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The VFAirotential method is a fementation technique fo「 estinati皿g血e tofal vola融e fatty acids (VFA)

availability in wastewater. The VFA-POtential was conceived as a measurement of血e readily femental)le

COD’beeause fementation utilizes this COD as a substrate. However’anaerobic hydro重ysis can aiso be

a pOtential source of f訂mentable matter. In血is work,瓜e VFA-POtential me血od has been modified and

Simp臆ed to avoid nitrogen gas usnge. In the modified me血Od, SeVeral conventional BOD flasks are com-

Pletely触ed with wastewater and subsequently opened at scheduled times. This procedue keeps oxida-

tion-reduction potential (ORP) at vny low tevels while reducing the助oratory equipment required. COD

ffactionation of initial wastewater was carried ouしAnalysis of total st]SPended sotids CrSS), SO]uble phos-

Phate, ammOnia nitrogen, total and §O軸ole COD’and individual VFA were obtained throughout the VFÅ-

POtential test, tO eVaIuate hydrolysis and fementation. The meanでa。o betwecn VFA-POtentia] and the ini-

tial total COD was O・23 mg VFA-COD/mg COD. The VFA to phosphate ratio was in the range of ]4.6」乙2

mg VFA-COD血g P' Which is in accordance wi血the recommended value for biological phosphorus re-

moval (20 mg血g). A strong hydrolysis of §Otids was detacted throughout血e degradation of TSS and

SOluble COD・ The observed behavior of TSS, SO重ub]e COD,狐d VFA is compatible with a p狐ial uti-

1ization of hydrolyzed COD for fementa血on. Phosphorus and nitrogen solubilization are described, as

WelI as pH and alkalinity behavior, thronghou"he test.

Key words: VO軸e fatty acids; VFÅ potential; acidogenic fementation; readdy biodegradable COD;

COD fractionation.
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the solubIe readily biodegradablefraction (RBCOD), and

the particulate sIow]y biodegradable fねction (SBCOD).

事Cbrre§POnding autho「: Deparm軸O「 Hydraulic. Maritine.

Catalunya, Campus Nord・ E融ici D- l. Jordi G王rona l -3・ 08034 Barcelona’Spain.朋omg: 34-934-O 15-952担耽34-934-O17-357;

Eィ機ail: j ・knobelsdorf@upcc§

329

and Environmental Engineering, Universita〔 Politecnica de



ab]e fraction mst bc broken down壷r example, by hy-

d「olysis with extracellular cnzymes言n[o simp-er foms

before micro-Organisms cal} utilize it (Henze e’c}l.. ]995).

Volatile fatty acids uptake during anaerobic stages has

been characterized as a key step in enhanced bio]ogical

Phosphorus removal a±BPR). Low-Strength wastewaters

are frequently unable to supply enough VFA for anaero-

bic phosphoms release. The anount of VFA present in

Primary se[櫨ed municipal wastewater is a small fraction

Of the total COD・ apProXinately 2 to 1脇・ Howcver,

there is a=east an additional 10ゼ0% RBCOD血at can

usually be femented into VFA and o血er fermentation

PrOduet§・ On the o血er hand・ anaerObic hydrolysis of

SBCOD can produ∞ fermentable mat〔er血at can bc fur_

ther fernented to VFA (Henze e′ aJ., 1995).

Some parameters葛→r血eir ratios to phosphorus」laVe

been uscd to characterize thc suitab諏y of a wastewater

for EBPR’namely COD, BOD, RBCOD. and VFA con_

Centration. A more specific way of measuring the suiト

ab靖ty of a wastewater for bioIogical phosphorus removal

is [o aPPly the VFA-POtentiaI method (Lie and We】ander,

1997)・ This is a method for estimating the availability of

VFA in a wastewater, includingboth froe VFA and VFA

that can be re]eased by fementation of the readily fer-

mentable matter. SIowly biodegradable COD was not

COnSidered a source of rcadi】y fementablc matter in the

VFA-POtential method. In this method, a Wa§teWater

SamPle is stored in a sealed bottle for spontaneou§ feト

mentation by the micro-Onganisms present in the waste-

In the original me血od’OXygen is previously purged

from the wastewater and the headspace of the bott]e with

nitrogen gas. After sealing wi血a butyl rubber stopper,

WaSteWater SamPles are drawn at predetemined times

W皿a syringe through the stopper. Afterwards, the sam-

Ples are軸ered through O.45叫m軸ers and then kept

舟ozen until VFA analysi§・

The e紐ect of severa】 parameters on the VFA-POtential

test was studied by Mariin c寝/. (2002)言ncluding the ef-

fect of sample fieezing言nhibitors, Stirring, PH alkalin-

ity, and temperature. A set of optimZed operating con-

ditions was proposed in this §tudy. Curto eJ czl. (2002)

COmPared the VFA potential and血e readily biodegrad-

al)le COD as methods for detemining the substrate avaiト

able for enhanced bioIogica事pho§Phorus removal. A]so,

a clear cor鳩lation was found between the VFA potential

and the perfomance of three EBPR treatment plants.

In this wo十k,血e origina書VFA-POtential method (Lic

and Welander言997) has been modified to avojd the need

for nitrogen usagc. Besides・ Sti血g has bcen applied to

the samples afte「 fdrmentation’tO enS耽a homogencous

VFA concentration. COD hactionation bas been applied

to wastewater before fermentation, tO COmParC VFA foト
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mation to initia=otal COD fねctions. The modified

method has been applied to an u巾an wastewater fed to

two bench-SCale EBPR plants. Evolution of VFA, tOtal

and soluble COD・ TSS, ORP, aS Well as the solubiliza_

tion of血trogen and phosphorus have been studied.

MATERIALS AND METHODS

脇sie砂ater sa′呼祝g and伽a函is

Daytime composite §amPles were taken from a neaty

Street §eWer in血e residential area around the university

laboratory. SamPles were analyzed for TSS, VOlatile sus_

pended solids (VSS)’tOtal and soluble COD, COD frac_

tionation・ VFA’VFA-POtential, di§SOIved oxygen (DO),

SOl雨le phospha鳩fPO4-P} ammonia nitrogen, PH, and

alkalinity. Standard methods were applied (APHA-

AWWA-WPCF, 1995), eXCePt for Vm detemination
and COD最actionation. These parameters were detcr-

mined as described below.

COD f法ctionalあn

Total COD (COD) was determined according to the

APHA-AWWA-WPCF (1 995) standard methods. T。tal

biodegIndable COD (TBCOD) was detcmined by the

Park e! tzl・ (1997) procedure. This methodis based on the

total biodegradable oxygen demand, COmPuted from血e

total bioIogical oxidation of wastewater in a 24-h batch

test. The dctails of the TBCOD procedure and calcula-

書ion狐e gjven in P狐k et al. (1997).

Readily biodegradab]e COD (RBCOD) was deteト

mined by the Mamai§ eJ al. (1993) me血od. In this

me血od・ a 24-h ftll-and-draw bioうogicaうreactor is fed w池

血e wastewater.血fluent and o鯖luent are flocculated with

Zinc sulphato for detem壷ng truly soluble COD (COD-

SOl)・ RBCOD is computed as the di節erence between in_

f]uent and c鮒uent CODsol.

TllC tOtai unbiodegradable COD (TUCOD) was com-

Puted as the difference between COD aれd TBCOD. Soト

uble unbiodegradab暮e COD (SUCOD) was estimated as

the e珊ucnt CODso上as in Mamais cf al・ (]993). Finally,

Particulate unbiodegradable COD (PUCOD) was com-

Puted as the di餓境℃n∞ between TUCOD and SUCOD.

Ⅵ胃A pofe硬idl

For each determination・ 9 to = 300-mL BOD glass

nasks were completely軸ed with a given wastewater.

Thc flasks were capped with ground-g重ass s巾pers,

avoiding bubblc fomation, and stored in darkness at

20OC for fementation. No sti血ng was applied during

fdrmentation. The flasks were successjvely opened for

ana書ysis a[ predetemined times [O eValuate the kinetics



SOLUBnJIZATION AND FERMENTÅTION

Table l. Wastewater parameters before the
V弘-pOくentia重めS書.

P寄月の伽e基e γ 蹟型高柳e加Nb・ 1　　　農やerim鋤Nb. 2

丁SS, mg几

VSS, mgIL

COD, mg几

VFA, mg COD/L

DO● mg几

TKN, mg N几

NH4-N, mg N/L

P, m少し

PO4ゼ,鵬g几

pH
州ka書ini書y (調g CaCOう几)

Of VFA fomation. The maximum time considercd was

]68 h. Thi§ technique di締雑from the original method

(Lje and Welander, 1997) in血at severa] flasks are used_

instead of one-and血at no nitrogen gas is required.

The contents of each flask were stimrd, and subse-

quently analyzed for §OlubIe COD and VFA. Changes of

TSS and total COD we記also detemined in onc of the

VFA型tential tests. A flask was set apart in one of the

tests to monitor the ORP (AgtAgCl). Samples for soluble

COD’VFA・ SOfuble phosphate・ ammOnia nitrogen. pH.

and alkalinity wer℃餌ered血rough O.45十‘m membrane

釦ers. For VFA detemina。on’軸ered samples were kept

frozen until analyzed. Volatile fatty acids wae analyzed

by an extemal team・ uSlng SOlid-Phase microexmcdon

(SPME) and high-resOlution gas chromatography ∞uPIed

W樋mass apectrometry (HRGC朋S). The method has

been described elsewhere (Åbalos et aI. 2000).

RESULrs AND DISCUSSION

T謝es l and 2 display the wastewater parameters de-

temined before the VFAi}Otential tes[. Figure l repre-

Table 2・ COD fractionation before the VFA-POtentia=est.

7短al

(朋g砿)

COD　　　7B COD rUCOD

Expc「香men` N〇・豊　　　3%　　　　3 19　　　　　77

Experimcn[ No. 2　　　616∴∴∴∴ 502　　　　1 14

33重

SentS the changc§ Of total and so]uble COD and VFA

throughoutexperiments No. ] and No. 2. TSS were also

represcnted for experiment No. 2- In the first cxperiment,

the sample p鵜sented a very low initial VFA concentra-

tion (2.6 mg VFA-COD/L), aS Well as a low initial RB_

COD (38 mg几)・ VFA concentration showed a c。nSistent

inc「ease with time-uP tO 86 mg VFA-CODIL-Without

reaching a steady value・ This means that the maximum

time allowed for the {est duration shouId be ex記nded.

Soluble COD increased consistently with time, from 92

to 230 mg几, While particulate COD decreased from 304

to 13l mg/L. This indicates that strong anaerobic hy-

drolysis occurred under the prevai-ing conditions during

血c test, as POinted by Curto cJal. (2002). Mor∞Ver, VFA

COnCentration rcachcd a valuc (86 mg vFA{ODIL)

much higherthan the initial RBCOD (38 mg几). This can

be inte申reted as a mismatch between aerobically deter-

mined RBCOD and anaerobic readily fementable maト

ter (Lic and Welander, ] 997). However言t is also com_

Patible with a partial utilization of hydrolyzed COD as a

Subs章r靴e fbr危me櫨ぬtio皿.

Figure 2 shows thc evolution of ORP with time in Ex-

Periment No・ l. Very low ORP potential preva11ed dur-

Biode8融b le

(桝妨)

ひnb todeg若鮎dable

(mクリ

RBCOD SB COD S- UCOD PUCOD

38　　　　28重　　　　　52　　　　　25

基40　　　　362　　　　　60　　　　　与4

COD‥ tota! COD; TBCOD: totaI biodegradableCOD江UCO。: tota- unbiodegrndabieCOD; RBCOD: SOI uble readiIy biodegrad-

ablc COD; SBCOD: Particula【e slowly biodegradablc COD; SUCOD‥ SOlubie unbiodegradable ∞D; PUCOD‥ Particulate un-

b iodegradable COD.
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-十Tot。 COD -_〇・So-ubleCOD - vFA　-一-TS§
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Figure l. Evolution ofCOD・ VFA・ and TSS in both experiments.

tng test evolution・ ORP d∞reaSed from +1 17 to -412

mV in 6 h,狐d丁emained we王l be書ow鵬s va!皿eめで血e耽S亡

of the test. This indicat鉾that pu堪lng With nitrogcn is not

聡quired for obtaining appropriate conditions for acido-

genic fementation. If initial DO is喜ow-aS it usually is

in uめan wastewate卜md test flasks ae completely餌ed.

no oxygen punging is needed. The use ofone flask for each

SamPling time allows for higher volume sample§ to be

used. Because anaerobic conditio競s do not have to be k坤

beyond the time scheduled for each flask, flasks can be

OPened for sampIing. Buty亘ubber stopp聡and syringes

Were nOt required・ Conventiona] BOD flasks with ground-

g】ass s章o押e重s c紬be uscd.
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A §eCOnd experiment was perfomed’uSing another

WaSteWater sample, for a [Ota=ime of 168 h. TSS and

SOluble COD curves indicated strong hydrolysis through-

Out the experiment昭g. 1). Again, the VFA-POtential

(150 mg VFA-COD几) was much higher than 〔he initial

VFA concentration・ VFA-POtentia置was also greater than

in Experiment No. l. VFA concentration showed a rapid

increase during the first 54 h (from 16 to 128 mg VFÅ-

COD凡) and a sIower incrcase for the next ‖4 h (from

128 to 150 mg VFA{ODIL). The sIope change coin-

Cides with the VFA concentration ( 1 28 mg VFA-CODIL)

approaching the RBCOD vaine. This sIope change can

be inte甲eted as a deerease in the availability of readily

0　　　20　　　40 60　　80　　重Oo　120

Ti皿c但ouり

Figure 2. Evolution ofORP in ExperimentNo. l.

(
」
も
日
)
昌
琶
u
挫
き
0

(
>
∈
)
(
蟹
○
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Figure 3. Specific VFÅ production in each experimen[.

fermentable COD・ The §eCOnd s書ow stage of VFA gen-

eration can be interpreted a§ a S]ow utilizafron of the hy-

droly乙填まCOD.

The VFA-POtentia! r印resents 22% of the initia江ota]

COD in the first experiment and 24% in the second ex-

Periment. These values are comparable to previously re-

POrted data (Lie and Welander, 1997). On the other hand,
the VFA-POtentia圧o soluble phosphate ratios were 1 4.6

and 22 mg VFA-CODImg soluble P, for血e鯖雄it and sec-

Ond experiment, rCSPeCtively・ These values are in accor-

dance涌h d紬repo競ed for an efficient bioIogical phos-

Phorus removal (20 mg/mg) (Abu-gharar血and Randa叫

1う91).

Fina11y’Fig・ 3 shows the evolution ofspecifro volati置e

fa〔ty aCids in both VFA-POtential tests. Femcntation bc_

glnS lmmediately and VFA conce加ration increases in

the缶st stage of the experiment (approxima;ely during

the first 50 h). until reaching a value corre§POnding 'o

the RBCOD of the wastowateT. Afterwards, a mOmen-

tary stabilization-Or eVen a Small decrease-葛Of the

VFA concentration takes pface. This phenomenon can

be related to exhaustion of initia車RBCOD of waste-

Water. This can indicate that thc ini血lly present RB-

COD is first depleted・ rather血an the COD being solu-

bilized throughout the test. After lO or 20 h, the VFA

PrOductio山一SPeCia母acetic acid-§tartS agajn, P「Ob-

ably at the expense of §Olubilized COD. In thi§ SeCOnd

Stage, VFA production f掘ows a di捕erent patte血in

both experiments.血Experiment No. l,血e increase of

VFA concentration was quick and basically duc to the

333

PreSenCe of acetic acid. In Experiment No. 2’the pro-

duction of acetic acid, aS Well as of other VFA, WaS

SIow and reached Iow con∞ntrations. In both experi-

ments, aCetic acid was the dominant fementatinn prod-

uct. Nevertheless, Significant quantities of VFA were

PrOduced in the first stages which were later consumed.

In conclu§ion.the leve]s ofVFA achieved by the mod-

ified me血od in both VFA-POt紬tia書tests (86 and 1 50 mg

VFA-COD仙) indicate血at the wastewater ana書yzed had

a potendal of VFA production by fementation of both

血e RBCOD and a froction of the SBCOD.

Figurc 4 shows the PO4-P and NH4-N evolution

thronghout both experiments. Some nitrogen and phos-

Phorus solubi]ization ocourred in both VFAi)Otential

tests. Maximum §Olubilization fbr both parameters was

Obser‘′ed in the sample with the highest TSS. Table 3

Shows the solubi霊izadon of phosphato and ammonia n主

trogen associated with in乱ent COD and VFA produc-

tion. The d繭erence between final and initia] PO4-P con-

Centration was∴Small (教・3 mg几in average), SO its

Statistical signi龍cance was studied・ In Fig. 4, the PO4-P

Change w触time is a steadily growing function, Which

Can be faidy approximated by a姐e. The sIope cf the re-

gression line is an indicator of the PO4-P so喜ub轟zation

trend throughout the test. In Experiment No工the sIope

Of the regression Iine was O.】9 mg4L.day), W軸a 95%

COn珊ence interval of O.1 3-巾25 mg"L・day)・ In Experi-

ment No. 2, the sIope was O.21 mg(L・day) wi血a 95%

COnfidence interval of O.17」)・25 mg/(L.day). In bo血

CaseS・ the 95% confidencきin[erval was fal from zero言n-

ENVIRON ENG SCI, VOL. 20, NO. 4, 2003
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Figure 4. PO4-P and NH4-N evotu。on in each experiment.

dicating a signi軒cant PO4-P growmg trend, at血e O.05

Significance level.

The mean ratio betwccn phosphatc released and COD

Was 2.6 mg PO4-PIg COD・ The amount of phosphate re-

leased in both experments, in tems of the amount of

VFA produced’WaS 12.O mg PO4」γg VFA-COD on av-

erage. This solubilization can be attributed to the Ieduc_

tion of ferric phosphate (inso]ubIe) to ferrous sulphate

佃oluble), under血e reducing conditions of the記st, a§

S融ed by Ch「istensson (1 997) on PO4-P solubilization in

Prefementers・ HydroIysis of polyphosphates from deter-

gent fomulations could also occur during血e章est.

For the N solubilization (2-6 mg几in average), the

Slopes werc O.37 mglq.day), With a 95協confidence in-

tcrval of O.22-0・53 mg"L.day), and O.2l mg/(L.day)

With a 95% confidence intervaI of O. 17-JO.24 mgKL.day).

These 95% con純ence intervals do not include zero言n-

BARÅJAS ET AL.

dicating a §igni鰯cant N solubilization trend at the O.05

§王gn脆cance ]evel. The ratios of armonia nitrogen to ini-

tial COD were similar in both experiments. Regardjng

the VFA-POtential' the mean ratio was 23.5 mg NH4-N/g

VF‘」COD・ As observed, nitrogen solubilization was

higher than phosphorus solubilization in both experi-

ments. Thi§ has been reported in othcr invcstigations as-

SOCiated with primary §ludge fementation, and is attrib-

med to particulate nitrogenous materials (nitrogenated

COD) tha章are easily biodegraded during the acidogenic

Phase of anaerobic fermentation (Eastman and Ferguson,

上981).

The changes of pH for both VFA-POtentia置記sts is

Shown in Fig・ 5. In these tests. pH decreased in the ini-

tial stage§・ aSSOCiat'出wi血a greater VFA production.

Several au瓜ors have reported the influence of VrA pro-

duction on pH (Eふstman and Ferguson, 198 l, Christens-

Table 3. Soinb龍ation of phosphate and ammonia ni[rogen observed in each experiment.

Pd者α朋やter
恩やeγ崩e露出b・ I　　　　　　　　亀甲eri職ent Nね. 2

Increase in phosphate (mg P几)

Phosphate血ui[ia! COD (mg P/g COD)

PhosphatervFA produced (mg P佃VFA-COD)

lncrease in ammoninm (mg NH4・N几)

NH4-N/initial COD (mg NH4-N/g COD)

NH4-NIVFA produced (mg NH4-N/g VFA-COD)
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SOLUBILIZATION AND FERMENTATION

0　20　40　伽　00　書00　重20 100 100 180

Time (討重め

恥gure 5. Evolution of pH in cach experiment.

son, 1997, Lie and Welander. 1997). These authors as_

§OCiate血e decrease of pH with a production of VFA.

The behavior of pH in the second stage of the tests was

d韓erent. In Ekperirnent No. 2・ Which presented a very

low production of VFA duringぬe second srage, PH re-

COVered considemb書y・ This can be attributed to an in_

CreaSe Of alkalinity・ Without a para11ei production ofVFA.

In Experiment No. l・ Which showed an appreeiable pro-

duction of VFA during the second stage’PH did not re-

COVered・ and continued decreasing during this stage・

Despite the variations inぬe reportcd pH va]ues, the

WaSteWater teSted showed a remarkable bu飾ering capac-

ity・ bee狐Se PH remained wi血in the rangc 7.5-8.6.調is

Can be attributed to血e ∞nSiderable alkalinity of the

WaSteWater and tts parallel produclion. This is in accor-

dance with血e Martin c寝l. (2002) study, Where waste-

Water Showed a selfLregulating capacity・ and pH It都Ia-

tion at 6.5 or 7.5 did not a鯖ected the test.

AHralinity consistently increased也roughout both cx-

Periments・ The incrcase was higher during the second ex-

Periment (3 1 %), While the first experiment ouly showed
an I 8% increase. The evolution of a】kalinity in pote痛al

tests can be associated with mech紬isms like ammonifi_

Cation ofonganic nitrogen・ Which cau§eS an alka}i nitypro-

duction at a ratio of3.57 mg CaCO3/mg N (Ar壷jo eJ al.,

1 998). Another mechanism for aうkalinity increase can be

the production of bicaめonate from evoIved CO2 reaCト

ing with caIcium carbonate of the sample (Wetze], 1983).

CONCLUS霊ONS

The original珊ethod (Lie and Welander, 1997) for

measurfug VFA-POtential has been modified and simpli-

宜ed・ eliminating the need for nitrogen gas. The modi缶ed

335

me血od altows for strong anaerobic condition§ tO take

Place while §implifies血e laboratory equlPment required.

Becau§e anaerobic conditions do no〔 have to be kept be-

yond血e time scheduled for sampling. flasks can be

Opened for samp】ing. Greater volumes can easi]y be used

for analysis, and no syringes have to be used for sam-

Pling through a皿bber stopper. The modified method has

PrOVided an e§timation of血e VFA avai霊abiIity for EBPR.

The rafros obtained, uSing the modified me血od, between

VFAヤOtential and the concentra証ons of COD and solu-

ble phosphate were O.22=0.24 mg VFA-COD/mg COD,

and 14.6ゼ2 mg VFA-COD7mg po4-P, reSPeetively.

These values are comparabIe to血ose obtained in other

WaSteWaters by the original method・ A strong anaerobic

hydrolysis was det∞ted throughout the VFA-POtential

tcst, aS a function of TSS and soluble COD. The VFA_

POtenda] was higher than the initial RBCOD, Which is
CO叩atible with a partial utilization of hydroIyzed COD

as a substrate for fementation・ Analysis ofTSS and COD

hactionation in the VFA-POtential test can help in evaト

uating血e contribution of both RBCOD and SBCOD to

VFA foma[ion. In bo血VFA-POten章ial tests, the solubi-

1ization of phosphorus and nitrogen was observed. Both

Parameters inereased gradually w姐time. Likewise, PH

decreased in the stages with a strong [iberation of VFA,

While it remained constant o丁even increased when the

liberation of VFA decreased or stopped. Alkaljnjty証

CreaSed throughout the two expchments. More experi-

mentation is required to achieve definitjve conclusions.
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