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Biomass BstimatiOn'hy Measurement of

INTRODUCTION

The determination of biomass in water, wastewater and
sediments has become an important aspect of environmental studies.. In
biological studies of the aquatic environment it is often necessary toﬁ
relate the measured metabolic rates to the living cells presentA 1
Biological activity in sediments and aquatic environment is also
considered in nutrient cycling, transformation of metals degradation

and modification of organics and in hypolimnetic oxygen

-depletio A= 2 The measurement of viable biomass is also required in

:wastewater technology ‘and effluent treatment during secondary |

treatment of wastes to reduce biodegradable organic contamination.

Numerous publications have indicated that the ATP assay can
provide a rapid measure of total biomassA 3 A 4 The ATP assay |

appears to satisfy theé characteristics of an ideal biomass indicator

'“better than other'available parameters. This has led to widespread

, application of ATP assay to. estimate biomass. For example, ATP has

been used to estimate biomass in natural waters, process waters,

. - _ . .




: soils, sediments, activated sludge, foods, etc. -ATP assay 1s also

7.~used for rapid assessment of water quality and for monitoring the

S disinfection of wastewater streamsA=5 to A- 10 POtential

application of ATP measurement is also advocated to categorize and
distinguish between microbiota viz bacteria versus algal cells, by

- means of size, selective lysis or in. concert with chlorophyll

measurements on duplicated samplesA” 1;.

The method most often used for the quantification of ATP is
‘the AIP—coupled oxidation of Luciferin by Luciferase with the
measurement of the bioluminescence produced. Inspite of inherent
advantages of using bioluminescence me thod \utilizing luciferin
;luciferase, it has not received complete acceptance. This is mainly
.due to the fact that in literature, numerous and\varying conditions
are described for extractionrand assay of ATP. 1In addition, there is
‘ lack.of Agreement~with regard tO'instabilitv ot ATP, lysis efficiency;
interferences by coextractants, lack of renroducibilitv and the
vrequirement of internal standards. Afghan:et a1§*2'vA'5’ A-6
‘examined the bioluminescence reactionvand‘the_lysisltechniques and
propoeed two methods.to‘quantitatively’analyse ATP_content:in.
environmental samples.viThese methods are being’adOpted.and/or being
: considered for adaptatiOn'as‘standard methods of test for

determination of ATP content and estimation“of biomass.




GENERAL OUTLINE OF THE TECHNIQUES

These methods describe the lysis of aﬁuatic micrbdrganisms
and biota and ﬁhe extraction of ATP'prior_to determination by the -
firefly bioluminescence method. Two extraction procedures are
récqmmendéd and ;he'chOICe of the extraction teéhniﬁué will depend
upon cﬁe type of instrumentation available in the laboratory as well
~as the nature of sample. Ektraction teéhniqﬁe "Af utilizes polytron
: hombgéﬁiZatibn of sample in trisodium phosphate cdntaining
chloroform;f Extractipﬁ "B" employs boiling alkaline glycine buffer
léoq;aining magnésium disodium ethylenediamipe{ The'extracts are
cénﬁrifuged to rémove debris and in case of‘extraétion "A" chloroform
. 1s coﬁp}etely rgmoved prior tb quantitative analysis. 'Quantitative
analysis 1s_c$rried out using ATP—Eoupled oxidatiop of luciferin by

luciferase which produces a selective bioluminescence and is -

proportional to ATP content in the sample. The bioluminescence
" reaction can be described as fOllOWBI:

-

| E + LH, + ATP E<LH,°AMP  + PP

(Luciferase) (Luciferin) "~ (Luciferyl (pyro-
aldenylate phos—~
complex) phate)

EeLH,*AMP + 0, E + Product + CO, + AMP + Light




1. Scope

l.1 This method describes the éxtraction for the lysis of

© aquatic micfoorganiSms and the extraction of ATP pfiqr to

determination by the firefly bioluminéscence ﬁe;hod.

1.1.1

-

Exﬁraction'technique:"A"'is more versatile and can

be used for laboratoty cultures, waters,

wastewaters, activated sludges and sediments.

Extraction techniqqe “B" is more praéttc#l for field
applications. It can be'usgd'fqr laboratory
cultures, waters, wastewaters and.actiQated sluages
Bu; is not'recémmegded for samples with high solid
or metal content such as sédiments.and raw waSté ‘

‘effluents (see 5.3.1 to 5.3.3).

1.2 This method covers the measurement of ATP in micrOOrganisms

ihtccnceﬁtfations normally found in laboratory cultures,

waters, wastewaters, activated sludges and sediments.

1.2.1

1.2.2

- The sensitivity and range of the method‘dependsﬁupon

the type of luminescencévphotometer, its mode of
operation (peak height or intégrated area) and the
quality of the firefly reageﬁt and‘extragtignv
solution. |

ﬁnder optimum qonditipns‘the'sensigivity qf‘fhe

bioluminescence assay is 0.05 pg/litre of ATP in the
final extract.




1.3

1.2.3  The practical detection limit based on the above
(1;2.2) is 1 pg/litre for aqueonsvsamples using
oirect extraction.and 0.005 pg/litre using.a,ldsfold
preconcentration. Similarly, the detection limit |
for sediment ATP.is O.OlSApg/g'of dry eediment.

Knoﬁledge of the concentration‘of ATP can be re1ated to

viable biomass or metabolic activity, or by utilizing an

'arerage concentration (or amOunt) of ATP per cell (see

;4.3.3). An estimated count of - microorganisms can be

fobtained in the case of unispecies cultures.

This method offers a high degree of sensitivity, rapidity,

‘accuracy and reproducibility., However, extreme care unst be

taken at each step in the analysis to ensure meaningful and

‘reliable results.

1.4.1 The coefficient of variation for extraction
technique “A" #5% and for extraction technique "B"

is 27Z.

2. §nmmary of _Method

2.1

. Determine the biomass in the samiple by direct extraction

when cell counts are greater than 107 cells per millilitre

.or when the endogenous concentration of ATP in the sample is

greater than 5 pg/litre, as in the case of sediments,,
activated sludge, laboratotry cultures and waste’effluents

high in nutrients. When the cell counts are less than 167




2.2

2.4

2.5

ce11 per millilitre, as in the case of natural waters, the

'microorgansims are concentrated on glass fiber filters by

}

vacuum filtration of an appropriate~volume‘of sample. The

-degree of concentration is dependent upon the turbidity of :

“ the sample or the suspended solid content of the sample.

Extraction technique "A" == the ATP is extracted fromfthe

'sample by homogenizing in triscodium phosphatehsolution

eontaining chloroform (CHCl3). The extracts of sediment

samples are centrifuged. The ektraets of aqueous samples

and the supernate of sediment extracts are filtered under

vacuum for clarification and the removal of dissolved
chloroform. _The clarified sediment extracts are diluted
prior to analysis to‘prevent the interference of solnblep
humic.snbstances with the bioluminescence assay.

Ertraction technique "B" -~ the'ATP 1s'extra¢ted in boiling
alkaline glycine buffer containing magnesium disodium.
ethylenediamine tetraaoetate (MS?EDTA). The extracts are
oooled and then centrifuged to remove debris. - R

A carefully measured aliquot of the final extract.is mixed:

-with a standard quantity of buffered luciferin-luciferase

reactlbn mixture and theflight produced is measured with-an'

"appropriate luminescence photometer.
The instrument response is compared to that obtained for

calibration standards and expressed in terms - of ATP content o

per unit volume of aqueous sample or per unit weight of dryi
sediment. ’




Significance and Use

, 3.1 ,{» A,rapid,and routine prOcedurevfor determining hiomass‘of thé‘v
| ‘-living_microorganisms in cultures, waters, wastewaters,
activated siuAQES and sediments_is freduently of vitai“_
importance. However, ciassical techniques sueh as_dirégg‘,
‘microScope counts, turbidity, organic chemical analyses,
‘cell tagging, and plate counts_a;g QXPQnSiYe,‘ ' A

‘uiﬁe+c¢ﬁshm1ng, or tend to underestimate total numhers.:iin;

~ addition, some of these methods do not distinguish between
ii?ing and non-living cells.

3.2 ~ The ATP firefly (luciferin-luciferase) method is a rapid
sensitive determination of viable microbial biomassa» “ATP is'
the primary energy donor for life processes, does not exist
in association with non-living detrital material and the
amount of ATP per unit of biomass (expressed in weight)~is
‘relatively‘conStant.‘ (ATP per’ cell varies with species and

- physiological state of the organism)

3}3 This method can be used to:

‘-3 3. 1 Estimate“viable microbial hiomass in_cultures,
waters, wastewaters, activated sludges,.sediments,
and other systems inhahited by microorganisms.

3.3.2 ‘Estimate the amount of total viable biomass»in
‘plankton and periphyton samples.
3.3.3 Estimate the number of viable cells in a unispecies

:culture if the ATP content (or 1if the. .average amount




5.

4. “Description of terms.

of ATP). per cell is known. For ekgmple, an average

value of 5 x 10710

ue ATP/bacteri# égll hasAbeénr
proposed in the literature.

3.3.4 Estimate and differentiaﬁe between zooglankténic,
phytoplanktonic, and éianktﬁnic ATP by gizé g
fractionation, and simultaneous chlorbbhyll."
ﬁeasﬁrementSs

3.3.5 Measure the mortaligy.fa;e’of_micrborganisﬁs in ‘f
toxicity'tests_in‘entrainment stddies, and,inIOther
situations where poﬁulatiqns of,ﬁiéfoorganismé are
placed under stress. - |

3.3.6 Monitor Bioﬁéss of activated sludge and wasﬁé

- effluents.

4.1.1 Biomass — the total quantity of living organisms in

a sample or system.

Interferences
5.1 Reagents must be of high purity so that background»iight,
‘emission is held to a minimm for the measurement of ATP.

5.2 ATP-free glassﬁare, prepared by the procedure in 6.10 is

‘required for the determination of ATP.




5.4

5.3
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Luciferase is an enzyme and as such can bg inhibited or

- denatured by the presence of heavy»metals; hig‘h‘sa"lt‘:Vconcén'6

trations; and org#nic’solvents in the sample.

'5.3.1 Calciumvand‘heavy metals interfere with the ATP

bioluminescence reactidn if'they aré present in the -
 extracts of technique "B" at chcentrgtions_whiéh
exceed the chelating ébility of the magnesium
disodium‘ethylenediamine'tétraacetate (Mg-EDTA)
incorporated into the extrﬁctant. |

5.3.2 ~ Strong electrolytes interefere with the_ATP bioidﬁif
nescence reaction if their congehfrétion in the
extracts is sufficiently h;gh\as to result in a
fina14c0ncentration inﬁtheibioluﬁinescence reaction
mixture of greater than O.OOOS'M;'VIhis can be
minimized by standard’addition-ﬁeéhnique.

5.3.3 Soluble humic subétagces such.as fulvic acid and
lignOSuifonic acid salts, which may be extracted
from sediment éamplgs, interfere with the ATP bio-
luminescénce reaCtibn if their conceptration in ﬁhe‘
bioluminescence reaction mixture exceeds 2 mg/litre.

Other energy-mediating compounds, sqch as adeﬁosinevdiphos-

phate, GTP, qytidine-S-triphosphﬁte,-And inosine-5-triphos~

fhate, also feact with luciferase to produce light, but do
not céhstituté a significgnﬁ source of etror‘Beéause their
relative bioluminéécence with high purify firefly agent is

negligible, and they are usually yréseﬁt only in small

amounts to relative ATP.
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5.5 Higﬁ;viscosity samples may not mix adequately wi;h the
~v reagenfs_upon ihjeétioﬁ inﬁo.the bidluminescence'célllpf ?he
" instrument. If this occurs, reaction rate may -be téduc‘e_d:-'
(reaction‘will not go to completion and the reaction rate _ }
. '.Qill be decreaéed_With imptbper'nixing) pf the results,may\ 
not be reproducible. - | |
5.6 - Extracted ATP may be lost in the presence of particulaté.
ma#ter due to-sofptiOn'or chEﬁical intetaﬁtion.v
5.6.1 A variable and substgi;ti,ai loss of ATP can "resuit
from the extraction af ATP with glycine buffer in’/
fhe preéénce of undisSociatéd‘mihéral éonstitﬁenté
i "‘- ’ ' ~ such as célgim carbonaté, ferric h_ydroxiée and
| aluminum Hydrgxide, whiChlmay:berpresent_in'sedimént""_

sampiés.

o : - R - 5.6.2 A slow progressive loss;bf-ATf can also result from
the storége of gxtracts’céntéining-ceil debris and
insoluble sedimental'maﬁerial.

6. ”Aégaratus
'611 An appropriate luminescgnce photometervis récommendedas The
s;ability of the instrument shp@ldvbefgheckgj before each

use with a standard 1light source'available‘from the

-3, DuPBhﬁ‘ﬁer;,76O iuminescence.Biometéfﬁkﬁé. 760000) of SAI Model
. _ ‘ 3000 ATP Photométer (No. 01~03-02), or equivalent, complete with
) . sample injector, reagent dispenser and reaction vials.
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manufactufer. -If is advisable to maintain a record of the -
‘1n§t;gmen£ téSPbﬂee‘to permit deeectien‘of any instability ‘;_'
6r”changesbin tesponse levels. |

6;2 Vacﬁﬁm fiitrafion eeﬁipment, suitable for the simultaneous
removal of particulates and chloroform from the extracts of
teehnique mpnh, |

6.3 ‘ Vacuum«Filtration Equipment, suitable for the concentration
of microorganisms in aqueous eampless.

6.4\e.ﬁeating Block capable of accepﬁing glassfscintillation;viale

_ ﬁithfa enug fit and maintaining a constant uniform

temperature of. 110 to 115°cS.

6.5 Séintillation Vials;VZO mL wi;h linerless polyethylene screw

caps7.

6.6 Homogenizera.:
6.7 ‘vCentrifuge, capable of a relative centrigal force (RCF) of

| 1500 to" 2000 xg using 12 alL centrifuge tubes®.

-2 N

DuPont Vacuum Filter Stand (No. 760308) and Filter Assemblies
(No. 760312) or equivalent.

Fisher Filtrator (No. 9=788) and Millipore Microanalysis Filter
Holder (No. XX10-025—00) and Reeve Angel (No. 984H), 2.4 cm.
diameter glass fiber filter circles with 0.3 to 0.5 uM pore size
or equivalent.

Pierce Reacti-Therm Hedting module (No. 18800) and Pierce
Reacti-Block K (No. 18810) milled with five holes 1-1/8 inch
(2.86 cm) deep and suitable diameter for a snug fit with
standardized glass scintillation vials or equivalent. '

John Scieéentific (No. 66022-217) or equivalent.

Willems Polytron with model PT10 generator or equivalent.

IEC model CL or equivalent. .




6.9

6.10

t ' 7.1

7.2
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" Sediment Sampler, capable of'delivering 0'6 cuﬁie'centi-

metres of wet: sediment with a coefficient of variability of

+2% with tespect to dry veight of sediment. A disposable

b'one cubic centimette tuberculin syringe vith-the tip cut off _

at the zero cubic centimetre mark énithé barrel and
sharpened witﬁ-a cork borer sharpener Af equiyelent.'.
Automatic Pipettes and Disposable Tips.

ATP —- Free Giasswate. Rinse ehemicelly cleanvglessware}
three times with 2 N HC1;, rinse three times Qithiozbl‘Mv.

Glycine Buffer (7.9) and rinse three times with low response

. water (7.1) and dry in the oven_for-30 minutes at 150°C.

-

7. Reagents
'Low Response Water (LRW) ~— gterile deionized, ATP-free

0.03 ug/1 ATP or less is pfepared by treatment in a suitable
system involving eanbon treatment with deieﬁizétién and
filtratien1°

Hydroehloric Acid (HC1) Solution, 24 —- dilute 168 mL of
concentrated hydrochloric acid (sp.'gr.'1i19) up te 1000 mL
with LRW (7.1) water and transfer to aipelyethjleﬁe wash

bottle.

10 Millipore 3-Housing Mi11i-Q2 Reagent Grade Water System
- (No. AD29 000 70) or equivalent.




7.3

7.4

7.5

7.6

7.7
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Sodium Hydroxide (NaOH) Solutiom, 2.5 M — dissolve 10 g of

sodium‘hydroxide pellets in LRW andddilute'to.loo mL.

Transfer to'a'polyethylene botle and store refrigerated",:-"

(4%°0)..

Glycine Buffer, 0.1 M — dissolve 1. 50 g of glycine in

approximately 190 mL of LRW and titrate to pH 10.0 with

8pproximatelyv5.2 mL of 2.5 M‘Na6HI(7;3) using a pH meter. |

Dilute to 200 mL and sterilize by filtering through a O 45 M | o
membrane filter. Transfer to a pyrex storage bottle and

store refrigerated (4°c).

Magnesium Disodium Ethylenediamine Tetraacetate (Mg-EDTA)

solition, O. 1 M == dissolve 3.58 4 of magnesium disodium

| ethylenediamine tetraacetate in approximately ‘90 mL of LRW

and titrate to pH 10.0 with approximately 0.45 mlL of 2.5 M

‘ NaOH using a pH meter. _Dilute to 100 mL and sterilize by

filtering through a 0.45 um meibrane filter. Transfer-to:a;

-pyrex‘storage.bottle and store refrigerated (4°C)

Trisodium Phosphate (NagPOQ) Solution, 0.2 M-=- dissolve

7. 60 8 of dodecahydrated trisodium phosphate (Na3P04°12H20)
in approximately 90 wL of LRW and dilute’ up "to 100 mL.
Sterilize by filtering through“a 0.45 UM menbrane filter.
Transfer‘to a pyrex storage bottle and store»refrigerated

4°c).

- Extraction Technique "A" Extraction Solution -~ dilute 25 mL

of 0.2 M Na3jPO, solution (8.6) to 500 mL with LRW. Store
refrigerated (4°C) in a pyrex storage bottle.




7.8

~7.10

- pared in aceordsnce'vith the supplier 8 instructions. Note

7.9

and store refrigerated (4°C).

| | .J , 7.11,
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Extraction technique "B" extraction solution - dilute 50 mL

of 0.1 M glytine buffer (7.4) and 25 nL of 0.1 m Mg-EDTA

- solution (7.5) to 500 mL with LRW. Store refrigerated (4°C)

in a pyrex storage bottle.l
Glycine Buffer, 0.01 M =~ :dilute 50 mL of 0.1 M glycine
buffet to 500 mL with LRW and store refrigerated (4°C) in a

pPyrex bottle.

AdenosineiS'-triphosphate (ATP) Stock Solution, 1.0 mg/mll-éu
‘Weight 119.3 mg of erystalline trihydated adenosine—S'*tri-

- phosphate disodium salt (NajATP+3H,0) into a 100 mL vdlu-

5

metric flask. Dissolve and dilute to 100 ol with 0.01 M
glycine buffer (7. 9) Transfer to a pyrex storage bottle
Luciferase/Luciferin REaction Mixture -- a number of crude
and purified preparations are commercially availablell. To

obtain a sensitivity comparable with the crude reagent

'preparations; a much larger volume of sample extract must be

'>used. This results in varying and inaccurate results.p034
( : '

sibly due to the introduction of higher concentrations of"

bioiﬁminescence quenchers and interfering materisls and

v possibly due to a higher response of the crude reagent to

other related ribonucleotides. ‘The reagent should: be pre-

the following when preparing this material:

Y 11 Purified preparations such as the DuPont Reagent Kt
‘ S - (No. 760145-901) or equivalent are recommended because they are 50
. to 100: fold more sensitive than crude preparations.'

-—



| 7.11.1 Clean glassware must be used.
7.11;2 The luciferase/luciferin reaction mixture nugt be
mixed gently without‘shaking. -
7.11.3 BaCtefia may. live and ﬁultiply in the LRW and
~extraction solutions; th;s can introduce an ATP
-interference.. The quaiitivoi‘the LRW’#na éitfact;on-l

solutions should be periodically tested.

./

8. Samgling
8.1 The method of sampling and the choice of sampling sites will
depend upon the objectives of the project. The.exﬁtactiph
. ‘ ‘procedures should B'e pe't-formed‘ :l_n~tvriplicate é'n ea‘c‘h-é'aﬁ;i)le,
as séqn as possible, and preférab}& 1mmedi§te1y after §o1-
lection. The natutal'environmentai éohditibns‘of the
sample, such as temperature, 1ighting ;nd aératién, should
Be maiﬁtained unti;:extraction.' Once exttactéd;fthe sample

ATP is stable for weeks at 4°C, using extraction technique

“B" or at 20 to £5°c_us1ng ext;actioﬁ'ce¢hn1g§e “A".

9. Pretreatment of Samples

9.1 Aqueous ngples.
9.1.1. Where necessary, prefilter samples thrdugh’a ZOO'pm
~plastic screen for the remoyal of materialé which
inceffefe with the precision andiaccuracy'of the

. - determination. This step is particularly appl—i'c'ablém




9.2

9.1.2

9.1-_3

9.1.4
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to natural water samples which may containllarge
zooplankton aﬁd macrophyte fragments.

Stir the sample to maintain uniformity of
compdsition during sﬁbsampling.

For samples known to contain free (extracellulat)

ATP or less than 107 cells per millilitre, filter a

suitable aliquot of 5 to 100 mL,_depeﬁd%ng u§on,the
naturé of the sample, through a 0.3 to 0.5 pﬁ glass
fiber filter:usiﬁg a vacﬁum>of 250 mm of mercury.
Ensure that the time of filtratibn‘does.nqt“e#bééd”3
minutes.and-that the filter pad»is not allowed to
dry during the process. Break the vaCuu@.the"
instant the level owaatervdisabperas ﬁélow the
surface of the filter pad and Quickly remove the
filtér into the boiling or hombgenizing éxtfatténta
Perform replicaté (triplicate) extractioﬁs on’eééh
sample directly or after con;eﬂtfatidnbusithv

extraction technique "A" orx"B"y

Sediment Samples

9.2.1

9.2.2

" Remove excess water from sediment samples at the .

time of collection.

Manually mix wet surface sediment samples and

loosely pack a portion of the mixed sample into a

100 wL beaker to a depth of 5 cm.
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9.2.3 ' For sediment cores, carefully _tr‘ans“ffe,r., top side up,
core segments, 5 cm in lenéth,'to‘beakers, with an
inside diameter slightly larger than the diameter of
the extruded core, ‘

9‘2.4‘ Perforﬁ replicate (triplicate) extractions using
extraction technique A . ‘ |

9.2.5 Determine in triplicate the dry weight of 0.6 cubic

centimetre aliquots of wet ‘sediment after drying

- have been preheated at least one hour at 150°C and
cooled to room temperature in a desiccator. Record
weights to the nearest tenth of a milligram after

cooling to room temperature in a desiccator. Calcu— .

late the dry weight of'the sediment by aubtracting‘
the initial weight of the beaker from the final

7 weight of the beaker and dry sediment.

10. Extraction Procedures

10. 1 ‘Extraction Technique “A" =~ homogenizing chloroforn and
trisodium phosphate solution.
19.1.1 'Transfer 10 oL of Extraction Technique “A*.extrac- .
tion solution (7.7) and 3 oL of gless*distilled'
chloroforn (Caledon Laboratories or‘equinalent) to a
30 ml beaker and immerse the homogenirer probe into

: ‘ S - . the solution such that the tip of the probe rests a

couple of millimeters from the bottom of the beaker.

overnight at 105°C in preweighed 20 mL beakers which



1

10.1.2 Just prior to the 1ntfoductien of the sample, turn
the homogenizer on full speed. | , '
| 10.1.3 Inject 0.10 to 1.00 mL of aqueous sample of 0.6
cubic centimetres of wet sediment semple,,into the
ﬁomogenizing extractant. blncaSe of f;ltef paper
completeiy-immerse fhe filter pad upon which tﬁe
aqueous microorganisms are conéeﬂirated during
homoéenization and exttaction."
- 10.1.4 Hbmogenize the eample af‘fullkspeed fot'2.ﬁinutes.
10.1.5 Turn off the,hdmogenizer'and lef the excracts of
aqueous samples stand a few minutes to facilitate
‘ ‘ o " the seit-ing of debris and _c_,h_loro,form."' : " 7
| 10.1.6 For sedieeht extracts transfer the extract te a
" centrifuge at 1500 to 2000 xg for 10 ﬁinutes.
10.1.7 Filter a carefully decanted ppr-ﬁt:lanb of sample
extracte(lo.l.s) of a few ﬁiililitres of centrifuged
| sediment extract (10.1.6) appliin_g a vacuum of at
least 720 mm of ‘mercury. “‘V-Mai'm‘:a;n the vacuum for an
" additional minute after the filtrate has Been
: colleCted to remove dissblVed chlorgformlz.
10.1.8 If the clarified extract is not analyzed_imeediateiy
| it.may be stored at room’tempe;ature in suitable
size stOppered or capped fube fef uplto_two weeks.‘

. ' 12 CAUTION: Dissolved chloroform interferes with the A‘I‘P ‘

bioluminescence if the final concentration in the biolumiﬁescence
reaction mixture is greater than 0.0IZ




10. 1-9

1 10.1.10
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Dilute clarified sediment extract with nine volumes'

-of extraction technique “B" extraction'solutioﬁ

prior to analysis (7.8).
Likewise, if crude firefly reagent is used for

analysis, the CIatified extract of an aqueous éﬁmple

‘mst also be diluted with nine volumes of extraction

technique "B" extfaction solution (7.8) prior to

apalysis.

10.2 Extraction Technique "B" —— boiling glycine buffer.

- 10.2.1

10.2.2

10.2.3

10 '02 04

Transfer 5 oL of Extraction Téchhiqué "B" egtracgiOh‘
solution (7.8) to a'scintillation vial and Ibqsely

secure the cap.

'Bgior'to the introduction of the sample,vprehgat the

extractant for 5 minutes, in a heating block,

‘maintained at 110 to 115°C.

Inject 0.10 to 0.20 mL of aqueous sample into the
preheated extraction solution, or completely immerse

the filter pad upon which the samﬁle'micrdorganisms

are concentrated.

Quickly replace the cap loosely on thévvial‘and

- agitate the heating block to facilitate mixing;

10.2.5

Heat for 5 minutes, maiptéining the block
temperaturé~between'110 and 115°C and périddically

agitate the heating lock during the extr#étion.
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10.2.6 Remove the vial from the heating block and cool the
bath.

10.2.7 . Transfer the. extract to a centrifuge tube and .'
centrifuge at 1500 to 2000 X g for 5 to 10 minutes.

l0;2‘§ Carefully deéant the supernate.into a suitable_size
‘Stoppered or capped tuhe- » o

10.2.9 If the analysis is not performed the same day the
extract may be stored refrigerated for up to two

weeks.

Calibration :

Prepare standard solutions containing concentrations of AIP

| - at the lower end ‘upper end and middle of the range expected

11.2

11.3.

in the extracts or diluted extracts of the samples.

Prepare,the standards by serial'dilution of the stock

1.0 mg]mL ATP solution (7.10) with the appropriate extrac-

tion solution (7.7 or 7. 8), depending upon the final matrix

of the sample extracts.

Following the instruction manual of the luminescénce photo=

meter, determine the average instrument response for each

standard ATP solution using a minimum of three replicate

measurements. The volume of solution that is used'for’the

measurementiﬁill depend upon the volume 'and quality of fire-

’ fly reagent employed. Using purified~reagent,'thisvvolume
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is one-tenth that of the reagent and, using crude reagent,
it 1is eight-tenths that of the regent.«

Using triplicate measurements,7determine!the,average instrUf
ment response to the same volune}of reagent blank, conSiste

ing of the appropriate extraction solution (7.7 or 7.8) and

~ subtract this value from that obtained for each standard ATP

11.5

" was used or on log-log graph paper if crude reagent was

solution.
Plot the blank-corrected bioluminescence response versus the

ATP concentration on linear graph paper 1if purified reagent

1

uSed,.-

?;129 ATP_Measurement

12.1

12.2

12.3 .

Determine the average instrument;response for_the.ginaliSam-

. ple extract using triplicate measureménts with the same

~.volume of solution as employed for the calibration

standards.
Using triplicateﬂmeasurements,'determine the'average instru-
ment response to the same volume of appropriately treated

extraction solution and substract this value from that

obtained for the final sample extract.

Determine the concentration of ATP in the;final eitract fron
the calibration curve (11'5). If purified reagent vas used \
for the analysis, calibration curves are usually linear and

the conicentration of ATP can be‘calculated by dividing the'.
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blank corrected bioluminescence response obtained for the'

final extract by the value obtained during calibration for

the average bioluminescence response per unit eoneentration
offstandard'ATf, h
The concentration of ATP in-the'original sample prior to

: concentration and/or extractionvand/or dilution is caleae e
lated using the following equations: o
12.4.1 3 AIP/l of aqueous eanple\=‘pg ATP/l of final

ettract o | l

x {ml of final extract)
(ml of orginal sample)

12;4,;5 ug AIP/g of dry sediment¢

= ug ATP/mL of final extract X (ml of Na PO, extract
: (g of dry sediment)

X (1 of d1QQted;§§tra¢
(m1 of extract dilute
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