy their claim  that thew srovide 3
"sustematic amd  rational arrroasch® for evaluating bacteriasl
rroducte is arsued to be totalle imcorrect.

RAzsim and Stinehelfer [13] resronded to the comments of
Grubbs and Zitrides in defernse of their original articles
stating that while most mutant bascteris rroduct manufacturers
talk about their successessy "little has been rublished about
testing methodolodgy®, Hence the intent of the rarer "was to
rresent 38 methodolosge for evaluating such products®, The
"4-dauvs’ data' were only sresented so as to reduce the length
of the article. The use of all the collected data would
rroduce no difference in the results. Finallyr the srocedure
sresented in  the original rarer 1is commonlw used in
"develoring desidgn rarameters for industrisl.... wastewster

treatment facilities®*.



III. ORJECTIVE

The wrurrase of this studwe is to obtain kinetic rate
constants for the bioclodgical dedradation pf 1~butén019

nitrobenzener and 2Zr4-dichloroshenoxgacetic scid (2:4-I0),

The constants are evslusated from exrerimentsl datz of
syubstrate concentration - VS time. Alsos ammonia
concentratons rHy MLSS» chloride iom and chemical Huden
demand i(COD) are monitored durind the coursge of the

exFreriments.,

Activated sluddge bacterisa from the Livingston wastewater
treatment rlant was used bw itself and in 2 1011 bw volume
mixture with each of three commerciasl bacterizl rrerarations

(Hedrobaces BI-CHEM DNC-1006/7y LLMD) to bhiodedrade the three

CoOmFQUnEsS .



IV. AFFARATUS

Celindrical batch resactorss made of clear lucites with a3
volume of six liters were used in all the experiments of this
study {(see Fidgure 1 ). A hole in the loose fitting reactor
cover serves as 3 vent, lLaboratorsy airy filtered by
activated carbon and dlass woolsy was sent to the reactors
through 1/4" Tugon tubindg ending in  an acuarium diffuser
stone. Continuous aseration insured that the licuid medium
was alwaws saturated with oxudens while the bubbling asction
kert it well-mixed, The z2ir flowrate was measured with
rotametersy and was ususlly held constant a3t 1.0 scfh (500

co/mind ., All exreriments were rerformed at room temrerature

. ©,
(arrroximately 26 C.

13



V. ANALYTICAL EQUIFMENT

(1) Gas Chromatodgrash! Tracorr model #5460
Orerating Temreratures! Indection rort--300%
! FID--300%
Oven Temreraturess Substrate derendant?

1~butanol~~55°€.

>

e

nitrobenzene~—140°€

o

25 4-0--163 %
Gas Flowrates?

{ N2--40(cc/min)

+ H2--30(co/min)

¢t AiT--400(cc/min)
(2) Automatic Semrler! Tracor» model ¥770
(3) Automatic Indector! Varian Aerodrarh
(4) G.C, Column! Suyrelco 3 x1/8" 88

5% 8F2100 an 100/200 Surelcorort

(5) Electronic Intedrator! Hewlett-Fackard 33904
(&) Centrifuge! DAMON/IEC: model # IEC HN-8II
(7) COU Reactor! Hachs model # 16500-10
(8) rH Meter! Oriomn Researchr model ¥ 701lA/Didital Ionaluzer
(?) rH Electrode! Orion Researchs model # 91-04
(10) Ammonis Gas Electrode! Orion Researchs model # 95-10
(11) Chloride Electrode! Orion Researchs model #94-10
(12) Raker—-10 Extraction Sustemy with 1ml Octadecyl

Hisrosable Extraction Columns

14



VUI. FROCETURE

A._ Air_ Striggind EFuserimeots

In order +to distinguish betweern biodedgradation and azir
strirring 3s removzal mechanismsr exreriments were rerformed
to determine the rate at which each of the three substrates
was strirred oult of sterile acuecus soclution. Imitial
concentrations were nominalle the same or greater thanm those
used in the dedradation TUNS rnitrobenzene—-70rrmi
1-buternol-200rrmé 254-0U~10rFm.

A well-cleaned and disinfeéted reactor was filled with 2
liters of deionized water that had heen beoiled for 0.5 hour,
The reactor was covered and the water zllowed to cool
overnisght, The next daw the reactor was sriked to the
arrrorriate concentration of substrate with zeration
occurring at 2 rate of 500 co/min. One or two samrles rer
daw were tekemn and analysed until the substrate concentration

fell to zero.

Be bcclimation. of Liviopgston Sludde _to FPheool

The various microbial rrerarations were first exrosed to
#henol for 2-5 days in order +to be certain of their
vishility.,

The municiral mixed liguor was obtained from the
Livimgstons NJ wastewater treatment s=lant. Samrles were

taken from severazsl loations withinm the =lamt and combined in
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2 sindle 8 liter bucket., The Livingston slantr located in a
residential arear treats only domestic sewage’ the ordanisms
could not have been acclimated to rhernol or any other

industrizl chemicals.

The 8 liters of mixed liauor were then evenly distributed
netween two batch reactors and aserated. A 10,000 rrm rhenol
stock solution was used to ascclimate the sludde to shenol.
The stock solution also contaimed nitrogen and rhosshorus as
imnorganic nutrients in the form of 3ammonium carbonste and
ammonium  ~hosehate. The solution had a2 ratio of carbond
nitrosgern! rhosshorus of aeeproximately 5011433 [141 and uwas
made bw miximg +the following amounts of each comrounds then
diluting to 1 liter with distilled water! 10.0 d¢m rhenol,
1,805 #m ammorium rhosrhate and 6.64 gm  ammonium carbonate.

Both resctors were sriked with the stock solution to 100
rem  rhenol. The next daw samrles from each reactor were
taken angd the shenrnol concentration was determined. If it was
at or helow 1 semy that reactor would zdgzin be sriked to 100
sem rhenol. IF it was greater tham 1 sems the resctor rhenol
corncentration would be mornitored at redular intervals until
it fell to 1 semé then it would agasin be sriked to 100 rem
rhernol,. Whern it took longer than 36-48 hours for a reaction
mixture to dedrade 100 gem rhenoly the mixture was éiscarded
and the rrocess was rereated with 2 fresh batch of sludge.
The sludge was considered readuy for substrate testing when it
was able to successfully degrade 100 =pm  rhenol in  three

consecutive trisls. {(Notei 1 rrm  was arsrroximately the
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detection limit of‘the GC rrocedure used.) -
Cu_fcelimation_of _Hudrobac_aod_ BI=CHEM_DC=1004/7_to_Ehemal

Hudrobacy rroduced bw Polubac Corrorations and RI-CHEM
IC-1006/7s sroduced by Subron Corrorationy are éommercialls
s50ld ererzraztions and are surposed to contain strains  of
bacteris that are srecificallw adarted to biodegrade ordasnic
contaminants. Each product is sold in dehudrated form on
tran flakes.

Roth were acclimated +to srhernol in the same wawy! 12.5 dgm
of bran flskes were added to 1 liter of distilled water and
aditated st room temrerature for 2 hours. Aditation was then
storredy the branm flakes were 2llowed to settler and 600 ml
of the cloudy solution was decanted into ome of the reactors,
The resctor volume was brought us to 1 liter bw adding
distilled water that had been aerated overnight.

The reactor licuid was then sriked to 100 sem  shenol
using the rreviously described stock solution. If it took
longer than 36-48 hours for the rhenol comcentration to fall
to 1 prm or lessy the mixture was discarded and the rrocess
was rereated with 238 new batch of Hudrobac or ERI-CHEM

[C-1006/7. When the rhenol concermtration did fall to 1 rem

or less in the zllotted time» the reactor was spiked a second

time to 100 sem shernol. After 3 second descent to 1 rem the

reactor mixture was considered ready for substrate testing.,

(A - third exrosure to 100 rrm  rhenol usuually caused the

orgzanisms to die,)
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Do Beoclimation_of Liguid-Live_Microordaoisms_to_Fhenol

The Liquid Live Microorganisms or LL#MOs rroduced bu
Gerneral Environmental Sciencessy is 2lso = commercial
rreraration containing sreconditiormed hacteriaz in 3 lieuid
with dissolved hudrogen sulfide. The hudroden sulfide

increases the shelf life of LILMO  bw keerind the
microordganisms relatively inactive until 3 carbon—-based food
gsource is rresent in solution.

Initiallyy 500 ml of LLMO was added to 9S00 ml of
distilled wafer in 2 reactor snd acclimated to rhernol bw the
same rrocedure described for Hudrobsc and BI-CHEM DC-100&4/7.
Unfortunatelwy this method rarelwy worked.

Another method was tried and sroved 1o be more
successful. A 250 ml rortion of well-shaken LLMO was added
to 3 reactor a3nd diluted to 1 liter with distilled water that
had been serated overnight, By zerating the mixture for
18-24 hours the hudrogen sulfide was allowed to strir out of
solution before acclimation to rhenol bedgarn. .

Theny using the rreviously described stock solutions the
reactor liquid was sriked to 20 rem  rhenol, Ususllwy the
rhenol concentration fell +to 1 sem or less by the next daw.
If it did nots the mixture was discarded and the srocedure
was rereated with 3 fresh bastenh of LLMO, If it did» the
reactor was sriked to 40 eFrmé and so on in  increments of 20
sem o until the LLMO was able to successfully desrade 100 srm

rhenol. This took a8 minimum of 5 davs, At this roint the
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LLMO was considered ready for substrate testing.
E._ Nitrobepzener_l=Bulaools and_ 2:4=-0_ledradation_Runs

The Livingston sluddges Hudrobacy BI-CHEM DC-1006/7y and:

LELMO were rreadarted to rhernol in order to bhe certa2in that
metabolically active microorganisms were reresent, 0Once this
was establisheds testing the substrate of interest bedan
immedistels., When the GC was not immedistelw availables the
sludde and commercizsl esrerzrations were maintained om 100 rem
shenol until testing could begin?! this was alwauws within 3 or
4 daugs.

The reactor licuid consisted of either Livindston sluddge
by itself or Livingdgston sludde in 3 mixture with orne of the
three commercial =rerarations. When used alorner 2 liters of
sludge was rlaced in 2 reactor. When used im 38 mixtures 200
ml of Hudrobscy RI-CHEM DRC~1006/7y or LLMO was added to 2

&

liters of Livindgston sludse,

The denersl rrocedure for = substrate degradation
exreriment bedan by sriking the reactor with ore of the three
organic comrounds, The initialy rominal corncentrations were!
nitrobenzene—-20 PRy 1-butarnol-100 Frmy 2y4-0--10 33 (I
Reactors were sriked three times inm sucession with their
resrective substrates. Gas chromatodrarhic anzlusis was then
used to monitor the disarrearence of substrate, Since no
degradation occurred during  the exreriments in which

nitrobenzene was the tarsget substrates no #Hy MLSSy CODs or

ammoniz data were takern.
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1. Substrate_doalusis

The wmethods of asnalusis used for nitrobenzene and

i—-hutarnol were similar. After aribkingy 13 ml samrles were

takern from the reactor everw 30 mirutes +o 1 hour wunmtil 2

rreliminary  GC analysis indicasted that the substrate

concentration had either fallern to Tero or stopred

decreasing, The samrles were centrifusged for 4 minutes =zt

2000 rerm to serarate out the bulk of the solids. Thens 10 ml

of the surermatant were tramsferred +to 3 vizl contasining 0.5

ml of 205000 =&m correr sulfate and 0.5 ml af arm internal

standard. The samrle vials were sesaled with +tight fitting

rlastic cars and refridersted umtil thew could he rlaced on

the GC zutoindector to bhe ansluwzed in chrornologicasl order,

The correr sulfate in each vial asacted as 3 biocide L[151y

thus rreventing sne  further degradation of the substrate in

the samrle. The internzl standards used for nitrobenzene and

1-butarnol were 1000 rem thumol arnd 1000 sem iso—-smuwl slcohols

resrectivelu. The intermnal standzard comsidersbly imeroves

the asccurascwe of the chromatograrhic method. The errors in

the method of analusis for nmitrobenzene and l-butanol were

hoth om the order of £2 sFm.

The analusis techniaue far 2y4-11 was rnecessarily

differernt. The comrournd is rolsar enousgh to srevent it from
desarbing from the SF2100 stationarwe rhase in  the column of
the da3s chromstodrarh. Thereforer the method of analysis was

as follows.
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After sriking, four 15 ml samerles were takerr from the

¢

reactor everw 2 hours over an B-10 hour reriod. A fipal

samrle was takern after 24 hours. The samrles were

centrifuded for 4 minutes at 2000 rem to remove the bulk of

the solids. Thern: 10 ml rortions of the surernatant were

rlaced in each of four vials., Each vizl contazined ¢.5 ml of
20+y000 FFm corprer sulfate. No internal stardard was added at

this time. The viasls were sezled with rlastic snar-~cars and

refrigerated until sufficient time was availsble +to further

rrerare the samrles for anaslusis, Onley 20 ml of samrle were

recuired for 2:4-0 z2ralusisy but the remsining amount

was
needed for the ammoniay chloride iony and chemical oxuden
demand analdses.

The 20 ml samrle was rlaced in 3 150 mm 20 mm test tubhe

and acidified with 0.3 ml of caoncentrated sulfuric acid, The
2y4-01 was then extracted from water using an octadecusl
extraction column.

The column was first conditioned bw washing under vacuum
with two 1! ml rortions of metharnol followed by two 1 ml
rortions of acidified water. The acidified water was
Frerared by slowly adding 0.3 ml  of concentrated sulfuric
acid to 250 ml of distilled water.

A 50 ml rlastic furmel was fixed ator the column and the
acidified 2,4-I samrle was addedr azllowing no 3ir bubbles in
the column. Vacuum was arrliedy and after the samrle had
rassed throughsy the column was wéshed azgain with 1 ml of

atidified water, The column was then dried under vacuum for



S minutes.

The 2+4-0I1 was eluted bw washing the column under vacuum
with two 0.5 ml rortions of methanol. The 2+4-I rresent in
solution was then esterified by sdding 0.3 ml of concentrated
sulfuric acid, The ester of 2s4-I rroducerd was
2r4-dichlororhenoxumethulacetate.

To insure that esterificstion went as far towards
comrletion 25 rossibler the 1 ml samrle was rlaced in 8
comstant temrerature bath at 55 % for 30 minutesy then
allowed to cool to room temrersture overnight. The following
dawsy the solution was neutralized by 2dding 0.025 dm of
sadium bicarbonate. Whern the bubbling storredr the samele
was ready for GC anzlusis,

Ar internsl  standard wes rFrerared by adding i.O gm of
cimnamzl  3lcohol to 100 ml of methanol. Ecual volumess
usualley 0.5 ml eachy of the cirmnamgl alcohol internal
standard and the neutralized 2v4-01 ester solution were
combimed imn an  sutoindector visl aznd losded onto the GC.
Samrles were indected in chronolosgical order.

The error in the 2:4~0 ester analusis method was about 44

FrRmes

2+._Chemical. Duuden_ lemaod (COID _ letermimation

Chemiczal oxusien demand represents the amount of oxuden
required in the oxidation of ordanic and oxidizasbhle imordganic
matter in 2 samele. The theoretical COD can be calculated

from a3 halanced equation for the comrlete oxidation of =
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comround to carbon dioxide and water. This method therefore
rrovides 3 w2y of determining whether rartisl or totsl
oxidation of the substrate is tasking slsce. Chemicazl oxuden
demand analusis was rerformed on sameles from the 1-butarol
and 2vy4-0I' desgradation runs., The nitrobenzene runs were
omitted since no significant biodesradation occurred during
these exreriments.

As an examrle of how the theoreticsl COD of a8 substrate
was determinedy consider the following bhalanced eaquation for
the comrlete oxidation of l-butarnoll

C4HqOH + 60, —= 40, + 5H,0

From whicnh?

cob
& moles Oy x 32 mq 02 -~ 2.59 :5 )
1mole C4.Hq°H 74 mq C4H90H 9 C4H40

Table 1 1lists the theoretical COD for the comrounds of
interest and their resrective internal standards.

The exrerimental con  was determined by a8 slight
modification of the Standard Methods rrocedure as deséribed
inm thé Federal Resgister [161. All reducing agents m=resent in
3 samrle were comrletelw oxidized with a3 solution of
rotassium dichromater silver sulfater, mercuric sulfate and
sulfuric acid, This digestion solutioé was made b adding
7.5 dm rotasssium dichromate, 10.0 gm silver sulfate and 5.0
gm mercuric Sulfaﬁe te 8 2.3 liter bottle of conceﬁtrated
sulfuric acid.,. The bottle was placed- or é magnetic

stirrer/hot rlatesy then adgitsted and heated overnisht to
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disédlve thé rotassium dichromate and silver sulfate. When
both comrounds had dissolvedr the acid bottle was removed.
from the hot rlate and cooled to room temeerature. Five ml
of the cooled didgestion solution was riretted into a3 16 mm =
100 mm screw—tor vials 2.0-5.0 ml of the filtered samrle was
added and the car was screwed on tightly. Several blanhks
containing 2.0~5.0 ml deionized water were included with each
batch of samrles. The wvisals were rlaced in a8 Hach COD
reactor and heated at 150% for 2 hours. After hestings the
vials were removed and .cooled to room temrerature. The
contents of the >vial were thern transferred to a2 250 ml
Erlenmeger flask that contained arrroximatelw S0 ml waters
.rinsinﬁ the inside of the vial several times with waters
adding the rinsings to the flask. Also sdded to each flash
was: 0.03 gm mercuric sulfate to ;educe chloride ion
interferernce and 5 drors of Ferrion indicator. This solution
was then titrated to a3 bridght orsndge endroint with 2 0.0125N
ferrous ammonium sulfate (FAS) solution. The 0.0125N FAaS
solution was made bw adding 2.8 gm ferrous smmonium sulfate
to assrroximatels 1000 ml deionized watery adding 20 ml
corncentrated sulfuric acids cooling the solution to room
temrerature and fimallyy diluting to 2 liters with deionizeﬁ;
water, The Bblanks were titrated in 2 éimilar manner. The
exdrerimentasl COD of &2 samrle was calculated from the

following exrressiont
{000
EXP CoD (mg/1) = (A-B)xNx —%




A
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Wheret

A = volume of FAS used to titrate blarkr ml
E = volume of FAS used td titrate samrler ml
N = mormality of FAS solutiony ecuiv/liter

C = volume of samrler ml

Because of the limited smount of samerle volume availabler
the COI analuses for the l-butanel rums were rerformed in the
rresence of the internzl standards and biocide. Il the case
of the 2y4-0 runsy only 0.5 ml of correr sulfate was rresent.
A deneral eauation for converting éxperimental con to  an
equivalent concentration of the substrate must therefore be
able +to account for the theoretical COD of ar internal
standard a3s well as the dilutiorn of the samrle with correr

sulfate and/or internzl standard. The relstion obtained was?

TCoDIS X C1S
Yiv cobd ( = EXP coD -~ ) [SDF‘]
EQ Ppm) [ ( TcoDs X

Wheret

EXF COI' = exrerimental COD of the samrles ma/l

TCODIS = theoreticazl COD of intermal standards maCOD/mgIS
CIS = concentration of internzl standardr sem

TCODS = theoretical COD of substrater msgCOn/me subst.
SIF

i

samrle dilution factor
For 1-butarnol! SOF=11/10y CIS=45,545

For 2s4-03 SDF=10.5/10» CIS=0.0

In this methodsy the exrerimental error asssocizted Wit

titrating the samrle and the need to subtract the COL of the
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interrnal standard caused & residual error of about 220 rem.
Z._Mixed Liouor.Suseended. Solids_ (MLSS) Determination

A 10 ml samrle of reactor lieuid was taken everw 1-2
hours during the course of an exreriment. Themfluid was then
riretted into a3 numberedsy Préweighed aluminum dish and
evarorated in  an oven at 30 . When dryr the dishes were
cooled in a dessicator and reweighed. The mass of dry solids

thﬁs obtained was converted to 2 miad/l basis.
4. Hudrogen Jon_.Conceptiration (=H) lNeltermination

A rH electrode was continucusly susrended in the reactor
fluid throudghout each exreriment, No s#H datas were taken when
nitrobenzene was used as the substrate., Meter readings were
takern everw 0.5 hour. Ocassionzallsgr 25 3n  3ccuracy chechks
the electrode was removed from the resctor and rlazced in 2
standard H 7 solution. After adJdusting the meter
sccordinglyy the electrode was rinsed with distilled water
and rlaced back in the resctor.

The error in #H measurement was about 20.05 sH units.

SaeAnmooia Loocentration lletermimation

The concentration of smmoniz was determined in samrles

from the l1-butarmol snd 2r4-0 exreriments using an emmoniaza dgas

electrode. No smmonia znalysis was rerformed on samrles from

the nitrobenzene runs. A direct messurement method was used,

as sudgested by  the plectrode manufacturer L[173, A O.1M
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ammonium chloride standard solution was made by adding 0,535
dm reagent srade smmonium chloride to 50 ml distilled water
in 2 100 ml volumetric Flésky stirring to dissolves then
diluting to volume with distilled water. Additional
standardsy having corncentrations of 0.01My 0.001My and
0,0001M». were rrerared bw serial dilution of the O.1M
solution.

The electrode was rlaced in 100 ml of the 0.001M standard
and 1 ml of 10M sodium hudroxide was added while the solution
was agitasted with a8 magnetic stirrer. The meter reading on
the relstive millivolt scale was then set to 000.0 Dy
adJusting the calibration control.

The electrode was rinsed armd rlaced in 100 ml of
continuously stirred 0,0001M standard with 1 ml of 10M sodium
hudroxide. The meter reading was recorded. The same
rrocedure was rereated using the 0.01M standard. A
calibration curve wass made by rlotting the millivolt readings
(linear axis) versus their corresronding concentrations (lod
axis) on 4-cuwcle semiloderithmic Papér.

Since onlw a 1imited‘ amount of samrle wvolume was
available and the ammonia electrode is relativelwy lardger it
was neéesaéré to dilute 3 rortion of each samrle with
distilled water, Qne ml of samrle was riretted into a8 samrle
vial contaiﬂinﬁ 10 ml distilled waters 3 dross of 10M sodium
ﬁsdroxide; and a magnetic stirring bar, The vial was rlaced

on 38 magnetic stirrer andrs while being agitateds the zmmonis

electrode was submerdged. A reading was taken after about 2

an
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mirutes, when the meter disrlawed a3 constant value, The
exrerimentsl values of ammonia concentration were obtained
from the calibration curve andr after asccounting for samrle
dilutiony cornverted to a rem basis (17 eem [=1 0.001M).

At  regular intervalss the electrode was rinsed with
distilled weter and rlaced imn ome or two of the standard
ammonium chloride solutions &2s ann  accurszscy check on  the
millivelt reazadings. Althoudgh there was zlwads some drifts itl
was never great enoush to warrant recalibrating the meter.

The error i ammonis concentration measurement was

estimated to bhe 5 reme.
véL_Cbloxidemlcd,ﬂeterminaiiom

The corcentration of inorganic chloride was @eaéured in
samrles from the 2:4-0I degradation runs with 2 chloride ion
electrode, According to the manufacturer [18]1y the electrode:
reauired no samele agitation and  only enousgh liguid to wet
the membrane.

Ar donic stremgth addustor (ISA) was zdded to 811
standards and samerles so that the backsground ionic stremdth
was constant relative to the wvarizsble concentrations of
chloride. For 38ll halide electrodesr sodium nitrate was used
as the ISA, A 5M solution was made by dissolving 42.3 dm in
100 ml distilléd water.

For direct messurements in units of =3rts rer millions a
1000 rem  stock solution of sodium chloride was rrerared by

rlacing 1.45 ¢m inm 3 1 liter volumetric flasky dissolving
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wifh about 3500 ml distilled watery and diluting to 1 liter.
Two additional standardsr having coneentrationslof 100 erm
and 10 remy were rrerared bw serizl dilution of the 1000 s=em

stock solutiom. The ISA.uas added to each solution using a3

ratioc of 2 ml of ISA rer 100 ml of standard.

The electrode was mlaced in the 100 sem standard, By
turming the calibration controlsy the meter reading om  the
relative millivolt scele was set to =zero. Very often the
meter could not.be set to exzctly 000.,0r in which case the
millivolt reading was recorded.

The electrode was rinsedy slaced in the 1000 rFm
standardr and the meter readiné was recorded. The same
Frrocedure was rerezted wusing the 10 eFm standard, A
calibration curve was rrerared bu rlotting the millivolt
readinss {(linear 31xis) VETSS their corresronding
concentrations {(lod sxis) on 4-cucle semilogarithmic sarer.

The electrode was then rlaced in 1 ml of samele with 1
dror  of ISA. The millivolt reading wss recorded and the
chloride don concentration determined directly from the
calibration curve, After about 2 hours of usey the meter was
recalibrated by rlacing the electrode in the midrande
standard and setting the millivolt reédins to its oridinal
valua,

The error in chloride ion conééntration was estimated to

be about +20 rem.



VII. RESULTS

The results of the 2ir strirring exreriments indicate
that'negligible amounts of each solute are strirred out of
solution in the time it takes to comerlete their resrective
dedradation runs. Tabhles 2 t0‘7 and Figures 2 to 7 rresent
the exrerimental data +thast surrort this assertion. In
addition to this» an exesmination of the activits coefficients
of l-butsrmol and nitrobenzene a3t infinite dilution in water
indicates that neither compoun3 is hsd%ophobic. No dats a;e
available for 2:4-10, Téhie 8 rrovides the kréievant
thermoduynamic data for each comround as Qell aé 2 comFarison
of the sctuzl (exrerimental) andvtheoretical (i.e,r obtained
via materizl bslance) time recuired for comrlete solute
removal. Exrerimental and varor-liauid-eauilibria
considerations both suyrrort  the same conclusion? air
strirring does not rerresent 2 significamt removal mechaniém
for ang of the comrounds used in this work.,

Adsoretion can be recognized when the rate of subsérate
loss on initial exrosure is significsntlw grééter than that
ohserved on subseauent BNFOSUTEes, The exrerimental
concentration versus time data for consecutive runss listed
in Tables 9 to 45 and Plotteg in Fidures 45 to 47y do not
exhibit this rheromena. Undoubtedlys some small amount of
each subsirate was adsorbed on the bacterial flocss but
evidently the rate at which this occurred was insignificant

in comrarison to the rate of bicassimilstior. This means



Fage 31
that zdsorstion for these comrounds was rnedglidgibles whichyvin
the case of 254-0y is 3lso suspsorted by the findings of
Shamat and Mzier L[193.

The H and ammonia concentration of each reaction mixture:

during the course of the 1-butamol arnd 2,4-0I exreriments are
irncluded im Tables 9 to 23 amd 33 to 455 resrectively. The
trends in 811 rumsy was for the rH  to remain Arelativels
constants mever changing be more than £0.05% rH wunits from
start to fimish. Alsb; the =H for all runs zlwavs remsined
ir the range of 6.2-8.1, thus remaining withimr» or close tor
the limits sudgested bw Kim and Armstrong [203 amd Barth and
Bumen L2173, Orls im one case (l-butamolsLiv/BI-CHEMsRunII)
was it mecessary to adiust the PH by 3dding sodium carbonste.

Sirmces imn the casse of 294-Iy one of the rroducts of

widation is HCl(«g)y 1t is reasonable to exrect that the rH
would decrease with time rather than remsin constant. This

did mot haeren becasuse the Livingston mixed liquor and all
the commercizl rreraratiorns imitizlly comtzimned enough bhuffer
to Frevent anw significant fz2ll inm the =H.

The imitial amounts of rnitrogen Fresent in the Livingston
sludge znd commercizl rrerarstions ranged from 13 rrm 3mmonia
for 1-hutarnol to 120 =em 2mmomia for 2y4-0., At these levelss
the nmutrient reeuirements of the microordgzsnisms c©an be
zdequately rrovided for.

As ewrectedy the ammonia concentration decreased as the
substrate wss metabolized. The decline in the nitrodgen

concentration during the course of arn exrerimenrnt ransged from
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5 to 15 rem.

Chloride ion data for the 2y4-0 rums are shown in tables
35 to 45. The chloride ion concentration reepresents the
amount of imordanic chloride Produced whern 224-0  is
mineralized rlus the amount that is aslwaus rresent in the
various mixed licuors.

The amount of chloride originaslly sresent in solution was
auite highy ranging from 70 to 130 rem. When the levels are
that highy the inordganic chloride sroduced buy the oxidation
of Z»4-I is too smsll to be detected above the larder
concentration of background chloride, This makes the results
of this method somewhat inconclusive. A more sensitive
methody such as msss srectroscordr would be more aerrorriate.

The mixed lieuor susrended solias (ML5S) dats =are
included inm Tables 9 to 45. All the data indicate a roushly
constant MLSS during easch exreriment.

There ares howeverr some inadecuacies in this method
which make it an insFrrorrizte way of measuring the amount of
gctive biomass. The first 1is that mot all the solids
meazsured are living organisms, Some of the ordgzanisms are
deadr and detritus accounts for some rortion of the solids,
Alsory a small samrle weight of 1 to 10 mg is measured above a3
tare weight of about 1300 mgi this makes the mass found bw
difference inmaccurate. Finallgy significant changes in the
biomass sre not likelw to bhe observed in the relativeluw short

time it takes to comrlete anm exreriment.

The results .of the COD analuses for the 1-butzsrnol and
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294-I' rums are listed im Tables 9 to 23 and 35 £d 45y
resrectivelw, Fidgures 8 through 22 for 1-butanol indicate
that the COI decreased as the substrate dissarreared, This
means that the alcohol is indeed beindg cormverted to water and
carbon dioxide.

The size of the residual error in this method is asbout
20 e=rm (see PRdCEDURE:sect, E2Y. Therefores when the
substrate concentration falls below this levels +the results
of COI' measurements are unrelishble. 'Since the concentration
of 2:4-11 was alwauws far below 20 rrmr no conclusions cam be
Srgun from the data.

Rew kirnetic datss in the form of substrate concentration
versus ti@e; for the i-butanol: 2¢4-0 and npitrobenzeme runs
are rresented in Tebles 9?2 to 45, Some of the dedradation
data are disrlaged semuentiails i Figures 43 through 47 to
illustrate 2nd comrare the rates of substrate loss after

successive shock loadings to the reactor. The sources of the

microbial ropulation sresent inm the reactor are indicasted on

the dgrarhs. These drarns demonstrate thaet when any  of the
three commercial errerarations was added “to the Livingston

mixed liauors the rate of degradation generallwe imProvgdo
Howevers the 1110 volume ratio of commercizal sreraration to
Livingston sludde  used in  these exreriments would be
imrracticael for ecornomic reasonsy while the manufacturer‘s

b

recommended ratio of 11107 is too small to bhe effective.

Three mathemstical models were wused +to correlate the

exrerimentasl datzlzero—-order
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kimeticsy Mormod’s model [221y and Hzldarne’'s model [231,
The zero-order hkimetic model assumes that the rate of
suhstrate disarrearancey —d8/dtes is constant and inderendent
of the substrate comcentration st 311 times. In differentisl

formy it is given hug?l

-dS/dt = k {1
ory in integrated form:

Sa~§ = kt (27
where:
S = substrate concentration at time t (mg/l)
So = imitial substrate concentration (msgErs/l)
k. = zero-order kinetic rate constant (mg/1 hr)

c+-
it

time (hr

In order to Ffired the “hest® wvalue of ky 2 comruter
rrodgram (see AFPENDIX 1.) wess used to rerform 2 least squares
regression of the exrerimental concentration versus time
data, Since eauation (2) is linear in formes the desgree of
fit of each data set to a2 straight line was evsluated bhw the
correlation coefficient.

Usiﬁg the Mormod equation: which assumes 38 constant
hiomass concentration st all timess the rate of substrate

utilization is?

dsS k1S (3)

—

-z:— ky+S
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whichy in intedrated form hecomes!

(fi)/n (Se )y L (s,-5)=t (4)
Ky S kl
where!
8 = substrate concentration at time t (mg/l)
So = imitial substrate concentration (mg/1)
ki = rate constant (mg/1 hre)
k2 = substrate utilizstion constant (mga/ )

t = time (hr)

A linmesr redression was wused to solve for +the rate
caonstants (the comsruter rrogram  1s listed im AFPENDIX 1.)
Equation (4) is too comrlicated to obtain & corressronding
exrression for the correlation coefficienty so the dedgree of
fit was evslusted by determining the residuzsl a3t esch dats
rolnt and the averadge asbhsolute residual for easch ﬁét of dats.

The Haldane model for substrate inhibition kimeticsr when

a constant biomass concentration is assumeds 1s diven tbwil

ds _ k1§
—dt— kz'*s'* __.S_Z (5)
K3

ors in integrated form?

) iniSers L (s—c)s 1 (sts?) =
(k1)1n<§)+ -/;I(So S)+ Sk, s (s,-5) =1t (4)

where !

S = subgstrate concentration at time t (mg/l)
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So = initial substrate comcentration (ms/1)
ki = kiretic rate comstant (m=/1 hr)

k2 = substrate saturation constamt (m"g/1)
3 = imhibition comstarmt (mg/1)

t = time C(hr)

The comnstants in ecuation (&) wére evalusted bw adgsain
making use of +the Gaussian eliminstion routiner and the
dedree of fit of the datas was indicated bhve the ashsolute
averadge residusl.

The constants for the three models used to redgress sll
sets of dats are listed in Tabhles 448 throush 154,

Genersllyy the Frression for zero-order kinetics best
rerresents the rates of substrate wtilizatiom. This is
rarticularly true for l-butsnol and 2:4-IO, In the ocase of
rniitrobenzeners 3ll three models were equally unsatisfactoru.
This is rrobably because nitronencene was never sisnificantly
dedgraded.

All three models: howevery either suffer from inherent
insdequacies or are simely incarsable of fitting the

exrarimental dats without their resrective kinetic constants

aauiring rhusically imsossible velues. For exameler the
zero-order kinetic eauationy when extrarolatedr will wield
nedative vaslues of substrate concentration rsther than
assumtotically arrroaching zero 283 time increazses. The

Hazldame and HMonod eauations canm verw often resresent the

dedradation dseta with relatively small averade residusls only
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if ome or more of their kirnetic comstants are nedstive. This
not only makes the constants rhusicalls meaninslessy but it
sometimes causes the kinetic exsressiorns to violaste the Law
of Conservation of Mass (c.fe. 294-DsLivsRunIl in Table 1348).

fhe I-tutarnol degradation datas redgardless of the
microbial medisas usedy was successtully fitted e the
zero~order kinetic ecustion. The value of k ranged from 2.8-
5041 mg/1 hr. With the excertion of orne exreriment that had
an initial concemntration well bhelow the momimal 100 mss/ls the
correlation coefficient was rever less than 0.973, The
Highest values of k aprear for the Livingston sludge-Hedrobac
combinmations im runs  IAYIIAy arnd  IIIAY! 50.1:44,5sand  40.8
mg/1 hrs resrectivelg.

The 2s4-0 dedgradation dats was zlso best rePrésented e
the zero-order kinetic eaustion. For +the rums that had an
initiszl 2y4-0 concentration close to 10 mg/ls ‘and where
correlation coefficients were 0,90 or moresrs the wvalues of k
ranged from 0.28-0.81 md/1 hr.

The Haldane eaquation also seems to it the 2:4-1
dedradation data. After excluding the exreriments where the
constants have rhusicalluy unrealistic valuess: k2 ranged from
0.001~0.0735 mg/1ly while k3 ranged from 0.004-0.013 m€s/l,  The
averade ansolute residual  for these runs randed  Trom
0.393-1.28 @3/1. The ostensibly dgood results with thissmodel
mas bes for statistical feason5y ornlwy an illusion,. The 2s4-I
dedradation exreriments had am averasge of 5 data roints eachs

the minimum rumber was 3 and the maximum was 7. When such a
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small number of dats roinmts  are correlated with a
three—constant exrression like +the Haldane maodels the
resultsy which will almost alwsuws indicate 8 dood dedree of
fit; should be interrreted with caution. Therefores the
statistical basis to surrort the Haldarme model im its abilitw
to rerresent the 2y4-0 dats is nmot &8s strong as thal for the
zero—-order equation.

The mitrobenzene dedradation date was not successfullw
rerresented by  any of the msthematicasl models used in this
study. Whern the zero-order model was  usedr onlyw  two
exrariments out of eleven had correlation coefficients
dgreater than 0.90r but their resrective values of k  are
drastically differenti 2.1 mst/L hr for  run ITIT with
Livingston sludgey and 0,45 mg/1 he for run IIT with
Livingston sludge-RBI-CHEM NC-10086/7. The differences between
the two tures of microbial media used and the exrerimental
conditions in each case are not grest enough to exrlsin the
large difference in the k values, The Monod equation had
nedgative values of +the constamty kly for mine of the eleven
exreriments,. In the two cases in which kl weszs rositiver the
exrression seems incarable of rerresenting the concentration
datz in and zround the center of the exrerimental time range
(see Tables 102 throush 112), The Haldane equation usuallw
had reasonsble values for its kinetic constantsy but it was
irncarable of consistently estimating substrste concentrations
over the entire exrerimentsl time range (see Tables 113 to

123+ The wercent error in calculated values of substrate
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concentration can vare Trom 10% to over 100% in date from =
simdle exreriment {(see Table 120).

The lack of anw significant dedradation taking rslace
during the course of the exreriments was the mador factor in
sroducing these results, The considerable smount of scatter
irn the concentration versus time datsr which carn  be zeen in
Figures 23 to 33» 2lso contributed +to the fsilure of all
models to correlate the data.

Various investigators nave zlso studied the
biodedgradation of 2s4-0 and rnmitrobenzerne. However: their
exrerimentsl conditionsstechnicuesr and erocedures are often
auite different Trom those of this work. In additiorms it
seems that this studg resresents the first documented attemst
at using Hudrobscr RI-CHEM DC~10046/7y or LLMO in combination
with an activated sluddge bacteria to treat these comrounds.
For these reasons 2 directs aeuantitative comrarison of
results is insrrrorriate. The rublished results of others in
the following raragrarhs should therefore omly bhe comeared
aualitatively with the results of this studws,

Faramastasiou and Maier [241 used mixded liauor from the
Metrorolitan Wastewater Trestmernt Flants of St. Faulsy MN to
hiodesrade 2y4-D. The dedradation dates obtained thereby was
correlated to the Haldane model. The rerorted wvelues of k2
and k3 are 40 mg/l snd3l mg/ly  resrectivelu, These results
are of questioneble validits becsuse the authors turicallu
ran their exreriments with en initial 2:4-0 concentration of

about 100 m=g/1. This rrobeble euceeds the solubilitw limit
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of the comround L[25],

Shamat and Maier [19]1 azlso studied +the ahilitw of
activated sludde from the Metrorolitan Wastewater Treatment
Flants in  8Bt. FPaul to metsbolize 254-0I in continuous—flow
and bateh tests. The continuous—flow tests had an initial
2+4-Tt concentration of 98 rem (a3g3in  sbhove the solubilitw
limit). The authors rerort 2 *10-dasw lag® reriod followed hu
*rarid dissarresrance once metabolism  began®. RBoth the
continuous~flow and batch dats were correlsted to  the Monod
eauation and & k2 value of about 5.4 mg/l wss the result in
ezch csse. Thewy also concluded that 2:4-D had been
comeletely biodegraded since 8 one-to-one corresrondence

between substrate disarresrance angd chloride relezsse wes

<F U

obhserved.

Nitrobenzene was one of 123 comrounds tested bw Fitter
L2611 to determine its bioclogicel degradabilitu. Activated
sludde from a3 sewasge treatment rlant was rreadserted to the
comround for 20 days in 3 medium that also contzined glucose
and rertone. The dedgradation runs were rerformed in batoh

reactors z2rnd  the nitrobenrene concerntration was messured in

terms of its ecuivalent inm mg of COn. The dedgradation dats
were fit to the rero-order kinetic model. Nitrobenzene was
found to bhe completely dedradszshble at 38 rate of 14

maCOn/gmMLSS hir.

No sublished results zre available for 1-butarnol zs &

tardet substrate,



VIII. CONCLUSIONS

1. Livimgston sludde hy itself or in 3 mixture with any of
the three commercizl rrerarations can significantly degrade

1-butanol amd 2:4-0 3t concentrations ur to 100 =rm  and 10

remy resrectivelu.

2. A small but noticeable imcrease in  the dedgradation rate
of these comrounds occurrs when Livingston sluddge is used in
combination with Hudrobscry BI-CHEM ne-1006/7s or LLMO.
However» this minor imrrovement is obtesined at the exrernse of
gdding econamically rrohibitive amounts of esch sreraration.

The manufacturer’s recommended ratioco is  too smsll +to he

effective.

3. Under the exrerimental conditions of this studyy none of
the microbial adents used Wwerea atrle to hiodedgrade

nitrobenzene.

4., The zero order kinetic model can successfully rerresent
i-butsrol and 2y4-0 dedradation data. Zero-order kinetics
for 1-butsnol wields & rate constant that wvaries from
?.8-50.1 m=/1 hr. For 2+4-I the =zero order rate constant

randged from 0.28-0.81 mg/1 hr.

S Roth the Morod znd Haldane models were wunable to descrihe

41
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the l-butanol and 2s4-0I degradation dats since redgression of
the data often wielded negative values for their constants.
The Haldene model can rerresent the 2y4-D degradation dats
with wvalues of k2 ranging from 0.001-0.075 mg/l and k3
ranging from 0.004-0.013 mg/1l. This model was "successful’
only hecause the averadge number of dats roints it had to

rerresent were close to the number of constants it cormtains.

b No model was abhle to rerresent the mitrohernzerne detae due
ta the lachk of anwy significant degradstion irn  these

exreriments.,
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TABLES



Theoretical COD

Comround

i1-butanocl

2y4-0

nitrobenzene

thumol

isosmuwl alcohol

cinnamyl alcohol

Tathle 1

of Selected Comrounds

Theoretical COI
(maCOn/mg comrounc)

2.77
2.72

2.62

Fasge
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Tathle 2

Resultsy 1st 1-Butamol Air Strirring Exreriment

SUBRSTRATE F1-BUTANDL

MEDIA TWATER
CONCENTRATIONIZ00 FPM (NOMINAL)
DATE _ 109-29-83

RUN 141

TEMFERATURE 126 C

TIME (HRD CONCENTRATION (FFM)
0.0 204.8
1.0 221.4
2.3 192.2
3.0 206. 6
S0 204.,7
?6.0 131.2
?7.0 132.9
?8.0 131.4
100.0 131.4
144.0 106,9
145.0 105.8
148.0 1035.2
149.,0 104.3
168.0 89.9
172.0 89.1
2630 46.2

264.0 446.3

48
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Table 3

Resultsry 2nd 1-Butsnol Air Striesing Exreriment

SURSTRATE +1-RBUTANDOL

MEDTA PWATER
CONCENTRATIONIZ00 FPM (NOMINAL)D
DATE +10-17-83

RUN L

TEMFERATURE 126 C

TIME (HR) CONCENTRATION (FFM)
0.0 205.9
1.0 202.1
3.0 202,11
4.0 201.3
3.0 205.5
31.0 131.6
32.0 183.9
33.0 148.3
74.5 126. 4
765 126.7
775 120.6
8.5 88.1
100.5 846.4

193.0 20.9
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Tahle 4

Resultsy lst Nitrobenzeme Air Strisring Exsreriment

SUBSTRATE INITROBENZENE
MEDIA tWATER
CONCENTRATIONIZO PFM (NOMINAL)
IATE $10~-12-83

RUN i1

TEMFERATURE 26 C

. TIME
0.0
0.3
1.0
2.0

(NN VIR & I %

e » »
+ v+ SO0

OO

CHIRD CONCENTRATION (FFMD
74,0
&7 .9
6547
é61.4
61.2
28.3
92.3
19.2
13.7
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Table S

Resultss 2nd Nitrobernzerne ALr Strisering Exreriment

SURSTRATE ENITROBENZENE
MEDIA tWATER
CONCENTRATIONIZ0 FPM (NOMINAL)
HATE +10-14-83

RUN L

TEMFERATURE 126 C

TIME (HR) CONCENTRATION (FFM)
0.0 79.9
1.0 85.7
2.0 81.7
3.0 87.2
4.0 87.9
5.5 73.8
148.0 936.3
149,55 44,7
16645 38.1
1468,0 39.7
265.5 16,0
266.0 20.1
287.0 13.3

2921.0 12.4

a1
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3rd Nitrobenzerne Air Strirring Exreriment

SUBSTRATE INITROBENZENE
MEDIIA TWATER
CONCENTRATIONI120 FPM (NOMINAL)D
nDAaTE $10-27-83

RUN tITT

TEMFERATURE (126 C

TIME (HR)

OQO

1.0

2.0

24.5
25.95
265
?6.0
?7.0
??.0
120.0
121.0
122.0
145.5
146.0
147 .0
193.0
194.0

CONCENTRATION (FFM)
131.7
131.2
131.1
108.8
113.4
112.0
446.9
48.9
49 .46
45.2
44,0
39.5
3646
35.1
38.3

20

e

24,1

t
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Resultss

SUBSTRATE

MEDIA

CONCENTRATION

OATE
RUN

TEMFERATURE

TIME (HRD?

0.0

47 .0
143.0
335.0

Table

Fedge

-
4

25401 Air Strirring Exreriment

126 C

12+4-D

TWATER

110 FPM (NOMINAL)D
101~-11-84

COMCENTRATION (FFM)

11.0
12.0
11.2
11.3
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Thermodunamic [ata of Selected Comrounds

Comround FPsat®246C
CmmHe)

1-butancl 7.6L271

mitro—-

henzene Q.29L0271

24~ e

Activity
Coeffic,

300281

33500281

Actual time
for total
remaval
(el

93]
Ll
4]

330

Theoretical
for totasl
removal
(hr)

1225

time

[

4

4



Ilata Summarysl-RutanolsLivsRunl

SUBSTRATE +1-RUTANOL
MEDIA tLIVINGSTON
CONCENTRATION: 100 FFM NOMINAL
DATE +141-01-83
RUN -
TEMFERATURE 129 O
TIME CONC . con #H
MINS FFPH FFM
5.0 113.2 - 72
19,0 108.9 262.0 7.3
29.0 106.0 273.0Q 7.4
46.0 104.8 - 7.4
11500 8440 = 704
155.0Q 72.9 244,0 7.4
181.0 54.5 - 7.4
21400 581»6 - -
248,0 43,3 216.0 74
273.0 38.7 - 7.3
303.0 29.3 172.0 7+3
33500 2100 - 7&3
3463.0 13.1 - -
394.0 6,2 164.0 -
424.,0 0.6 179.0 —-—

Table 9

MLSS
mg/1

NH4+
FFM

CL-
PPN

Fage
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Table 10

Oata Summargyi~ButanolsLivsRunll

SUBRSTRATE +1-RUTANOL

MEDIA TLIVINGSTON

CONCENTRATIONIL100 PFM NOMINAL

DATE $11-05-83

RUN HEB

TEMFERATURE 125 C
TIME CONC ., con #H
MINS FFM FFM

6.0 119.7 186.0 6.9

34.0 111.3 228.0 73
6400 9707 e 7»5
?4.0 87.2 238.0 7.3
12500 74;8 - 70({)
155.0 a2.3 273.0 7:6
18%.0 S30.6 - 7.4
214.,0 37.0 - 7.4
244.,0 25.4 186.0 7+4
27300 1406 ““"‘ 7@4
304‘0 9&6 e 704
337.0 0.3 8.0 7.4

MLES
mg/1

193
201
190
194
1;1

201

NH4+
PFM

CL~-
FFM

Fade
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SUBSTRATE

MEDIA

CONCENTRATI

DATE

RUN

TEMFERATURE
TIME
MINS

8.0
346.0
66.0
28.0

126.0
156.0
185.0
214.0
245.0
275.0
305.0
333.0
365.0
3%98.0
425.0
455.,0
485.0

Table 11

LData Summarwsl-ButanolsLivyRunIIl

t1-RUTANOL
tLIVINGSTON
ON:100 FFM NOMINAL
111-09-83

tI1I

26
CONC.

FFM

116.4
112.7
104.,7
?9.4
?21.6
81.8
78.9
68.9
60.2
33.3
47 .4
40.9
31 04.{)
22.9
16.0
8.8
1.4

C

comn
PR

= H

72
s
o

7.2
7.2
7.2

)
+ a

4
*
3

~4
l’

RSO PSR SV I AR SN IR CU I R N I U

+

- v *r + o+

NN N NN N NN N

* + o

MLSS
me/ 1

187
177
171
169
168
148
160
162

164

NH4+
FFM

CL-
FrM

Pade
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Lataz Summargyl-ButanolsLiv/BI-CHEMsRunl

Table 12

SURSTRATE $1-BUTANOL
MEDIA PLIVINGSTON/RI-CHEM
CONCENTRATION: 100 FFM NOMINAL
IATE +11-05-83
RUN :
TEMFERATURE 125
TIME CONC., con #H MLES
MINS Fr FFH me/1
4.0 110.3 86.0 4.9 164
35.0 1072 1046.0 7.0 -
64,0 107.4 - 7.0 160
94,0 100.2 87.90 b9 -
126.0 ?3.3 - 4.9 147
15500 8895 10400 609 -
18900 8107 - 609 164
21490 7194 96»0 6!9 -
244,0 6649 - 649 162
27300 60.5 - 609 -
304.0 5447 - 6.9 174
33700 4809 12100 609 it

NH4+
FFEM

CL.~
FFM
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Tizta Summaryyl-~ButsnolrLiv/RI-CHEMsRunIl

$1-RBUTANOL
FLIVINGSTON/RBI-CHEM

$11-05-83

SURBSTRATE
MEDIA
CONCENTRATION
DATE
RUN 11T
TEMFERATURE 125 C
TIME CONC.
MINS FEM
g.0 i17.1
24.0 105.1
65,0 4.3
3.0 81.4
126.0 67 .4
1460.0 S50.4
184.0 38.9
214,0 25.4
243.0 12.7
274,0 1.6
304.0 0.2

Con
FFRM

1100 PPM NOMINAL

= H

SENEN NN NN N SN NG
L I S I . I I S R e

PRI WO B B LI D

Tatile 13

MLSS
ms/1

NH4+
FEM

CL-
FFM

Fade
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Iats Summarysl-ButzrnolsLiv/BI~-CHEMyRunIIX

Table 14

SURSTRATE 11-RBUTANOL
MEXIIA ILIVINGSTOM/RI-CHEM
CONCENTRATIONZI 100 PFM NOMINAL
OATE $11-09-83
RUN dITX
TEMPERATURE  TUNKNOWN
TIME CONC. con FH ML.SS
MINS FFM FFM mss1
&40 116.1 161.0 7.0 195
3800 10698 10000 7&4 -
63.0 6.4 —— 73 199
923.0 8508 T 7&6 e
124.0 68.9 - 746 207
156.0 S36.7 468.0 7.5 -
190.0 37.5 - 7.5 209
22000 2000 - 705 -
245.0 4.7 32.0 75 204
2?300 003 4400 704 —

NH4+
FFM

CL-
FrM

Fage
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Tabhle 15

Dats Summaryyl-ButarnolsLiv/HudyRunl

MLSS
mg/1

SUBRSTRATE $1-RUTANOL

MELtIA tLIVINGSTON/HYDROERAC

CONCENTRATIONI100 FPFM NOMINAL

DATE +11-18-83

RUN v 1

TEMPERATURE 3125 C
TIME CONC. con =H
MINS FPM FFM

6,0 87, 102.0 6.+9

34.0 84.9 116.0 7.1
64,0 83.8 - 7.2
9600 7803 - 702
12840 73941 — 7.2
155.0 71.0 104.0 7.2
184.0 6644 108.90 7.2
243.,0 57.4 - 7.2
277.0 52, - 7.1
304.,0 48.0 - 7.1
33700 4108 - 790
365.0 37.1 - 7.0
396.0 31.2 73.0 7.0
424,0 25.4 - 6.9
45500 19¢1 - 6.9
4844-0 1302 - 609
51500 705 - 60?
544.0 2.0 32.0 6.8
374.0 0.2 s8.0 6.8

NH4+
FFM

CL-
FFM

Pade

61



Tatle 14

Iats Summaresl-Butzrnolsliv/HudsRunll

&H

- v @

MLSH
mg/1

SUESTRATE +1-RUTANOL

MEDTIA ¢LIVINGSTON/HYIRORAC

CONCENTRATION:L100 PPM NOMINAL

DATE $11-19-83

RUN tII

TEMFERATURE  {UNKNOWN
TIME CONC. con
MINS FFM FFM

8.0 101.3 117.0¢ 7

35.0 ?8.3 111,90 7
670 20.8 - 7
95.0 82.8 - 7
125.0 75.6 - 7
154.0 67 .2 - 7
186.0 58.2 84.0 7
213.0 0.7 - 7
2435.0 40.3 - 7
27400 31 05 - 7
30600 22+ i 7
333.0 14.6 - 7
363.0 5.7 4640 7
386.0 0.5 42.0 7

WO NNSNNUE-

PO R S R R A R

NH4+
PFM

cL-
FFM

Fasae

b



Dzta Summargrsl-Butasnolsliv/HudesRunIlIl

Tahle 17

MLES
mes 1

168
172
173
164
169

182

175

181

187

SURSTRATE :1-BUTANOL

MELIILA tLIVINGSTON/HYIRORAC

CONCENTRATION: 100 FFM NOMINAL

DATE 111-22-83

RUN 1111

TEMFERATURE  JUNKNOWN
TIME CONC., con #H
MINS FFM FFH

7.0 103.3 28.0 7.9

37.0 99.4 122.0 8.0
6700 93&? mm— 800
99.0 ?0.4 - 7.9
127v0 87#3 - 7.9
154.0 83.6 - 79
191.0 78.9% - 7.9
22100 73’7 - 7{'9
245.0 70.2 - 7.8
275.0 64.3 92.0 7.8
311.0 38.7 - 7.8
340.0 937 - 7.8
36500 48&3 - 707
326.0 43 .4 - 747
425.0 38.1 - 747
456.0 32,4 - 76
485¢0 2607 - 706
5146.0 20,7 58.0 7.7
544.0 15.9 51.0 7.7

187

NH4+
FFM

CL-
FFH

Fade

63



Fage 44

Table 18 _
Lata Summarys l-Butanolsliv/HudyRunIA

SURSTRATE $ 1~-RUTANOL

MELIA TLIVINGSTON/HYDRORAC

CONCENTRATION?100 FFM NOMINAL

DATE $01-046-84

RUN tIA

TEMPERATURE  UNKNOUWN
TIME CONC, Con #H MLSS NH4+ Cl-
MINS FFM FFM mst/ 1 FFM FFH

6.0 P74 148.,0 7% 138 70 -

3?00 6703 11900 70? - — ——
63.0 41.3 - 747 131 &7 -
P2.0 13.3 - 747 - e it
126.0 0.5 83.0 748 175 63 -



SURSTRATE

MEDIA

Tahle 19 ‘
Dats Summarysl-ButamolsLiv/HudsRunllA

t1-BUTANOL
HLIVINGSTON/HYDRORAC

CONCENTRATIONI100 FFPM NOMINAL

DNATE
RUN

TEMFERATURE

TIME
MINS

101-07-84

t1IA

FUNRKNOWN
CONC. con #H MLGS NH4+ Cl~
FFM FFM mg/1 FFM FFM

109.2 154,90 7.8 151 53 i
7/706 11600 70? - o
55.8 e 7.4 124 a2 -
3200 91{-0 706 —— - -

8.2 80.0 70\5 244 ——— —
0.4 - 7eb - 43 -

Fage

65



Data Summarygsl-ButsnolsLiv/HudsyRunIIIA

Taole

MLLSS
mss/ 1

115

148

SUBRSTRATE $1-RUTANOL

MEDIA tLIVINGSTON/HYDRORAC

CONCENTRATION: 100 FFM NOMINAL

DATE $01-07-34

RUN PITIA

TEMFERATURE  $UNKNOWN
TIME CONC . Con 5 H
MINS FFM PFM
1640 88.1 147.0 7.6
35,0 74.8 141.0 7.6
63,0 54,0 124.0 7.9
95,0 27.4 115.0 7.5
124,0 3.9 141.0 7.4
155.0 0,3 97,0 7.5

20

NH4+
FFM

CL-
FEM

Fade

66



Iata Summarwsl-RButanolsLiv/LLMOrRunl

SURSTRATE $1-RBUTANOL

MEDIA tLIVINGSTON/LLMO

CONCENTRATIONI10Q FFPM NOMINAL

DATE 101-18-84

RUN H

TEMPERATURE 24 C
TIME CONC. can FH
MINS FEM PrM

H0 82.0 123.0 7.7

33.0 S56.9 1146,0 7.3
46440 29.8 - 7)8
93.0 2.6 76.0 7.8
154.0 0.3 72.0 7.8

Teble 21

MLES
me/ ]

NH4+
FFM

CL~
FEM

Fade

6

7



Iata Summarysl~RButsnolsLiv/LLMOsRunII

$1-BUTANDL
tLIVINGSTON/LLMO

$01-19-84

SURBRSTRATE
MEDIA
CONCENTRATION
ATE
RUN I
TEMFERATURE i2
TIME CONG.
MINS FFM
6.0 @5.,7
3540 88.5
6240 74.8
24,0 40,6
127.0 44,9
187.0 30.2
19740 11.5
252.0 3.0
273.0 0.2

con
FFM

1100 PPM NOMINAL

w

SNENE N N N SN NI NN
* + o

. o + &+ ¢

o ONNN D

Table 22

MLES
mat/ 1

104

119

NH4+
FFM

Fadge

&F



Iates Summarysl-Butarnocl Liv/LLMO»RuUnIII

SUBSTRATE ¢ 1-BUTANOL

MELITA SLIVINGSTON/LLMO

CONCENTRATION:L100 FPM NOMINAL

DATE t01-20-84

RUN tIII

TEMFERATURE (24 C
TIME CONC., con ~H
MINS FFM FFM

8.0 ?4,2 149.0 7

36.0 ?0.9 134.0 7
6500 8500 - 7.
(?300 ?64»7 — 7-)
12400 6800 o 7&
155.0 3746 1346.0 7
184.0 48.1 - 7
21;»0 36#8 e 74
270.0 17.0 120.0 7.
308.0 2.8 118.0 7

BN N S G R s

Tabhle

MLGS
mes 1

23

NH4-+
FFH

CL-
FFM

Fase

69



Fage 7¢

Table 24 .
Iata SummarysNitrobenzenesliv/HudyRunl

SUBSTRATE INITROBENZENE
MEDRIA LIVINGSTON/HYDRORAC
CONCENTRATIONI2O FFM  NOMINAL
IATE £12-02-83
RUN -
TEMFERATURE  TUNKNOWN
TIME CONC. Con ~H MLSS NH4+ Cl~
16.0 27.3 - - - - -
71.0 741 e -— e - e
140.0 8.5 - - - e e
194.0 8.5 — o - - —
250,0 75 - — ~— - --
1394,0 9.4 - _— — — -
142000 743 e T - ——— -
1449.,0 7.9 - — — - -
1479.0 9.8 - o - - -
1510,0 9.0 - - - - -
1630.0 7.8 - - - —— -
1688.0 9.3 e e - —- -
4210.0 8.1 - — — - -



Tahle 23

Lata SummarweNitrobenzernesliv/HudsyRunll
SURSTRATE INITRORENZENE
MEDIA PLIVINGSTON/HYDRORAC
CONCENTRATIONI 20 PFM  NOMINAL
QATE 1120783
RUN M
TEMFERATURE  JUNKMNOWN
TIME CONC. can =H M85 NH4+ CL-
MINS FFM FPM ms/sl FPM FFM
10.0 11,3 — Rt e e
72,0 12.0 — i - e
125.0 11.0 — - - ——
190.0 16.9 e e - -
249.,0 11.3 — - - e
305.0 11.4 - i - -
1543.0 P e - b b
156740 10.7 —— - - -
1630.0 i1.2 —_— == - - -
1488.0 12.1 —— e ek - e
1?491»0 12f8 - - e i -
1818.0 4.6 _— e - - -
4385.,0 .2 —— - - -
4426 .0 8.4 —— e - - e

Fade

71



SUBSTRATE
MEDTA

DATE

RUN

TEMFERATURE
TIME
MINS

12.0
39.0
125.0
200.0
248.0
3346.0
36540
429.0
1394.0
1445.0
1509.0
1884.0
2828.0

INITRORENZENE

Tabhle

FLIVINGSTON/HYDRORAC
CONCENTRATIONIZO FPM

112-12-8
¢ IIT

+ UNKNOWN
CONC .

FFM

11.8
13.3
14,9
13.0
11.4
18.7
14.3
14.5
8.4
8.1
747
3.4
0.1

NOMINAL
3

Comn mH
FFM

MLLSS
mst/ 1

26
INatz SummargyNitrobhernzerneslLiv/HudsRunlIIl

NH4+
FEM

Fage

72



Fage

Tahle 27
Iata SummarwyNitrobenzenesliv/BI-CHEMsRunI

SURSTRATE ¢NITRORENZENE

MEDTA SLIVINGSTON/EI-CHEN
CONCENTRATION:20 FFM  NOMINAL
DATE 112-21-83
RUN i1
TEMFERATURE  $UNKNOWN
TIME CONC., COll  mH MLSS  NH4+ Cl-
MINS PR FFM ms/1  FFM FEM
15.0 2.2 - e - e -
78.0 3.8 —— e - e -
132.0 3.8 m— e - —— = ——
192.0 8.1 e —— e -
254.0 15.3 - - m— e —
323.0 13.8 e - - e
387.0 13,4 e _— e -
438.0 10.5 —— == e -
1573.0 12.0 - e == —
1640.0 12.2 m— e - e -
1689.0 10,9 —— e - e -
1938,0 11.8 —— e e -

2938.0 10.1 - e e — e



SURSTRATE
MELIIA

OATE

RUN

TEMPERATURE
TIME
MINS

13,0
63,0
128.0
187.0
251.0
1471.0
1509.0
563.0
1627.0
1483.0
2867.,0

lata SummarysNitrohenzeresLiv/BI~CHEMyRunlI

NI TRORENZENE

Table 28

FLIVINGSTON/RI-CHEM
CONCENTRATIONIZO0 FFM  NOMINAL

1122783
111
$ UNKNOWN

CONC., con
FFM FHM

1.2
18.6

21,2
50

[ 3

18.1
19.4
22.9
21.8
23.0
21.4
11.7

e

ML.ES

mes 1

NH4+
FFM

Ol
FEN

Fage

75'



Ilata SummarusNitrobenzerneslLiv/BI-CHEMsRUNITI

Table 29

MLLSS

mes ]

SUBRSTRATE SNITROBENZENE
MEDIA TLIVINGSTON/RI-CHEM
CONCENTRATION:20 FFM  NOMINAL
DATE t01-02~-84
RUN dITX
TEMFERATURE  UNKNOWN
TINME CONC., con H
MINS FFEM FrEM
10.0 i1.9 - -
71o0 120 - -
15100 10'3 - T
204.0 11.0 —— -
260.0 8.1 - -
31200 99.“ - o
380.0 7.5 - -
1572.0 0.2 - -

NH4+

FF

M

ClL~
FFM

Fade

-~
rd

5






Taehle 30
Lzta SummargsNitrobenzemesbivsRunil

SURSTRATE INITRORENZENE
MEDILA ILIVINGSTON
CONCENTRATION:20 FFM NOMINAL
DATE $ UNKNOWN
RUN P11
TEMFERATURE  $UNKNOWN
TIME CONC . Con sH O MLES  NHAa+ CL-
MINS FFM FEM mes/l  FEM FEM
10.0 34,0 . —— - —
245,0 20,1 - - —_— —— -
370.0 14,9 —— - o -
455, 0 14,5 - - - e -
635, 0 12, - - — _— -
1447,0 0.5 - —-—



Tahle 31
Data SummarusNitrobenrzenesliveRunlll

SUBSTRATE INITROBENZENE
MEDIA SLIVINGSTON
CONCENTRATION:20 FFM NOMINAL
DATE $UNKNOWN
RUN $I1T
TEMPERATURE  UNKNOWN
TIME CONC, Con =M MLSS  NHA4+ oL~
MING FEM FRM ma/l  FEM FFM
10.0 25,3 == —— e ~-
65,0 24.9 - - —— - ~-
125.0 23.8 “— e - e -
185.0 21,9 —— s m— -
245,0 18,1 “— - - -
305.0 16.5 e - e --
3650 1.1 —- e - -
425, 0 13.5 e - e -

62000 309 T - e - -



Fage 7€

Table 32
lata SummargyNitrobenzenesliv/BI-CHEMyRuUnIA

SUBRSTRATE INLTROBENZENE
MEDIA FLIVINGSTONARI-CHEM
CONCENTRATIONI20 FPM  NOMINAL
DATE ¢ UNKMNOWN
RUN tIA
TEMFERATURE  TUNKNOWN
TIME CONC., con #H MLSS NH4+ CL-
MINS FEM FFM mss/ 1 FRM M
10.0 19,5 m— e m— e -
125,0 18.5 —— e —— e e
245,0 1741 m— - —— e e
1327.0 11.0 — - e -
1447,0 10,4 - e —— - —
154670 8,3 e e - e -
1835, 0 ravi i - T - o
26460 7.9 m— e e —
2765, 0 6.8 _— e —— e -



SUBSTRATE

MELLA

Tanhle 33
Data SummarysNitrohernzenesliv/RBI-CHEMsRuUNIIA

s NITRORENZENE
PLIVINGSTON/RI-CHEM

CONCENTRATIONIZO FFM  MNOMINAL

DATE
RUN

TEMFERATURE

TIME
MINS

7.0
125.0
244,0
367.0

LUNKNOWN

tIiAa

TUNKNOWN
CONG . on = H MLSS NH4+ CL-
FEM FFM msts ] FFPM M

2.2 m— e - -
11.4 —— = R -
9.8 —— - - - -



SUBBTRATE
MED LA

Table 34
Iataz SummarysNitrobenzenesLiv/RI-CHEMRunIIIA

INITRORENZENE
PLIVINGSTON/RI ~CHEM

CONCENTRATIONZIZO PFM  NOMINAL

IATE

RUN

TEMFERATURE
TIME
MINS

8.0
127.0
255.0
367 .0
A35.0

* UNKNOWN

PITTA

$UNKNOWN
CONC . Con M MLSS  NH4+ oL~
FEM FEM mg/l  FFH FEM
1404 ....... s s RS, PR R
13,8 - e - e -
12,0 - e e - o
10,3 - e - - -
10.2 ..... - voss oo JR—— o [onges

Fade



SUBSTRATE
MEDIA

CONCENTRATION

LIATE

RUN

TEMPERATURE
TIME
MING

100.0
190,0
280.0
380.0
4650

Lol el g 2
G595 ,0

Data Summarwy2s4-DNelivsRunl

t294-0
¢LIVINGSTON

Q20184
¢ I

123 ¢

CONC. comn
FFM PR
11.5 e
11.1 o
8.8 e
8.8 e
802 .......
72 -

310 PFPM O NOMINAL

#H

74
744
7.
745
75
75

Tanle

MLES

ms/ L

33

MH4+
R

119
118
119
118
119
119

cL-
FEM

Fagea

8z



Table

34

[ata Summarys2y4-DsliveRunll

SURSTRATE 241
MEDTA PLITVINGSTON
CONCENTRATIONILO FFM MOMINAL
NATE 1020184
RUN L
TEMFERATURE 123 C
TIME CONC . Con #=H
MINS FFM FFM

130.0 2:2 . 7

oy g g -
255,40 2.2 -

510»0 149 o

SN
. v+
RO S

LGS
ms/ 1

NH4+
FEM

96
74
93

oL
FEM

130.0
134.0
133.0

Fade

-
g3
Z



SUBSTRATE
MEDTIA

CONCENTRATION

IATE
RUN 2T
TEMFERATURE 324 C
TIME CONC .
MINS RN
9.0 5,9
148,0 4.5
432, 3.5
1650.0 2,7

1224-D

Tahle 37
lata Summarws2s4-Deliv/HudsRunl

HLIVINGETONAHYIRORBAC
210 FFM NOMINAL

1022284

con eH o MLES  NHa+ CL-
FEM ms/l FRM FEMN
—— 8.0 159 81 83,0
—— .2 - 81 84,0
—— RO -— 84 86,0

- - 174 a9 87.0

Fadgea

84



Fage 85

Tanle 38
Iata Summaryy2y4-Lrliv/HudyRunll

SUBSTRATE 1224-1

MEOTA SLIVINGSTON/HYDRORAC

CONCENTRATIONI 1O PPM NOMINAL

DATE P02-23-84

RUN HE

TEMFERATURE 124 O
TIME COMC . ton ey ML.GS MNH3+ CL-
MINS FFH FFM mes s FFM FFM

15.0 a.2 P2.0 747 127 73 70.0
130.0 79 84,0 7.8 e 73 &67.0
245.0 4.8 P4.0 8.9 122 74 68.0
345.0 2.7 -~ 8.0 - 74 62,0
4809 2.9 82.0 8.0 124 78 68.0



Tabhle 39
Datae Summary,2s4-Noliv/HudsRunlIIl

$2v4-D
fLIVINGSTON/HYDRORAC
P10 FPRPM NOMINAL
¢02-24-84

SUBSTRATE

CONCENTEATION

TEMPERATURE

Con M MLES  NH4+ CL-
FFM mesl PR PR

87.0 7.1 110 62 67 .0
87+0 éo? — 6 70&0
89.0 75 4 &0 710

o
T



Table 40
Iata Summares2sd-0sLiv/RBI-CHEMs Rl

SUBSTRATE $29 411
MELDTA FLIVINGSTON/RI-CHEM
CONCEMTRATION:LO FPM  NOMIMNAL
OATE 1021484
FUN HE
TEMPERATURE 323 C
TIME CONC. con FH MLSS NH44 9 ey
MINS FEM FFM me/l FEM FFM
2.0 4.4 3246.0 7.7 189 &7 87.0
126.0 3.9 2170 7.7 - &7 2.0
270.0 4.0 - 7.6 193 63 BI.0
390.0 4,0 770 7.8 - &0 2.0
G310.0 4.1 - 7.8 184 3 89.0
610.0 3.5 660 7.9 - 57 21,0
1586.0 3.0 60,0 Y- - 71 82.0



SURSTRATE
MEDIA

CONCENTRATION:1O FFM

DATE

RUN

TEMFERATURE
TIME
MING

10,0
130.0
280.0
370.0
E05.0

1400.0

HER: St

Table

41

Nats Summaryy2r4-TeLiv/BI-CHEMsRuUNII

SLIVINGSTON/BI-CHEM
NOMINAL

102-15-84
$11
125

CONC .

FEM

e O R
- - <
RN NN

+* + e

Bt gt

e

L

con
FFM

101.0
118.

98.90
103.0
127.0

=H

M85
mz/ 1

149
143

NH4+
FE M

469

62

64
b
48

&8

CL-
FEM

9.

90,0
96,0
87.0
90,0
90,0

Fadge

8¢



Summarys 2 4-NeLiv/BI-CHEMs RunIIT-

Tabhle 42

tLIVINGSTON/RI-CHEM

$10 FFM NOMINAL

lata
SURSTRATE 1254-0
MEDIA
CONCENTRATION
UATE 102--6~84
RUN $III
TEMFERATURE 125 O
TIME CONC,
MINS FFM
10,0 7.9
130.0 6.6
3750 5.9
490 .0 5.2
&Q85.0 3.0

con wH
FFM

55,0 7.9
51.0 8.0
T3
55.0 8.0
52.0 8.0

MLES
mst/ 1

NH4+
FEM

51
50
61

=
)

68

CL-
FFM

77.0
73,0
73.0
74.0
69.0

Fage

8¢



Tabhle 43

Dats Summaryry2r4-Dsliv/LLMORunl

SUBSTRATE i 2y 41
MEDLA cLIVINGSTONALLMO
CONCENTRATIDNILO PFM  NOMINAL
DATE f03-02-84
RUN i1
TEMFERATURE 123 C
TIME CONC. con H
MING FrM FFM
11.0 b07 846.0 b
129.0 5.0 77.0 7.
255.0 3.8 87.0 75
367 .0 3.9 780 79
487.0 3.3 83.0 7.9

MLSS

mst/ 1

170
158
161

NH4+
FEM

=g
awd

71
5
72

72

CL-
FFM

$2.0
104.0
102.0
104.0
102.0

Fage

9¢



Table 44

lata Summarys2sy4-IyLiv/LLMOsRuUnII

SUBSTRATE t294-1

MELIA PLIVINGSTON/LLMO

CONCENTRATION:10 PFM  NOMINAL

DATE {03-04-84

RUN JIT

TEMFERATURE 3323 C
TIME CONC, con H ML.SS NH4+
MINS FRM FFM mst/ 1 FFM

2.0 8.7 ?4.0 7:8 124 &7

1350.0 8.6 84,0 7,8 - 65
248.0 b ?4.0 g.1 5 a5
367.0 4.8 346.0 8.1 - &7
484.0 7.1 101.0 8.1 116 64

Cl-
FFM

85,0
23.0
84,0
81.0
88.0

4

[55]



Fade 92

Table 45
[atas Summarws2s4-DylLiv/LLMO»RunIll

SUBSTRATE i294-0

HEDRIA TLIVINGSTON/LLMO

CONCENTRATIONZ 1O FFM  NOMINAL

DATE $03-06-84

RUN HY

TEMFERATURE 22 C
TIME CONC . con FH MLSS NH4 + CL-
MING FFEM FFM ms/ ] FFM FFM
20,0 Z.l 111.0 7eh P2 43 73.0
127.0 6.5 102.0 7.7 - 41 69,0
265,0 7.2 112.0 7o 80 48 70.0
3865.0 745 103.0 743 - 40 &8.0
488.0 P.3 125.0 74 81 37 5650



Fage 97
Tabhle 446

Zero-order modelsl-RutamolsLiveRunl

SUBRSTRATE t1-BUTANOL

MEDTIA PLIVINGSTON
CONCENTRATIONILOO FFM NOMINAL
DATE ¢11-01-83

RUN H

Pt

TEMFERATURE 129 C

TIME (MIM) FFMEXF FFMCAL oy
G.0000 113.20 113.648 0.456434
12.000 108.90 109.79 0.88597
29.000 1056.00 107.02 1.0157
46,000 104.80 102.31 -2+A4937
115.00 84,000 83,192 -0.80849
1&5.00 72,900 72.110 -0.78952
181,00 64,300 64,7908 0.40781
214,00 58.600 35.766 -2.8341
248.00 43.500 46.347 2.8471
273,00 35.700 32.421 0.72144
305,00 29.300 30.557 1.2566
335.00 21.000 22,244 1.2458
343.00 13.100 14,489 1.3821
334,00 6.2000 F.2013 -0.29869
424,00 0.460000 -2.4095 -3.0095

KINETIC COMSIANIS

ZERO ORDER MODEL

Kl= 115.,04% £ 0.99 m=g/1

K2= 16,622 &£ 0.00 mg/1.hr

il

THE CORRELATION COEFFICIENT 0.99814

THE ARSOLUTE AVERAGE RESIDUAL = 0.42457



Fage @4
Tabhle 47

Zero—-order modelsi-RutasrmolsliveRunll

SURBSTRATE s 1-BUTANOL

MEDIA HLIVINGSTON
CONCENTRATIONZ?L100 FFM NOMINAL
DATE $11-05-83

RUN L

TEMPERATURE 1125 C

TIME (MIN) FEMEXF FEMCAL ny
H.0000 119.70 119.46 ~0.23895
34.000 111.30 108.88 -2.415%
44,000 ?7.700 97552 -0.14839
74.000 87,200 86,219 -0.78087
125.00 74,800 74.309 ~0.29109
185.00 £2.300 63176 0.87642
189.00 350.600 F0.333 -0.26704
214,00 37,000 40.889 33,8892
244,00 25.400 29.338 4,1548
273.0G0 14.600 18.602 4,0020
304,00 ?.6000 6.872189 ~2.7082
337.00 230000 -5.,3739 -35.873%9

KINETIC CONSISNIS

ZERDQ ORDER MODEL

Ki= 121.728 & 2.03 m=g/1

(&= =22,665 & 0.00 mag/lenr

THE CORRELATION COEFFICIENT = 0.99470

THE ARSOLUTE AVERAGE RESIDUAL = 0,823521



SUBSTRATE

MELDTA

Zero—-order modelsl-ButarnolsliveRunIlil

t1-BUTANOL

fLIVINGSTON

Tainle 48

CONCENTRATIONIL100 FFM NOMINAL

LATE

RUN

TEMFERATURE

TIME (MIN)

8.0000
346,000
66,000
25,000
126.00
156.00
185.00
214,00
2435.00
275.00
305.00
335.00
365.00
398.00
425,00
455,00
485.00

$11-09-83

sITY

226 C

FRMEXFE

116.40
112,70
104.70
92.400
91,4600
81.800
78.900
68.900
60,200
33,300
47 4400
40,900
31,600
22.900
146,000
8.8000
1.4000

EKINETIC CDMSTANMIS

ZERD ORDER MODEL

Ki= 121.3835 %

RK2= ~14.758 £ 0,00 mg/l.hr

3,75 mg/l

FEMCAL

119.42
112,53
105,15
98.018
20,394
83.015
75.882
68.749
614124
53745
46,367
38.988
31.4609
23.492
16.851
Pe4725
2,0937

THE CORRELATION COEFFICIENT = 0.

THE ARSOLUTE AVERAGE RESIDUAL =

oy

33,0170
~-0.16984
0.45132
-1.3815
-1.2063
1.2148
-3.0180
-0,15088
0.92433
0.44550
-1.0333
Q.20179E~02
0.59232
0.85134
0.673253
0.469370

P840

0.32800

Fade

95



Fege 9t

Table 49

Zerp—order modelsl-ButzrmnolsLiv/RBI-CHEMyRunl

SUBRSTRATE 11-BUTANOL

MEDIA tLIVINGSTON/RI-CHEM
CONCENTRATION?100 FPM NOMINAL
IATE $11-05-83

RUN HE )

TEMFERATURE 125 C

TIME (MIN) FRMEXF FFMCAL ny
&. 0000 110.30 115.30 4,9961
35.000 107.20 102,55 2.3498
64,000 107.60 103.80 =-3.79465
?4.000 100.20 ?7.859 ~2,3409
126.00 ?3.500 $1.518 -1.9816
155.00 88.500 85.772 ~2.7279
189.00 81.700 792.035 -2.6650
214.00 71,400 74,081 2.6813
244.00 66,900 68.137 1,2349
273.00 60.300 62,391 1.8%206
304,00 S36.7C0 56.248 -0.45201
337.00 48,700 49.709 0.80911

EINETIC CONSTANIS
ZERQ ORUER MODEL
Ki= 116,485 & 1.86 m&/l
Ka= ~11,88%9 & 0.00 mg/1l.hr
THE CORRELATION COEFFICIENT = 0.98401

THE ARSOLUTE AVERAGE RESIDUAL = 0.754641



SURSTRATE

MERIA

Zero—order modelyl-ButarnolLiv/RBI~-CHEMsRunIl

t1-RUTANOL

Tabhle 50

SLIVINGSTON/BI-CHEM

CONCENTRATIONII00 FFM NOMINAL

HaTE

RUN

TEMPERATURE

TIME (MIND

83,0000
34.000
63,000
23.000
126.00
160,00
184,00
214,00
243.00
274.00
304.00

+11-05-83

FRMEXF

117,10
105.10
?4.300
81,400
&7 4400
30.400
38.900
25.400
12,700
1.6000
0.20000

KINETIC COMSIAMIS

ZERD ORDER

THE CORRELATION COEFFICIENT

MODEL
+ 2.69 ma/sl

+ 0,00 mg/l.hr

FRHMCAL

116.17
103.19
22.083
80,249
66,302
91.932
41.789
292.109
16,853
3.7508
-8,9285

THE ABSOLUTE AVERAGE RESIDUAIL =

oy

-0.92598

0.88297E~01

2.2166

~1.1307

-1 979
1.5322
2.8887
3.7094
4,13528
2+1308

-2.1283

= 0.99214

1.0678

Fade

97



Fage 9¢
Table 31

Zera-order modelyl-Rutarnol,Liv/BI-CHEMyRunIII

SUBSTRATE $1-RUTANOL

MELTA PLIVINGSTON/BI-CHEM
CONCENTRATIONI100 PFM NOMINAL
DATE $11-09-83

RUNM tIIT

TEMFERATURE  TUNKNOWN

TIME (MIND FFMEXP FFMCAL oy
4, 0000 114,10 121.77 G.6682
38.000 106.80 106.94 0.14368
653.000 246.400 25,3462 -1 379
23.000 85,800 81.444 -4,3359
124,00 68.700 &7.103 =1.7971
134.00 56.700 52.278 ~4,4216
190.00 37300 36,327 -0.97266
220.00 20.000 22,629 2.6294
243.00 4.7000 11,048 6+3477
273.00 0.30000 =1.9237 -2.2237

KINETIC CONSTIANIS
ZERD ORDER MODEL
Ki= 124,548 + 2.94 mg/1
R2= ~27.796 & 0.00 mg/1.hr
THE CORRELATION COEFFICIENT = 0,99208

THE ABBOLUTE AVERAGE RESIDUAL = 1.130%



Fage 996
Tahle 52

Zero-order model{1~ﬁutanolyLiV/HdeRunI

SUBSTRATE t1-BUTANOL
MEDIA FLIVINGSTON/HYDRORAC

CONCENTRATION: 100 FFPM NOMINAL

DATE $11-18-83

RUN HE |

TEMPERATURE 235 C
TIME <(MIN) FRMEXF FFMCAL ny
&+ 0000 87.600 23.784 6.1344
34,000 84.900 89,193 2.2927
64,000 83.800 84.273 0.47287
F6.000 78.300 79 .025 0.,72510
128.00 73.100 73.777 ~-1.3227
135,00 71.000 69,350 ~1.6505
184.00 &6+ 600 64,594 -2.0063
277.00 52,300 49,342 -2.9376
304.00 48,000 44,9215 ~-3.08354
337.00 41,800 32,503 ~2.2972
365,00 37,100 33,911 -2.1890
394,00 31.200 29.827 -1.3727
424,00 25.400 25.235 -3, 146432
455,00 19,100 20,152 1.0517
484,00 13.200 15.396 2+19599
315,00 75000 10.312 2.8121
544,00 2.0000 5.,5563 3.5563
574,00 0.20000 0.,634655 0.43655

EINMETIC CONSTANMIS
ZERD ORDER MODEL
Ki= 94,768 & 1.28 ms/1
K2= «~92.840 & 0.00 mekt/l.hr
THE CORRELATION COEFFICIENT = 0.99270

THE AEBSOLUTE AVERAGE RESIDUAL = 0.356897



Fadge 10C
Table 53

Zero-order modelsl-Butanolsliv/HudsyRunIl

SUBSTRATE 11-RBUTANOL

MEDTIA fLIVINGSTON/HYDRORAC
CONCENTRATIONI100 FPM NOMINAL
DATE $11-19-83

RUNM -

TEMPERATURE  TUNKNOWN

TIME (MIND FFMEXF FFMCAL ny
8.0000 101 .50 106.23 4.7304
35.000 28.300 ?8.700 0.399753
67,000 F0.800 89.775 ~-1.254
25.000 82.800 81.9465 ~0.83495
125,00 73,800 73.598 -2.0023
154,00 67 .+200 65.3509 -1.6907
1846.00 58.200 56,584 ~-1.46159
213.00 530.700 49.053 ~1.6465
245,00 40,300 40.128 -0,17172
274.00 31.500 32.040 0.33984
306,00 22.600 23,115 0.514465
333,00 14,4600 15.584 0.98405
363,00 59,7000 72167 1.5167
386.00 0.30000 0.80171 0.30171

KINETIC CONSTANIS

ZERD ORDER MODEL

Ki= 108.4462 4+ 1.08 m=/1

K= —146.735 £ 0.00 mg/l.hr

THE CORRELATION COEFFICIENT = 0.9%739

THE ARSOLUTE AVERAGE RESINUAL = 0.45412



SURSTRATE

MELIA

Zero—~order modelsl~RutanolsLiv/HudyRunIII

+ 1~RBUTANOL

PLIVINGSTON/HYDRORAC

Tabhle 34

CONCENTRATIONZ 100 FPPM NOMINAL

DATE

RUN

TEMFERATURE

TIME (MINZ

70000
37.000
67.000
29.000
127.00
156.00
191.00
221.00
245,00
275,00
311.00
340.00
365.00
396,00
425,00
436,00
483.00
914,00
344.00

111-22~83

R

s UNKNOWN

FFMEXF

103.30
?92.400
93.9200
20.400
87.300
83.4600
78.9200
73.700
70.200
64,300
398.700
33.700
48,300
43,400
38.100
32.400
26.700
20.700
15.900

KINETIC COMSTANIS

ZERO ORDER MODEL

Ki= 107.,3%0 % 0.9% md/1

K2= ~2,81%2 4 0.00 meg/1.hr

FRMCAL

106.44
101.54
P6.625
?1.388
846.806
B2.060
746332
71,423
67,495
62.583
56,694
51.948
47 .856
42.783
3B.,037
32.2464
28,218
23.144
18.362

oy

3.1447
2.1351
2.7234
0.98848
-0.49388
~1.339%
-2.34678
—~2.2775
-2.7052
-1.7148
e 0064
-1.7524
-.44379
~0.61710
-0.,463095E-01
0.563460
1.3174
2+4443
2.6620

THE CORRELATION COEFFICIENT = 0,99481

THE ABRSOLUTE AVERAGE RESIDUAL = 0.44306

Fade 10i



Fage 107
Table 53

Zero-order modelsl-ButanolsLiv/HudsRunla

SURSTRATE 11-BUTANOL

MEDIA SLIVINGSTONAHYORORAC
CONCENTRATION?100 FFPM NOMINAL
IATE $01-046-84

RUN 1A

TEMPERATURE  tUNKNOWN

TIME (MIN) FFMEXF FRMCAL oy
&.0000 ?7.400 ?3.057 -4,.3431
37.000 67300 67.172 ~0.12733
463 .000 41.300 45.463 4.14629
?2.000 13,300 21.248 7.9485
126,00 0,50000 ~7.+1409 =7.+46409

KINETIC CONSTAMIS

ZERD ORIER MODEL
Ki= ¢8.047 $10.51 m=/1
K2= -50.09% £ 0.00 m=/1.hr

THE CORRELATION CDEFFICIENT = 0.%97470

THE ABRSOLUTE AVERAGE RESIDUAL = 2.35121



Tahle 96

Zero-order modelsi-Butarmolsliv/HudsRunIIA

SURSTRATE + 1-BUTANOL

METNIA tLIVINGSTON/HYORORAC
CONCENTRATIONI100 FFM NOMINAL
OATE $01-07-84

RUN sIIA

TEMFERATURE  TUNKNOWN

TIME (MIND FEMEXF FFMCAL ny
6.0000 109.20 102,82 —-6.37%0
37.000 77600 /792.831 2.2310
65,000 55,800 5?2.066 + 2658
27.000 32000 35,334 3.3342
125.00 8.2000 14.569 63690
136.00 0.40000 -8.4211 -8.,8211

KIMEIIC CONSIANIS
ZERD ORDER MODEL

Ki= 107.271 £ 7,84 mg/1

K2= -44,497 4+ 0.00 mg/l.hr
THE.CURRELQTIUN COEFFICIENT = 0.97885

THE ARSODLUTE AVERAGE RESIDUAL = 22,2720

Fage 10.



Table 57

Zero-aorder modelsl~-EBuyternolsLiv/HedyRunlIlIa

SURSTRATE $1-BUTANOL

MEDIA tLIVINGSTONAHYDRORAC
CONCENTRATIONI100 FFPM NOMIMNAL
DATE 101-07-84

RUN tIIIA

TEMFERATURE  TUNKNOWN

TIME (MIN) FEMEXF FFMCAL ny
16.000 88.100 85,853 ~2.2447
335.000 74.800 72,932 -1.8682
63,000 94,000 53.887 ~0.11330
23,000 27,400 32.121 4.7208
124.00 3.2000 12,395 8.4955

KINETIC CONSTANIS

ZERQ ORDER MODEL

Kl= 946.738 4+ 7.81 ma/l

K2= -40.811 & 0.00 mg/ 1 hr

THE CORRELATION COEFFICIENT = ¢.97279

THE ABRSOLUTE AVERAGE RESIDUAL = 2.2597

Fage 10«



Fage 10°F
Tahle 58

Lero-order modelsl=Butanolsi_iv/LLMDyRuml

SUBSTRATE 1 1-RUTANOL

MEDIA FLIVINGSTOMN/LLMO
CONCENTRATIONTL100 FPM NOMINAL
DATE +01-18~-84

FUN I

TEMFERATURE (24 C

TIME (MIN? FRMEXF FFMCAL oy
&.0000 B2 .000 70.742 -11.258
33.000 36.900 35.374 ~1.5237
64,000 29.800 37,735 7.9345
23,000 2.6000 21.231 18.631
134,00 0.30000 ~13.483 -13,783

KINETIC COMSIANMIS

ZERD ORDER MODEL
Ki= 74,156 122.48 mg/1
Ra= -34,145 £ 0.00 md/1l.hr

THE CORRELATION COEFFICIENT = 0.835321

THE ARSOLUTE AVERAGE RESIDUAL = 5.40038



Fade 10&
Tahle 59

Zero~order modelsl-Butarmol s Liv/LLMOyRunII

SUBRSTRATE t1-BUTANOL

MEDIA CLIVINGSTON/LLMO
CONCENTRATIONILOQC FFM NOMINAL
DATE 101-19-84

RUN HEA

TEMFERATURE 124 C

TIME (MIMN) FRMEXF FRMCAL Y
60000 ?5.700 ?4,559 ~1+1406
35.000 88,500 83.413 -5.0872
62.000 74.800 73.035 -1.7430
74.000 60.600 60.735 0.13531
127.00 44,200 48.051 3.1513
157.00 30,200 36.520 6.3204
197,00 11.500 21.144 ?.46458
252.00 3.0000 0,37220E-02 ~2,9943
273.00 0.20000 -8.0659 ~8.26359

KINETIC COMSTIANIS

ZERQ ORDER MODEL

Kl= 26.886 &£ 4.76 mg/l

K2= 23,062 + 0,00 mg/1.hr

THE CORRELATION COEFFICIENT = 0.97640

THE ABSOLUTE AVERAGE RESIDUAL = 1.7587



Zero—order modelsi-ButanolsLiv/LLMOsRuUnIII

SUBSTRATE t1-RUTANOL

Taple &0

MEDIA sLIVINGSTON/LLMO

CONCENTRATION: 100 FPM NOMINAL

DATE 101-20-84
RUN $III

TEMFERATURE 124 C

TIME (MIN)D FEMEXF

8.0000 74,200
36.000 90,900
63000 85.000
23,000 76,700
124.00 48,000
155.00 57.4600
184.00 45.100
217.00 36.800
270.00 17,000
308.00 2.8000

KINETIC CONSTANIS
ZERD ORDER MODEL
Ki= 103,424 & 2.44 mg/1

Rd= -18.786 £ 0.00 mg/l.hr

FFMCAL

100.92
?2.182
83.072
74,305
64,598
34,892
45.812
35.479
18.885
6.9867

oy

6.7187
1.2517

-1.9284
-2+3954
-3.4017

2.7080
2.2881

-1 03206

THE CORRELATION COEFFICIENT = 0,98834

THE ARSOLUTE AVERAGE RESIDUAL =

1.01

53

1.8848
4.1867

Fage 107



Mornod models1-RutamolsLiveRunl

Table 61

SUBSTRATE t1-RUTANOL

MEDTA tLIVINGSTON
CONCENTRATIONI100 PPM NOMINAL
DATE ¢11-01-83

RUN I

TEMFERATURE 129 C

TIME (MIN)D FFMEXF

9. 0000
24,000
34,000
51,000
120.00
1460.00
186,00
219.00
2533.00
278.00
310.00
340.00
368.00
399.00
429.00

113.20
108.90
106.00
104.80
84.000
72.900
64,3500
58.600
43,3500
38.700
29.300
21,000
13.100
6+2000
0.,60000

KINETIC CONSTANIS

MO

Ki= 14,095

K2=

NODI MODEL

21730 % 0.00 mg/1l oy

+ 0.00 mg/1

FFMCAL

113.20
107.10
103.990
?8.501
76.986
64,905
57,257
47.838
38,363
32.096
24,382
17.8885
12,439
7.94835
4.,6477

oy

0.00000
1.8002
2.,0950
62989
7.0142
79947
7.+2435
10.762
44,9370
65.6038
4,9181
3.1150

0.456147

-1.7485

~4,0477

Fade 10€



Fasge 10¢
Tahle 62

Mornod modelsl-ButanolsliveRunll

SUBSTRATE  t1-RUTANOL
MEDIA tLIVINGSTON
CONCENTRATIONS 100 FFM NOMINAL
- DATE 111-05-83
RUN 111

TEMFERATURE 123 C

TIME (MIN) FEMEXF FFrMCAL ny
6+0000 112.70 119,70 0.+00000
40.000 111.30 105,99 3.3140
70.000 97.700 23.965 3+7347
100.00 87.200 82.03% J.1613
131.00 74.800 69.842 4.,9585
161.00 62,300 38.201 4.0993
195.00 30.600 45.2890 5.3200
220.00 37.000 36,046 0.95378
230.00 253.400 25.427 -0.,27435E-01
279.00 14,5600 15,953 -1.3528
310.00 9.6000 7+4435 24,1565
343.00 0.30000 1.8725 ~1.,5725

KINEIIC COMSTANIS
MONOD MODEL
Ki= 6,133 £ 0.00 mg/1
RZ= 25.5618 £ 0.00 mg/1.hr

THE ARSOLUTE AVERAGE RESIDUAL

i

1.0151



Fage 110
Tahle 63

Mornod modelsl-ButznolslivyRunIII

SUBSTRATE ¢ 1-BUTANOL

MEDIA ILIVINGSTON
CONCENTRATION: 100 FFM NOMINAL
DATE 111-09-83

RUN PIII

TEMFERATURE 126 C

TIME (MIMND FRFMEXF FFMCAL oy
8.0000 1146.40 11640 0.00000
44,000 112.70 108.92 3.783%9
74,000 104.70 102.65 2.0517
103.00 99.400 96,558 2.8415
134.00 ?1.600 20.010 1.3902
164,00 81.800 83,628 -1.8276
193.00 78,7200 77,409 1.4913
222,00 68,900 71,131 ~2.2313
253.00 60.200 64.342 -4,1415
283.00 53,300 57672 -4.3718
313.00 47 .400 30.874 -3.4741
343.00 40,900 43.900 =-2.9929
373.00 31.600 345664 ~3.0639
40646400 22,9200 28.184 ~353.+2845
433.00 16,000 20.3469 -4,34689
463,00 8.8000 9.8321 2.9467%
493,00 1.4000 5.2428 ~3.8428

KINETIC CONSIANTIS

MONODT MODEL

RKi= -8.012 £ 0.00 ma/]
R2= 11.586 & 0.00 mg/l.hr

THE ARSOLUTE AVERAGE RESIDUAL = 0.81771



SURSTRATE

MEDIA

+1-BUTANOL

Morod modelsi~RutanolsLiv/BI-CHEMsRunl

Table 64

tLIVINGSTON/RI-CHEM

CONCENTRATIONZ100 FFM NOMINAL

. DATE.

RUN

TEMPERATURE

TIME (MIND

6.0000
41.000
70.000
100.00
132.00
161.00
125,00
220.00
250,00
279.00
310.00
343,00

FEMEXF

110,30
107.20
107.60
100.20
?3.300
88.500
81.700
71.400
66.9G0
40,500
36.700
48.900

EINETIC CONSIANIS

MONOD MOREL

Ki= -59.382 + 0.00 msg/1

K2= 2.966 + 0.00 met/1.hr

FFRMCAL

116.30
106.47
103,17
?9.586
73.344
21.621
846.580
82,421
76.550
68.639
a7.893
116.95

THE AESOLUTE AVERAGE RESIDUAL =

ny

0.00000
0.72659

4,4336
0.61368
-2.043%
-3.,1208
-4.,8797
-11.021
-2.,6501
-8,13%21
-1.1948
-68.048

Fadge 1113
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Table 65

Mornod modelsi-ButanolsLiv/BI-CHEMsRunIl

SURSTRATE $1-RUTANOL
MEDNIA tLIVINGSTON/RI~CHEM
CONCENTRATION:100 FFM NOMINAL
 DATE 111-05-83
RUN P11

TEMFERATURE 25 C

TIME (MIN) FRMEXF FEMCAL Yy
8.0000 117.10 117.10 0:.00000
42,000 105.10 101.41 3+.6B66
73.000 74,300 87,233 7+Q674
101.00 81,400 74,335 6,.8447
134.00 47 .400 39.832 73678
168,00 30400 45,023 343768
192.00 38.900 34,906 3+9942
222,00 254400 22,903 24964
231.00 12.700 12,326 0.17392
282.00 1.6000 4,2114 -2.6114
312.00 0.20000 0.70846 ~0,30846

KINETIC CONSTANIS
MONOD MODEL
Ki= 6.245 1 0.00 m=/1
K= 29,267 £ 0.00 mg/1l.hv

THE ABSOLUTE AVERAGE RESIDUAL = 1.3663



Fadge 117
Table 66

Momod modelsi-ButarolLiv/BI-CHEMyRunIII

SUBSTRATE ¢ 1-BUTANOL

MEDIA tLIVINGSTON/RI-CHEM
CONCENTRATIONS 100 FFM NOMINAL
DATE +11-09-83

RN fITI

TEMFERATURE  :UNKNOWN

TIME (MIND FFMEXF FEMCAL oy

& 0000 116.10 114.10 0.00000
44,000 106.80 103.90 2.9022
62,000 285,400 95.778 0.62175
99.000 85.800 85.913 -0.,11258
130.00 68.200 75.337 -6 6372
162.00 36.700 64 .5460 -7.8602
196,00 37 .3500 52.444 -14.,%44
226.00 20.000 41,083 -21.083
251.00 4.,7000 2,3738 2:3262
279.00 0.30000 8.9771 -8.46771

EINETIC CONSTIANIS

MONOD MODEL
Ki= ~-11.044 £ 0,00 m«g/1
KZ= 17.330 £ 0.00 mg/1.hr

THE ARSOLUTE AVERAGE RESIDUAL = 22,9280



Fade 114

Tabhle 67

Mornod modelsl~Butanolsliv/HudsRunl

SUBRSTRATE +1-BUTANOL

MEDIA sLIVINGSTON/HYDRORAC
CONCENTRATIONZIL1OO FFM NOMINAL
DATE $111-18-83

RUN L

TEMFERATURE 125 C

TIME (MIN? FFMEXF FRMCAL oy
&.0000 87.4600 87.600 0.00000
40.000 86.900 83.4%4 3.4044
70.000 83.800 79.837 3.9432
102.00 78,300 73.936 2.3442
134.00 75.100 72.032 3.0682
161.00 71.000 68.701 2.2991
120.00 &6+ 600 65,100 1.4998
249.00 37600 57 .687 ~0.86731E~01
283.00 532.300 53,349 ~-1.0487
310.00 48.000 4% .861 -1.8611
343,00 41.800 45.536 ~3.73357
371,00 37.100 41.799 -4.,46989
402.00 31.200 37.470 =6+ 3699
430,00 25,400 33,641 -8.2410
461,00 19.100 29.121 -10.021
420,00 13.200 24,6446 ~-11.446
521.00 73000 19.385 -11.883
5390.00 2.0000 4.0084 ~2.0084
380.00 0.20000 9.5240 ~5.,3240

KINEXTIC CONSTANIS

MONOLD MODEL
Ki= ~7.736 £ 0.00 msg/1
K2= 4,588 & 0,00 mg/1.hr

THE ABSOLUTE AVERAGE RESIDUAL = 1.2932



SURSTRATE

MELIA

CONCENTRATION

DATE

RUN

TEMPERATURE

TIME (MIN)

8.0000
43.000
73000
103.00
133,00
162,00
194.00
221.00
253,00
282.00
314.00
341.00
371.00
394,00

Mornod modelsl-Butarol,Liv/HudsRunil

t1-BUTANOL

SLIVINGSTON/HYDRORAC

Table 68

1100 PPM NOMINAL

$11-19-83

Y

sUNKNOWN

FEMEXF

101.350
?8.300
?0.800
82.800
73.600
67 . 200
358.200
30,700
40.300
31.500
22.600
14.600
3.7000
0.30000

EKINETIC CONBIANIS

MONOD MODEL

Ki= -8.323 £ 0.00 mag/1

K2= 11.797 £ 0.00 mg/1.n7

FRMCAL

101.30
PIR77
87.048
80.937
74,330
67.871
80,642
54,435
446,903
39.844
31.631
24,037
4.8965
643669

THE ARSOLUTE AVERAGE RESIDUAL =

oy

Q.00000
4,3226
3.7518
1.8630
1.2703

-0.67123

-2.4421

~-3.7344

-6.+60335

-8.3439

-2.0309

-F.4374

0.80349

~5.866%9

1.3871

Fadge 11%
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Table 69

Momod modelsl~Rutsnolsliv/HudsRunIll

SURSTRATE +1-BUTANOL

MEDIA FLIVINGSTON/HYDRORAC
CONCENTRATIONI100 FFPM NOMINAL
DATE $11-22-B3

RUN 1IIT

TEMFERATURE  JUNKNOWN

TIME (MIN) FPRMEXF FPMCAL oy
7.0000 103.30 103.30 0.00000
44,000 ?2.400 28,349 1.0309
74,000 ?3.9200 ?4,300 -0.39981
106.00 20.400 8% .942 0.45828
134.00 87.300 86.091 1.,2086
163.00 83.600 B2.062 1.5376
198.00 78.%00 77136 1.7641
228.00 73.700 72.848 0.851468
252.00 70.200 69 .368 0.83220
282.00 64,300 64.943 ~0.,464.284
318.00 58.700 39,900 -0.80026
347,00 53.700 54,983 ~1.2830
372.00 48,300 30.966 -2:6660
403.00 43,400 45.773 —2.3749
432.00 38.100 40,620 -2.5198
463¢OO 320400 340591 “2&1907
492.00 26+700 27.975 ~1.2754
323.00 20,700 0.,689946 20,010

EINETIC COMSTANIS

MONODR MODEL

RKl= -13.738 1+ 0.00 m=/1
K2= &.775 £ 0.00 mg/1.hr

THE AESOLUTE AVERAGE RESIDUAL 1.1025

it



Fage 117
Table 70

Mormod modelsl-Butasrnolsliv/HudsRunld

SURSTRATE $1--BUTANOL

MEDIA ILIVINGSTON/HYDRORAC
CONCENTRATIONI100 FFM NOMINAL
DATE 101-06—-84

RUN vIA

TEMFERATURE  IUNKNGOWN

TIME (MIN) FFMEXF FRMCAL ny
6.0000 ?7.400 27,400 0.00000
43.000 67300 62.289 3.0114
6%9.000 41.300 38,660 2+6402
?8.000 13.300 14,974 ~1.46745
132.00 0.50000 0.60885 -(.1088%5

KINETIC CONSIANIS
MONOD MODEL
Kil= 6.411 + 0.00 mg/l
K2= 61.385% 1+ 0.00 ma/1l.hr

THE ARSOLUTE AVERAGE RESIDUAL 1.1815



Fage 11¢

Tahle 71

Momod modelsl-RutsnolslLiv/HudsRunlIA

SUBSTRATE +1-BUTANOL

METIIA PLIVINGSTON/HYDRORAC
CONCENTRATIONI100 FFM NOMINAL
IATE i01-07-84

RUN t1IA

TEMFERATURE  TUNKNOWN

TIME (MIN) FEMEXF FFMCAL ny
6.0000 109.20 109.20 0.00000
43,000 774400 77.736 =-0.154605
71.000 395.800 54,522 1.2778
103.00 32.000 29,219 2.7807
131.00 8.2000 10.061 -1.8614
162,00 0.40000 0.41124 -0.11241E-01

KINETIC CONSIANIS
MONOD MODEL
Kli= 5.732 £ 0.00 ma/1
K2= 54,147 + 0.00 mg/1l.Nhr

THE ARSOLUTE AVERAGE RESIDUAL = 0.39736



SUBSTRATE

MEDIA

CONCENTRATION

ATE

RUN

TEMFERATURE

TIME (MIN?

14,000
31.000
79.000
111.00
140.00
171.00

Monod modelsi-ButsrnolslLiv/HudRunlIlIIa

+1-BUTANOL

SLIVINGSTON/HYIIRORAC

Table 72

100 FFPM NOMINMNAL

101-07-84

H 2]

FUNKNOWN

FFMEXF

88,100
74.800
54,000
27.400
3.2000
0.30000

KIMETIC CONSIANIS

MONOLD MODEL

Ri= 45,780 £ 0.00 m=/1

K2= 108,722 £ 0.00 mg/1l.hr

FRMCAL

88.100
50.311
27.3%91
11.028
4,0711
1.2679

oy

0.00000
24.489
264609
16.372

~0,17110
~0.96792

THE ARBOLUTE AVERAGE RESIDUAL = 6.6181

Fage 11¢



Fage 12¢

Table 73

Mormod modelsyl-RButarmol Liv/LLMOsRunl

SUBESTRATE 1 1-BUTANDOL
MEDIA sLIVINGSTONM/LLMO

CONCENTRATIONS 100 FFM NOMINAL

LATE 101-18--84

RUN LA

TEMFERATURE 124 C

TIME (MIN) FFMEXF FFMCAL oy
4.0000 82.000 82.000 0.00000
37.000 S56.900 40,6596 16.244
70.000 29,800 13.838 13.962
160,00 0.30000 0.32673 ~0.26731E-01

RINETIC COMSTIANIS
MONOLD MOUOEL
Ki= 49,422 4+ 0,00 mg/1

KZ2= 138,213 £ 0.00 mg/l.hr

it

THE ARSOLUTE AVERAGE RESIDUAL 4,3129



Fade 121
Tabhle 74

Mormod modelsl-Butarmol Liv/LLMOsRunll

SUERSTRATE +1-BUTANOL

MEDTIA fLIVINGSTON/LLMO
CONCENTRATIONI100 FFPM NOMINAL
DATE 101-19-84

RUN M

TEMPERATURE 24 C

TIME (MIND FFMEXF FFMCAL oy
&, 0000 ?5.700 25.700 0.00000
41.000 88.500 79.724 8.7757
48.000 74,800 67 +4606 7.1938
100.00 460,600 53.563 7.0349
133.00 44,900 39.6153 5.2854
163.00 30.200 27 . 661 2.5385
203.00 11.500 13,667 -2.1669
258.00 3.0000 2.1169 0.88306
279.00 0.20000 0.73044 -0.53044

KINETIC CONSYANIS
MONOD MODEL
Ki= 8.3%%20 1+ 0.00 m=g/1
K2= 30.076 % 0.00 mg/l.hv

THE ARSDLUTE AVERAGE RESINUAL = 1.6420



Tabhle 79

Mormod modelsl-ButarnolsLiv/LLMOrRunIII

SURSTRATE 11-RUTANOL

MELIA FLIVINGSTON/LLMO
CONCENTRATIONI100 FPFPM NOMINAL
DATE 101-20-84

RUN dITX

TEMFERATURE (24 C

TIME (MIN) FFMEXF FFMCAL
8.0000 24,200 24,200
44,000 ?0.900 86.458
73.000 85.000 80,134
101.00 764700 73.943
132.00 68,000 66,960
163,00 37.600 59.804
192,00 48.100 52.898
225,00 346.800 44,672
278.00 17.000 29.791
3146.00 2,8000 18.480

KINETIC CONSIANTS

MONOD MOLEL

CKi= -12.491 £ 0,00 ms/1
K2= 11,118 £ 0,00 ms/l.hr

THE ARSOLUTE AVERAGE RESIDUAL =

oy

0.00000
4,4418
4.8638
2.7547
1.0399

~2,2042

~4,7979
~7.8719
~12,791
~15.,680

2.3482

Fade 122



Tabhle 7

Haldane modelsl-~RutarolsLivsRunl

SURSTRATE $1-BUTANOL

MEDILA :LIUIQGSTON
CONCENTRATIONIL100 FPM NOMINAL
DATE +11-01-83

RUN ¢I

TEMFERATURE 129 C

TIME {(MIN) FFHMEXF FEMCAL
9.0000 113.20 24,4653
24,000 108.90 92.550
34.000 1046.00 21,433
51.000 104,80 89.521
120.00 84.000 81.538
160.00 72.900 76,721 -
186.00 64.500 73,500 -
219.00 58.600 69293 -
253.00 43,3500 64.793 -
278.00 38,700 61.353 -
310,00 29.300 36.748 -
340,00 21.000 6+3075
368.00 13,100 7.5931
399.00 6+2000 2.35470 -
429.00 0.+ 460000 12,489 -

KINETIC CONSIANIS
HALDANE MODEL

Ni= 23.130 £ 0.00 msg/1
K2= 46,396 + 0.00 mg/1l.hr
K3= ~0,001 £ 0.00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL = 3.88235

)

oy

18.3547
16.350
14,3567
15.279
2.,4625
3+8207
2.0002
10.693
21.293
22,653
27.448
14,693
3.5069
3.3470
11.889

Fage 127



Haldane modelyl-RutanolslivsRunIl

Table 77

SURBRSTRATE ¢ 1-BUTANOL

MEDTIA $LIVINGSTON
CONCENTRATION?100 FFM NOMINAL
DATE $11-05-83

RUN HEY

TEMFERATURE 125 C

TIME (MIND FFMEXF

6.0000 119.70
40.000 111.30
70.000 97 .700
100.00 87,200
131.00 74.8060
161,00 62,300
193,00 50600
220,00 37.000
250.00 25.400
279.00 14.4600
310,00 22,6000
343.00 0.30000

KINETIC CONSTANIS

HALDANE HMODEL

Ki= 36.260 & 0.00 mg/1
K2= 15,800 £ 0.00 mg/l.hr.

K3z -0,007 £ 0.00 1/ms

FEMCAL

P7.+436
92.873
BB.676
84.292
79.528
74.646
68.700
63.9463
7.6826
10.281
15.023
33,324

THE ARSOLUTE AVERAGE RESIINUAL =

by

22,264
18.427
?.0237
2.9082
-4,7284
-12.344
-18.100
“260963
17.717
4.3188
~5.4231
-33.024

5.0049

Fade 12+



Haldame model:i-ButanolsbLivsRunlIll

Tanle 78

SUBSTRATE 11-RUTANOL

MEDIIA tLIVINGSTON
CONCENTRATION:100 FFM NOMINAL
LDATE +111-09-83

RUN HEN

TEMFERATURE 126 C

TIME (MIND FRHEXF

8.0000 116.40
44,000 112.70
74,000 104.70
103.00 29,400
134.00 ?1.600
144.00 81.800
193.00 78.900
222.00 68,9200
233.00 60,200
283.00 33.300
313.00 47400
343,00 40.900
373,00 31,4600
4046.00 22.900
433,00 16,000
463,00 8.8000
493,00 1.4000

KINETIC CONSIANIS
HALIANE MODEL

Ri= 17,630 £ 0.00 ma/1
K2= 2.895% & 0,00 mg/l.br

K3= 0.001 £ 0,00 1/ms

FFMCAL

?1.379
88.174
85.513
82,947
80,208
77 +560
75000
72.437
69,692
67.025
64,345
61,647
58.9246
35.896
4.1280
4.6016
J+1513

THE ARSOLUTE AVERAGE RESINUAL =

4.178

oy

25,021
24,324
19.187
16,453
11.392
4.2402
3.9002

-3.3371
“'?04916
-13.725
-16.945

20.747

~27.326
~32.996

11.872
4,1984

-3+7513

5

Fage 128



Tahle 79

Heldane modelyi-RButarolsLiv/BI-CHEMyRunl

SURSTRATE t1-BUTANOL
MEDIA SLIVINGSTON/RI-CHEM
CONCENTRATIONI100 FFM NOMINAL
DATE +11-05-83
RUN ¢ I
TEMFERATURE 125 C
TIME (MIN) FFMEXF FEMCAL
6.,0000 110.30 92.115
41.000 107.20 20.430
70.000 107.60 89.033
100.00 100.20 87.591
132.00 23.500 84.030
161.00 88.500 84,652
195.00 81.700 83,012
220.00 71.400 81.806
250.00 56,9200 80.356
279 .00 60.500 78,952
210,00 56,700 77 +449
343,00 48.900 75,845

EINETIC CONSIANTS
HALDIANE MODEL

Ki= 18,316 %+ 0.00 ms=/1
K2= 1,721 4+ 0.00 mg/l.hr
K3= 0,001 £ 0,00 1/mg

THE ARBRSOLUTE AVERAGE RESIDUAL =

Ly

18.18%5
16.770
18.345
12.609
7.+4505
3.8479
-1.3124
-10.406
~13.456
~18.452
~20.749
~26.945

Fade

1264



Haldare modelsl~ButarolsLiv/RI-CHEMyRunll

Table BO

SUBSTRATE t1-RUTANOL

MEDIA tLIVINGSTON/EI~CHEM
CONCENTRATION:100 PFM NOMINAL
DATE $11-05-93

RUN 11T

TEMFERATURE  $25 C

TIME (MIMN) FRHMEXF

8.0000 117.10
42,000 105.10
73.000 94,300
101.00 81.400
134.00 467 .400
168.00 30.400
122.00 38.900
222,00 25.400
231.00 12.700
282,00 1.6000
312.00 « 20000

KINETIC CONSIANIS

HALDANE MODEL
Ki= ~49,.347 + 0,00 ma/1
K2= -50.325 + 0.00 ms/l.hr

K3= 0.044 % 0.00 1/ms

FEMCAL oy

P6.4687 20.413
92,296 - 12.804
88.020 6.2802
83.883 -2.,4830
78.579 -11.179
72.453 -22.055
67351 ~-28.4651
13.530 11.870
20.072 =7.3723
41 .442 -3%.842
44,900 -44,700

THE ARSOLUTE AVERAGE RESIDUAL = &.%9468

Fadge 127



Fage 12§&

Tabhle 81
Heldarne modelsi-ButarnolsLiv/BI-CHEMsyRunIII

SUBSTRATE $1-BUTANOL

MEDIA tLIVINGSTON/RI-CHEM
CONCENTRATION:100 FFPM NOMINAL
DATE +11-09-83

RUN dIIX

TEMPERATURE  IUNKNOWM

TIME (MIND FFMEXF FFMCAL ny
6.0000 116.10 P6.497 19.603
44,000 106.80 ?1.222 15.378
62,000 ?6.400 7+601 8.7989
?9.000 85%.800 83.072 2.7283
130.00 468.900 78.142 -9.2418
162.00 964700 72.725 -16.025
196,00 3743500 66.+498 ~-28.998
226.00 20.000 65.+.3443 13.456
251.00 4,7000 + 3402 =3.6402
279.00 0.30000 11,304 -11.004

EIMETIC CONSTANTS

HALTANE MODEL

Ki= 35.182 £+ 0.00 mg/1
K2= 15.733 4% 0.00 mg/1.hr
K= ~-0.007 %+ 0.00 1/m=

THE ABSOLUTE AVERAGE RESIDUAL = 4.,7014



SURSTRATE
MEDIA
CONCENTRATION
OATE

RUN
TEMFERATURE

TIME (MIMN)

6.0000
40.000
70.000
102.00
134.00
161.00
190.00
249.00
283.00
310.00
343,00
371.00
402,00
430.00
461.00
420.00
521.00
856¢.00
380.00

Hzldane modelsl-RutamolsLiv/HudsyRunl

:1-BUTANOL

Table B2

tLIVINGSTON/HYDRORAC
+100 FPM NOMINAL

t11-18-83

+

125 C

-

FEMEXF

87 .600
846.200
83.800
78.300
75.100
71.000
66 . 600
57600
52.300
48,000
41.800
37.100
31.200
25.400
19,100
13.200
7.3000
2.0000
0.20000

KINETIC COMSIANIS

HALDANE MODREL

Ki= 20.279 £ 0.00 mg/1

KZ= 3.484 &+ 0.00 mg/l.hr

K3= =0,003 £ 0.00 1/mg

FRMCAL

72750
70.945
6% . 328
47,578
65,800
64.275
62.611
a%.134
37,0886
53.386
593.283
51.449
49,359
47,409
45.170
5.3018
6.0043
6:.7910
7.7873

THE ARSOLUTE AVERAGE RESIDUAL =

oy

14,850
15,955
14,472
10.722
?.3004
6+ 7250
3.9887
-1.5337
~4.,7660
~7.3863
-11.483
~14.,349
-18.159
-22.,009
”‘26 + 070
7.8982
1.4957
~4,7910
"‘7 ¢ 58?3

2.8844

Fage 12¢



Haldame modelsli-RButzamolsLiv/HudsRunll

SUBRSTRATE + 1-EUTANOL

MEDIIA tLIVINGSTON/HYDROERAC
CONCENTRATION:100 FFM NOMINAL
DATE 111-19-83

FUN HE N

TEMFERATURE  tUNKMOUWN

TIME (MIN) FRMEXF

88,0000 101.50
43.000 28.300
73,000 90.800
103.00 82.800
133.00 75.600
162.00 67,200
1924.00 58,200
221.00 50.700
253,00 40.300
282.00 31.300
314.00 22.600
341.00 14,400
371.00 3.7000
324.00 0.50000

KINEIIC CONSIANIS
HALDANE MODEL

Ki= 19.356 + 0.00 ms/1
K2= 4,484 + 0,00 ma/l.hr

K3= ~0,000 £ 0.00 1/mg

Tahle 83

FFEMCAL

82.310
79 .302
746,328
73.688
70.818
67 .996
64.822
62.088
S58.769
55.675
32.144
4.,7774
S5.5970
63656

THE ARSOLUTE AVERAGE RESIDUAL =

oy

18.990
18.998
14,472
?.1118
4,.7823
~0.79610
~&. 6222
-11.388
~18.469
~-24,175
~29.344
?.8226
0.10298
~5.8656

4.,0027

Fage 130



Haldamne modelsli-ButarnolsbLiv/HudsRunlll

SUBRSTRATE f1-BUTANOL

MEDIA PLIVINGSTON/HYRRORBAC
CONCENTRATIONIL100 FFM NOMINAL
NATE $11-22-83

RUN HY G

TEMFERATURE  TUNKMOWN

TIME (MIND FFMEXF

7.0000 103,30
44,000 ?92.400
74,000 23.900
106.00 ?0.400
134.00 87.300
163.00 83.600
198.00 78.900
228,00 73.700
252,00 70.200
282,00 64,300
318.00 38.700
347 .00 33,700
372.00 48.300
403.00 43.400
432,00 38.100
4463.00 32.400
492,00 26.700
523.00 20.700
531.00 15.900

KINETIC CONSIANIS
HALTANE MODEL

Ki= 15.360 % 0.00 mg/1

RZ2= 1,622 £ 0,00 mg/l.hr

K3= 0.002 £ 0.00 1/mg

Tahle 84

FEMCAL

80,309
78,239
76,572
74.802
73.260
71,669
69,737
68.123
66,819
65,192
63,242
61.8673
60,321
58.643
57.071
55.388
53.808
52,112

3.2580

Ity

22,991
21.161
17.328
15.598
14,040
11.931
?.1432
5.3770
3.3811
~0.8916%
~4,5423
-7 +9732
~-12.021
~15.243
~18.971
-22.,988
~27.108
-31.412
12.644

THE ARSOLUTE AVERAGE RESIDUAL = 2.8016

Fadge 131



Table 8%
Haldane modelsl-ButarnolslLiv/HudsRunla

SUBSTRATE t1-RUTANOL

MEDIA tLIVINGSTON/HYDRORBAC
CONCENTRATION:L100 PFM NOMINAL
DATE 101-06—-84

RUN +IA

TEMPERATURE  PUNKNOWN

TIME {(MIN) PEMEXF FFMCAL ny
6.0000 ?7.400 BS.325 12,075
43.000 67 . 300 75.913 ~-8.46131
62.000 41,300 47,499 —-26.129
28.000 13,300 26,4698 -13.398
132.00 0.30000 33,458 -32,958

KINEIIC CONSTANIS
HALTIANE MOTEL
Ki= ~-3.791 £ 0.00 mg/1
K2= -17.932 £ 0.00 mg/1l.hr
K3= 0.014 & 0,00 1/m=

THE ARSOLUTE AVERAGE RESIDUAL = 9.3212

Fedge 132



Table 86

Haldane modely1~Butan01yLiv/H3dyRunIIA‘

SUBSTRATE $1-BUTANQL

MEDIA . tLIVINGSTON/HYDRORAC
CONCENTRATIONIL100 FPM NOMINAL
DATE +01-07-84

RUN tIIA

TEMPERATURE  $UNKNOWN

TIME (MIN) FPMEXF FFMCAL
4. 0000 109,20 P3.949
43,000 774600 85.715
71.000 35.800 78.195
103.00 32,000 21.841
131.00 + 2000 43.55
162,00 0.40000 14.033

KINETIC CONMSIANIS
HALDANE MODEL
Ki= -3.485 % 0.00 mg/1
K2= ~-15.577 4+ 0.00 mg/1.nr

K3= 0,012 + 0.00 1/m=

THE ARSOLUTE AVERAGE RESIDUAL = 8.0

3

2

oy

15,231
-8.,1148
-22.393

10.159%9
““350354
-13. 433

5

Fade 133



Haldane modelrsl-RutanolsLiv/HedyRunIIIA

Table 87

oy

12.861
5.4091
-10.089
19,789
-8.9810

SURSTRATE +1-BUTANOL
MEDIA CLIVINGSTON/HYDRORAL
CONCENTRATION:100 FFM NOMINAL
DATE 101-07-84
RUN $ITIA
TEMFERATURE  PUNKNDWN
TIME (MIND FFMEXF FEMCAL
16.000 88.100 5.239
31.000 74,800 69,391
72.000 54,000 64,089
111.00 27,400 7+6113
140.00 3.9000 12,881
171.00 0.30000 21.713

KINETIC COMSIANIS

HALDANE MODEL

Ki= -29.345 + 0,00 msg/1

R2= -35.243 + 0.00 mg/1.00r

K3= 0.034 * 0.00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL =

"'21 0413

5.8386

Fadge 134



Heldane modelysi-ButarnolsLiv/LLMOsRunl

SURSTRATE P 1-BUTANOL

Table 88

MEDTIA FLIVINGETON/LLMO
CONCENTRATIONI100 FPFM NOMINAL

TATE 101-18-84
RUN H
TEMFERATURE 124 C

TIME (MIN) FRPMEXF

6.0000 82.000
39,000 56.900
70.000 29.800
29,000 2.46000
160,00 0.30000

KINETIC CONSIANIS
HALDANE MODEL
Kl= 3,768 & 0.00 mg/l
K2= -5.566 % 0.00 mg/1l.hr

K3= 0,010 £ 0.00 1/msg

FFMCAL

74,086
68.425
25,459

0.89523

ny

7.9144

-11.523

E-01

4.3411

2.3105

0,19577E~-01 0.28042

THE ABRSOLUTE AVERAGE RESIDUAL =

2.9712

Fage 135



SURSTRATE
METIIA
CONCENTRATION
DATE

RUN
TEMFERATURE

TIME (MIND

4.0000
41.000
48,000
100,00
133.00
163.00
203.00
288.00
279.00

EINETIIC CONSIA
HALDANE MODEL

Ki= -11.436 %

K2= -13,5%94 £ 0,00 mg/l.hr

K3= 0,012 %+ 0,

Haldame modelsi—-RutanolsLiv/LLMOsRuUnIlI

t1-RUTANOL

Tabhle 89

ILIVINGSTON/LLMO
1100 FFM NOMINAL

101-19-84
LI
124 C

FRMEXF

?5.700
88.300
74,800
60,600
44,900
30.200
11.500
3.0000
0.20000

NIS

0.00 m=g/1

00 1/mg

FEMCAL

82.229
78.210
74,883
70.499
65,415
11.545
19.3%91
70,635
29.104

oy

13.471
10.290
-0.53162E-01
-2.8986
-20.,515
18.635
-7.8915
~67+4635
-28.904

THE ABRSOLUTE AVERAGE RESIDUAL = 9.0447

Fadge 1364



Haldane modelr»i-ButanolsLiv/LLMOyRunIII

Table 20

SURSTRATE ¢+ 1-BUTANOL

METITA tLIVINGSTON/LLMD
CONCENTRATIONI100 PPM NOMINAL
DATE t01-20-84

RUN sITI

TEMFERATURE (24 C

TIME (MIND FEMEXF

8.0000 24,200
44,000 ?0.700
73,000 85.000
101.00C 76.700
132,00 68.000
163,00 57 .600
192.00 48.100
2325.00 346.800
278.00 17.000
314.00 2.8000

KINETIC CONSTANIS
HALDANE MODEL

Ki= 15.3%94 & 0.00 m=g/1

K2= 2,754 4+ 0,00 mg/1.hr

K3= 0,002 + 0.00 1/m=

FRMCAL

78.044
74,831
72.253
69.778
67.043
64,312
61.757
58.845
54.139
3.1435

THE AERSDLUTE AVERAGE RESIDUAL =

oy

16,154
16,0469
2.745
6.9221
0.95731
-6.,7117
~13.457
-22.045
-37.13%2
-0.343446

3.3173

Fage 137



Fedge 138
Table 91

Zero-order modelsNitrohenzenesbLiv/HudyRunl

SUBSTRATE INITROBENZENE

MEDTA LIVINGSTON/HYDRORAC
CONCENTRATION:20 PFM  NOMINAL
DATE 112-02-83

RUN L

TEMFERATURE  IUNKNOWN

TIME (MIN) FPMEXF FEMCAL oy
16,000 27,300 11.347 -15.9253
71.000 77,1000 11.275 4.1744
140.00 8.5000 11.184 2.6840
194.00 8.5000 11.113 2.6132
250.00 7.+.35000 11.040 3.3396
1394.0 ?.4000 ?.3380 0.,13800
1420.0 7.+3000 7.5039 2.2039
1449.0 7+9000 ?.4658 1.56358
1479.0 ?.8000 74264 -0.37358
1510.0 ?.0000 ?.3857 0.38573
1630.0 7.+8000 .2282 1.4282
1688.0 ?,3000 ?.1521 -0.,14792
4210.0 8.1000 35.8416 -2,2584

KINETIC CONSIANTS
ZERD ORDER MOLEL
Ki= 11.348 £ 3,26 mg/l
K2= —0.07% %+ 0.00 mg/l.hr
THE CORRELATION COEFFICIENT = 0.78644E~01

THE ABRSOLUTE AVERAGE RESIIUAL = 1,3610



Zero-order modelsNitrobhenzenesLiv/HudsRunll

T

able 922

SUESTRATE !NITROBENZENE
MEDIA FLIVINGSTON/HYDROBAC
CONCENTRATION:20 FFM NOMINAL
DATE 112-07-83
RUN P11
TEMFERATURE  $UNKNOWN
TIME (MIN)  FFMEXF FEMCAL Iy
10,000 11,300 11,363 0.+63453E-01
72,000 12,000 11,324 ~0.,67602
125,00 11.000 11,290 0.29024
190.00 10,900 11.249 0.34886
249,00 11,300 11.211 ~0,88694E-01
305,00 11,600 11.176 -0, 42435
1543,0 9.5000 10,388 0.88754
1567.0 10,700 10,372 ~0.32774
1630.0 11.200 10,332 ~0.86785:
1688.0 12,100 10,295 ~1.8048
1749.,0 12,800 10.256 ~2,5436
1818.0 4,6000 10,212 5.6125
4385,0 $.2000 8.5783 ~0,62170
4426.,0 844000 8.5522 0.15220
KINEIIC CONSIANIS
ZERO ORDER MODEL
Ki= 11.370 ¢ 1,12 m=/1
K2= -0.038 £ 0,00 msg/l.hr
THE CORRELATION COEFFICIENT = 0.20347

THE ARSOLUTE AVERAGE RESIDUAL =

Fade 139



FPade 14¢C
Tahle 23

Zero—-order modelyNitrobermzenerlLiv/HudsRunmIII

SURSTRATE tNITRORENZENE

MEDIA sLIVINGSTON/HYDROEAC
CONCENTRATIONIZ20 PFM  NOMINAL
DATE 112-12-83

RUN vIII

TEMFERATURE  PUNKNOWN

TIME (MIND FEMEXF FEMCAL oy
12.000 11.800 14.693 2.8%925
392.000 13.300 14.456 1.1565
125.00 14,900 14,125 -Q.77495
200.00 13.000 13.748 0.,74841
248.00 11.600 13.307 1.9074
336.00 15.700 13.065 —2.6344
3465.00 14,500 12.920 -1.5802
429,00 14,500 12.398 ~1.9016
1394.0 8.6000 7.7524 -3.84761
1445.0 8.1000 7.49483 -0.60372
1305.0 7.+.7000 71230 -0.,303503
1884.0 3.6000 S3.2917 1.6917
2828.0 0.10000 0.55114 0.45114

EIMETIC CONSIANIS
ZERG ORDER MODEL
Ki= 14,753 4+ 1.04 mg/1
K2= -0.301 + 0.00 m=g/1l.hr
THE CORRELATION COEFFICIENT = ¢.880883

THE ABSOLUTE AVERAGE RESIDUAL = 0.43487



Fade 14
Table 94

Zero—-order modelsNitrobenzenesLiv/BI-CHEMsRunl

SUBRSTRATE tNITRORENZENE

MEDNIA FLIVINGSTON/RI-CHEM
CONCEMTRATIONIZ0 FFM  NOMINAL
DATE $12-21-83

RUM ¢ I

TEMFERATURE  TUNRKNOWN

TIME (MIN) FRMEXF FRMCAL oy
1%.000 2.2000 8.5049 63049
78.000 3.8000 8.46005 4.8003
132.00 3.8000 8.46824 4,8824
192.00 8.1000 8.7735 0.67351
294.00 13,300 8.8476 -6.4324
323.00 13.800 8.9724 -4.8277
387.00 13,400 ?.0695 -4 ,3305
438.00 10.3500 ?.14469 -1.3531
1573.0 12.000 10.870 -1.1303
16406.0 12.200 10.971 -1.2286
1689.0 10.9200 11.046 0.,14573
1938.0 11.800 11.424 ~0.,37632
2958.0 10.100 12.972 2.8719

KINEIIC COMSTANIS

ZERQ ORDER MOLEL

Ki= 8.482 & 2.492 mg/1
KZ= 0,091 £ 0,00 mg/1l.hr

THE CORRELATION COEFFICIENT = 6.11852

THE ARSOLUTE AVERAGE RESIDUAL = 1.0422



Fagde 142
Table 923

Zero—-order modelsNitrobenzenesLiv/BI-CHEMsRunII

SUESTRATE NITROBENZENE

MEDIA LIVINGSTON/EI-CHEM
CONCENTRATION:20 FFM  NOMINAL
IATE $12-27-83

RUN PTI

TEMFERATURE  (UNKNOWN

TIME (MIND FEMEXF FFMCAL ny
13.000 12,200 21,012 1.8121
63.000 18.600 20.9255 2.,3554
128.00 21.200 20.887 -0.31331
187.00 22.000 20.822 -1.1776
251.00 18.100 20.753 2.,6526
1471.0 12.400 19.423 0.2259BE-01
1509.0 22.500 12.381 -3.1188
1563.0 21,800 19.322 -2.4777
1627.0 23.000 19.2583 ~3.7475
1683.0 21.400 19.121 ~-2.,2085
2867.0 11,700 17.901 6.2007

KINETIC COMSIANIS

ZERO ORDER MODEL
Ki= 21.026 & 2.17 m=/1

K2= -0.086% £ 0.00 mg/1l.hr

THE CORRELATION COEFFICIENT = (¢.10518

THE AEBSOLUTE AVERAGE RESIDUAL = 0.86526



Zero-order modelsyNitrobenzcenesLiv/BI~-CHEMsRunIII

SUBSTRATE

MELIA

CONCENTRATION

OATE

RUN

TEMFERATURE

TIME (MIN)

10.000
71.000
151.00
204.00
260.00
312.00
380.00
1572.0

Table 26

INITROBENZENE

FLIVINGSTON/RI-CHEM

120 PPM NOMINAL

+01-02-84

tITI

+ UNKNOWN

FRMEXF

11.900
12.100
10.300
11.000
8.1000
?.1000
7.+.5000
0.20000

KINETIC COMNSIANIS

ZERQ ORDER MODEL

RKi= 11.334 & 0.88 mg/1

K2= -0.,447 &+ 0,00 mg/1l.hr

FFMCAL

11,460
11,003
10.408
10,013
?.5953
?.2075
8.7004
-0,18887

ny

~-0.44032
-1 952
0.10818
-0.,98706
1.4953
0.,10733
1.2004
-0.38887

THE CORRELATION COEFFICIENT = 0.94009

THE ARSOLUTE AVERAGE RESIDUAL = 0.31173

Fage 143
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Tabhle 97

Zero—-order modelsNitrobenzeneslivsRunIl

SUBRSTRATE tNITRORENZENE
MEDIA tLIVINGSTON
CONCENTRATIONIZO FFPM NOMINAL
DATE FUNKNOWN

RUN -

TEMPERATURE  (UNKNOWN

TIME (MIN) FFMEXF FEMCAL ny
10.000 34.000 26.464 =7 .3364
245.00 20,100 21.738 1.6377
370.00 14.200 19.224 4,3240
455.00 14.3500 17.515 3.0146
635.00 12.400 13.8%95 1.4948
1447.0 0.50000 ~2.4347 ~2.9347

KINETIC CONSIANIS

ZERQO ORDER MODEL
Ki= 26.665 % 9.62 mg/]
K2= -1.,207 £+ 0.00 md/1.hr

THE CORRELATION COEFFICIENT = 0.83579

THE ARSOLUTE AVERAGE RESIDUAL = 1.46308



SUBSTRATE

MEDIA

Zero—-order modelsNitrobenzenerbLiveRunIIl

Table 98.

tNITRORENZENE

tLIVINGSTON

CONCENTRATION:20 PFPM  NOMINAL

DATE

RUN

TEMFERATURE

TIME (MIN)

10.000
63.000
125.00
183.00
245.00
305.00
365.00
4325.00
620,00

FUNKNOWN

$IIT

CUNKNOWN

FEMEXF

25.300
24,900
23.800
21.200
18.100
16.300
16,100
13.300
3.92000

- KINETIC CONSTANIS

ZERO ORDER MODREL

Ki= 27.3466 % 1.02 m=/1

K2= -2,106 &+ 0.00 mg/1l.hr

FEMCAL

27,015
25,083
22.979
20.874
18.748
164662
14,557
12,451
5. 6080

oy

1.7151
0.18497
~-0.820646
1.0263
0.66811
0.16249
~1.3431
1.,0487
1.7080

THE CORRELATION COEFFICIENT = 0.96907

THE ARSDLUTE AVERAGE RESIDUAL = 0.37800

Fage 14°%



Zero-order modelsNitrobenzenesLiv/BI-CHEMyRunIA

SURSTRATE

MELIA

CONCENTRATION

DATE

RUN

TEMFERATURE

TIME (MIN)

10.000
125.00
245.00
1327.0
1447.0
1567.0
1655.0
2646.0
2765.0

INITROBENZENE

Tahle 29

SLIVINGSTON/BI-CHEM

120 PFM NOMINAL

T UNKNOUWN

tIA

$UNKNOWN

FRMEXF

19.500
18.500
17.100
11,000
10,400
8.3000
7.7000
7.+9000
6+8000

RKINETIC CONSIANIS

ZERO ORDER MODEL

Ki= 17.976 £ 1.50 mg/1

K2= ~0.278 £ 0.00 mg/l.hr

FFMCAL

17.930
17.397
16.842
11.831
11,275
10.719
10.312
53,7223

3.1712

THE CORRELATION COEFFICIENT = 0,

THE ABSOLUTE AVERAGE RESIDUAL =

Iy

~1+3699
-1.,1025
-0,25827
0.83082
0.87508
2:4193
2.6118
~2.1777
~1.46288

87613

0.35858

Fade 144
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Table 100

Zero—-order modelsNitrobenzenesLiv/RI-CHEMsRunIIA

SUBSTRATE INITRORENZENE

MEDIA FLIVINGSTON/RI-CHEM
CONCENTRATIONI20 FFM  NOMINAL
DATE $UNKMNOUWN

RUN t1IA

TEMFERATURE  JUNKNOWN

TIME (MIND FRMEXF FFMCAL oy
7.0000 12,200 12,9350 0.749251
125.00 11.400 10.843 -0.55672
246.00 ?.8000 8.46835 -1.1165
367 .00 3.+6000 6.5237 0.92371

KINETIC CONSIANIS

ZERO ORDER MOLDEL

Ki= 13,074 & 2.464 mdg/1
K2= ~1.071 £ 0.00 mg/1l.hr

THE CORRELATION COEFFICIENT = 0.88349

THE ARSOLUTE AVERAGE RESIDUAL = 0.43093



Zero~order modelsNitrobenzeneslLiv/RI-CHEMsRunIIIA

SUESTRATE
MEDIA
CONCENTRATION
DATE

RUN

TEMFERATURE

TIME (MIND

8.0000
127.00
255,00
36700
635,00

tNITRORENZENE

Table 101

TLIVINGSTON/RI-CHEM

120 FFM NOMINAL

FUNKNOWN

tI11A

T UNKNDBUWN

FEMEXF

14,400
13.800
12.000
10.300
10.200

KINETIC CONSTANIS

ZERQO ORDER MODEL

Ki= 14.200 % 1

KZ2= -0.444 £ O

26 mg/1

+00 meg/1lonr

FEMCAL

14.141
13.260
12,313
11.484
?.3009

THE CORRELATION COEFFICIENT = 0.

THE ARSOLUTE AVERAGE RESIDUAL =

ny

-0.539355
0.31317
1.1843
"“0 + 69906

84383

0.30643

Fage 148
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Tahle 102

Marod modelsNitrobenzenersliv/HudsRunl

SUBSTRATE tNITRORENZENE

MEDIA SLIVINGSTON/HYDRORAC
CONCENTRATION:Z20 PFM  NOMINAL
DATE $12-02-83

RUN i1

TEMPERATURE 3 UNKNOWN

TIME (MIN) FFMEXF FEMCAL ny
16.000 27.300 27,300 0.00000
87.000 7.,1000 8.0133 ~-0.21328
156.00 8.5000 8.0250 0.,47495
210.00 8.5000 8.0343 0.46573
266.00 7.3000 8.0439 ~-0.54388
1410.0 74000 B.24853 1.1547
1434.0 7.+3000 + 2469 -0.%94994
1465.0 7.90060 B8.2552 -0.,353521
1493.0 ?.8000 8.2606 1.35394
1526.0 ?.0000 8.2663 0.73373
1646.0 7.,8000 8.2881 -0.48810
1704.0 ?.3000 8.2987 1.0013
4226.0 8.1000 8.7901 -0.69015

KINETIC CONSIANTS

MONDODN MODEL

Ki= -15.72% + 0,00 md/1
K2= 0.010 £ 0.00 m=/1.hr

THE ARSOLUTE AVERAGE RESIDUAL = 0,22

o
rJ
%]
[
o
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Tanle 103

Mornod modelsNitrobenzenesliv/HudsRunll

SURSTRATE {NITROBENZENE

MEDIA FLIVINGSTONAZHYDRORAC
CONCENTRATIONIZ20 FPPM NOMINAL
LATE 112-07-83

RUN LN

TEMPERATURE  TUNKNOWN

TIME (MIN) FRMEXF FFMCAL oy
10.000 11.300 11.300 0.00000
82.000 12,000 11,285 0.71495
135,00 11.000 11.274 -0.27401
200,00 10.900 11.260 =0.346042
259.00 11.300 11,248 0.51929E-01
315.00 11.600 11.236 0.3636%
15583.0 ?.5000 10.968 -1.44683
1577.0 10.700 10,963 ~0,26298
1640.0 11.200 10.949 0.25112
1698.0 12,100 10.936 1.14641
1739.0 12.800 10.922 1.8779
1828.0 4,6000 5.4874 -0.88737
4395.0 2.2000 10,276 1.0758
4434.0 8.4000 10.265 ~1.8647

BINETIC CONSTANIS

MONOD MODEL
Ki= ~-7.88%9 %+ 0.00 msg/1
K2= 0,004 £ 0,00 mg/l.hr

THE ARSOLUTE AVERAGE RESIIUAL = 0,26189



SUBSTRATE

MEDIA

Monod modelsNitrobenzeneslLiv/HudRunlIIl

Tanle 104

tNITROBENZENE

tLIVINGSTON/HYDROBAC

CONCENTRATION:20 FPPM  NOMINAL

DATE

RUN

TEMFERATURE

TIME (MIN)

12.000
71,000
137.00
212,00
260,00
348.00
377 .00
441,00
1406.0
1457.0
1517.0
1826.0
2840.0

$12-12-83
$I11

+ UNKNOWN

FEMEXF

11.800
13.300
14,900
13.000
11.600
13.700
14.500
14,3500
8.6000
8.1000
77000
3,6000
0,10000

KINETIC CONSTANTS

MONOD MOLEL

Ki= -5.279 £ Q.00 m&g/1

K= ~0,097 £ 0,00 mg/1.hr

FFMCAL

11.800
11.971
12.159
12,371
12.305
12.749
12.828
13,002
15.473
15.597
15,742
0.83239
0.39712

THE ARSOLUTE AVERAGE RESIDUAL =

ny

0.,00000
1.3293
2+7403

0.62874

~0.2053%
2.,92514
1.6719
1.4978
~6.8726

""7 + 4‘?69

-8, 0424
2.7676

-0.49712

1.0886

Fadge 151
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Table 105

Monod modelsNitrobenzenesLiv/BI-CHEMsRunl

SUBSTRATE tNITRORENZENE

METIIA FLIVINGSTON/RI-CHEM
CONCENTRATIONIZ20 FPM NOMINAL
DATE $12-21-83

RUN o1

TEMPERATURE  JUNKNOWN

TIME (MIND FFMEXF FRHCAL oy
15.000 2.,2000 2.2000 0.00000
93,000 3,8000 2,2232 1,5768
147.00 3.8000 2.2324 1.5606
207000 801000 130184 ‘500844
269.00 15.300 13.122 2.1782
338,00 13.800 13.032 0.74828
402.00 13.400 12.986 0.41355
453,00 10,500 12.934 -2.4342
1588.0 12.000 11.713 0.2B862
14655.0 12.200 11,637 0.56291
1704.0 10.900 11,581 ~0.68093
1953.0 11.800 11.291 0.50947
2973.0 10,100 ?.9829 0.11707

KINETIC COMSTANIS

MONOD MODEL

Ki= ~46.1922 % 0.00 mg/1
K2= 0,032 & 0.00 mg/1l.hr

THE AERSOLUTE AVERAGE RESIDUAL

0.50623



Mormod modelsNitrobenzernesLiv/BI-CHEMsRuUnIl

SURSTRATE INITROBENZENE

MEDTA LIVINGSTON/R

»e

Table 106

I-CHEM

CONCENTRATIONIZ20 PFM  NOMINAL

DATE

*e

12-27-83

FRUN

4

IT

TEMFERATURE  TUNKNOWN

TIME (MIM) FFMEXF
13.000 192.200
78.000 18.600
141.00 21.200
200.00 22.000
264,00 18,100
1484.0 19.400
18522.0 22.500
1876.0 21.800
1640.0 23,000
1696.0 21,400
2880.0 11.700

KINETIC CONSTANIS

MONOD MODEL

Ki= -17.,404 & 0.00 mg/1

KZ= -0.018 £ 0.00 m&g/1l.hr

FEMCAL

19.200
19.403
19.383
19.741
192.9202
22,098
22.153
22.230
22.320
22,397

12,229

THE ARSOLUTE AVERAGE RESIDUAL =

oy

0.00000
~0.80293
1.46166
2.,2590
-1.8021
~2.6983
0.34706
~-0,42978
0.468040
-0.929718
-0.52909

Fade 133
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Table 107

Monod modelsNitrobernzernerLiv/RBI-CHEMsRunIII

SUBSTRATE INITROBENZENE

MEDIA tLIVINGSTON/RI-CHEM
CONCENTRATIONIZ20 FFM NOMINAL
OATE 101-02-84

RUN fITX

TEMPERATURE  $UNKNOWN

TIME (MIN) FFMEXF FRMCAL oy
1¢.000 11.200 11.900 0.00000
81,000 12.100 10.833 1.2472
161.00 10.300 9.7161 0.,538392
214.00 11.000 8.9903 2.0097
270.00 8.1000 8.,24%20 ~0.14898
322.00 ?.1000 7.+5855 1.5145
390.00 7,5000 67563 0.74372
1582.0 0.20000 0.24888 -0.48884E~-01

KINETIC CONSTANIS

MONGD MODEL

Kli= 6.311 4 0,00 mg/1

K2= 1,376 2 0.00 mg/1l.hr

THE ARSOLUTE AVERAGE RESIDUAL = 0.37093



Fage 155
Tahle 108

Mornod modelsNitrobenzenesbliveRunll

SUBSTRATE sNITROBENZENE
MEDIA tLIVINGSTON
CONCENTRATIONIZ0 PFM  NOMINAL
DATE + UNKMOWN

RUN P11

TEMFERATURE  FUNKNOWN

TIME (MIN) FRMEXF FFMCAL oy
10.0Q0 34,000 34,000 0.00000
255.00 20.100 22,124 -2.0241
380.00 14.900 17,049 ~-2.1494
4465.00 14,3500 14,027 0.47324
645.00 12.400 8.8237 3.5763
1457.0 0.50000 0.3735446 ~0.75458E-01

KINETIC COMSTIANIS

MONQLIN MODREL
Ki= 23.824 £ 0.00 msg/1
K2= 5.41% &£ 0.00 mg/1l.nr

THE ABRSOLUTE AVERAGE RESIDUAL = 0.77704



Morod modelsNitrobenzenesiivsRunlIl

SUBSTRATE INITRORENZENE
METIIA tLIVINGSTON
CONCENTRATIONI20 FFM NOMINAL
DATE TUNKNOWN

RUN +IT1

TEMFERATURE  {UNKNOWN

Table 109

TIME (MIN) FRMEXF FEMCAL ny
10.000 25.300 25.300 0.00000
75.000 24.900 23.8446 1.0839
135.00 23.800 22,473 11,3267
193,00 21.900 21.065 0.83517
255.00 18.100 12.612 -1.5119
315.00 146.500 18.102 -1.46021
375.00 146,100 16.316 ~-0.,41597
435.00 13.3500 14.820 -1.3204
630.00 3.9000 6.8840 -2.9840

KINETIC CONSTANYS

MONDOD MODEL

Kl= -6.584 £ 0.00 m=/1

K= 0.982 + 0,00 mg/1l.hr

THE ABRSOLUTE AVERAGE RESIDUAL

Fage 15¢



Morod modelsNitrobenzenerliv/RI-CHEMsRuUnIA

SUBSTRATE INITROBENZENE
MEDIA tLIVINGSTON/R
CONCENTRATION:20 FFM  NOMI
LDATE FUNKNOWN

RUN cIn

TEMFERATURE  UNMKNOWN

TIME (MIN) FFMEXF
10.000 12.500
135.00 18.300
255.00 17.100
1337.0 11.000
1457.0 10.400
1577.0 8.3000
1665.0 7.7000
24656.0 7.+9000
2775.0 6.8000

KINETIC CONSTIANIS
MONDD MODEL
Ki= —-15.652 + 0.00 m=g/1

K2= ~0,067 £ 0.00 mg/l.hr

Table 110

I-CHEM

NAL

FEMCAL

19.500
201867
20.741
?.1523
8.2670
8.7902
8.6655
7.4831
7+3624

ny

0.00000
~1.6666
~3.6411
1.8477
1.4330
-0.49018
~0.26532
0.41691

-0.546245

THE ABSOLUTE AVERAGE RESIDUAL = 0.033478

Fage 157
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Table 111

Mornod modelsMNitrobenzenesLiv/RI-CHEMyRuUnIIA

SUBRSTRATE INITRORBENZENE

MEDIA tLIVINGSTON/RI-CHEM
CONCENTRATIONIZO0 FFM  NOMINAL
DATE FUNKNOWN

RUN i1IA

TEMFERATURE  IUNKNOWN

TIME (MIN)D FPMEXF FRMCAL ny
7.0000 12.200 12.200 0.00000
132.00 11.400 11.175 G.22497
253.00 ?.8000 10.007 -0.20658
374,00 3.6000 5.6528 -0.,52838E-01

BINETIC CONSTIANIS

MONOD MODEL
Ki= -4.215 £ 0.00 mg/1
K2= 0.201 £ 0.00 m&g/l.nhr

THE ARSOLUTE AVERAGE RESIDUAL = 0.774%1E-01



SUBSTRATE
MEDIA
CONCENTRATION
DATE

RUN

TEMPERATURE

TIME (MIND

8.,0000
135.00
263.00
375.00
643,00

s NITROBENZENE

Table 112

SLIVINGSTON/RBI-CHEM

FUNKNOWN
1IIIA

S UNKNOWN

FFMEXF

14,400
13.800
12,000
10.300
10.200

KIMETIC CONSIANIS

MONQD MODEL

Ki= -12.300 £ 0,00 m=g/1

K= ~0.006 £ 0.00 mg/l.hr

120 PFPM NOMINAL

FFMCAL

14.400
14,496
14,589
10.3557
10,415

Monod modelsNitrohenzenesLiv/RI-CHEMsRunIIIA

ny

0.00000
-0.6%2600
-2.5889
~-0.283709
-0.21484

THE ABRSOLUTE AVERAGE RESIDUAL = 0.54033

Fage 159



Haldamne modelsNitrobenzeneslLiv/HudyRunl

Table 113

SURSTRATE INITROBENZENE

MEDIA PLIVINGSTON/HYIRORAC

CONCENTRATIONIZO PFM NOMINAL

DATE 112-02-83
RUN ¢ I

TEMPERATURE  SUNKNOWN

TIME (MIND FFMEXF

16,000 27 .300
87.000 77,1000
156.00 8.5000
210.00 8.5000
264,00 7.5000
1410.0 ?.+4000
1434.0 7.+3000
14465.0 77,2000
1495.0 ?.8000
1526.0 ?.0000
1646.0 7.8000
1704.0 72,3000
42326.0 8.,1000

EKINETIC CONSTANIS

HALDANE MODEL
Ki= ~5.,805 1 0,00 m=/1
K2= -0.352 & 0.00 mg/1.hr

K3= 0,083 £ 0.00 1/ms

FFMCAL

21,506
0.9817%9
1.0849
11,1722
1.26%93
13.219
6.3844
6.7385
12.016
11.405
7+156%
7.44618
7.+.4576

THE ARSOLUTE AVERAGE RESIDUAL =

0

0

4]

1.2167

oy

3.7937
6.1182
7.4151
7.3278

+ 2307
3.8192
+ 21558
1.1615
2,2160
2,40446
+ 64307
1.8382
+ 64244

Fage 14&6C



SUBSTRATE
MEDIA
CONCENTRATION
DATE

RUN
TEMFPERATURE

TIME (MIN)

10.000
82.000
135.00
200,00
25%9.00
315.00
1553.0
1577.0
1640.0
1698.0
1759.0
1828.0
4395,0
4436 .0

Haldamne modelsNitrobenzene:Liv/HuedsRunll

INITROBENZENE

Ta

ble 114

FLIVINGSTON/HYIRORAC

:20 FFM NOMI
112-07-383

dI1

¢ UNKNOWN

FFMEXF

11.300
12.000
11.000
10,900
11.300
11.600
?.5000
16,700
11.200
12.100
12.800
4.,6000
?.,2000
8.4000

EINETIC CONSTIANIS

HALDANE MODEL

Ki= 4.454 %+ 0.00 msg/1

K2= 0.007 & 0.00 mg/l.hr

K3= 0.003 £ 0.00 1/mg

NaL.

FRMCAL

11.144
11.127
11,115
11.099
11.086
11.072
10.778
10,773
10,758
10.744
10.729
10.712
10.082
10.072

THE AERSDLUTE AVERAGE RESIDUAL =

ny

0.15598
0.87287
-0.1144%
-0.,19942
0.21445
0.32762
-1.2785
-0, 72725E~01
0.442383
1.3343
2.0709
-6.11295
~-0.88206
-1.6718

0.50539

Fege 163



Table 115
Haldane modelsNitrobenzenesLiv/HudsRunIll

SUBSTRATE INITRORENZENE

MEDIA tLIVINGSTONA/HYDRORAC
CONCENTRATIONIZ20 FFM  NOMINAL
DATE 112-12-83

RUN $ITIX

TEMFERATURE  JUNKNOWN

TIME (MIN) FRMEXF FPMCAL Ly
12.000 11.800 13.3547 ~1.7467
71.000 13,300 13.379 ~0.79192E-01
137,00 14.9200 13,187 1.7128
212.00 13,000 12,963 0,.37194E£-01
260G.00 11.600 12.815 -1.2153
348.00 15.700 12,336 3.1636
377.G0 14.500 12.442 2.0581
441.00 14.300 12.228 2.2718
1406.0 8.6000 ?.5544 ~0.95443
1457.0 8.1000 3.1088 2.9912
1317.0 77000 1.6689 6.0311
1896.0 36000 19.4684 ~-16.084
2840.0 0.10000 0.80258E-02 0.91974E~-01

BRIMETIC CONSTIANIS

HALTIANE MODEL

Ki= -2.688 1+ 0.00 m=g/1
KZ= -0.308 + 0.00 m=g/1.hr
K3= 0.112 & 0,00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL = 1.,4012

Fadge 162



Teble 1146

Haldane modelsNitrobenzerneslLiv/RI-CHEMsRunl

SUBSTRATE +NITRORENZENE

MEDIA tLIVINGSTON/BI-CHEM
COMCENTRATIONIZO PPM  NOMINAL
LDATE $12-21-83

RUN Y

TEMFERATURE  JUNKNOWN

TIME (MINJ FRMEXF FRMCAL
15.000 2.2000 1.2932
?3.000 3.8000 1.3076
147.00 3.8000 1.3176
207.00 8.1000 2.269
269.00 15.300 12.217
338.00 13.800 12,160
402,00 13.400 12,106
453.00 10.500 12,063
1588.0 12.000 11.079
183535.0 12,200 11.018
1704.0 10.900 16.974
1953.0 11.800 10.746
2973.0 1G.,100 ?.7603

EINETIC CONSIANIS

HALDANE MODREL

Ki= 9.075 £ 0,00 mg/l
K2= 0.032 % 0,00 mg/1L.hr
K3= -0,002 &£ 0.00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL =

oy

0.90678
2.4924
2.4824

-4,1687
33,0848
1.6403
1.2938

-1.54634

G.72149
1.1819

=G 73771E~01

1.0541
0.339354

Fage 167



Table 117

Haldane model sNitrobenzenerLiv/BI-CHEMyRuUnII

SUBSTRATE INITROBENZENE

MEDIA SLIVINGSTON/RBI-CHEM
CONCENTRATIONI20 FFM  NOMINAL
IATE 112-27-83

RUN 1II

TEMFERATURE  SUNKNOWN

TIME (MIM) FFPMEXF FFMCAL
13.000 192060 20757
78.000 18.600 20.722
141.00 21,200 20,488
200.00 22.000 - 20,4636
264.00 18.100 20.621
1484.0 19.400 19.957
1522, 22,500 19.9346
1576 .0 21.800 12.907
1640.0 23.000 19.872
16926.0 21.400 19.841
2880.0 11.700 19.184

KINEIIC CONSTIANIS
HaLDANE MODEL

Kli= 46.756 %+ 0.00 mg/l

K2= 0,021 + 0.00 m&g/L.hr

K3= 0,001 % 0.00 1/m=

THE ABRSOLUTE AVERAGE RESIDUAL =

uy

“1&55&5
-2, 1215
0.51237
1.3442
~2.5212
~-0,55733
2.54635
1.8932
3.1283
1.5591
~7.4840

0.881460

Fage 1&«



Table 118
Haldane modelsNitrobernrzenesLiv/BI-~CHEMFunIII

SUBSTRATE tNITRORBENZENE

MEDTA FLIVINGSTON/RI-UHEM
CONCENTRATIONIZ20 FFM NOMINAL
DATE 101-02-84

RUN HE

TEMFERATURE  TUNKNOWN

TIME (MIN) FEMEXF PRMCAL oy
10.000 11.900 10,725 1.17492
81.000 12.100 10.313 1.7873
161.00 10.300 ?.7PI2 3.30083
214.00 11.060 P, 4209 1.3791
270,00 8.1000 8.9752 =Q.87320
322,00 ?.1000 8.50048 0.359934
320,00 73000 77270 =0, 224697
1582.0 0.20000 0.10547E-03 0.19989

BINETIC CONSIANIS
HALDANE MODEL
Ki= 0.319 4+ 0.00 mg/1
K2= ~0.271 % 0.00 ma/l.hr
K3= ¢.082 4+ 0.00 1L/mg

THE ABSOLUTE AVERAGE RESIDUAL = 0.36520



SUBSTRATE
MEDIA
CONCENTRATION
LoATE

RUN
TEMFERATURE

TIHE (MIN?

10.000
235.00
380.00
465.00
645.00
1457.0

Tabhle 119
Haldane modelsNitrobenzenesLiveRunll

INITROBENZENE
SLIVINGSTON

120 PFPM NOMINAL
FUNRKMOWN
1T
s UNKNOWN
FRMEXF FEMCAL oy
34.000 29,791 4,2088
20.100 26.4618 —6.3175
14.200 10.536 4,3639
14.300 12.822 1.6781
12.400 0,20463 12,193
0.,350000 0.,230353E-01 0.476%6

EIMETIC CONSTANIS

HALDANE MODREL

Ki= 2.338 + 0.00 mg/1

K2= -0.364 %+ O

+00 mg/1 chr

K3= 0.025 £ 0.00 1/msg

THE ABSOLUTE AVERAGE RESIDUAL = 2.35331

Fase 14é&
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Tabhle 120
Haldane modelsNitrobenzenersliveRunIII

SURSTRATE tNITRORENZENE

MEDIA FLIVINGSTON
CONCENTRATIONI20 PFM  NOMINAL
DATE SUNRKNOWN

RUN $ITI

TEMPERATURE  JUNKNOWN

TIME (MIND FFMEXF FrRMCAL oy
10.000 25.300 21.4658 3.6418
75.000 24.900 21176 3.73244
135.00 23.800 20,729 3.0715
195.00 21.900 20,280 1.6203
253.00 18.100 19.82% ~1.7291
315.00 16.500 19.374 -2.8761
375.00 146.100 18,221 -2.8208
433.00 13.3500 18,4462 ~4,9620
630,00 3.,92000 1.95446 1.9454

KINETIC CONSIANIS
HALDANE MODEL

Kl= 6.243 + 0.00 mgsl

K2= 0.214 4+ 0.00 mg/l.hr

R3= 0,005 + 0.00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL = 1.0353



SUBSTRATE tNITROBENZENE
MEDRIA
CONCENTRATIONIZO FFHM
OATE FUNKNOWN
RUN 114
TEMFERATURE  (UMKNOWN
TIME (MIMD FRMEXE
10.000 12.300
135.00 18.500
235,00 17.100
1337.0 11.000
1457.0 10.400
1577.0 8,3000
16465.0 7.7000
263536.0 792000
2775.,0 6.+8000

Haldsne modelsNitrobernzenesLiv/RI-CHEMFunls

Table 121

CLIVINGSTON/RI-CHEM

KINETIC CONSIANIS

HALTIANE MODEL

Ri= 4.934 + 0.00 mg/1

K23= 0,086 + 0.00 mg/1l.hr

K3= 0,009 % 0,00 1/mg

NOMIMAL

FRMUAL

15.747
185.467
15.197
12.713
12.428
12,139
11.925
?.2918
8.9247

THE ARSOLUTE AVERAGE RESINUAL =

oy

3.7530
Z, 032
1.9029

~1,7131

—~2,0277

~3.8392

~4,2054
~1.3918

-2,1247

+ 24932

Fage 1&&



Haldane modelsNitrobenzenesLiv/RBRI-CHEM«RunIIA

Ta

SUBSTRATE INITRORBENZENE
MEDITA FLIVINGSTON/RLI-CHEM
CONCENTRATION:20 FPM  NOMINAL
DATE s UNKNOWN
RUN dIIA
TEMFERATURE  (UNKNOWN
TIME (MIN? FFMEXF FFMOAL
7.0000 12.200 10.954
132.00 11.400 10,496
233,00 ?.8000 10.042
374.00 3.+6000 ?.5756

KIMETIC CONSIANIS

HALDANE MODEL

Ki= 4,178 £ ¢.00 mg/1
K2= 0,096 £+ Q.00 ms/l.hr
K3= 0.008 £+ 0.00 1/mg

THE ARSOLUTE AVERAGE RESIDUAL =

nle 122

oy
1.2463
0.20433
-0, 24202
~3.92756

1.08674

Fadge

16t



Haldamne modelsNitrohernzenesliv/BI-CHEMRunIIIA

Table 123

SURSTRATE FNITROBENZENE

MEDIA CLIVINGSTON/RBI-CHEM
CONCENTRATIONI2ZO PFM  NOMINAL
OATE S UNKNOWN

RUN dITIA

TEMFERATURE  ILUNKNOWN

TIME (MIN) FEMEXF

8.0000 14,400
135.00 13.800
263.00 12.000
375,00 10,300
&443.00 10.200

KINETIC CONSTANTS
HALTIANE MODEL

Ki= 4.714 & 0.00 mg/1

K2= 0.043 & 0.00 mg/1l.hr

K3= 0.004 £ 0.00 1l/mg

FEMCAL ny

12,679 1.7206
12.502 1.2976
12,333 =0, 32262
12.164 —-1.8441
11.780 -1.5802

THE ARSOLUTE AVERAGE RESIDUAL = 0.,65483

Fage 174



Fage 171

Tahle 124
- Zero-order models2sd-NeliveRunli

SURSTRATE ‘2040

MEDIIA SLIVINGSTON
CONCENTRATION:I1I0O PFM  NOMINAL
OATE 102-01-84

RUN L

TEMFERATURE (23 C

TIME (MIND FFMEXF FEMCAL oy
160,00 11.300 11.419 ~Q.81074E~01
1920.00 11.100 10.571 -0.52941
280.00 8.8000 9. 7223 0.92225
380.00 8.8000 8.7797 ~0.20344E-01
465.00 8.2000 7.9784 —-0.22155
555.00 7+2000 7.1301 -0 . 69888E-01

KINETIIC COMSTAMNIS
ZERO ORDER MODEL
Ki= 12,362 % 0,62 mg/1
K2= -0.5446 &£ 0.00 mg/1.hr
THE CORRELATION COEFFICIENT = 0.91603

THE ARSOLUTE AVERAGE RESIDUAL = 0.181935



Fade 172
Table 125

Zero—-order models2s4-TsliveRunIl

SUBSTRATE 2240

MELIA tLIVINGSTON
CONCENTRATIONI10 FFM  NOMINAL
DATE 102-C

RUN L

TEMPERATURE 23 C

TIME (MIN) FRMEXF FEMCAL oy
130.00 2,2000 2.,2425 0.,42490E~-01
253,00 2.2000 2.1367 -0, 463320E-01
310.00 1.9000 1.9208 +20828E~-01

KINETIC CONSIANIS

ZERD ORDER MODEL

Kl= 2.353 & 0.38 mg/l

K= —-0,051 % 0.00 mg/Ll.hr

THE CORRELATION COEFFICIENT = 0.8%586

THE ARSOLUTE AVERAGE RESIDUAL = 0.246349E-01



SURSTRATE
MEDIA
CONCENTRATI
DATE

RUN

TEMPERATURE

TIME (MIMN)
?.,0000
148,00
432,00
1630.0

KIMETIC CONS
ZERQ ORDER

Ki= 5,019 &

K2= ~0.093 % 0.00 ma/L.hr

Ta

ble 126

Zero-order models2s4-Dyliv/HudrRunl

124 4-T0

FLIVINGSTUN/HYDRORAC

ONt10 FFM
10222

1

104

£

FFMEXF
5.5000
4.5000
3.5000
2.7000

TaNTIS
MODEL

1.96 mg/1

NOMINAL

FFMCAL

5.0033
4.7893
4.3484
2.4568

oy

~3.89466
0.289446
0.84840
~0.,24321

THE CORRELATION COEFFICIENT = 0.70874

THE ARSOLUTE AVERAGE RESIDUAL =

0.32241

Fage 173



SUBSTRATE

MELILA

CONCENTRATION

DATE

RUN

TEMPERATURE

TIME (MIM)

15.000
130.00
243,00
365.00
480.00

k4

SLIVINGSTON/HYDROBAC

&
+

$02-23-84

Zero—order models2s4-lrLiv/HudeRunll

02)‘4“[‘

10 FFPH

FPMEXF

8.2000
72060
4.8000
2.7000
2.9000

KINETIL CONSTANIS

ZERO ORDER MODEL

Ki= 8.652 + 1.42 nmg/1

KZ2= -0.814 % 0.00 mg/l.hr

Table

NOMIMNAL

FEMOAL

8.4485
6.8878
5.3271
3.469858
2.1379

127

ny

0.24848
-1.0122

0.532714

0.79841
-0.76206

THE CORRELATION COEFFICIENT = 0.89470

THE ARSOLUTE AVERAGE RESIIUAL = 0.343035

Fage 174



Tabhle 128

Zero-—order models2s4-NsLiv/HuedsRunIll

SURSTRATE 12541

MEDTA tLIVINGSTON/HYDROERAC
CONCENTRATIONZ1O FFM  NOMINAL
OATE 102-24-384

RUN $IT1

TEMFERATURE 123 C

TIME (MIN) FRMEXF FEMCAL oy
125.00 10,700 10.073 =0, 62685
3465.00 4,35000 6+ 4350 1.9350
480.00 6.+ 0000 4.6918 -~1.,3082

KINETIC CONSIANIS
ZERO ORIER MODEL
Kl= 11.968 +17.87 m=g/1
K= ~0.,9210 £ 0.00 mg/1l:hr
THE CORRELATION COEFFICIENT = 0.720351

THE ARSOLUTE AVERAGE RESINUAL = 0,80614

Fage 175



SUBSTRATE

MEDIA

Tahle 129

Zevro-order models2s4-OsLiv/RI-CHEMRunl

12940

SLIVINGSTON/RI-CHEM

CONCENTRATIONIL1O FFM  NOMINAL

DATE

RUN

TEMFERATURE

TIME (MIND

2.0000
120,00
270.00
390.00
510,00
610.00
1580.0

$02~14~84

I

123 ©

FEMEXF FEMCAL oy

4, 4000 4,2317 -0, 16834
3,9000 4.,1435 0.24348
4,0000 4,0243 0,24319E-01
4,0000 3.9290 ~0.71010E~01
4,1000 3.8337 ~0.246634
3.5000 3.7542 0.25422
3.0000 2.9837 ~0.16344E~01

KINETIC CONSIANIS

ZERO ORDER MODEL

Ki= 4,239 + 0.21 mg/l

KZ2= ~0,048 £ 0.00 m=/l.hr

THE CORRELATION COEFFICIENT = 0.81780

THE ABSOLUTE AVERAGE RESIDUAL = 0.88374E-01

Fage 17¢
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Table 130

Zero—-order models2y4-Neliv/RBI-CHEMsRunII

SUBSTRATE t3»4-01

MEDIIA SLIVINGSTON/RI-CHEM
CONCENTRATIONIL10 FFM NOMINAL
DATE VO2-15-84

RUN 11

TEMFERATURE {23 C

TIME (MIMN) FEMEXF FEMCAL oy
10.000 2.5000 1.4726 -1.0274
130.00 1.1000 1.42466 0.32885
230.00 0.70000 1.3807 0.568071
370¢.00 1.+3000 1.3348 0.34772E-01
605.00 1.0060 1.2448 $.24481
1400.0 1.,2000 0.94047 -0.25953

KINETIC CONSIANIS

ZERD ORDER MODREL
Ki= 1.474 + 0.75 ms/1
K2= -0.023 & 0.00 mg/1l.hr

THE CORRELATION COEFFICIENT = 0,.93809E~01

THE ARSOLUTE AVERAGE RESIDUAL = 0.22074



Zero-order models2s4-TsLiv/BI-CHEMyRunIII

SUBSTRATE 12y4-0

Table 131

MEDIIA SLIVINGSTON/BI-CHEM

CONCENTRATIONILIO FFPM NOMINAL

DATE $02-146-84
RUN LY

TEMPERATURE 125 C

TIME (MIMJ FRMEXF

16.000 77000
130.00 6.+ 6000
375.00 5.9000
490.00 35.2000
605.00 3.0000

KINETIC CONSTANIS
ZERU DRDER MODEL
Ki= 7.604 % 0.48 mg/1

K= —-0,277 £ 0,00 mg/lhr

FEMCAL

7,5380
7.0049
5.8757
5.3457
4.8157

THE CORRELATION COEFFICIENT = 0.

THE ARSOLUTE AVERAGE RESIDUAL =

ny

~0,34203
0.40490

-0.24273E~01
0.14571

-0.18432

?3931

0.11606

Fage 17¢
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Table 132

Zero-order models2s4-DyLiv/LLMOsRunl

SUBSTRATE t2+4-1

MEDIIA SLIVINGETON/LLMO
CONCENTRATIONILIO FPM  NOMINAL
DATE $03~-02-84

RUN 1

TEMPERATURE 123 C

TIME (MIN) FFRMEXF FRMCAL ny
11.000 6+ 7000 6:4744 ~(. 22541
129.060 5.0000 S.7361 0.734805
255.00 5.8000 4.9475 -0,83255
367,00 3.9000 4,2485 0.34647
487.00 3.5000 3.4%954 =0, A457467E-02

KINETIC CONSIANIS

ZERO ORDER MODEL
Ki= 6,543 £ 0.99 ms/1
K2= ~-0,376 + 0.00 mg/1l.nr

THE CORRELATION COEFFICIEMNT = 0.79401

THE ABSOLUTE AVERAGE RESIDUAL = 0.23994



SURSTRATE

METIA

CONCENTRATION

DATE

RUN

TEMFERATURE

TIME (MIN)

?.0000
150.G0
248,00
367 .00
484.00

Tahle 133

Zero—order model»2s4~DsLiv/LLMOyRuniIl

$2e4-0

CLIVINGSTON/LLMO

t10 FPM

103-04—-84

)

-
123 C

FFMEXF

8.7000
8.6000
64+3000
4.8000
7.1000

KINETIC CONSIANIS

ZERQ ORDER MODEL

Ki= 8.621 £ 1.97 msg/1

K2= ~0.353 1+ 0.00 mg/l.hr

THE CORRELATION COEFFICIENT = 0.4

NOMINAL

FEMCAL

8.5484
7.7382
7+1612
644605
G+7716

ny

-0.,13158
-0.86178
0.66120
1.8605
~1.3284

o284

THE ARSOLUTE AVERAGE RESIIUAL = 0,47829

Fedge 180



SUBSTRATE

MEDIA

Zero-order models2y4-DLiv/LLMOyRunIII

CONCENTRATIONILIO FFPM

LATE
RUN

TEMPERATURE

TIME (MIN)

20.000
127.00
265.00
365,00
488.00

Table 134

t2+4-D

sLIVINGSTON/LLMO
NOMINAL

103-06-84

+IIT

22 C

FRMEXF FRMCAL

?.1000 7.71353

6.+3000 7.8919

7.+.9000 8.1198

75000 8.2349

?.3000 8.4880

KINETIC CONSIANIS

ZERQ ORDER MODREL

Ki= 7.682 & 1.94 mg/1

K2= 0.09%2 & 0.00 mg/l.nr

Iy

~-1.3847
1.3919
0.21981
0.784%4
-1.0120

THE CORRELATION COEFFICIENT = 0.463600E~01

THE ARSOLUTE AVERAGE RESIDUAL = 0,4708%

Fade 181



SUBSTRATE

MEDIA

CONCENTRATION

HaTE

RUN

TEMFERATURE

TIME (MIND

100.00
290.00
380.00
480.00
565.00
655,00

t2:4-1
HLIVINGST
10 PPM
102-01-84
s I

23 C

FFMEXF

11.500
11.100
8.8000
8.8000
8.2000
7.2000

EINETIC CONSTANIS

MONOD MODEL

Ki= -9.380 + 0.00 mg/1

Table 135

Momod models2s4-DeliveRunl

ON

NOMINAL

FEMCAL

11.500
11.285
11.176
11,048
7.9472
8.0541

K2= 0.012 £ 0.00 ms/L.hr

THE ARSOLUTE AVERAGE RESIDUAL

oy

0. 00000
-0.18497
-2,3758
—2.2477
025277
-(.85412

= 0,54657%

Fadge 181



Fage 183
Table 136

Morod models2s4-TsliveRunll

SUBSTRATE t274-1

METIIA tLIVINGSTON
CONCENTRATION:10 PPM  NOMINAL
DATE 102-01-84

RUN tTI

TEMFERATURE 123 C

TIME (MIN) FRMEXF FEMCAL oy
130,00 2.2000 2.2000 0.Q0000
385.00 242000 2.2000 0.P5367E-06
640.00 1.2000 1.2000 0.00000

EINETIC CONSTANIS

MONOD MOLDEL

Ki= ~2.,0446 £ 0.00 mg/1
K2= 0,000 £ 0.00 mg/l.hr

THE ABRSOLUTE AVERAGE RESIDUAL = 0.3178%9E-06



SUBSTRATE

MEDIA

Mornod modely2s4~-Osliv/HudsRunl

12940

Tahle 137

PLIVINGSTON/HYDRORBAC

CONCENTRATIONIL1O FFPM  NOMIMAL

LATE

RUN

TEMFERATURE

TIME (MIND

?.0000
157.00
441,00

1659.0

FEMEXF

3.9000
4,35000
3.3000
2.7000

KINETIC CONSTANIS

MONOD MOLEL

Kli= -5.120 % 0.00 mg/1

RK2= =0.029 £ 0.00 mg/1.nr

FEMCAL

3.57000
b5.3447
3.+6411
2.,6907

THE ARSOLUTE AVERAGE RESIDUAL =

0.442

0.00000
-1.8447
~0,14106
0.92583E~-02

=
J

3

Ly

Fade 184



SURSTRATE
MEDIA
CONCENTRATION
DATE

RUN

TEMPERATURE

TIME (MIN)D

15.000
145.00
260,00
380.00
425.00

Morod models2s4-DsLiv/HudsyRunll

12,410

Tahle 138

PLIVINGSTON/HYRRORAC

+
+

102-23-84

+
+

+
®

10 FFPM

II

24 C

FFMEXF

8.2000
7.9000
4.8000
2.7000
2.2000

KINEIIC CONSIANIS

MONCD MOIEL

Ki= ~-53,019 & 0,00 mg/1

K2= 0,027 £ 0.00 ms/1l.hr

NOMINAL

FEMCaAL

8.2000
8.0442
7.9022
3.0205
3.1028

THE ARSOLUTE AVERAGE RESIDUAL =

oy

0,00000
-0.14424
~3.+1022
-0.320456
-0.20280

Fage 185



Table 139

Moriod models2s4-DsLiv/HudyRunIllI

SUBSTRATE ‘29411

MEDIA SLIVINGSTON/HYLRORAC
CONCENTRATION:L1O FPM  NOMINAL
DATE t02-24-84

RUN HE B

TEMPERATURE 23 C

TIME (MIND FFMEXF FRMCAL oy
125.00 10.700 10.700 0.00000
490,00 4.,5000 4.5000 -0.474684E-035
605,00 &.0000 5.9997 0.,286226E-03

KINETIC CONSIANITS

MONOD MODEL
RKi= -é6.160 %+ 0.00 mdg/1
K2= 0.142 & 0.00 mg/1l.hr

THE ARSOLUTE AVERAGE RESIDUAL = 0.87434E-04

Fage 186



SURSTRATE

MEDIA

Table 140

Morod models»2s4~-TelLiv/RBI-CHEMyRuUnT

t2y4-0

tLIVINGSTON/RI-CHEM

CONCENTRATIONIL0 FFM NOMINAL

DATE

RUN

TEMFERATURE

TIME (MIND

2.0000
129,00
27%.00
399.00
319.00
619.00
1589.0

102-14-84

1

123 C

FRMEXF FFMCAL oy
4.4000 4.4000 0.00000
3.9000 3.8611 0.3488%0E-01
4,0000 4,7983 -Q.,79826
4.0000 4,92079 -0.90789
4,1000 3.0039 -0.90393
3,5000 3.4867 0,13314E-01
3.0000 3.0930 ~-0.92999E-01

KINETIC CONSIANIS

MONOQD MODEL

Ki= -4,232 % 0.00 mgrs1

K2= ~0.007 4+ 0.00 mg/l.hr

THE ABSOLUTE AVERAGE RESIDUAL

it

0.21513
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SURSTRATE 1254
MEDILA LIV
CONCENTRATION:iO
DATE 102~
RUN dIT

TEMPERATURE 1295

TIME (MIM) FFM
10.000 2.9
140,00 1.1
266.00 0.70
380.00 1.3
615.00 1.0
1410.0 1.2

KINETIC CONSIANIS
MONOD MODEL
Ki= -1.833 & 0.00

K2= 0,008 £ 0,00 m

Table 141

Moriod modely2y4-DsLiv/RI-CHEMyRuUnII

"“Il
INGSTON/RBI-CHEM
FFM  NOMINAL

15-84

C

EXF FRMEAL oy

000 2.3000 ¢.00000

000 2.4522 -1.3822

000 0.90172 -Q.20172

000 2.3595 -1.,0895

000 0.980866 0,19335E~01
000 1,2919 -0, ?1926E-01

ms/1

g/1.hr

THE ARSOLUTE AVERAGE RESIDUAL = 0.28870
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Fade 18%
Tahle 142

Mornod models2y4-DyLiv/RBI-CHEMsRuUnIII

SURSTRATE 12y 4T
MEDIA ILIVINGSTON/EI-CHEM
CONCENTRATION:10 FFM NOMINAL
DATE $02-16-84

FUN ITII

3
.

C

<
&5

TEMFERATURE

TIME (MIN) FRMEXF FEMCAL oy
10.000 7.2000 7.92000 0.00000
140.00 4.6000 461248 =0.12609E-01
385.00 5.9000 3.4279 0.27209
500.00 9.2000 3.,3082 -0.,10822
615,00 5.0000 5.0346 —0.34626E~-01

EINETIC CONSTANIS

MONQD MODEL

Ki= -8.285 1+ 0.00 mg/1

K2= -0,086 & 0,00 m=g/1l.hr

THE ABSOLUTE AVERAGE RESIDUAL = 0.59027E-01



SUBSTRATE

MELIA

CONCENTRATION

UATE

RUN

TEMFERATURE

TIME (MIM)

11,000
140.00
266,00
378.00
498,00

+
+

Mornod models2y4~-Tyliv/LLMOsRuUnl

2740

Table 143

FLIVINGSTON/LLMO

110 PPM NOMINAL

103-02-84

+
+

4
+

I

23 C

PEMEXF

67000
3.0000
3.8000
3,2000
3.35000

KINETIC CONMSTANIS

MONQOLD MOQUEL

Ki= -5,322 £ 0.00 mg/1

K2= -0.013 & 0.00 m=g/l.0r

FRMCAL

6+ 7000
6.8356
46:9593
3.8932
3.8223

oy

0.00000
-1.8356
~1.15%93
0.67377E-02

-0.32227

THE ARSOLUTE AVERAGE RESIDUAL = 0.43899%

Fade 19¢



Mormod models:2s4-Dsliv/LLMOsRunIl

SURSTRATE 1254~0

Tanhle 144

MEDLA tLIVINGSTON/LLMO

COMCENTRATIONIL1O FFM NOMINAL

OATE 03-04-84
RUN HA

TEMFERATURE 3123 C

TIME (MIND FFMEXF

2.0000 8.7000
159.00 8.6000
257.00 6.35000
3746400 4.8000
493,00 7+1000

KINETIIC CONSTANIS
MONOIr MODEL
Ki= -4,353 £ 0.00 mg/1

R2= 0.038 + 0.00 mg/1.hv

THE ARSOLUTE AVERAGE RESIDUAL = 0.32

FEMCAL

8.7000
8.3287
8.0544
5.2008
7.1454

oy

0.00000

+ 27129
~1.5544
-0.40082
~Q,45370E-01

o
\.}/"2
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SURSTRATE

MEDIA

CONCENTRATION

IATE

RUN

TEMFERATURE

TIME (MIND

20.000
147.00
285.00
385.00
508.00

*
L3

Mormod model»2s4-DyLiv/LLMOyRuUnNIIT

2741

Table

tLIVINGSTON/LLMO

10 FFM  NOMINAL

103~06-84

+
+

‘e

I1I

8]
3

(9]

FEMEXF

2.1000
6.3000
7.:9000
7+3000
7.35000

KINETIC CONSIANIS

MONOD MODEL

Ki= ~7.9237 £ 0.00 m=g/1
K2= 0.001 % 0.00 msg/l.hr

THE ABSOLUTE AVERAGE RESIDUAL

FEMCAL

?.1000
4,9224
?2.,0806
?,0732
2.0641

145

ny

0.00000
-0, 42238
~1.1806
~1.83732

0.43593

= 0,41170
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SUBSTRATE

MELTIA

1224-D

FLIVINGSTON

Table 1446

Hzldane models2y4~-DyliveRunl

CONCENTRATION:1O FFM NOMINAL

DATE

FUN

TEMFERATURE

TIME (MIN?

100.00
290.00
380.00
480,00
965,00
655,00

102-01-84

1)

23 C

FEMEXF

11.500
11.100
8.8000
8.8000
8.2000
7.2000

KINETIC CONSIANIS

HALOANE MODEL

RKli= 4.131 %+ 0.00 md/1

K2= 0.029 4+ 0.00 mgs/l.hr

K3= 0,004 £ 0.00 1/m«

FEMCAL oy

2.7683 1.7317
?2.3833 1.5167
?.4947 -0 . 69472
?.3956 -0.59562
22,3108 -1.1108
92,2203 ~2.0203

THE AERSOLUTE AVERAGE RESIDUAL = 0.56402
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Table 14?‘
Haldane models2s4-Tsl ivyRunll

SURSTRATE +224-0

MEDIA tLIVINGSTON
CONCENTRATIONI1O FFM NOMINAL
DATE :02-01-84

RUN 21l

TEMPERATURE 3123 C

TIME (MINJ FEMEXF FFMCAL ny
130.00 2.2000 3.5547 ~1.3547
388.00 2.2000 3+04604 -1.3604
640,00 1.2000 2.0901 ~0.1%9005

KINETIC CONSIANIS
HALTIANE MODEL
Ki= 2.872 £ 0.00 mg/1
K2= -0.000 £ 0.00 meg/l.hr
K3= 0,007 & 0.00 1/mg

THE AERSOLUTE AVERAGE RESIDUAL = 0.64307

Fage 194



SURBRSTRATE
MEDIA
CONCENTRA
DATE

RUN
TEMFERATU

TIME (MI
240000
157.00

441,00
16592.0

KINETIC CO

HALDANE M

Ki= 3,032

K3= 0.006

THE ARSOL

Table 148
Haldarne models2s4-DyLiv/HudsRunl

$294-00
SLIVINGSTON/HYDRORAC

TION:10 FFM NOMINAL
102-22-84
tI

RE (24 C

N)  FFMEXF FFMCAL ny
5.9000 5.0801 0.81991
4,5000 4,9836  ~-0.4835%
3.5000 4,7889 ~1,2889
2.7000 3.5652  ~0.86517

NSIANIS

ODEL

3 Q.00 mst/1
+ 0,00 mg/Ll.hr
£ 0.00 1/ms

UTE AVERAGE RESIDUAL = 0.45324

Fadge 197



Table 149

Hzldarne model»2y4-Nsliv/HuydsRunll

SUBSTRATE 12941

MEDIA& PLIVINGSTON/HYDRORAC
CONCENTRATIONI1O FFM  NOMINAL
DATE 102-23-84

RUN IX

TEMPERATURE 124 C

TIME (MIND FEMEXF FFMCAL
15,000 + 2000 7.3263
145,00 7+2000 &.9877
260,00 4,8000 66080
380.00 2.7000 2.0594
495.00 2.2000 242660

KINETIIC CONSTANIS
HALTIANE MODEL

Kl= 3,345 £ 0,00 m=g/1

K= 0.065 %+ 0.00 mg/Ll.hr

K3= 0,013 & 0.00 1/ms

THE ARSOLUTE AVERAGE RESIDUAL =

o

<471

oy

0.80345
0.91227
~1.8080
0.64058
0.63400

Fage 19¢



Tatble 1350
Haldarme model2¢4-TrLiv/HudeRunill

SUBSTRATE +254-T

MEDITA tLIVINGSTON/HYDRORBAC
CONCENTRATION!L0 PFM NOMINAL
nATE 102-24-34

RUN L

TEMFERATURE 323 C

TIME (MIMN) FRMEXF FRMCAL oy
125.00 10.700 8.8743 1.8257
490.00 4.,5000 746450 ~3.1450
605.00 6.0000 s 2206 -1.22048

KINETIC COMSIANIS
HALDANE MODEL

Ki= 3.753 % 0.00 mg/1
K2= 0.075 £ 0.00 mg/l.hr
K3= 0.011 + 0.00 1l/mg

THE ARSOLUTE AVERAGE RESIDUAL = 1.2784
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SURSTRATE
MEDIA

CONCENTRATION

DATE
RUMN

TEMFERATURE

TIME (MIN)

?.0000
129.00
279.00
399.00
519,00
612.00
1582.0

t2+4-1
PLIVINGSTON/RI-CHENM
$10 PPM NOMINAL
102~14-94

|
123 €

FFMEXF

4.,4000
3.2000
4.,0000
4.0000
4,1000
3.3000
3.0000

KINEIIC CONSIANIS

HALDANE MODEL

Ki= 2.827 % 0.00 mg/1

K2= 0.001 &£ 0,00 mg/1.hr

R3= 0,005 £ 0.00 1/msg

Tanle 151
Haldarne models2sd4-DsLiv/BI~-CHEMYRunl

FEMCAL

3.7851
3.9751
3.9624
3.9522
3.9419
3.9333
3.8466

THE ARSOLUTE AVERAGE RESIDUAL =

oy

0.41486
-0.75077E-01
0.,37399E-01
0.47815E-01
0.13810
-0.43327
-0.84456

0.15056
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Haldare modelr2s4-DsLiv/RI~-CHEMsRuUnII

Table 132

SUBRSTRATE 125410

MEDRIA SLIVINGSTON/BI-CHEM
CONCENTRATION:L1O PFPM  NOMINAL
DATE 102-15~-84

RUN PIT

TEMFERATURE 123 C

TIME (MIND FPFMEXF

10.000 2.35000
140.00 1,1000
260.00 0.70000
3806.00 1.3000
615.00 1.0000
1410.0 1.2000

KINETIC CONMSTANIS

HALDANE MODEL
Ki= -3.,822 £ 0.00 ms/1
K2= -0,098 £ 0.00 mg/1l.hr

K3= 0.998 £ 0.00 1/ms

THE ABSOLUTE AVERAGE RESIDUAL = O.1:

FRHMCAL

2,3929
1.0882
1.1814
1.3042
1.3888
1.6067

oy

0.10708

0,11806E-01
~3.48141
~(.42143E-02
-0.38884
-Q.40674

Fage 199



Padge 20(

Table 1353
Haldane models2y4-LsLiv/BI-CHEMyRunIII

SUBSTRATE 1241

MEDIIIA tLIVINGSTON/RBI-CHEM
CONCENTRATIONZL10 FFM NOMINAL
DATE 102-16-84

RUM PIIX

TEMFERATURE 23 C

TIME (MIN) FPMEXF FFMCAL oy
10.000 7.9000 65.5826 1.3174
140.00 6+6000 5+4709 0.12913
383.00 9.9000 &+ 235435 ~0.35449
500.00 5,2000 65.1499 -0.74991
615.00 5.0000 6.0431 -1.0431

KINETIC CONSTANIS
HALDIANE MODEL

Kli= 3,312 1+ 0.00 msg/1

KZ= 0,020 £ 0.00 mg/1.hr

K3= 0.008 £ 0.00 1/m«

THE ARSOLUTE AVERAGE RESIDUAL = 0.39337



Haldarne models2y4-LsylLiv/LLMORunl

Ta

SURSTRATE t274-01

MEDIA PLIVINGSTON/LLHMO
CONCENTRATIONIIO0 PFM  NOMINAL
DATE 030284

RUN I

TEMFERATURE 123 C

TIME (MIN? FFMEXF

11.000 67000
140¢.00 5.0000
266.00 5.8000
378.00 3.2000
498.00 3.5000

KINETIC CONSTANIS

HALTIANE MODEL

Ki= 3,101 + 0.00 mg/1

K2= 0.026 £ 0.00 mg/1.hr

K3= 0.009 & 0.00 1l/mg

FEMCAL

53.6786
S5.5149
5.3482
5.1933
5.0185

THE ARSOLUTE AVERAGE RESIDUAL =

ble 154

Ly

1.0214
-0.51487
0.,435176
-1.2933
-1 95185

0.,446865

Fadge

201
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Tabhle 155
Haldarme modelsy2s4-Deliv/LLMOsRunII

SUBRSTRATE 12y4-D

MEDTIA FLIVINGSTON/LLMO
CONCENTRATIONILIO PPM NOMINAL
DATE 103-04-84

RUN tII

TEMFERATURE 123 C

TIME (MIND FFPMEXF FFMCAL ny
?.0000 8.7000 77712 {.%2881
159.00 8.6000 7.5705 1.0295
237.00 &.+3000 743468 ~Q.93477
376,00 4,8000 7.2712 =-2.4712
4932.00 7.+1000 7.1048 ~0.,47703E-02

BINETIC CONSTANIS
HALDANE MODEL

Ki= 3.628 £ 0.00 mg/1

KR2= 0.035 £ 0.00 mg/ 1 hv

K3= 0.006 &£ 0,00 1/ms

THE ARSDLUTE AVERAGE RESIDUAL = 0.3%96%0



Ta

ble 136

Haldane models2y4-Deliv/LLMOyRUnRIII

SUBSTRATE 129411
MEDIA TLIVINGSTON/LLMO
CONCENTRATION:L1O FFM NOMINAL
naTE 103-06-84
RUN tIIX
TEMFERATURE 122 C
TIME (MIND FFMEXF FFMCAL
20,000 2.1000 8.4328
147 .00 65000 8.3369
285.00 7.9000 + 2313
385.00 7.+35000 8.1543
308.00 ?.3000 8.0585
KINETIC COMNSTAMIS
HALDANE MODEL
Kli= 4,000 & 0.00 mg/1
K2= 0.025 £ 0.00 mg/1l.hr
K3= ~0.001 £ 0.00 1/mg
THE ARSOLUTE AVERAGE RESIDUAL =

oy

0.86725
~-1.8349
=-0,33150
-0.4635434
1.4415

0.50736

Fage 200
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Fage
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1-Butanol Conc. versus Time; Consecutive Runs
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Figure 46 Page 251
Nitrobenzene Ccnc. versus Time; Consecutive Runs
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Figure 47 Page 252
10_. 2.4-D Conc. versus Time; Consecutive Runs

6] Livingston

Livingston
+ Hydrobac

10~ . ‘ Livingston
+ BI-CHEM

10T Livingston
- + LLMO

o
4
pe
-
4=
e
4
-4
e
s



Fade 2857

AFFENDIX 1. COMFUTER FROGRAM
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¥ X
X Frogram FIT written by Nidel MoMullern 1983-84 X
X b {
4 Furraosed To fit sets of kinetic dedradation data X
X to the zero ordery Mornody and Haldarne *
X madelssy and to rlot and summarize the X
X data. ¥
¢ %
2K 3K 00OKK SR K OISk K K B R OIS S KK R KK R KK ROk KK sk R Ok R Ok N0k

COMMON TEMF(23,8),CONC(23,8)sDATE(232,8) ySURST(23:25)
DIMENSION Y(23) ¢y X(23)»TITLEC(23520)YvA(2357s7 ) syR{23+s7) 5
ZXLAREL (237203 s YLAREL (23, 20) yRUNCZ23» 133 » IPICT(S15465) »
AYCAL (23 s TIME(23) » FPM(23) s CONC23) » PHIZ23) » MLEB(23) 5
AG(2»3) s NH(23) yF (2353500 8(50)»R(232 79 7) s RLAREL (23520
ZeLL (23X »BELTAY(23)
X ~ INDEFENDENT VARIARLE
Y — DEFENDENT VARAIABLE
NP~ & OF FOINTS :
NOL - # OF LAG POINTS AT START OF RUN
TEMF - TEMFERATURE (CELCIUS)
CONC - CONCEMTRATION OF SURSTRATE (FFM?
COn -~ COD CONCENTRATION (FFM)
ODATE - DATE THAT RUN WAS FERFORMED
SURST ~ SURSTRATE NAME
TITLE -~ MEDIA NAME
A — CONSTANTS OF INTERGRATION
R — REGRESSION COEFFICIENT
TIME — TIME OF BIOCIDE ALDED TO SAMFLE (MIN?
FH - #H (~loglODH+D)
NH ~ AMMONIA CONCENTRATION (FFM)
MLSS ~ MIXED LIQUOR SUSFENDED SOLIDS (FFM)
CL — CHLORINE CONCENTRATION {(FFM)

IC=0

LC=1

IC=IC+1

CALL INFUT(NF»TIMEsFFMyCODyFHyNHyMLESy TITLE s RUNy MAXORI
ZCLy XSy RSy YSyNOL s XLAREL » YLAREL » RLAREL » IC)

MODE=~1

Io=1

NFT=NF

00 11 ISW=1,2

CALL ZERQ(NF»TITLE»RUNs MAXORDy ICyLCsNOLy ISUWy

ZTIME » FFMyCODy XS s RSy YS» MODE s XLABEL s RLAREL » YLAREL
%s A& EyRsDELTAY » YCAL » ERROR)

CONTINUE

NF=NFT

Ki=2 -

CALL REFORT(IDsK1yNFsTIMEsFFMyCODyFHyNHy MLSSy TITLE s RUN
ACLsAsByRyYCAL s DELTAY» ICs LTy ERROR)

LC=LC+1

NF'=NFT

Ki=2

CALL MONOL(TIMEsFFMsNFy»ICsLCsAsEsRy YCALyDELTAY s ERROR)



17

P09C

4010

4017

CALL REPORT(IDsK1sNFsyTIMEsFFMyCODOsFHyNHsMLSSs TITLE s RUNS
ACLyAsByRyYCAL»OELTAY»IC,LCyERROR)
LC=LC+1
Kl1=3
CALL HALDANCTIMEsFPMsNFyICsLCA»ByR: YCAL DELTAY »ERROR)
CALL REFPORT(IDsK1sNFyTIMEsFFMsCONsFHyNHsMLSSy TITLE » RUNY
ACLsAsByR2YCAL + DELTAY s IC ILCyERROR)
READCL # X MORE
IF(MOREY 17+#17»1
CALL RESULT(ARyTITLEsRUNICLC)
WRITE(2,9090)
FORMATC( 178Xy "TOF OF FAGE’)
WRITE(Z2+4010)
FORMATC( Q7 vy ' vrage’)
WRITE(2+,4017)
FORMATC( 0"y "sasis’)
STOF
ENI
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X
X
X
X
X
X
¥
X
b S

gaoooooooooan

F099
7098
G095
2094
?097
20946
2093
2002
2018
2004
2005
?003
2012
013
2014
Q07
7008

2014

2017

2000

SUBROUTINE INPUT(NPyTIMEFFMsCONyFHyNHyMLSSy TITLE » RUN>

ORI OR KK K K K K KK K K K KK K OR 30K XK 3K 3k 0K 3K oK ok 8 o8k ok 30K S SKOK K KKK K KoK K

Subroutine INFUT

*
X
X
Furrosel! To reszad into the srodgram the data from X
one runy along with the scales for the X

the rlot and the number of lag rsoints *

at the start of esch run, X

X

X

KKK K K K K 80RO K kK KR RO ROK oK K 3K K ok KK 3K K 3K KOK SKKOK koK K K KK KKK K

ZMAXORD Y CLy XSyRS» YSy NOL y XLABEL » YLAREL s RLAREL » IC)
COMMON TEMF(23s8)CONC(23y8)yDATE(23,8) s SURST(23:25)
DIMENSION TITLE(23:20)TIME(23) sFPM(2Z) yRUNI23,15)

ZALABEL (23,20) » YLARBEL (23,20 CON(23) s FH(23) » MLES{(23) s

ZCL(23) s NH(232 yRLABEL (235 20)
IF(IC.GT.1) GO TO 2093
READ(1y2099) (XLABEL(ICyI) s I=1-20)
FORMAT(23A1)

WRITE(Z2,2028) (XLAREL(ICsI)»I=1520)
FORMAT (707 +3X»20A1)
READIC1»P093) (RLAREL (IC+ 1) I=1+20)
FORMAT(23A1)

WRITE(222094) (RILABEL(IC» 1) I=1,203
FORMATC( 07 »3X»20A1)

READ{L 20973 (YLAREL (I, 1) I=1520)
FORMAT(23A1)

WRITE(Z:2096) (YLAREL{ICsI)»1I=1+202
FORMATC( 07 vy 3X»2041)

READC1»Q002) (SURSTA(IC»I)»I=1»23)
FORMAT(23A1)
WRITE(Z,2018)(SURST(ICI) »I=1+25)
FORMAT( 0/ »3Xs25A1)

REALCLyP004) (TITLECIC, I I=15200
FORMAT (23A1) :

WRITECZy 0050 (TITLECIC, I s I=1 5200
FORMAT (707 »SX»20A81)
READCLyF003)(CONCC(IEsI)»I=1+58)
FORMAT (8A1)
WRITE(ZsP012)(CONCC(ICI)sI=1+8)
FORMAT (707 »3X-841)

REANCL 9013 (DATECICs 1) »I=1+8)
FORMAT(8AL)

WRITE(2,9014) (DATE(ICsI)»I=1-8)
FORMATC( 70/ s353X»8A1)

REALN(1 2007 (RUNCIC, L)y I=1015)
FORMAT(15A1)

WRITE(Z2,2008) (RUN(IC»I)»I=1,13)
FORMAT (70 5Xy15A1)

READCI» P01l (TEMFP(IC» L)y I=1+8)
FORMAT(8AL1)
WRITE(2:2017)(TEMF(ICI)»I=1:8)
FORMAT (/0 :3Xs8A1)

READCL 2 %INF

WRITE(2,2000)INF
FORMAT(7A’ »5Xs “NUMBER OF FTS = ‘,1I3)

1

e8]
Lo



Fage 2

WRITE(2s2001)
001 FORMATC(’O  »ySXs ‘TIMEC(I) »10Xs "FFM(I) »10Xy 7 C0RIIY ")
LO 10 I=1sNF _
READCL » kY TIMECIY s FPMCTI) » CODCI) s PHCI) s MLBS(IY vy NHCID s CLCD)
WRITE(2ys%)TIMECI) yFFM(IO«CONDCIY
1¢ CONTINUE
REALICL » %) MAXORD
READCI s ¥IXSsRE,YS» NUL
RETURN
END



SUBROUTINE ZERO(NFyTITLEsRUNsMAXORDsIC,LCyNOLyISUWs

c

£ 3ok sl ok oK ok ok KK R OK K 2Kk K K K 8 SR KK 3K K K k0K 33 80308 K S KK O O 3KOR IR Rk siololoiok ko ok
C % *
C % Subroutine ZERO *
C % X
C x FURFOSE: To execute Tirst substrate concentrationX
C % followed by COO corncentration in to 2 *
C X series of subroutines to determime the X
I 4 constants of inmterdgratiorn by the method X
C % of least—-sauares for the zero order *
X% madel . *
C % b4
0 5Bk SR SR I o8 o o8 3K 0 o KK K K A S K00 K K 2K 5 O SR S R ORSK ROHR KR K ROR 0K K
C

ATIMEs FFMsCONy XSRS YS s MODE » XLABEL s RLAREL » YLAREL
ZsAyBsR-DELTAY s YCAL » ERRORD
COMMON TEMP(23,8) yCONC(23,8) s DATE(23,8) »SURET(23,25)
DIMENSION Y(23)s X233 TITLE(23:20) A 237y 7)sR{2357)»
AXLABEL (23 20) s YLAREL (23,20 yRUN(2315) y IFICT(G1: 650 5
AYCAL(23)Y y TIMEC(23) s FFM(23) 2 CONC23) v FH(23 ) s MLES (23 ) »
AB(23+s 7 7)Y sDELTAY(23) s NH(Z3) » RLABEL (235 20)
IF(ISW.GT.1) GO T4 4300
0 4030 I=1sNF
XCIy=TIMEC(I)
YL{IY=FPM(ID

4030 CONTINUE
G0 TO 4070

4500 DO 4050 I=1sNPF
Y{I)=COon¢Io
X(Iy=TIMEC(L)

4050 CONTINUE

MOOE=-~1
C IF MODE > O IO NOT FLOT DATA
C IF MODE O PLOT COD AND SURSTRATE VS TIME [DATA

4070 CALL EXECUT(NFTIME FFMsXe Yy TITLEsRUNyMAXORD IC,LCyNOL » ISUW,
ZAsByYUAL yDELTAY s Ry X8RSy YS s MODE » XLAREL » RLAREL » YLAREL » ERRUR)
RETURN
END

Fadge
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28
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SUBROUTINE EXECUT(NFs»TIMEyFFMsXs Yy TITLE» RUNyMAXORD IC,LCyNOL s I5U,
ZAsBsYCALsDELTAY Ry XSRSy YS» MONE » XLAREL y RLAREL » YLAREL » ERRORD

K350k 380KK K K OR ok K R HOROR Kk sk ok R SORKOKKICK KR sOROKROR R KK SRR R sk seelor kool ok

X X
X SURRQUTINE EXECUT X
X X
X Furrose! To sort the inrut dets so that if anw X
X lag roints are included a3t the start X
* of a3 data set they are mot used in srnuX
X calculations for the kirmetic constarnts¥
* X
3K 2K 3K ok 0K ok 2K RO KRR K 38 OR ORI KRR OK K K K K ok sk ok R dokok ok kR ok sek ok ok

COMMON TEMF(23:s8)yCONC(23+y8) yUATE(23,8)»SURST{23,25)
ODIMENSION Y(23) s X (230 TITLE(23s20) v 8{2397+7)sR(2327 )
AXLAREL (239 20) s YLAREL (23200 s RUNMC(23,15) » IFICTC(G1 2865 ¢
YYCAL(23) s TIME(23) s FFM(23) »CONC23) s FH(23 ) s MLES(23) »
ENHCR23) s R(239 73 7Y s DELTAY (23 )Y s RLAREL {23+ 20)
IF(ISW.EQ.1)y GO TO 19

[0 15 I=1sNF

IF(Y (DY .GE.O)Y GO TQ 15

L=I+1

0o 12 =L sNF

K= -1

X{KY=X{(4)

YK=Y (D)

CONTINUE

NF=NF-1

CONTINUE

D0 18 LAaG=1yNOL

IF{ISW.6T.1y GO TO 9E

CALL FITIT(RKLsyNFPLAGXsY s MAXORDsYCALsDELTAY yIC LDy
28y ByRyERRORD

CalLL FLOT(TITLE ISWsyXSsYSeMNFsICsLAGMODE s Xr Y » XLAREL »
ARSyRLAREL s YLAREL)

CONTINUE

RETURN

END
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SUBRUUTINE FITITCRLsNPLAGyX» Yo MAXORD s YCAL sDELTAY s ICLE
Z&a+ By RYyERRORD

THIS FROGRAM FITS A POLYNOMIAL OF ORDER &

DIMENSION SIGMAY(23):X(23)yY(23)yDELTAY(23) s YCAL (23)
HrAC23y757) s B(23510510)R{23,7)
IF(NF.LT.3) GO TO 99

Do 2 I=lLAGsNF

SIGMAY(I =0,

CONTINUE

NCODE=0

MAXORO=NF /2

IF(NFL.LE+4) MAXORD=2
IF(MAXDRD.GT . &) MAXORD=G
NNK=MAXORD

g 3 K=1sNNK

Ki=K+1

CALL FOLIFIC(XsY SIGMAY sNFRK1702AsB,CHISQRyIC LT LAG)

ERROR=Q.0
L=0.,0
NLAG=LAG-1

00 4 J=L.AGsNF
SUM=A(ICyLCy 1)
00 § I=2yK1
SUM=SUM+ACIC LTy DI XX (I XN CI-1)
CONTINUE
YCAL (J)=5UM
DELTAY (D)=YCAL CI)-Y (D)
IFC(NLAGLER.O) . OR. (L. EQR.NLAGY) GO TO 4
D0 125 L=1:NLAG
DELTAY (L)=0.0
YCAL (L)=Y (L)
CONTINUE
L=NLAG
ERROR=ERROR+DELTAY (J)%x%2
ERROR=ERROR/NF~LAG+H+]
CALL CORRA(YSERRORyRyIC2LTsNF)

CONTINUE

RETURN
END
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31
32
33

37

39
41

44
45

Fase

SUBROUTINE FOLIFI(XsYsSIGMAY NFTS:NTERMSyMODE»Ar Ry

ACHISQRIC,LCyLAG)Y

EXTRACTED FROM?! BEVINGTONsF., R.s "DATA REDUCTION AND
ERROR ANALYSIS FOR THE FHYSICAL SCIENCES®s MCGRAW HILL 1969

SUBROUTINE POLIFIT FURFOSE

MAKE A LEAST-SQUARES FIT TO DATA WITH A FOLYNOMIAL CURVE
Y = ACLY + ACZIEX 1+ ACZIRXERZ + A4 ERX%*3 4+ ...

LESCRIFPTION OF FARAMETERS
X -ARRAY OF DATA FOINTS FOR INDEPENDENT VARIABLE
Y ~ARRAY OF DATA FOINTS FOR DEPENDENT VARIAERLE
SIGMAY ~ ARRAY OF STANDARD DEVIATIONS FOR Y LATA FOINTS
NFTS ~NUMRBER OF PAIRS OF DATA FOINTS
NTERMS ~NUMRER OF COEFFICIENTS(DEGREE OF POLYNOMIAL + 1D
MODE —~DETERMINANTS METHOD OF WEIGHTING LEAST-SQUARES FIT
+1 (INSTRUMENTAL)Y WEIGHT(I)=1.,/5IGMAY(II%¥2
O (NO WEIGHTING) WEIGHT =1,
-1 (STATISTICAL)Y WEIGHT(I) = 1./Y(I)
A~ ARRAY OF COEFFICIENTS OF FOLYNOMIAL
CHISAR ~ REDUCED CHI SQUARE FOR FIT

DELTERM (ARRAYNORDER)D
EVALUATES THE DETERMINANTS OF A SYMMETRID TWO-DIMENSIONAL
MATRIX OF NORDER

DOUBRLE FPRECISION SUMX:SUMY s XTERMsYTERM» ARRAY CHISA
OIMENSION X(23)Y(23)2A(23+77)B(23+10:10)>
SIGMAY(23) ySUMX (230 s SUMY (23) s ARRAY (8 83)

ACCUMULATE WEIGHTING SUMS

NMAX = 2XNTERMS - 1
00 13 N=1r NMAX
SUMX(N) = 0.

D0 15 J=1y NTERMS
SuMY(Jdir= 0,

CHISQ =0.

00 50 I=LAGs NFPTS
XI=X(I)

YI= Y(I)

IF (MODE) 32,37,39
IF(YI) 35537933
WEIGHT = 1./YI1

GO TO 41

WEIGHT = 1./(-YI}
GO TO 41

WEIGHT = 1.

GO TO 41

WEIGHT = 1. / SIGMAY(I)*kX2
XTERM=WEIGHT

00 44 N=1 s NMA&X
SUMX(N) = SUMX(NY + XTERM
XTERM = XTERM % XI
YTERM = WEIGHTXYI
00 48 N=1s NTERMS

rJ
r

Ltz
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SUMY (N)=8UMY (N> + YTERM

48 YTERM = YTERM %XI

49 CHISQ = CHISQ + WEIGHTHYIXX2

50 CONTINUE

c

C CONSTRUCT MATRICES AND CALCULATE COEFFICIENTS
C

51 L0 34 J=1y NTERMS

DO 54 K=1» NTERMS
N=J+ K~ 1
54 ARRAY (Jy KDY = SUMX{N)
DELTA = LDETERM (ARRAYsNTERMS)
IF(DELTAY 613537561

957 CHISAR = Q.
o 59 J=1y NTERMS
a9 ACICLCd) = O,
: GO 7O 80
61 00 70 L=1y NTERMS
&2 00 66 J=1y NTERMS
I3 65 K=1NTERMS
N = J+K-1
53 ARRAY (Js KI=CBUMX (N
&6 ARRAY (Js L) =SUMY (1)
70 ACTICsLCy ) =RETERM(ARRAY s NTERMS) FDELTA
C
C CALCULATES CHI SQUARE
C
71 G 75 J=1»r NTERMS
CHISA = CHISA - 2.%A(IC,LC: XSUMY LD
00 75 K=1» NTERMS
N=J+K~1
75 CHISO=CHISAQ+A(IC LCy DIXA(ICILCrRKIHSUMX (N
76 FREE=NFTS~NTERMS
77 CHISAR=CHISQ/FREE
CALL TTEST(A»ByLAG»ICyLCFREEsNFTSsX»Y)
30 RETURN

ENTI
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44
50
&0

FUNCTION DETERM(ARRAY s NORDER)

EXTRACTEDR FROM! RBEVINGTON+FP. R.» "DATA REDUCTION ANID
ERROR ANALYSIS FOR THE FHYSICAL SCIEINCES® yMCGRAW HILL 1969

FUNCTION DETERM

FURFOSE
CALCULATES THE DETERMINANT OF & SQUARE MATRIX

USAGE
DET = DETERM(ARRAY» NORDER)

DESCRIFPTION OF FARAMETERS
ARRAY -MATRIX
NORDER ~0ORDER OF DETERMINANT (DEGREE OF MATRIXD

SUBRROUTINE AND FUNCTION SUEFROGRAMS REQUIRED
NONE

COMMENTS
THIS SUBRFROGRAM DESTROYS THE INFUT MATRIX ARRAY

DOURLE FRECISION ARRAYs8AVE
DIMENSION ARRAY (858)

OETERM =1.

00 30 K=1y NORDER

INTERCHANGE COLUMNS IF DIAGNOL ELEMENT IS ZERO

IFCARRAY (R KDY ) 41-21 541
Do 23 J=Kr NORIER
IFCARRAY (K »d)) 3123531
CONTINUE

DETERM = 0.

GO TO 60

0o 34 I=K, NRODER

SAVE = ARRAY(I».J)

ARFAY (I » D) =ARRAY (T 28
ARRAY (I K)=8A8VE

DETERM = -DETERM

SUBTRACT ROW K FROM LOWER ROWS TO GET DIAGONAL MATRIX

DETERM = DETERM¥ARRAY (KK

IF(K - MORDER) 4350530

Ki=K+1

D0 46 I=Kl, NORDER

no 446 J=K1,NORDER

ARRAY (I ) =ARRAY (1, D) -ARRAY (I yK)XARRAY (K D) /ARRAY (K KD
CONTINUE

RETURN

ENID

T

[iH

3
%28

i



oo aaoaan

10

SUBROUTINE CORR(YsERRORsRyICvL.CrNF)
4 2K K ook Rk K oK K Sk oo ok kR R oK KR Kok sk KoKk kol kol skokokokok sololkokoiaioeiokoiokoekokok

¥
. 4 X
* Subhroutine CORR *
X Furrose! To determin the auality of the fit of X
X the date to the model for the zero 4
* order constants. X
X X
X X

340K K R KRR oK ROK KRR K OR R CROICHOROROI S OR R RORIOK R OK KK OR OOR 0K

DIMENSION Y(23)yR(23:7)
YT=0.0

Y5=0.0

ng 10 I=1sNF

YS=YS+Y (1D
YT=YT+Y (I ) %%x2

CONTINUE

YMEAN=YS/NF
OUMLI=(YT/NF) -~ (YMEANY®XZ)
R2=C(DUM1-~-ERRORY Z7DUML )
R(ICyLE)Y=R2

RETURN

END



SUBROUTINE FLOTC(TITLE»ISWs XSy YSsNFyICLAG MODE»Xs Y s XLAREL s .

ARSyRLABEL s YLARELD
EEPE S P IPE LR ELPEL T ESE PRSPPI S I ETEIPELIPES SIS IEL SO LSS
* 4
X Subroutine FLOT X
X X
% Furrose! To scale 811 the time an X
X concentration dats so that it will %
* ¥
4 X
. 4 *

fit within a8 91x60 matrix

A K o sk K R ok R skt stokolok kool SRR SRR IR ROK SRR ook Soksiolokokok ok

oOooOoooOooaaon

COMMON TEMF (23,82, CONC(23:8) yDATE(23+8)»BURST(23,253)
DIMENSION TITLE(23:20)»X(23)Y (231 YLAREL (235200
ZXLABEL (23X, 200 RLABREL (235200 o IFICT(S1 v 600
IFCIBW.GT.1) GO TO 2012
Cal.l. CLEARC(IFICT)
012 IFMMODEY?011.17,2011
011 IF(ISW.GT.1) GO TO 9010
SCALE=YS5/50.0
GO TO 2040
010 SCALE=RS5/350.0
2040 0 16 I=1yNF
YT=Y(I)/SCALE
IY=Y{I)/8CALE
IFCIY.LE.SCALEY IY=0
IFCY(T) . GT . (BCALEXS0.0)y IY¥Y=31.0
IFCYT-IY.GT.0.9) GO TO 2050
GO TO 2015
2050 IvY=IY+1
015 XSCALE=XS5/60.0
P060 XT=X{I)/XGCALE
N=2
NG=1
IX=X(I)/XSCALE
IF(X(I) LT XECALE)Y IX=1
IF(XCI) W GT . H0%XSCALEY IX=60
IF(XT-EX.6T.0.3) GO TO 9070
GO TO %2080
070  IX=IXt1
2080 Iv=IY+1
CALL FPOINTCIY»IXsIFICTISH)
146 CONTINUE
IFCISW.EQ.1)Y GO TO L7
CALL ORAWCTITLE IC Y8 XSy IFICT s XLAREL s YLABEL » RLAREL y RE)
17 RETURN
END

Fage
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2010
2020

SURROUTINE CLEAR(IFICT)
THIS SURBROUTINE CLEARS THE FICTURE

DIMENSION IFICT(S51,460)
DATA NELANK/Y 7/

0o 2020 I=1.91

0o 2010 J=1+40
IFICT(I»J) = NBLANK
CONTINUE

CONTINUE

RETURN

ENT!

SFACE

Fage
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26¢



SUBROUTINE FOINTC(IYSsIXSIFICTISHY
ke SHOROfR kol ok B R kR sk sk R R EOR SOROICROK R SR OR siRoR silok iokkokoksiolok oksolokscrorokskokokx
Subroutine FOINT
Furrosel To rlace the aerrrorriate charsctler

* X
X X
X ¥
* X
X ar bhlank in the matrix IFICTy in ¥
X arder to set wur the rlot of data. X
% X
¥ *

SOooaooOoOo

AR SRR ORICTOR SRk KR 80k KR KOICIOR HOOKRCROK S sk R ORCK R RORORIOROR S K
DIMENSION IFRICT(S1260)
LDATA NCHARS 47/
DAaTa NAXISA O/
ITFCIGW.GT.1)Y GO TO 2040
203G IPICT(IYIX) = NAXIS
GO TO 2050
2040 ITPICT(IY.IX) = NCOHAR
2050 RETURN
END

Fadge
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SURRQUTINE DRAW(TITLEICsYSyXSs IFICT s XLAREL s YLAREL » RLAREL »RS)

5S8RSR RO RO K HHORKOKOKOK K KKK KK KOK K K K KK KOIOK SR 3K KK GHOR R RIOROK

X h ¢
X Suhraoutine IRAW *
¥ *
* Furrose! To format the slot with lasbelled X
X and scaled axis. X
% b4
FOEI TSI PEP LTS LSS EL TS EL PSS IS CEIETE LTI EET SIS F 8¢S &Y

COMMON TEMF(23:8) CONC{(238)sDATE(2Z,8) s SURST (23525
DIMENSION TITLE(23,203»IFPICT(G160)» IXRB(7) » XLARBEL (232200
AYLAREL(2Z,20)  RLARBEL (23,207

DAaTA NELANKZS 7/

WRITE(S2,4014)

4014 FORMAT( 0" vsingle’)

WRITE(&24012)

4012 FORMAT(Q7» 7 crade’)

WRITE(6:4019)

401%  FORMAT( 07’ s88187)

WRITE(4623013)

F0LE FORMAT(//)

IFIG=IC
WRITE(S:30300IFIG

3030 FORMATC( 175Xy EIGURE #1227

v 1%y “ELOT OE CONCENTRATION

A e UG, IIME’)
WRITE(673333)
3333 FORMAT(/07+7.8KIF3")
WRITE(6:4019)
I65=0.0

YECALE=YS
RSCALE=RS
YINT=Y5/10.0
RINT=R5/10.0

3025 DO 3040 I=1.31

3045 WRITE(S6s3050)SURST(ICI-4) s (IFICT(II »Jddy J=1:60)8BUBST(ICYI~4)

IFCTILEQ.S1) GO TO 3060

IT1=82-1

TII=I-1

IF(III/ZS.EQ.FLOATC(IIIN/ZS) GO TOQ 3080
IFCCIWLT.S) OR.(ILGE.30)) GO TO 3065

GO TO 3040

3065 IF(I.GE.30)Y GO TO 30673

Gl

fo
~d
G

WRITE(S» 30S0YNELANK (IFICTC(ITI»d) s J=174600 » NELANK
GO 7O 3040
IFCI-29.6T.20) GO TO 3075

WRITE(Sy30S50)YLAREL (15129 (IFICT(IIsJ)y J=1560)RLAREL(1yI~129)

GO TO 3040

3075 WRITE(S»30S0)INEBLANK, (IFICT(IIrJ)» J=1,40)»NELANK

30

50 FORMAT(? “sAls6Xs 1756081717 v6XsAl)
GO TO 3040

3080 IF{({I.LT.5).0R.(I.GE.30)) GO TO 3072

WRITE(&s3090)SUBST(IC,I~-4)y YSCALE, (IFICT(IIs )y J=1260)»
ARSCALEySUBST(IC, I-4)
G0 TO 3049

3072 IF(I.GE.30) GO TO 3074



3074

Fage

WRITE(&73090))NEBLANKY YSCALE (IFICTC(IIsyJ)y J=1s60)>
ARSCALE y NELANK

GO TO 3049

IF(I-29.67.20) GO TO 3076
WRITE(&53090)YLAREL (1,I-29) s YSCALEy (IFICT(II» D) »J=1s600 >
ARSCALERLAREL(1,1I-29)

GO TO 3049

WRITE (S 2090 NBLANKy YSCALEs (IFICTCII »JYy J=15602y
ARSCALE » NBLANK

FORMATC? ‘A1 sFS.12 7 ~1 72608171~ +F5.15A1)
YSCALE=YSCALE-YINT

ROCALE=RECALE-RINT

CONTINUE

WRITE(&,3070)

FORMAT (! 57X s 7 i e o e +7
xxu~*“MM_~“+_““MM__~M+_~~m_-__“+f)

SCALE=XE/60.0

IX(1)=0.0

Lo 3130 I=2,7

ST

IXBLL)=IXRB(D+SCALEXLO.O

CONTINUE

WRITE(AHs3140)(IXELL ) »I=257)

FORMATC(? 79X,8(I102)

WRITE(&23130)

FORMAT( 07 236Xy "TIME/MIN' D

RETURN

END
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X
*
X
X
X
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4023

b
fe]
[y
G

4020

7010

7020

7031

7032
7030
7030
7300
7001
7002

SUBROUTINE RESULTC(AsRsTITLE,RUN,IC»LO)

e s ok sokoKok ok sk koK R ekokoRoR KK Kok sk Rk skokok sokksiok skoksiokok skekorkok ook ¥k

Subroutine RESULT

X
X
X
Furrose! To give 3 summary of the X
constants of intergration for esch X

model in each sel of datas. X

*

¥

SRR stk RoRORR sokOR koK ekok ok iok ok solorioR-sioiokslokolokok RO KR ORK

COMMON TEMP(2315)sCONC(23v15)yDATEL(23715) ySURBST(23,25)
OIMENSION AC239 773 s R(23+7) s TITLE(23+20) s RUN(23Z2152

0o 7030 L=1sLC

WRITE(4:4023)

FORMAT (07 » /v double )

WRITE(S24013)

FORMATC(/ 0« sradge )

WRITE(S4020)

FORMATC( Oy sasis’2

WRITE(&y 70100 (SURST(IC I I=1425)

FORMAT(C 175Xy ‘SUMMARY OF RESULTS FOR THE SURSTRATE 7.2541)
WRITE{(&2 7020

FORMATC/ 0 s 10Xy "MEDIA s 12Xy "RUN s 15X 7INITIAL

%ZEXy "RATE  » 92X "CORR D

00 7050 IR=1,IC»1

IF(L.GT.1) GO TO 7031

WRITE(Ss 70000 (TITLECIR I ) s I=1s20) s (RUNCIRy )¢ =115 »A(IR»Ls1)>»
HACIR L2022 R{OIRLD

GO TO 7050

IFCL.GT.2) GO TOQ 7032

WRITE(Ss 70010 (TITLEC(IR, 1) vy I=1+s200 s (RUN(IR, D) s d=1s13) s A(IReLs 1)
HACIR Ly 22 ROIRSLD

GO TO 7050

WRITECS s 7002 (TITLEC(IRs I) o I=1s20) o (RUN(IRs Y r J=1513) s A(IR sy 1)y
ZACIRs Ly 22 ACIRy L 3) s RCIR LD

CONTINUE

CONTINUE

RETURN

FORMATC Q! y 5S4 2001 22X 1541y 2XsFP . 452X FP . 472X FF . 4)

FORMAT (70 »SX s 2081+ 2X515A1L s 2XsFP .45 2XsFP.452XsFP.472X2F?,4)
FORMATC7 0 o 5X v 2081 92X, 15A1L s 2X s FP A3 2XsFP 472X FP 42X FP 4y
A2AFP.4)

ENI



SUBRROUTINE TTEST(AYyRBLAGy IC»LCyFREEsNF2XsY)

C

O Sl o 0 O oK S8 ok e I I OKOB RO o s ke ol s R SR KK 3K SR KR ORI KR OK K
C % X
C x Sunroutine TTEST 4
C % Furrose! To rerform 8 student t-test on *
T the dats used with the zero order X
I 4 model in order to estimaste the errorX
C % in the constants with 95% certaintw X
C % X
% e sk AR OR R O R R 3k K RSk sk S Ol ol sk ok SRk K ko KK K 0K KoKk koK
C

DIMENSTON X{23) .Y (23):3UMY(23) s SUMX(23) s SUMXY(23) 5
FAC23s 7970y BI23¢ 102100 TYS(23)
DATA TES(1T23(2)»TR0(3) s T25(3)/12:70654.303:3.182+2.776/
DATA T35 s TRS(&) s TRO(7) v TRS(BI/2,.565:2.447v2.365+2,308/
DATA TS5 T2E(10)» TRS (11 /2,262 2.228,2,201/
DATA TESC12), TRE(13) s TRS(14) /217992, 160+2,145/
DATA T28415)» TRO(16) s TRO(LY /2,131 :2012022,.110/
DATA T23018»TRELF) . TRE(23) /72,1012 2.093:,2,0846/
nQ 996 L=1sNF
SUMX(L)=0,0
SUMY (L)=0.0
SUMXY(L)Y=0.,0
P70 CONTINUE
NP T=MNF+1
LL=LAG+H]
0 1000 L=LLsNFT»1
d=EL-1. 0
I=J
SUMY (L) =SUMY{(JX+(Y(I))
SUMX L) =8UMX () +(X(I))
SUMY () =GUMY (L)
SUMX {JY=8UMX (L)
1000 CONTINUE
YSUM=SUMY (J) /NF
XSUM=SUMX (J) /NP
XE=0
YT=0.,0
T5=0.0
00 1010 Jd=1sMF
YS8=YS+ CCYSUM~Y () Y H%2)
YT=YT+((YSUM-Y{ I K{XSUM-X(J) 2D
XS8=XS+ ({XSUM~X{ D) yxk2)
1010 CONTINUE
S={YS-(ACIC LCy22%XYT)) /FREE)
§2=8/XS
H53=5/NF
BLIC LCy 10 =TPE(FREEYX(SART(( (L. O/NFIH{XSUM/XE)I%E2)
RCOIC,sLCy2)=TRS(FREEYX(SART(E2))
RETURN
END
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30

40

SURROUTINE MONODCTIMEsFRPMsNFsICsLCyAsReRs YCALyDELTAY ERRORD
3okl R s ok sl s ok sk R ks Kol sk e ok ok sk o koo st sk kol ol ook ik kol kR kol sk ol
Subroutine MONOD

¥ *
¥ *
¥ *
* Furroset To set ur an zugmented matrix for ¥
X each data set to solve the Monod X
¥ degradation equation Tor it’s X
* constants by Gaussian reduction ¥
X ' X
X X

3k kRO O ORI GOk ko) R ScicIok ek ook Rk IOoR ok sioeikskorsiolelolskoiok

REAL¥E G

DIMENSION TIME(23) o PPMI230:Y (23X {230, YOAL(23),50100)y
HB(293) v A3 7973 s BL2397 97 s RI239 72 FL{23, 1000 DELTAY (23D
TLAG=TIME(L)

OUM1=0.0

DUM2=0, 0

DUM3=0.0

LuM4=0,0
OUM7=0.0
TLAG=TIME{(1)

[0 10 I=1«NF
TIME(I)=TIME(I)-TIMEC(L)
YD) =aLO0G{FFM{1 2 /FPFMLT))
X(DY=FPFUiL)-FFMCD
DUAL=DUMI+(Y(IIHTIMEL(IDY)
DUMZ2=DUM2+ (TIMECT ) #%2)
DUM3=0UM3+ (X (IO)XRTIMEC(I)
DUMA=0UM4+ (X (T 4%%2)
DUM7=0UM7+ (X (T)XY (ID))
CONTINUE
GOy Ly=DUM2%X(-1.0)
Gils2)=DUM3
G{1s3)=0UM1
G2y L)=DUM3%(-1.0)

G2y 2)=DUM4

G2y 3)=DNUM7

NO=2

NCOi.=3

N=2

NS=1

CALL GAUSL (NIsNCOLsNsMNSsG)
G{1s3)=(G(1,32%{(~-1.03)
G(2,3)=(G(2,3)%{(~-1.02)
Cl=(G(1+30/6(2:3))
C2=(1.0/G(2:33)

g 20 I=1sNF

S{Ly=FPMII)
S(2)=FFM{I)+1.0

L=1

FOL L) =(C2%CALOG(PFMILY /S UL DI H(PPMOL) -8 L)) - (CL¥TIME(I) D))
IF (L.LT.2) GO TO 40

GO TO 50

L=L+1

GO TO 30

CALL SECAMT(SsSNEW:F»IsL)



rJ
&

[
O

21

DIFF=(S(L)-SNEW)
IFCCARS(DIFFY ) WLT.0.0001) GO TO 25
S{L+1)=8NEW

L=L+1

IF(L.GT.29) GO TO 25

GO TO 30
RELTAY(I)=FFM{I)-SNEW
YCAL(I)=8MNEW

CONTINUE

o 60 I=1-NF
TIME(I)=TIME(I)+TLAG
CONTINUE

ACTICYLE,20=C1
ACICLCy1)=0C2

ERROR=0.0

0o 21 I=1sMNF

ERROR=ERROR+ (DELTAY (I3 %k2)
CONTINUE

ERROR=ERROR/NF

CaLL CORR(YYERRORyRsICsLCyNF)
RETURN

ENT

Fage 273



SUBROUTINE SECANT(SySNEWsF I
sk ok 38 o K ok 3% s e ok o 70 o ol 38k st sk e ok R 2R ROK K KO K0k 0k K KK Sk OK R sk sk ko okl okl skok kokotokok
Subiroutine SECANT

* ¥
* X
X X
X Purroset! To serform abounded iterative X
X calculation to find a3 theoretical X
X substrate concentration krowing the X
¥ kimnetic constants of either the *
X Monod or Haldane eaquation st a X
X time L. X
X X
X X

e ORROR O sk ol ok RORRCHHCIOIORR O SHORICIOIO KRR O SK ROk Ok Ok KO-k ok

oo oaoooooaond

DIMENSION SC100)sF (2321000
AMAX=3000.0
AMIN=0,.0001
IFCF{ILY.NEF(IvL-12) GO TO 301
SNEW={S ()38 (L~1)3/2,
GO TO 310
201 SLOFPE=(S(L-12~8 L))/ (F(IsL)-F(IsL~1))
OELTAC=F{I+L)XSLOFE
305 SHEW=S{LY+DELTAC
IF({SNEW.CGE.AMIN) (ANDL(SNEW.LT.AM8X) ) GO TO 310
DELTAC=DELTACX0.?
GO 7O 305
310 FETURN
ENID



SUBRROUTINE REFORT(ILsKL1sNFsTIMEsFFPMCORsFPHyNHyMLES, TITLE yRUNy

ZCLyAsByRy YCAL»DELTAY» IC»LCyERROR)
3088 3R ok Ok ek ok kol R KKK KKK 0K SR KRR KOR K sskok sk okokkolckakokskakok kR K

Subroutine REFORT

¥ X
X X
4 X
X Furrose?! To format each set of ineut and X
X outrut data for use in the rerort X
X of the redgression resulits. *
X X
¥ X

0OKCKKCR S ORORCHCR ORI R R RIS AR IORNCRNOKRORSOIOR OIORSOROICIICK KO X

oo aoans

COMMON TEMF(23:8)CONC(23+8) sDATE(23,8) »SURST (23230

DIMENSION RUNC2Z32135) s NHCO23) s TITLE(23220) 2 A(239 7273 s R(2357 )

ZYCAL (230 s TIME(23) FFM(23) s COD23) » PH(23) s MLEB(23) »
ACLAO23)B(23y 7+ 70 DELTAY (23D
1 WRITE(&624015)
WRITE (6240110
WRITE(S524100)
4100 FORMAT(/0 ¢ scenter’)
WRITE(6241010IC,ID
4101 FORMATC( 707 'TABLE “9I2s7-"»11)
IF (In.GT.,1)G0 TO 4105
WRITE (46,4102)

4102 FORMAT(’0’y’A SUMMARY OF THE EXFERIMENTAL DATA OBTAINELD

“/FOR THE DEGRADATION OF ")
WRITE(&674103)Y(SURBST(IC,I)»I=1,28)y (TITLECIC»I)»I=1+20)
4103 FORMAT(70 2341 "IN THE MEDRIA ‘y20A1)
GO TO 4125
4105 TIF(IL.GT.2) GO TO 4107
WRITE(624311)(SURST(IC, 1) I=1+25)

4311 FORMAT(/0‘y’/THE REGRESSION OF THE ‘,23A1l, CONCENTRATION’

7 VERSBUS TIME TO %)
WRITE(S24312)(TITLE(IC, I3 I=1,20)

4312 FORMAT(/07¢7 FIT THE ZERQO ORDER MODEL IN THE MEDRIA “s20A1)

GO TO 4125
4107 IF(IL.GT.3) GO TO 4110
WRITE(S» 4211 (BURBSTC(IC, 1) I=1523)

4211 FORMAT( 0’ 'THE REGRESSION OF THE ‘+25A1y "CONCENTRATION’

47 VERSUS TIME TO %)
WRITE(S, 42123 (TITLEC(IC, 1) I=1520)

4212 FORMAT(?0‘y 7 FIT THE MONOD MODEL IMN THE MEDIA »20A1)
GO TO 4125

4110 WRITE(6:41115(SUBST(IC,I)»I=1-25)

4111 FORMAT(7 07y THE REGREBSION OF THE ‘»25A1s CONCENTRATION'

A7 VERSBUS TIME TO 9

WRITE (641120 (TITLE(IC» 1) »I=1+20)
4112 FORMAT(/0¢’ FIT THE HALDANE MODEL IN THE MEDIA 7»2041)
4125 WRITE(654027)

WRITE(624018)

WRITE(S,2021)(SURST(IC,»I)»I=1+235)
021 FORMAT( 173Xy SURSTHATE P 20A1)

WRITE(Ss P00 (TITLECIC,I)»I=1520)
2005 FORMAT(/07 353Xy "MEDIA 120810

WRITE(422022)(CONCCICsI2»I=1282
022 FORMAT( 0’ +5Xy "CONCENTRATION? ‘»8A1s "NOMINAL ")
WRITE(Sr 20140 (DATE(IC,13»I=1+8)
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014 FORMAT(/07y3Xy "IATE ¢ +8A1)
WRITE(6s9008)(RUNCIC, D) s I=1,15)
2008 FORMAT(/0/s5Xrs "RUN t215A1)

WRITE(659017) (TEMF(ICsI)sI=1,8)

9017 FORMAT(/0‘y5Xs‘ TEMFERATURE ¢’s841)
IF(C(LC.EQ.1) AND. (IDLEQ.1)) GO TO 101
WRITE(454027)

WRITE(654018)
WRITE (45 100)

100 FORMAT( 026Xy TIME (MIN)‘s3Xys FFMEXF’ 74Xy FFMCAL‘ y8Xy "IY7)
G0 TO 149

101 WRITE(65102)

102 FORMAT(’0’ 8%y TIME’ »5Xs CONC.‘ 54Xy CON’ 74X s “2H/

%y 3Xy ‘MLES’ 53Xy ' NH4+’ y6Xy CL~7)
WRITE (45103)
103 FORMAT(/0’28Xs ‘MINS’ 55Xz’ FFM ‘54X "FFM’/ 24Xy’ 7
%r3Xy ‘mg/ 17 3Ky CPFM T2 6Xs TFFHY)
WRITE(&74027)
[0 148 I=1NF
WRITE(654018)
WRITE (67 104) TIMECT) s FFMCI) »CODCIY s FHCI) y MLSS (1) s NH(I) »CLCT)

104  FORMAT( 0/ »5XsF7.1y2XsE7 .19 2XsF7 .19 2XsFa, 152Xy 452Xy 1455XsF5. 1)

148  CONTINUE
ID=T0+1
GO TO 1

149  WRITE(654028)

4028 FORMAT( 0’y shirl’)

WRITE(654014)

4014 FORMAT(/0’y’.sinsle’)

WRITE(6y4018)
00 201 J=1sNF

150  WRITE(6,200)TIME(J) sFFM(U) s YCAL (D) s DELTAY (D)

200  FORMAT(/07,5Xy4G12.5)

201  CONTINUE
WRITE (454027)

WRITE (&54024)

4024 FORMAT(’07s.double’)
WRITE (67 500)

500  FORMAT(/»SXs /KINEIIC CONSIANIS’)
ACIC,LCy2)=ACICLE»2)%60,0
IF(LC.GT.0) GO TO 319
E(ICsLCs2)=R(ICsLCs2)%60,0

319 GO TO (321,322,323)sLC

321 WRITEC(AH324)

324 FORMAT(70/y3Xy "ZERO ORDER MODEL ")
GO TO 331

32 WRITE(692326)

~
326 FORMAT(7 07 »5X» 7MONOD MODEL ")
GO TO 331
323 WRITE(6y327)
327 FORMAT (707 »SXy “HALDANE MODEL )
331 0o 20 I=1,K1
IF(I.GT.1)Y GO 7O 252
WRITE(67250)1sA(ICyL.CyI)sB{IC,LC-T)
250 FORMAT(/+SXy ‘K7 sIls=/3F%.32/ £/ 7F3.2,3Xy 'mg/17)
60 TO 20
a2 IF(I.GT.2) GO 70 253
WRITE(S6s25101IsACICy LTI s BCICLE»T)

-



300

4015
4011
4018
4027

FORMAT(/ 28Xy "R s Ily "=/ yFP,35 "

GO TO 20

£y F3.2s3X5y ‘mg/1.hr’)

WRITE(652543IsA(ICyLCsI)»B(ICYLCyID
72 FE.2y3Xy "1/ md’ )

FORMAT(/ 93Xy "K7 oIl "=/ yF9,3+"

CONTINUE

WRITE(693753) R(OIC.LD)
FORMAT( 0/ y5Xs “THE CORRELATION COEFFICIENT =

RESIL=(SART (ERRORXNF) )} /NF

WRITE(6y300IRESID
FORMAT(/+6Xs " THE ARSOLUTE AVERAGE RESIDUAL =

In=In+1
FORMATC(7 Q7
FORMATC( Q7
FORMATC(/ 0
FORMAT( Q"
RETURN
ENDI

w M M oW

“edoutnle’ )
Cemage’)
feaslis’)

feskir3’)
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b 4 SURROUTINE GAUSL(NIyNCOLsNsNS»3)
X

2 SCROROI KRR A AR OROKKOK KKk KRR K 3K 380K 3K KK KK KK KOk kKKK SOKKOKR ok ok sk solokok ok

SUBROUTINE GAUSL SOLVES N LINEAR EQUATIONS RY GAUSS
ELIMINATION WITH ROW FIVOTING.

TO SOLVE THE FROBLEM QGX=Ur WHERE Q IS5 A NXN MATRIX AND IS
NXNS» ONE FLACES Q@ IM THE FIRST N COLUMNS OF A NI U IS FLACED
IN THE FOLLOWING NS COLUMNG.

THE FROGRAM RETURNS X=Q%xk{(-1)%U AT THE FREVIOS

FOSITION OF U,

ARk RO K

NI IS THE ROW DIMENSION AND NCOL IN THE COLUMN DIMENSION OF A.
BOTH MUST BE TRANSFERRED TO THE SUBROUTINE,

K s koRORoloICRoR R EORORNORRICE K

SUBROUTINE GAUSL(NIyNCOLsNsNS»G)

IMFLICIT REAL¥B (A-H»0-Z)
DIMENSION GO(NDyNCDLD
Ni=nN+1

NT=N+NS

IF(N LEQ, 1) GO TO 50

START ELIMINATION

00 10 I=2sN

IP=I~-1

I1=1IF

X=[ARS{G(I1,I13)

o0 11 J=I»N

IF(DARS(G(J»I1)) .LT. Xy GO TO 11
X=DARS(G(JyT1))

Ip=]

CONTINUE

IF(IF +EQ. I12 GO TOQ 13

ROW INTERCHANGE

DO 12 J=TI1s+NT
X=G(I1,0)
G{ILlsD)=G(IFsd)
GIFsd)=X

D0 10 J=I#N
X=G(JsIT1)/G(I1sTI1)

00 10 K=I,NT
GCIrRKI=6(JsRKI-XXG(I1sK)

ELIMINATION FINISHELD, NOW BACKSUEBSTITION

00 20 IF=1+N

I=N1-IF

[0 20 K=N1s#NT
GII+RI=G{IsyKIAGCIsID
IF(I .EQ. 1) GO 7O 20
Il=I-1



[N
<

Lo 2% J=1-11

GO RI=G (A KO-GIIsRKIXG( Iy I
CONTIMNUE

RETURN

ENMD
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SURROUTINE HALDAN(TIMEsFFMyNFsICyLCyAsBrRyYCAL »OELTAY s ERROR.
e 3K 380 0k ok okl sl ol ke ok sk sk sk Kok i ok KK KK ROk KK ORI IR K KKK SRR sk R R R ok keiokoRokokok
Subroutine HALDAN

Furrase! To set ur an augdmented matrix for

X 4
X X
X X
X X
* ezch datas set to solve the Haldasne X
X dedgradation eaquzstion for it’s b 4
X constants by Baussian reduction X
X 4
b 3 4 X

300330k K RO OK SKOR SR HOR KR K KR R KK R KOKOKRHCR R Ok SR OICKOK ok ROK

REALXS G
DIMENSION TIME(2Z3)sFPFMO23) Y (239 X232+ YCAL (23 8(50)
HG(3s4) 90 23773y RBI23372 7Yy R{2Z2 7y F(23s50) »DELTAY (232
e Z (23D
DUMl=0.0
nUM2=90.,0
LUM3=0.0
UM4=0.0
nuMsS=0,0
UM&=0,0
DUM7=0,0
LumMB=0,0
OuUMe=Q0.90
oM10=0,0
0 10 I=1sNF
Y{I)=FPM{I)
X{(Iy=ALOG{(FFM(I})
ZCTY=(FFMCT ) XX
OUML=0UMLI+(Y(IXKTIMEC(ID))
DUM2=DUM2+ (TIME (I »%k2)
OUMI=DUM3+ (X (IXXTIME(I )}
DUMA4=DUMA+ (X (1) %X%2)
DUMS=DUMS+(Y (I %%2)
DUMe=TIUMS+X (1)
DUMZ=TUM7+(X(I)XY (I
DUMB=TIUMB+(Z(I)YRX(I))
DUMP=TUMP+(Y(I)XZ(1))
DUMLO=D0UMLIO+{(Z (I )%k%2)
CONTINUE
Gily1)=NUM2%(~1,0)
G{ls2)=DUM3
G({1+3)=NUMS
G(ly4ry=NUM1 )
G2 1)=DUM3%{~1.0)
G(2y2)=NUM4
G2y 3)=NUMS
G(2s4)=0UM7
G(321)=0UM&X{(~1,0)
G(3,2)=0UM8B
G(3s3)=NUMLO
G(3s4)=0UM?
NI=3
NCOL=4
N=3
NG=1]
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30

40

T3
&1

CALL GAUSL(NDsNCOLyNsNSsG)
G(ls4)=(G(124)%(-1.0))
G(2,4)=(0(2740%(~-1.0))
G(343=(G(3s40%(~-1,0))
Ci=G(1-4>

C2=G(2r4)

C3=G(3+4)

ng 20 I=1sNF

S(1)y=FFMLD)
S(2)=FPMC(I)+1.0

L=1
FOIstd=C(CIXTIME(I) ) - (C2HALOG{S(LY ) ) -S(LY~(C3X(S(LI)%X%x2)))
IF (L.LT.2) GO TO 40

GO 70 50

L=L+1

GO TO 30

CALL SECANT(SSNEWsFsIsL)
DIFF=(S(L)-SNEW)
IFCCARSL(DOIFFYYLLTL0.0001) GO TO 25
S{L+1)=5NEW

L=L+1

IF(L.GT.42) 60O TO 25

GO TO 30
DELTAY(I)=FFM{I)—~SNEUW

YCaL (I)=5NEW

CONTINUE
ACICYLC»12=6(2,4)%(~-1.02
ACICYLCy2)=G(1s40%(-1.0)
ACICYLC»3)=6{3s42%(~1.0)
ERROR=0.0

o 21 I=1sNF
ERROR=ERROR+(OELTAY (I)%X2)
CONTINUE

ERROR=ERROR/NF

Call. CORRCY ERRORsRsICsLOyNF)
RETURN

ENTI
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