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ABSTRACT
Title of Thesis: A Study of Parameters Indicating
Microbial Activity in Mixed Aerobic

Cultures

William Smith, Master of Science in Environmental
Engineering, 1985

Thesis directed by: Dr. Gordon A. Lewandowski

Associate Professor of Chemical
Engineering
Mixed liquor suspended solids (MLSS), oxygen

uptake rate (OUR) and general dehydrogenase activity,
as expressed by the reduction of the electron-acceptor

dye 3-(4’ ,5'~dimethylthiazol-2-yl)-2,4-diphenyltetra-

zolium bromide (MTT), were compared for their ability
to measure microbial activity in mixed aerobic
cultures. A fourth parameter, specific enzyme

activity, was dropped from consideration because of the
difficulty of developing a satisfactory experimental
technique. Measurement of the parameters was
applied to the biodegradation of phenol and o-chloro-
phenol by activated sludge from a municipal sewage
treatment plant, and by two commercially available
bacterial preparations.

MLSS, although the mést commonly used of the three
parameters tested, is often irrelevant to the true

microbial activity and is therefore inappropriate for



use as a metabolic parameter. The reduction rate of
MTIT is potentially useful as a metabolic parameter, but
requires a more complex preparation and provides less
reproducible results than OUR. OUR has the clearest
demonstrable relationship to substrate removal rate and
provides the most reproducible results. Substrate
removal rates that are normalized with respect to OUR
are much more consistent than the original SRR data.
OUR can be readily measured using an electrochemical

probe, making it the easiest technique to apply.
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I. INTRODUCTION

The fundamental purpose of biological oxidation is
to convert soluble or colloidal organic materials into
mineralized products or inscluble biomass. This
involves two processes, synthesis and respiration.
Synthesis requires organic substrate and some inorganic
compounds as material for the production of protoplasm.
Synthesis also requires a net input of energy, which is
derived from the organic substrate.

Energy 'for synthesis of cell compounds and main-
tenance of cellular functions is provided through
respiration. In aerobic systems, the end result of
respiration is the transformation of organic compounds
to carbon dioxide, water and mineral salts with the
release of metabolically useful energy. However, the
process can also terminate before the substrate is
completely oxidized. In activated sludge, the micro-
organisms primarily responsible for degradation of
organic substrates are bacteria and fungi.

The ability of a cell to degrade a substrate is
determined by several factors. The first 1is the
ability of the compound to penetrate the cell wall.

This ability is controlled by the size of the molecule



and its polarity. Small molecules penetrate more
readily than large ones, which must be hydrolyzed by
extraceliular enzymes before being taken in. Hydro-
phobic molecules are taken in more readily than hydro—
philic ones, although the cell may have transport
systems for specific simple acids [11].

As with all major ceilular reactions, those in-
volved in biodegradation are mediated by enzymes. The
enzymes which; catalyze oxidation and reduction of
chemical bonds are classified as oxido-reductases. The
major group of these enzymes are the dehydrogenases,
which catalyze the oxidation of specific bonds by the
transfer of hydrogen atoms from their substrate to

cyclic intermediate acceptors such as nicotinamide

adenine dinucleotide (NAD) ([2]. Enzymes are specific
to particular compounds or structures. If there is no
dehydrogenase for a particular compound, that compound

may not be oxidized at any appreciable rate.
The catalysts (i.e., enzymes) utilized in biode-

gradation processes may be inactivated by toxic agents

present in solution. Such agents may be other
chemicals, or the substrate itself at higher
concentrations. A study cited by Gaudy [31

demonstrates that increasing initial concentrations of



phenol to 100 ppm in an activated sludge batch process
results in an increase in growth and respiration rates.
At greater concentrations both rates are depressed.
The same pattern is observed for other compounds and
parameters [3,41].

Since biodegradation is a low—temperature
catalytic (i.e., enzymatic) oxidation process, Kinetic
rate constants should be expressed in terms of the
amount of active catalyst present. This quantity may
be obtained by direct measurement of enzyme activities
or by measuring some other parameter of metabolic
activity wused as a general indicator of catalyst
activity.

The parameter most commonly used as an estimate of
available catalyst is the weight of the portion of the
dried mixed liquor solids that will volatilize at
600°C. This measure is Kknown as the mixed liquor
volatile suspended solids (MLVSS). The assumption
behind the use of this parameter is that the amount of
volatile organic material present in the solids 1is
proportional to the microbial activity. Contributions
to MLVSS from dead or dormant microorganisms, or from
other suspended organic matter, are not taked into

account. MLVSS is widely used as a critical parameter



in the operation of wastewater treatment plants. It is
a key variable in the empirical relationships developed
for the control of the biological treatment process
[s1. In practice, it is necessary to have constant
operating conditions to successfully apply this para-
meter. Changes in MLVSS occur very slowly compared to
the rapidity with which changes in'hydraulic conditions
or influent compositions occur at treatment plants or
in bench-scale experiments. Changes in these operating
conditions cause immediate changes in degradation rates
fSJ. -
Other measures of active biomass have been pro-
posed. Measuring the concentration of a class of bio-
chemical compound, such as organic nitrogen, protein,
lipid or carbohydrate, has the same drawbacks described
above for the use of MLVSS. The methods do not distin-
guish between material from dead and dormant cells or
between living and non-living matter, and the

parameters change more slowly than cobserved changes in

degradation rates. DNA is associated with living
cells, but does not distinguish those which are active
from those which are dormant. Changes in DNA content

would still be limited by slow response to changes in

operating conditions. Some researchers have made total



cell counts wusing agar plate culture techniques
[7,8,91, but this method gives only an approximation of
those organisms which can grow and reproduce on the
highly selective media.

Another approach is to perform biochemical
analysis of the suspended material resulting from cell
disruptioﬁ. Specific enzyme activities can be
determined by measuring the rate of transformation of a
specific substrate in an extract prepared from the
microorganism culture. The amount of catalyst is
defined by the number of micromoles of substrate
transformed per minute at 25°C, or at some other
standard condition. Another parameter which has been
suggested 1is the concentration of energy-transfer or
energy-storage compounds, in particular the high-energy
compound adenosine 5’'-triphospate (ATP). ATP concen-
trations have been demonstrated to vary directly with
parameters such as total cell number or oxygen uptake
rate [10, 111. .

A third approach has been to measure the overall
activity of intact cells. General A dehydrogenase
activity has been determined by incubating suspensions
of intact cells with electron-acceptor dyes in their

oxidized state and measuring the rate at which the dyes



are reduced [103. This parameter has potential for use
in studies of biodegradation kinetics because
dehydrogenase enzymes are the principal <class of
enzymes involved in biodegradation of organic
compounds.

Several other parameters have been explored. The

activity of the culture has been measured by observing
the wuptake rate of a readily metabolized substrate,
such as glucose, and the rate at which the oxidation
product (carbon dioxide) is generated (121, Oxygen
uptake rate (OUR) has also been explored as a parameter
of microbial activity [13] and has been demonstrated to
be successful in predicting the behavior of aerobic
biodegradation systems [141].

After a brief review of the available literature,
it was decided to pursue specific enzyme activity,
oxygen uptake rate, general dehydrogenase activity,
and, for the purpose of comparison, MLSS, as parameters
of catalytic activity in microbial suspensions. These
parameters were selected as being suitable for making a
number of rapid determinations of microbial activity
without an inordinate increase in capital investment.

In this study, the substrates used as sole source

of carbon for the microorganisms of the mixed cultures



were phenol and o-chlorophenol. These compounds have
several advantages for use in this study. They are
water soluble at high concentrations, relatively non-

volatile and Kknown to be readily biodegradable from

previous work in this same laboratory. Phenolic
compounds are also of environmental interest, mostly
because of their presence in waste streams from

processes which use <c¢coal as an energy source or

chemical feedstock.

Three mixed cultures were chosen as biodegradation

media. Activated sludge mixed liquor was obtained
from the municipal wastewater treatment plant in
Livingston, NJ. This source was chosen because the
plant treats primarily domestic sewage, and has not
been exposed to significant concentrations of
industrial organic compounds. The other two cultures

were grown from commercially available preparations.
Hydrobac (Polybac Corporation) is supplied in a dry
form, 1in which the bacterial suspension has been dried
onto bran flakes. LLMO (General Environmental
Sciences) is supplied as an agueous suspension,
saturated with hydrogen sulfide to suppress
bioclogical activity during storage. Both manufacturers

claim that their preparations contain microorganisms



selected especially for their ability to degrade toxic

or refractory compounds.



I1. OBJECTIVE
Therobjective of this study is to select a readily
measurable parameter of activated sludge metabolism
that would indicate the general level of catalyst
activity in a mixed microbial population, and to demon-
strate experimentally that the parameter selected is
reliable for wuse in the Kinetic expressions for the

biodegradation of phenol and o-chlorophenol.



IIT. BACKGROUND AND LITERATURE REVIEW
A. Literature Search Methodology
An extensive literature search was conducted to
locate reports of previous work applying measurements
of metabolic parameters to biodegradation rates of

organic substrates in aerobic cultures.

The bulk of the search was carried out as a

customized literature search on DIALOG, an on-line
computerized information retrieval service. In
searching, the computer identifies key words, authors

and categories of information peculiar to a specific

database.

The databases searched were Biosis Previews (which

consists  of Biological Abstracts and Bigresearch
Index), and Water Resources Abstracts (a compendium of
abstracts compiled by over 50 U.S. water research

centers and institutes).

Key words were selected from the terms: activated
sludge, microbial degradation, growth, respiration or
activity, reduction of tetrazolium dyes, oxygen uptake
rates and induction of dehydrogenase enzymes.
Abstracts from 1968 to 1984 were reviewed. Out of

these, 24 were selected as having possible application

10



11

to the present study. Citations found in the articles
were also considered.

Several sources, not available in area libraries,
were Jlocated through a computer search of holdings
lists submitted by libraries across the U.S. The
computerized search was supplemented by manual searches
of the Chemical Abstracts Index and the holdings lists
of NJIT and Rutgers in Newark, N.J.; the Univer-
sity of Delaware, Newark, DE; and Lehigh University,
Allentown, PA.

B. Mixed Liquor Volatile Suspended Solids and

Strictly used, the term microbial viability would
indicate the ability of the organisms in the activated
sludge to reproduce. wWhen applied to the study of
bicdegradation, however, the term implies the ability
of the culture to utilize substrate. In this study,
the term is used to describe the ability of cells to
reproduce. The cells involveé in biodegradation will
be described as "active".

The common approach- to estimating the potential
for substrate wutilization is to measure the active
biomass concentration in the sludge. The conventional

measure has been the organic portion of the sludge dry
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weight, referred to as mixed liquor volatile suspended
solids (MLVSS). This parameter is seldom accurate
because dead or inactive microorganisms, as well as
arganic compounds of non-biological origin, are

measured along with the metabolically active cells.

The fraction of active organisms in the solids can
be estimated by counts of viable organisms grown on
agar plates. There are several drawbacks to this
method. Viable organisms are selected by media that do
not reflect the actual environment of the activated
sludge process [101. The technique of agar plate
counting does not lend itself to routine or timely
analysis [11. Cells which are incapable of repro-
duction may still retain metabolic activity.

Walke; and Davies [9]1 surveyed the published
estimates of viable cell concentrations and found them
to range from 2% to 60% of the MLVSS, with the actual
rates of biodegradation being more uniform. In their
own experimental work they attempted to <correlate
changes in oxygen uptake rate (OUR) with both MLVSS and
viable cell counts, and found little correlation
between changes in OUR and changes in MLVSS. They did

find a better correlation between OUR and viable cell

counts.
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Weddle and Jenkins [7] attempted to correlate a
number of metabolic parameters, including OUR and the
reduction of the electron-acceptor dye 2,3,5-triphenyl-
tetrazolium chloride (TTC), against changes in MLVSS
and viable cell counts. They concluded that changes in
biodegradative activity were due to changes in the
number of active cells per gram of MLVSS, rather than
being caused by changes in the activities of individual
cells. When they compared total MLVSS to plate counts,
they determined that the fraction of wviable cells in
MLVSS increased rapidly between growth rates of 0.3/day
and 3.0/day and were constant for growth rates outside
of this range. (Growth rate 1is expressed as the
fraction of the _MLVSS reproducing itself per day.)
Since most biodegradation units operate at less than
0.3/day, Weddle and Jenkins concluded that MLVSS was an
adequate expression of cellular activity, with the
caution that viable cells constituted less than 20% of
the MLVSS. Weddle and Jenkins based their evaluation
of MLVSS on observations of continuous laboratory
reactor systems operating at steady-state and thus did
not take changes in operating conditions into account.

Tebbutt and Paraskevopoulos [8]1 also correlated a

number of parameters, including OUR and reduction rate
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of TTC, against MLVSS and viable cell counts. As did
the researchers described above, they found that the
parameters correlated better with viable cell counts
than with MLVSS. Tebbutt and Paraskevopoulos concluded
that MLVSS was the best parameter to use as a measure
of sludge activity as it produced results no worse than
the other parameters they tested and was the easiest to
apply. The samples that they used were drawn from a
continuous pilg& plant, run under controlled conditions
of feed composition and sludge wasting. This would
have a favorable effect on the reproducibility of their
MLVSS determinations. They also preferred MLVSS
because it was less affected than the other parameters
by <changes in system loading or the presence of
toxicants. This slow response limits the general
applicability of MLVSS as an activity parameter.

The total mixed liquor suspended solids (MLSS) has
also been recommended as a control parameter for
continuous activated sludge systems. Both Maeda, et al
[15], and Nogita, et al 1[16]1 claim that by controlling
MLSS concentrations in the aeration tanks in wastewater
treatment plants, they achieve efficient control of the
biodegradation process. The systems described have

relatively constant flow rates and COD loadings and the
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test petiods described are only several weeks long. It
is possible that the composition of the MLSS might not
change significantly under those conditions. Otherwise,
it is surprising that MLSS5 would be an adequate para-
meter of sludge activity as it is composed of both
MLVSS, which is a questionable parameter in itself, and
an inorganic component, which would further reduce the
accuracy of using MLSS.
C. Specific Assay of Enzyme Activity

Bergmeyer [171 deals at length with methods of
analyzing the activities of specific enzymes, with
particular emphasis on the study of animal tissues.
One difficulty in preparing extracts for analysis is
that most free enzymes are readily denatured by changes
in pH or temperature [81. Another is the need to
produce particle-free samples for spectrophotometric
analysis. The equipment wused to extract cellular
enzymes and separate cell soiids from the supernatant

are designed to keep the samples cold throughout the

process, The centrifuges used are operated at high
speeds, usually reported as multiples of
gravitational acceleration (G = 32.2 ft/sec). This

relates to revolutions per minute (rpm) by

a x G =d x (rpm)> /3600
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where: a multiplier for G

d effective radius of revolution (ft).
These high-speed centrifuges are effective in removing
very small particles that would otherwise interfere
with spectrophotometric measurements.

Kotze [18]1 adapted these methods specifically for
application to mixed cultures such as activated sludge.
One of the major difficulties in preparing the neces-
sary cell-free homogenates for analysis was the
presence of "humic substances in the sludge culture.
These substances can inactivate free enzymes by binding
with them in a nonproductive mode. Kotze’s procedure
for preparing the homogenate required centrifuging the

sludge at 35,000 G at 2°C to separate the sludge

solids. The solids were washed and suspended in buffer
at pH 7.6, then homogenized by sonication at a minimum
of 50 watts for 25 minutes at 8°C. The homogenate was

then centrifuged for 30 minutes as described above. The
resulting supernatant was kept at 1°C to 2°C until
assayed. The assays recommended by Kotze were based on
those described in Bergmeyer [171. Kotze did not
present data to demonstrate the effectiveness of his

method.

Kotze’s method was used by Florentz and Hartemann
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[19] to detect changes in activity for eight enzymes as
a biological wastewater treatment plant cycled between
aerobic and anaerobic operation. Seven enzymes active
in glycolysis and the tricarboxylic acid (TCA) cycle
were measured, along with 3-hydroxybutyrate dehydro-
genase. Measurable activities were found for all eight
enzymes. -~ No differences in enzyme activities were
found between the two operating states.

Sayler, et al [20], measured bacterial population
densities and enzyme activities in an attempt to assess
the biodegradative potential of an activated sludge
toward toluene, phenol, aniline, and 2,4~-dichloro-
phenol. After assaying for a seriesicf enzymes KkKnown
to oxidize aromatic compounds, they found catechol 1,2-
dioxygenase to be the only enzyme activity consistently
present. Cells were washed and suspended 1in a
phosphate buffer of pH 7.0. Sonication was at 50 watts
for 5 minutes and cell debris were removed by centri-
fugation at 25,000 G for 30 minutes. The temperatures
of the operations were not mentioned. Analysis showed
higher oxygen uptake rates for the washed «cells from
sludges acclimated to £he substrates, but 1little
measurable dioxygenase activity in the sludge or the

extract. Only cultures maintained on phenol showed any
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change in enzyme activity attributable to acclimation.
The values obtained were near the sensitivity of the
assay used. Sayler concluded that his assay was too
narrow 1in scope and that only determinations of broad
spectrum enzyme activity could provide unambiguous
information.

Kawai, et al [211, successfully analyzed the
activity of polyethylene glycol dehydrogenase in mixed
cultures by a multistep process. Their assay was
preceded by a complex process for purification of the
enzyme consisting of precipitation, solubilization and
three chromatographic steps. This procedure 1is too
complex for studies where there are a large number of
samples to be analyzed.

In brief, the successful published methods for
isolating enzymes from activated sludge or other mixed
cultures and determining their activities were either
too time consuming to be applied to a large number of
samples or required specialized equipment unavailable
for the present study. Therefore they were not con-
sidered further for use in this study. Simpler methods
were attempted, based on commercially available enzyme

assay kits, as described in section V-A.
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D. Use of ElectronzAcceptor Dyes
Electron~acceptor dyes have been used to visualize
NAD and NADP dependant reactions since Thunberg
ﬁublished his technique of methylene blue reduction in
1817 [17]. As the dehydrogenases are the major class
"of enzymes involved in substrate utilization, a
technigque that measures the reduction rate of their
common co-enzyme has application to this study. A
typical oxidation-reduction sequence involving NAD is
the dehydrogenation of lactate to pyruvate:
Hoevy o LDH g e
H-C—g—-C—Cl4, * NAD*€=—— 5 j-c—C—C—C{,; +NADH + H*
H H H Ly ]

Other electron acceptors are also used by cells in

x

substrate oxidation. The total cellular pool of these
electron acceptors is very small, and their oxidation
and reduction very'rapid. For aerobic organisms, the
ultimate electron acceptor is oxygen. For this reason,
measurements of oxygen uptake rate are considered to be
an excellent indicator of cellular activity [131.
Diverting the eiectrons to another acceptor, such as a
dye, also provides a measure of cellular activity.

Most of the research reported has involved the use
of tetrazolium salts as the electron-acceptor dyes
[173. In particular, the reduction of 2,3,5-triphenyl-

tetrazolium chloride (TTC) to its insoluble red
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formazan has been applied by a number of researchers to
problems of microbial activity. Some commonly used
tetrazolium salts are shown in Table 1.

Different tetrazolium salts «can be reduced by
different metabolites. TIC is reduced by electron
carriers with more positive potentials than those which
reduce MIT or INT. It is - not reduced by nicotinamide
adenine dinucleotide phosphate (NADP) or flavin adenine
dinucleotide phosphate (FADP) and competes directly
with oxygen for available electrons [171]. MTT is
reduced by metabolites with less positive electron-
transfer potentials, which includes most of the cyclic
intermediates [22]. INT can be directly reduced by
flavin dehydrogenases, without the need for an
intermediate electron carrier [173]. These differences
suggest that these dyes would produce different
patterns of response in toxicity assays.

The general procedure for determining dehydro-
genase activity 1is to incubate an activated sludge
sample with a small amount of dye for a fixed period of
time. The formazan 1is dissolved with an organic
solvent, the solids separated and the absorbance of the
liquid read at a wavelength characteristic to the

formazan. Dehydrogenase activity may be reported as



TABLE 1
COMMONLY USED TE TRAZOLIUM SALTS

Redox
, Potential
Abbreviation Name Structural Formula (mV)
MTT 3-(4’,5’)~dimethylthiazol-2-yl) : @ +110
"~ =2,4~diphenyltetrazolium bromide <3Hy"1: Br-
\nnk(t(mb
/(:rl ¢ i,
INT 2-(p-iodophenyl)-3-(p-nitrophenyl) (3yd"ﬁ, = +90
~3-phenyltetrazolium chlorvide \**I:l
Noy
D
TTC 2,3,5~-triphenyltetrazolium chloride <i>{§p31jj “ iggg )

NT 2.2"p'diph.hylin""3,3' ’5'5’- Qf’““§c +170

. prEt
tetraphenylditetrazolium chloride <:>*wm4 ar o fsu’“C)
(2 \
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the quantity of formazan produced,‘but is more commonly
reported as absorbance or extinction.

Each researcher reported developing his variation
of this basic method. These variations differ with
respect to the blank used, the method of stopping the
enzyme reaction, the length of the incubation period,
the method of extracting the formazan, the exclusion of
oxygen and the substrate included in the reaction
mixture.

Lenhard [23] incubated an activated sludge sample
with 0.01% TTC and 0.1% glucose in a buffer- of
triaminohydroxymethane hydrochloride (TRIS-HC!l;pH 8.4).
Glucose was included to allow expression of the enzyﬁe
activity unlimited by substrate availability. Incuba-
tion was in the dark at 37°C for 15 minutes, at which
time absolute ethanol was added to stop the reaction
and dissolve the formazan. Solids were filtered from
the solution and the filtrate absorbance was read
against a distilled water blank at 483 nm. Oxygen was
not excluded from the incubation mixture. Lenhard
selected glucose as substrate after trying citrate,
succinate and glutamate, none of which allowed
expression of the dehydrogenase activity. Lenhard

concluded that these substrates did not penetrate the
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cell wall. It is more likely that these substrates
showed no effect because their co-enzymes would not
reduce TTC. Succinate dehydrogenase, for example,
reduces FAD, which will not reduce TTC [101, and
citrate is not reduced by any NAD or FAD dependant
dehydrogenase. It is also possible that the dehydro-
genase activities specific to these substrates were too
low to be observed. Lenhard did not analyze the mixed
liquor to see if substrate was actually consumed.
Lenhard [24] used his method as a measure of the
toxic effects of chemicals on activated sludge. The

sludge consisted of soil organisms cultured on a medium

of glucose, peptone, phosphate, and magnesium and iron
sulfates, in a batch reactor. The same medium was used
as substrate for the toxicity tests. Lenhard plotted

the fraction of dehydrogenase expression (compared to

that of an untreated control) against the concentration

of several toxicants (silver, mercury and chromium
ions, formaldehyde and phenol, and four industrial
effluents). In each case, there was a threshold

concentration below which no depression of activity was
observed. Above this threshold, there appeared to be a
linear relationship between the fraction of activity

inhibited and the logarithm of the toxicant concentra-
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tion. The magnitude of the threshold concentration
varied with the age of the culture. Sludges which were
exposed to the toxins shortly after being cultured on
the substrate medium were affected at a lower concen-
tration than were the sludges with a longer culture
period. This observation is consistent with observa-
tions of toxicant action on other sludge parameters
[e1l.

In both studies, Lenhard did not consider the
effects of dissolved oxygen on the rate of TTC
reduction. Higher metabolic rates in the sludge would
cause the oxygen content of the samples to be lower,
resulting 1in higher rates of formazan production.
Lenhard also observed a lag time of about an hour
between the time that the substrate was added to the
culture and the time that TIC reduction began, and
assumed that the time was needed for enzyme induction
to occur. It seems possible that this time was
actually needed to deplete dissolved oxygen concentra-
tions to a level that would allow formazan production
to begin.

Bucksteeg [25] proposed the use of TTC reduction
as a measurement of sludge activity independantly of

Lenhard. His method added 0.05% TTC to the sludge
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sample, then incubated the sludge sample for 1 hour at
20°C in the dark. Ethanol was again the extraction
solvent. The blank was 0.05% TIC in water and was
processed with the samples. Oxygen was not excluded
and pH was not controlled. The only substrate present
“in the incubation medium was that carried along with
the sludge sample. Over 100,000 observations were made
on samples from a laboratory-scale continuocus-flow
activated sludge plant fed a synthetic wastewater of
unspecified composition. TTIC reduction was correlated
with total sludge solids and rate of BOD removal by the
relation:
f =y x a
where: f 1is a constant roughly proportional to
influent BOD;
y is the absorbance of the formazan solution;
and
a 1is the rate of BOD removal per mass of
tétal sludge solids.

This would indicate that for a given BOD loading rate,

the respiration rate, as measured by the absorbance of
the formazan solution, decreases as the rate of BOD
removal increases. This relation is contradicted by

the observations of Ford [261 and others [6,7] and by
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the metabolic interrelation of respiration and
substrate wutilization. Bucksteeg’s results may have
resulted. from his test being substrate limited, as the

largest initial loading used was equivalent to 438 mg
BOD/L. As contrast, Lenhard’s glucose solution
provided a minimum of 1067 mg BOD/L. It is 1likely
that the higher rates of BOD removal resulted in a
lower steady-state BOD concentration in the reactor.
With a smaller amount of substrate carried over: with
the sludge sample, TTC reduction would reach its limit
sooner. Both BOD removal rate and TTC reduction rate
were observed to increase as the BOD loading rate was
increased. This increase of microbial activity with
substrate concentration is a commonly observed phenom-
enon. Bucksteeg also determined that the rate of TIC
reduction responded immediately to changes in organic
loading. His hour of incubation may have allowed the
necessary depletion of oxygen in the sample that
Lenhard waited for in his reactor.

Ford, Yang and Eckenfelder [26] used Lenhard’s
method to relate formazan production to sludge age,
organic loading, MLVSS and okygen uptake rate (QOUR) in
a municipal contact stabilization tank. They also

developed correlations to adjust the rate of formazan
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production for the effects of pH and temperature. They
did not exclude oxygen from their samples. Their
findings were that formazan production rate decreases
as the sludge ages and increases with MLVSS, organic
loading and OUR. These results are in accord with
established observations of activated sludge perform-
ance [61]. They also observed that the rates of
formazan production began to decrease after one-half
hour of incubation. They did not account for this
decrease. They did mention a lag time between
introduction of BOD to the reactor and initiation of
TTC reduction. Again this lag was likely the time
required to decrease the DO concentration in the
contact stabilization tank to a level at which TIC
reduction could begin.

Coackley and O’Neill [27] tracked general déhydro—
genase activity along the aeration tanks in a municipal
wastewater treatment works.. Their procedure used
0.03% TTC and 0.06% glucose in the reaction medium.
Incubation was at 20°C for 15 minutes. The formazan
was extracted with ethanol. Their findings confirmed
Bucksteeg’s observation that TTC reduction rates
increased with organic loading. Elevated dehydrogenase

activity was found to continue after the disappearance
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of supernatant BOD and COD. Tﬁey' attributed this
activity to the metabolism of substrate which had been
adsorbed onto the floc and possibly to the metabolism
of compounds stored during the earlier respiration.
However, observations from other researchers and from
this study (section VI-F) show OUR dropping rapidly as
supernatant BOD or COD approaches zero. Since Coakley
and O’'Neill did not examine OUR, no direct comparison
can be made. It appears doubtful that metabolism of
adsorbed COD could account for the elevated dehydro-
genase actiﬁities observed. The sustained activity
levels they observed in their TTC reduction test can be
accounted for by the availability of glucose in the
incubation medium. Coackley and O’Neill also noted that
TTC reduction increased immediately after the load to
the aeration tanks increased and reached its maximum
within one-half hour. The incubation time used was
shorter than Bucksteeg’s and the temperature lower than
Lenhard’s, vyet no delay in TIC reduction was observed.
No dissolved oxygen levels were reported, but it is
possible that they were low enough to allow immediate
reduction of TTC.

Clayfield [28] measured the rate of TIC reduction

as one tool in a study relating OUR to denitrifying
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behavior in activated sludge. Several important
modifications were made to Lenhard’s method. Sludge
solids were washed twice and resuspended in bicarbonate
buffer before analysis. Nitrogen gas was bubbled
through the samples to remove oxygen. Extraction was
performed with methanol and absorbances were read
against a methanol blank. Clayfield compared OUR and
TTC reduction rates for sludges in the endogenous state
and sludges actively utilizing substrate. Both para-
meters were used independantly to demonstrate that
total sludge activity could be divided into two
components. One component was associated with the rate
of BOD removal and the other was associated with the
endogenous OUR, which he found:to be proportional to
the MLVSS of the sludge. Clayfield also noted that,
for a continuous reactor at steady-state, the specific
endogenous respiration rate increased linearly with the
BOD loading to which the sludge organisms had been
acclimated. This suggests that- some change occurred in
the composition of the MLVSS, probably an increase 1in
the total number of organisms.

Tebbutt and Paraskevoboulos [8] correlated specific
OUR and specific TTC reduction rate on the basis of

MLVSS and viable cell count. Their method was based on
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Lenhard’s, with sodium and cobalt chloride added to the
mixture to reduce oxygen. Unit viability was
determined by plating samples of activated sludge onto
agar with sterilized sewage as substrate and was
expressed as the number of cells per gram of MLVSS.
Samples were taken from an activated sludge continuous
pilot plant operated on municipal sewage. No correla-
tion was found between OUR and TTC reduction rate when
both parameters were expressed as activity per gram
MLVSS. This observation would imply that there is no
relationship between OUR and TTC reduction, which
contradicts the findings of all other reports,
including the present study. The two parameters showed
a strong relationship when they were expressed as
activity per wviable cell. Tebbutt and Paraskevopoulos
suggest that a different proportion of OUR is attri-
butable to dehydrogenase activity in viable cells than
in cells incapable of reproduction.

Jones and Prasad [29]1 compared the effects of
various experimental conditions on TTC reduction.
Activated sludge from a municipal wastewater treatment
plant was incubated with 0.05% TTC and no additional
substrate under various conditions of aeration, pH and

light. Increasing oxygen concentration in the sample
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depressed formazan production and increased the rate of
photolytic bleaching of the extract. Increasing pH
stimulated both photochemical reduction of the TTC and
photochemical oxidation of the formazan. They observed
a close correlation between OUR and formazan production
"for a number of microorganism cultures from different
sources.

Klapwi jk, Drent and Steenvoorden [301 presented a
critical study of the TTC methods published to that

date, with particular attention to the blank used,

methods of stopping the enzyme reaction, extraction of
the formazan, exclusion of oxygen and the organic
substrate wused in the incubation medium. Since the

type of blank used by Lenhard and Ford does not account
for chemical reduction of TIC during incubations (as
TIC is excluded), Klapwijk created a blank by preparing
it in the same way as the samples but stopping the
enzyme reaction with concentrated sulfuric acid before
incubation. Tﬁis modification is questionable as the
lower solution pH would inhibit chemical formazan
production in the blank. Other workers stopped the
enzyme reaction by adding organic solvent to extract
the formazan. Klapwijk found that formazan production

continued, even in the presence of butanol or ethanol.



32

The reaction definitely ceased when sulfuric acid was
added. He also observed that the acid improved
formazan. extraction, leaving the solids colorless.
Heating the samples also improved formazan extraction.
To determine the effect of oxygen concentration on TTIC
reduction, Klapwijk, Drent and Steenvoorden subjected
an aerated mixed culture to a shock load of sodium
acetate. Over a duration of 4 hours, they periodically
recorded the dissolved oxygen (DO) concentration in the
reactor for comparison with formazan production rates
in two sludge samples. One sample was treated with
sodium sulfite and cobalt chloride to reduce oxygen
and the other sample was left untreated. As the run
progressed the DO level in the reactor decreased, then
resumed its original level. In the untreated sample,
formazan production increased, then decreased to its
original level. These changes occurred at the same
time as the changes in DO, with formazan production
increasing as DO decreased. In the treated samples,
formazan production remained unchanged throughout the
run. The rate of formazan production for the treated
samples was equal to the maximum rate for the untreated
samples, suggesting that the changes in the rate of

reduction of TTC were not caused directly by changes in
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sludge activity, but were actually the result of
effects of competition of TTC with DO. No other report
was found where this comparison was attempted. The
results of this demonstration may have been affected by
the substrate used. Klapwijk compared formazan
production resulting from use of lactate, acetate,

glucose and a synthetic sewage as substrate in the

incubation mixture. Acetate enters the intermediary
metabolism bound to a coenzyme, as acetyl CoA. 1If the
available coenzyme is saturated, an excess of acetate

would not affect the rate of TTC reduction. Acetate is
a substrate for only one dehydrogenase, which reduces
acetate to acetaldehyde. This reaction would compete
with formazan production as both processes require
electrons from NADH. Both factors could account for
the lack of results found by Lenhard for acetate 1[231]
and for the constant formazan production found in
Klapwijk’s analysis of DO effects.

Klapwijk used his method to compare the effects of
four toxicants on OUR and TTC reduction in activated
sludge. His results indicated poor correlation between
OUR and dehydrogenase>activity when =zinc, cyanide,
phenol or 2,4-dichlorophenoxyacetic acid (2,4-D) are

added to the activated sludge. He did find a good
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correlation between OUR and dehydéogenase activity in
unpoisoned sludge. These results were supported by
Jorgensen in a study of methylene blue reduction [321].

Ryssov-Nielson [31] presented another modification
of the general dehydrogenase assay. Sludge solids were
washed and resuspended in oxygen-free phosphate buffer
at pH 7.5. The incubation mixture contained 0.005% dye
and 0.045% lysozyme. Incubation was in the dark at
37°C for 1 hour in the absence of air. No substrate
was used in the incubation mixture. The blank did not
include the dye. Both TTC and MIT were tested- as
electron-acceptor dyes. For both dyes, addition of
lysozyme improved the reproducibility of the resulis
for mnmultiple analyses, but did not alter the mean
absorbances. Both dyes showed good correlation with
OUR and similar patterns of inhibition when the sludge
was exposed to mercuric chloride. They showed very
different patterns of inhibition when exposed to potas-
sium cyanide. Potassium c¢yanide first poisons the
cytochrome oxidase system, where TTC replaces oxygen as
the wultimate electron acceptor. MTT is reduced at a
lower redox potential, bypassing the cytochrome system
[17] and thus allows a sort of artificial respiration

to take place. Ryssov—-Nielsen also used TTC reduction
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to demonstrate the stimulation and subsequent inhibi-
tion of respiration 1in activated sludge by 2,4-D,
lactate and pyruvate. Use of lactate resulted in the
highest rate of formazan production. The wuse of
lactate should result in the expression of lactate
dehydrogenase activity [31] and of NAD dependant
dehydrogenases further down the metabolic path. He
estimated a whole-cell Michaelis-Menten half-velocity
constant (Km) for lactate dehydrogenase of between 120
and 220 ppm, attributing the high value to active
transport of the substrate into the cell. A comparison
of the results of the TTC reduction method to those of
the standard Warburg respirometer method showed that
the two produced parallel results in inhibition tests.
This finding contradicted Klapwijk’s observation that
for the same inhibition tests, TIC reduction rate and
OUR were apparently unrelated.

The authors of the aforementioned studies present
a range of opinions as to the applicability of tetra-

zolium dye reduction rates as a measure of biological

activity. While all agree that for a given healthy
sludge, there is a strong correlation between dye
reduction rate and other parameters such as OUR, there

is much disagreement as to whether these correlations
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hold true for sludges exposed to toxins or sudden
changes in process conditions.

At a first leook, this dissension may seem odd as
the test appears to be quite simple and direct.
However, after reviewing the papers discussed above, a
picture emerges of a quite complex test with many
factors affecting the results.

In the earliest mgthods, researchers recognized
the importance of controlling incubation temperature
and duration, pH, the nature of the blank, and the
extraction method wused to optimize their tests for
sensitivity and reproducibility. Other important
factors were not always controlled. These were DO, the

amount and type of substrate used in the reaction

mixture, -and the differing reactivities of the
different dyes. Sludge age also seems to be an
influential factor. Knowledge of the effects of all

these parameters is needed to interpret test results.

In particular, the substrate and dye used should
be considered more carefully than they have been. As
mentioned above, different dyes are reduced at
different points in intermediary metabolism. The
various pathways can be blocked selectively by

different toxins. For example, the reduction of TTC
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can be decreased by a chemical that blocks the
cytochrome oxidase system. The reduction of MTT would
be unaffected or increased since that dye can be
reduced independantly of cytochrome oxidase activity.
Similarly, the activity of different pathways can
"be stimulated or depressed by selecting substrates that
enter or bypass them. Several researchers have
suggested that the activity of a particular enzyme
could be analyzed by using its substrate as the sole
energy source in the TTIC test. This would provide a
temptingly simple method of enzyme analysis, except for
three factors. The first is that not all simple
molecules are readily taken up by cells. Some enter by
diffusion, but some enter by active transport, which is
an NAD dependant orocess r11. The second is that the
tetrazolium dyes can be reduced by different coenzymes.
Stimulating succinate dehydrogenase activity would not
necessarily stimulate TTC reduction proportionately, as
the coenzyme involved (FADH) will not reduce TTC. INT,
however, would provide a direct estimate of FAD
reduction, as it competes with flavins for active
sites. The third is that the change in the activity of
the first enzyme in the sequence would not be differen-

tiated from changes in the activities of the dehydro-
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genases further along the biodegradative sequence.
E. Measurement of Oxygen Uptake Rate

Oxygen uptake rate (OUR) has been widely used as
an indicator of biodegradative activity. Because of
the position of oxygen as ultimate electron acceptor in
aerobic metabolism, OUR should be useful as a quanti-
tative expression of the turnover rate of high energy
metabolic intermediates. Patterson [10], Huang [13],
and others hgye demonstrated a linear relationship
between OUR and production of adenosine triphosphate
(ATP) in mixed cultures when both are expressed per
weight of MLVSS. Linear relationships have also been
demonstrated between OUR and substrate wutilization
rates [33). Other researchers [7,8] have found OUR and
ATP concentration to be constant when expressed per
viable cell. However, these parameters varied when
expressed per weight of MLVSS, confirming that only a
fraction of the MLVSS is active.

Weddle and Jenkins [7] compared OUR, TTC reduc-
tion, ATP content, viable cell counts, and analyses for
MLVSS, carbon, nitrogen, protein, carbohydrate, and
lipid for their relations to net growth rate amd
substrate consumption. When expressed per gram of

MLVSS, OUR, TTC reduction and ATP content increased
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with growth rate up to a rate of approximately 3/day.
At greater growth rates, these parameters remained
constant. When the same parameters were expressed per
viable cell, they were found to be constant throughout
the range of growth rates. Weddle and Jenkins
concluded that increases in biodegradative activity
were due to increases in the number of cells in the
MLVSS and not in the activity of the individual cells.
Walker and Davies [9] measured OUR by respirometry
and performed viable cell counts in an attempt to
correlate both with the net growth rate. Bofh para-
meters increased with growth rate, reaching their
maximums at growth rates near 0.7/day. At these growth
rates, the OUR was 1.46 x ldqzmg DO/hr-cell. As the
growth rate decreased below 0.4/day, the OUR increased
rapidly to 9.5 x 10 ‘mg DO/hr-cell, then fell off to
zero. Walker and Davies’ analysis led them to conclude
that as growth rates decreased below 0.4/day, an
increasing proportion of the microbes are active but
not wviable. However, the total number of live cells
continues to increase until a growth rate of approxi-
mately O0.1/day, when the cells begin to die off
rapidly. Their conjecture agrees well with known

behavior of aging sludges [6]. (Sludge age 1is the
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inverse of specific growth rate.)

Tebbutt and Paraskevopoulos [8] correlated general
dehydrogenase activity, OUR, viable cell counts and
MLVSS to assess their usefulness as measures of biode-
gradative activity in activated sludge models. They
also correlated OUR due to substrate removal against

the endogenous OUR. When the parameters were expressed

per gram MLVSS, the only correlation found was between
the substrate removal rate and endogenous OUR. On a
per viable céll basis, all parameters correlated well
with each other. These results suggest that there are

different active components of the MLVSS with differing
responses to the OUR and dehydrogenase analyses.
Matsumaga, et al [34] used an electrochemical
probe to estimate total cell numbers. A small number
of cells from a culture in the early growth phase were
trapped on the membrane of a galvanic oxygen probe.
The current of the probe decreased with iﬁcreasing cell
numbers. There was a strict linear relation between
cell number and generated current. Current generated
per cell varied between species, but was constant for
any single species. Cell numbers were confirmed by
viable <cell counts. The use of an electrochemical

probe to count viable cells is of questionable value
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for application to mixed cultures because of the number
of species that could be present, each with a different
oxygen requirement. Also, the young cultures used by
Matsumaga, et al, would be expected to consist
primarily of reproducing cells. As the studies dis-
cussed above show, older <cultures consist of both
viable and non-viable cells. The oxygen requirements
of cells are presumed to change with age.

Kalinske [35] studied factors affecting OUR. He
found that the nature of the floc and the amount of
turbulence of the mixture were the major determining
factors. Oxygen concentrations from 0.5 ppm to 35 ppm
(produced under pressure) had no measurable effect on
OUR. This finding was supported by other researchers
[6,361].

Huang and Cheng [14]1 measured the effect of
substrate and mean cell retention time (MCRT) on OUR in
steady-state continuous reactors using the Monod-type

relationship:

u
OUR = K

maximum specific OUR (per gm MLVSS)

where: Um

"

K s half-rate constant (expressed as

substrate concentration)
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S = steady-state substrate concentration
X = biomass as gm MLVSS
Equating DO consumed to COD expressed, they were able
to predict COD concentrations in their reactor

effluent.
F. Summary

It is difficult to see how MLVSS could be used as
a reliable measure of biplogical activity. It is well
known that this parameter changes slowly in response to
system changes. Large excursions in flowrate or
chemical composition of a feed stream can occur before
changes in the amount of MLVSS are noticeable [61]. It
is also apparent that the composition of MLVSS is quite
variable. The portion of the MLVSS that is metabolic-
ally active can range from almost the entire mass to
only a few percent. At the lower end of this range a
small change in substrate or toxin concentration could
drastically change the activity of the sludge, with
only a small change occurring in MLVSS.

Measurement of other biochemical compounds pre-
sents the same problems as the measurement of MLVSS.
Even when testing for DNA, a compound closely asso-
ciated with cellular organisms, there is no way to

determine the relative contributions of growing, sene-
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scent, or recently dead cells.

Determining unit viability, defined as the number
of cells per sludge mass that are capable of repro-
ducing, presents a more accurate picture of the
activity of a culture than MLVSS measurement does.
"Other biochemical parameters show reproducible rela-
tionships when expressed as activity per viable cell.
The drawback to this method is that the media used to
culture viable organisms are always selective, Some
species, which are active in the mixed liquor, will not
reproduce inm the culture medium and will not be
counted. Within a species population, individuals
which cannot reproduce still respire and take up sub-
strate. Besides these considerations, the time re-
quired to culture-and count cell colonies makes the
method impractical for routine use.

The majority of the methods published for the
analysis of specific activities have been developed for
use with animal tissues or suspensions of single-specie
bacterial cultures. Researchers applying these methods
to activated sludge have had limited success, obtaining
low activity values that do not always produce signifi-
cant results. More reliable procedures require

elaborate, multi-step separations which are not
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suitable for the large number of samples which are
required in this study. For these reasons, it was
decided . not to pursue published procedures but to try

methods based on packaged kits for «clinical enzyme

assays.
The reduction of electron—acceptor dyes, such as
the tetrazolium salt TTC, can be used to visualize the

general dehydrogenase activity of suspensions of intact
cells. Reports by researchers who have worked with TIC
reduction show that changes in its reduction rate
follow empirically established changes in sludge
activity with COD loading, temperature and mean cell
retention time. There is a direct correlation between
microbial respiration, as determined by OUR, and
general dehydrogenase activity, as determined by TIC
reduction, regardless of the substrate used as
electron donor. This relationship will be disrupted by
toxins, such as cyanide ion, which inhibit electron
transfer, but not by phenol and o-chlorophenol.
Because the method of incubating the dye with a
suspension of intact cells is suitable for a larger
number of analyses, this method of measuring microbial
activity was investigated further.

Oxygen uptake rate (OUR) appears to be the best of
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the methods considered for measuring metabolic
activity. It is a parameter common to all aerobes and
is directly linked to substrate uptake and degradation.
OUR changes rapidly in response to changes in feed
concentrations and flow rate and is readily measured
using an electrochemical probe. The correlation
between OUR and substrate removal is not perfect, as
some substrate will be converted to biomass instead of
carbon dioxide. The amount converted to biomass is
related to the ratio of the cells which are growing to
those which are senescent, and thus is related to
sludge age. OUR can be useful for comparing the
toxicities of different compounds or their ability to
act as energy sources. Since oxygen 1is the final
electron acceptor in the metabolism of aerobic
organisms, any change in metabolism will be reflected
by a change in OUR. OUR was also investigated as a

measure of microbial activity.



IV. EXPERIMENTAL APPARATUS AND EQUIPMENT
A. Reactor
The reactor wused for culture acclimation and
biodegradation runs is shown in Figure 1. The 4.0 liter
batch reactor was constructed from a 6-inch diameter
clear Lucite tube with 1/4-inch wall and a 1/4-inch
thick base of Lucite. A 1/4~inqh diameter ocutlet was
provided near the base of the reactor and  wused to
remove large volume samples. The reactor was capped
with a 1/4-inch thick Lucite piece grooved to fit the
top of the reactor and perforated with a 1/2-inch hole
to allow tubing to be inserted into the reactor.
Compressed air was provided to keep the liquid
supplied with oxygen. The air first passed through a
4-inch 1long by 2-inch diameter plastic pipe stuffed
with glass wool to remove o0il droplets. An oil trap
was inserted after the filter. This trap was made from
an 8-inch tall plastic graduated cylinder capped with a

rubber stopper and sealed with adhesive tape. Air

flowed downward into the trap through a plastic tube

inserted through the stopper, made a 180° turn and
exited at the top of the trap. The air then passed
through 1/4-inch Tygon tubing, ending in an aquarium
diffuser stone at the bottom of the reactor. The air
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flowrate was measured with a Gilmont rotameter, and

was generally about 1.5 standard cubic feet per hour

(750 cc/min).

B.  ANALYTICAL EQUIPMENT

1) pPH meter: Orion Research model #701A
pH electrode: Orion Research model #81-04
dissolved oxygen electrode: Orion Research

model #97-08
ammonia gas electrode: Orion Research model
#95-11
22 Gas chromatograph: Tracor model #560

operating temperatures: oven = 120°C

FID/injection port = 250°C

]

Gas flowrates: N 45 cc/min @ STP

-

H 30 cc/min @ STP

i

Air = 0.9 SCFH @ STP
GC column: Supelco - 5 ft x 1/8 in S.S5.
5% SP-2100 on 100/120 Supelcoport
Integrator: Hewlett-Packard #3380A
3) UV spectrophotometer: Perkin-Elmer model #571
4) Centrifuge: Damon IEC HC-S Il
5) Incubator: Blue M Electric Company model #100A
6) COD reactor: Hach model #16500-10

7) Sonic bath: Branson B-220, 50W
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8) Pipettors: Labindustries VMP-15H 5-15 uL
Labindustries VMP~-1000H 10-1000 uL
Drummond #275 0-100 uL
9) Enzyme Analysis Kits, Sigma Chemical Company:
Lactate Dehydrogenase Colorimetric Method #500
Lactate Dehydrogenase Kinetic Method #226-UV
Glucose-6-Phosphate Dehydrogenase Kinetic
Method #345-UV

10) Oven: Lab~Line Instruments, Inc. model #N-3620-5



V. EXPERIMENTAL PROCEDURES

A. Specific Enzyme Assay

The}e are a number of references describing
methods for the in-vitro analysis of specific enzyﬁes.
All of them track the formation or disappearance of a
substrate or cofactor specific to the enzyme of
interest. After reviewiné the procedures described in
Bergmeyer (171 and in the literature, it was decided to
investigate cf;nical chemistry Kkits available from
Sigma Chemical Company as tools for use in this study.
These kits have been developed for routine laboratory
use from accepted spectrophotometric methods. They
contain all necessary reagents and have been
standardized to give reproducible results.

Three tests were selected from those available:

(1) The quantitative ultraviolet determination of
glucose-6-phosphate dehydrogenase (G-6-PDH) measures
the reduction of nicotinamide adenine dinucleotide
phosphate (NADP+) to NADPH in the reaction:

G-o-P + NADPY 9..:.9:_?2;‘ -PG + NADPH + H*

where: G-6-P = glucose-6-phosphate and

6-PG = 6-phosphogluconate

Production of NADPH 1is followed by measuring the

increase of its absorbance band at 340 nm. This method
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will be referred to as the G-6-PDH method [37].
(2) The quantitative determination of lactate
dehydrogenase (LDH) follows the reduction of NAD+ to

NADH in the reaction:

Lactate + MADT LN Ryruvate + NADH + HY

Production of NADH 1is followed by measuring the
increase of its absorbance band at 340 nm. This method
will be referred to as the LD-L method [381].

(3 The third procedure was for the quantitative
colorimetric determination of LDH activity. This
method is better suited for large numbers of samples
than the wultraviolet kinetic (LD-L) method described
above. The same enzymatic reaction is involved, but
instead of being followed by UV absorbance, it is
stopped after a time with a hydrazine derivative, which
reacts with the available lactate to form a strongly
colored hydrazone. LDH activity is determined from the
colorimetric absorbance of the hydrazone. This method
will be referred to as the LDH method [39].

Sigma provides procedures, temperature correction
data and information on the sensitivity and reproduci-
bility of each test

The methods were checked using standardized enzyme

preparations provided by Sigma. The results are summa-
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rized in Table 2. Both kinetic methods (G-6-PDH and
LD-L) gave average results close to those reported by
Sigma but the precision was much worse. The colorimet-
ric method (LDH) gave results with comparable precision
to Sigma’s report, but the average activities were
always higher than predicted. In addition, the colori-
metric method did not allow for tehperature corrections
to be performed, and required longer incubation times
and more preparatory steps than the other methods.
Therefore only the kinetic methods were pursued
further. .
All three analyses for the activity of specific
enzymes require suspensions of free enzymes rather than
intact cells. The most common method of extracting
cytosol 1is to subject the cells to an abrupt pressure
change. Lysozyme or other enzymes may be wused to
weaken cell walls, decreasing the amount of force

needed to disrupt the cell membrane.

Sonication, both with and without addition of
lysozyme, was tried as the method for extracting
cytosol. For the first attempt, 2.0 mL of actively

respiring Livingston sludge was pipetted into each of
6 vials. The wvials were immersed in icewater in a

sonication bath for approximately 5 minutes and then



Method:

Number of Samples:
Experimental Mean (U/L):
Standard Mean (U/L)i

% Difference
Experimental

% Variance:

Standard’s
¥ Variance:

TABLE 2
VERIFICATION OF SI1GMA ENZYME ACTIVITY ANALYSIS METHODS

Lactate Lactate ‘Glucose-6~Phosphate
Dehydrogenase Dehydrogenase Dehydrogenase
Quantitative Colorimetric Ultraviolet KineticUltraviolet Kinetic
Method (LD-L) Method (G-6-PDH) Method (LDH)
4 8 6
363 164 1243
336 ’ 162 1233
7.4 1.2 0.8
6.3 10.3 6.1
S5.2 2.4 2.4

¢4
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sonicated for up to 30 minutes with one vial removed
from the bath and placed on ice every 5 minutes.

All samples were centrifuged at 2,000 rpm and
1.0 mLL of supernatant was drawn off the top and kept on
ice wuntil assayed. Both the G-6-PDH and LD-L assays
were run on each sample. No significant change 1in
absorbance was observed over twice the normal assay
duration.

In the second attempt, two sludge samples with-
different solids concentrations were sonicated  with
glass powder as a grinding agent. A sample of
acclimated Livingston sludge was taken shortly after
completing a biodegradation run on phenol. A 2.0 mL
sample of the culture was filtered, washed with
phosphate “buffer (pH 7.0) and the solids suspended in
2.0 mL of buffer. Another 50 mL of the culture were
centrifuged and the solids washed with buffer and
suspended in 5.0 mL of buffer, producing a sample of 10
times the original solids concentration. The filtrates
and washes from each sample were combined and stored on
ice. Each sample was put in a 10 mL vial and enough
glass powder was added to cover the liquid. The
samples were sonicated in an ice bath for 15 minutes,

then filtered. The filtrates were centrifuged for
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10 minutes at 2000 rpm. The filtrates from the
sonicated samples, the combined filtrates from the
original culture, a phosphate buffer blank, and appro-

priate enzyme standards were each assayed by the
G-6-PDH and LD-L methods. The enzyme standards showed
"activities within the ranges specified by Sigma. No
other sample showed any enzymatic activity. No conclu-
sion can be drawn as to whether the extraction process
destroyed the available enzyme or whether enough enzyme
was ever present to be detected by the assays.

The effect of lysozyme was tested on a culture of
Bi-Chem 1006/7 (produced by Sybron Corporation). An
acclimated culture was spiked to 100 ppm with phenol
and was allowed 6 hours to consume the substrate.
Three 10 nL sample§ were filtered, the filtrates were
combined and saved on ice. The solids were washed with
phosphate buffer and resuspended in 2.0 mL of Dbuffer
(pH 7.0), to which 1.0 mL of freshly prepared 1500 ug/L
lysozyme solutién was added. Each sample was mixed by
inverting the vial several times. Then each sample was
allowed to stand for 10, 20, or 30 minutes at room
temperature. At the end of each period, glass powder
was added to one sample, which was then shaken vigor-

ously for several minutes and filtered through O.Z‘Fm
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filter paper. The filtrate was saved on ice. The
filtrate from each sample, the combined filtrates from
the original culture, a freshly prepared SOO‘Pg/L lyso-
zyme solution, and an enzyme standard were analyzed. for
LDH activity by the LD-L method. The standard showed
an activity slightly above the value reported by Sigma.
The other samples showed no measurable activity.
Again, no conclusion can be drawn as to whether the
enzyme was destroyed by handling or whether enough was
ever present to assay.

The 1lysis of the Bi-Chem culture by lysozyme was
observed by following changes in the turbidity of the
samples at 645 nm [401]. One 10 mL sample of accli-
mated Bi-Chem culture was centrifuged at 1500 rpm for
2 minutes to remove the easily sedimented particles. A
2.0 mL portion of the remaining suspension was pipetted
into each of the 4 cuvettes used in the spectrophoto-
meter. Enough phosphate buffer and lysozyme was added
to produce 4 samples of equal volume and final lysozyme
concentrations of 500, 150, 50 and 0 ug/mL of lysozyme.
The samples were mixed by inverting them several times
and changes in absorbance at 645 nm were observed. The
sample without lysozyme was used as a control for the

settling of particles and its absorbance was subtracted
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from the values obtained for other samples. A plot of
the results (Figure 2) showed a definite decrease in
the suspension turbidity after only a few minutes,
indicating that cells were being destroyed in the
samples with 150 and 50 ug/L of lysozyme. The lack of
a change in the sample with 500 ug/L 1lysozyme could
have resulted from the lysis being complete before the
first readings were made.

To determine whether lysozyme was suppressing
lactate dehydrogenase activity, duplicate samples were
prepared of the enzyme standard, standard with lyso-
zyme, standard with microorganisms, standard with lyso-
zyme and microorganisms, and microorganisms with lyso-
zyme. Sample volumes were adjusted so that the concen-
tration of each component would be the same for each
sample. Each sample was handled as in the first lyso-
zyme experiment and was assayed for lactate dehydro-
genase activity (Table 3). '

The results in Table 3 show no significant
depression or elevation of lactate dehydrogenase
activity from that observed in the control for samples
containing lysozyme. '~ Some loss of activity was
observed in the control, probably from handling. No

activity was obhserved in the samples which contained no
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standard

standard
+lysozyme

lysozyme
+so0lids

standard
+solids

itandard
+lysozyme
+solids

TABLE 3

EFFECT OF LYSOZYME AND SOLIDS
ON LACTATE DEHYDROGENASE ACTIVITY

Lactate Dehydrogenase Activity

Nominal (U/L) Measured (U/L)
162 133

162 145

0 -6.6

le2 “ 104

162 143

% Change

"43.6

"'1205

65
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standard.

Since all efforts were unsuccessful, no further
investigation of specific enzyme activity was
conducted.

There are several possible reasons why no enzyme
activity was observed in any test performed on acti-
vated sludge or Bi-Chem cultures.

First is the poss}bility that the enzymes were
inactivated by the methods wused to extract them.
Samples were kept on ice whenever practical, but during
filtration and centrifugation, they were not. Samples
were also brought to room temperature before being
assayed. The enzymes may have been degraded during
these warming episodes.

It 1is possible that naturally occuring substances
in the sludge acted as enzyme inhibitors. Humic sub-
stances are known to depress enzyme activity 1[3,18].
Bi-Chem was used for some analyses because it was
expected to have less of these humic substances than
the Livingston sludge. In addition, sludge solids were
washed before lysis was attempted. It is possible that
enough inhibitory substance adhered to the cells to
inactivate the extracted enzyme.

A major deficiency in all of the experiments
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performed, except the final one, was that no enzynme
standard was processed along with the samples of micro-
bial culture. Subjecting a known amount of enzyme to
the procedures used could have provided some insight as
to whether the enzyme was being denatured as it was
"extracted, or was not extracted in large enough amounts
to be detected.

There is the likelihood that the bacterial cells
were not ruptured during sonication. Kotze [181 and
Sayler [20]1 both used a piston-type sonicator which
transmits high-frequency oscillations directly to the
sample. In this study, the samples were immersed in
icewater in a bath-type  sonicator. Although this
instrument operated at the same nominal wattage used by
Kotze and Sayler, éttenuation of the power by the water
and sample container could have prevented the extrac-
tion of the enzymes, even in the presence of lysozyme.
In future studies where sonication of cells is
attempted, the‘ success of sonication in rupturing the
cells should be checked directly. This can be done by
plating out a portion of the sonicated suspension and
attempting to culture the cells. If the cells grow,
then they were obviously not ruptured.

A second possibility is that the assays selected
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were improper for this application. The kits used were
developed by Sigma for particular clinical tests. The
lactate . dehydrogenase kits (LDH and LD-L) were opti-
mized for the detection of elevated enzyme levels found
in blood and urine after acute tissue destruction. The
G-8-PDH assay was designed to measure enzyme activity
in whole blood.

The LDH and LD-L methods were selected bécause of
the known role of that enzyme in microbial active
transport systems [11]. LDH also provides an entry to
the TCA cycle in intermediary metabolism. G-6-PDH was
selected for study because of its Kkey position in
bacterial metabolic pathways [2]1. There is no evidence
that phenolic compounds are actively transported into
microbial cells. The pathways of phenol metabolism
described by Sayler suggest that neither enzyme is
involved in the process. Their activities might then
be suppressed when phenol is the only substrate
provided. No data specific to these enzymes was found
that could support or refute this conjecture.

It 1is also possible that the amount of these
enzymes present in bacterial suspensions is too small
to be detected by the Sigma methods. Neither Bergmeyer

or Kotze mention expected enzyme activities for
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bacterial preparations, nor the ranges of activity
detectabie by their methods. Reports from other
researchers do not include information on either
dehydrogenase. In order for such data to be wuseful,

the specific reaction conditions used in the assay
would also need to be known.
B. Use of Electron Acceptor Dyes

The method published by Ford, Yang and Eckenfelder
[26] provided the framework for the procedure developed
for this study. Because of the limited space available
for incubating samples, the volumes used were 1/5 of
those described in published procedure.

A number of different solvents were tested for
their ability to extract the formazan from the active
cells. For these tests, TTC was reduced chemically by
adding a few crystals of sodium thiosulfate, a drop of
4N sodium hydroxide and 1.0 mL of distilled water to
each tube, in place of the'microbial culture. The
tubes were then incubated as in the published
procedure. At the end of the incubation, the solvents
were added and the tubes shaken to extract the
formazan. Where two layers formed, the more darkly
colored layer was pipetted to a separate container.

All samples were examined for intensity of color and
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completeness of extraction. The results are presented
in Table 4.

The extraction of formazan from an activated

sludge sample was then tested. Samples were prepared
following the published procedure. After incubation,
solvent was added to each tube, which was shaken
vigorously. Samples were filtered and the colored
layers were pipetted to cuvettes for absorbance
readings.

Much red color remained in the cell solids after
extraction with toluene or hexanol. Denatured ethanol
removed all of the red color from the solids. Absor-
bances of each sample were not significantly differeht
from that of the blank. The ethanol extract was
slightly cloudy, and unsatisfactory for optical
measurements (Table 5).

The effect of dissolved oxygen on TTC reduction
was then explored. For a quick test, 20 mL each of
TRIS~HC1 buffer and actively respiring Livingston
sludge were mixed and degassed at 20 mm Hg for
20 minutes and quickly divided into twelve 2.0 mL
samples in capped vials. Three members of each 4-tube
rank received 0.2 mL of TTC-glucose reagent and the

remaining tubes were prepared as blanks. After an



EXTRACTION OF

Solvent Volume (mL)
cyclohexane 5.0
toluene 5.0
cyclohexanol 5.0
1-hexanol 5.0
isopropanol 2.8
ethanol (CDA) 2.8
methanol 2.8
acetone 2.8

TABLE 4

CHEMICALLY REDUCED TTC
Appearance of Solution

pink color
translucent

intense vred color
clear solution

intense red color
clear solution

intense red color
clear solution

ved color fades rvapidly
clear solution

rid color with intensely
red globules
cloudy mixture

red color fades slowly
clear solution

red color fades rapidly
clear solution

49



TABLE S
EXTRACTION OF BIOLOGICALLY REDUCED TTC

Solvent Volume (mL) Comments
toluene 5.0 slow extraction
poor extraction

1-hexanol S.0 slow extraction
poor extraction

ethanol (CDA) 2.8 ) rapid extraction
red color removed
from solids
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incubation of 30 minutes, 2.8 mlL of alcohol was added
to each tube. One set received methanol, one isopro-
panol and one denatured ethanol (1-B). Samples were
processed as above. The results are summarized in
Table 6. A measurable amount of formazan was extracted
"by all three solvents.

Three methods of removing dissolved oxygen were
tried. Degassing under vacuum is reported above.
Purging for 20 minutes by bubbling nitrogen produced
only slightly better results. Depriving the activated
sludge <culture of air for 30 minutes before adding dye
was also tried. This produced comparable results to
degassing and purging.

The length of time needed Lo purge or degas oxygen

from samples befmé@ TTC reduction could proceed would
have prohibited processing the number of samples
anticipated from the biodegradation runs. Sealing the

samples and allowing the dissolved oxygen to be
consumed by thé cells would also be unsatisfactory as
some active species could die off as the oxygen was
consumed .

It was decided to explore the use of electron-
acceptor dyes that would be reduced without competition

from dissolved oxygen in the incubation medium. Two



TABLE 6

EXTRACTION OF BIOLOGICALLY REDUCED TTC
PRODUCED UNDER LOW D.O. CONDITJIONS

Solvent Volume (ml.} Absorbance at 490 nm
isopropanol 2.8 . 3902
ethanol (1-B) 2.8 .331
methanol 2.8 .203

Comments

- Y S Uy - ——— -

color fades slowly

- cloudy solution

colot fades quickly

89
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dyes with lower redox potentials were selected for
comparison with TTC. The dyes selected were 3-(4’,5'~
dimethylthiazol-2-yl)-2,4-diphenyltetrazolium bromide
(MTT?> and 2-(p-~iocodophenyl)-3-{(p~nitrophenvl)-5~phenyl-
tetrazolium chloride (INT) (Table 1). A triplicate
sample and a blank were prepared for each dye and
reduced chemically as described for TTC. Isopropanol
was used to extract the dyes. The absorbance of each
dye was measured at its wavelength of maximum extinc-

tion and checked every 30 seconds at 500 nm for fading

(Table 7). INT showed the strongest color and did not
fade. MTT and TTC also showed strong colors but faded
slightly.

The dyes were then compared for their wusefulness
in the biclogical assay. A sample of 20 mlL of the
aerated phenol-acclimated Livingston sludge was mixed
with 20 mL of TRIS~HCl buffer and the dissolved oxygen
concentration was measured to be 4.7 ppm. The sample
was divided into 2.0 mlL portions to produce 3 sets of
5 tubes each. Four members of each set received 0.2 mL
of a 0.2% solution of either TTC, MITT, or INT. The
remaining tube of each set was prepared as a blank.
After mixing and incubation for 15 minutes at 37°c,

each tube received 2.8 mL of isopropyl alcohol. The
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INT
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TABLE 7

ABSORBANCES OF CHEMICALLY REDUCED FORMAZANS

Havelength of Peak
Absorbance (nm)

620

Absorbance at 3500 nm

Abscorbance JInitial % minutes
2.42¢ -1.%5€0 1.5%50
3.331 2.934 2.928

4.230 0.632 0.633
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contents were mixed by inversion and filtered. The
absorbance of each dye was read at its optimum wave-
length (Table 8. The filtered solids were deeply
colored by the INT formazan, idindicating that it was
poorly extracted by isopropyl alcohol. Comparatively
little TTC formazan was produced. Therefore, only MIT
was studied further.

First the effect of dissolved oxygen on MIT
reduction was checked. Two samples were prepared of
40 mL actively respiring Livingston sludge and 40 mL
TRIS-HC1 buffer. Mitrogen was bubbled through one
sample for 5 minutes to purge it of oxygen. Dissolved
oxygen concentration was measured as being 0.79 ppm in
the purged sample and 4.81 ppm in the control. Three
sets of 5 tubes sgach were prepared from sach sanple.
MITT-glucose reagent was added to 4 tubes from =sach set
and the remaining tubes were prepared as blanks.
Incubation and dye extraction were performed as above.
Student’s t-test was used to compare the mean
absorbance of the samples. The decision to reject the
hypothesis that the means were equal was marginal.
When outlying values were.excluded, the hypothesis was
not rejected. Dissolved oxygen content did not affect

the biclogical reduction of MTT (Table 9).



Dye

T7C

INT

TABLE 8
ABSORBANCES OF BIOLOGICALLY REDUCED FORMAZANS

Wavelength of Peak
Absorbance (nm) Absorbance Comments

- - — - o - w5 - G S W S W B D G G T SR G A W S e PP RS U O S S T . WS W > o

- G s S W e G R W W S

490 0.015 little color produced
s40 . 1.366  strong color produced
620 0.170 poor extraction from solids

cL



TABLE 9
EFFECT OF D.0. ON MTT REDUCTION

Sample: Oxvgensted Purged (Njy) Oxygenated Purged (N )
0.0. (ppm)s 4.81 0.79 4.81 0.79
Number of testsi 12 12 : 10 10
Mean absorbance ,
at 340 nms 0.913 0.988 0.939 0.9687
Standard errors 0.080 0.091 0.033 0.0%7
t 2.18 : 1.74
] 2.08 2.10
H | X1=X2 Reject H Do not rejeoct M

Comparison of means: two-tailed t-test ,
H | Xisx2

t = (X1-X2)/{¢i/n) + 4/n2) & ( T (x1-X1)hh2 +3(x2-X2)**2)/(nl+n2-2))%k0.3
If v > ¢t , then reject M

where2 X} + XX o imean absorbances for a set of samples
%l ¢ x 2 ose sbsorbances of individuol samples

nl¢n2 ore number o\"sav»P\es in each set

¢l
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The effect of sludge dilution on the formazan
production rate was also determined. A quantity of
Livingstén sludge was killed by autoclaving. This
suspension was used to produce a series of dilution§ of
actively respiring sludge. These mixtures were
processed as above and the absorbances due to formazan
were plotted against sludge concentration (Fig. 3). A
straight line was demonstrated to be a reasonable fit
to this plot. :

The effect of temperature and light on  formazan
stability was also checked. The formazan samples
resulting from one biodegradation run were divided into
two groups. One group was kept in the dark at 6°C for
approximately 60 hours. The other group was kept on
the laboratory window sill for the same period. The
samples Kkept cold and in the dark showed an average
increase in absorbance of 0.5%. The samples left out
in the laboratory showed an average decrease in absor-
bance of 6.4% (Table 10). This demonstrates that light
or warm temperatures can cause a breakdown of MIT
formazan, although not as great as that demonstrated
for TTC formazan by Jones and Prasad [29]. As a result
of this comparison, formazan samples were kept refri-

gerated until their absorbances were read.
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TABLE 10

EFFECT OF LIGHT AND TEMPERATURE ON THE
ABSORBANCE OF MTT FORMAZAN

Test Mean Absorbance of Set at 340 nm
Conditions Before Exposure After 60 hr Exposure % Change
0 C/Dark 1.287 1.299 0.9
1.3351 1.516 -2.3
1.331 1.297 -2.6
1.132 1.201 5.9
Mean = 0.3
20 C/Light 1.366 1.285 | -6.1
10323 10213 "Ba?
1.17% 1.128 ~-4,4
Moan = -6 .8

9L
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The rate of reduction of MIT was used as a measure
of general dehydrogenase activity in subsequent
experiments.

C. Preparation and Maintenance of Bacterial Cultures

The bacterial cultures wused as media for the
biodegradation studies were maintained in the batch
reactors shown in Figure 1. Each culture was kept for
approximately one week. During this period, they were
acclimated to 100 ppm phenol as sole energy and carbon
source, then subjected to one or two biodegradation
runs. Additional nutrients were added to the mixture
during the acclimation period in the form of ammonium
and phosphate salts for a C:N:P ratio of 50:14:3. The
presence of these nutrient salts did not affect the
biodegradation rates for acclimated sludges, but had a
great effect during the acclimation periocd. Cultures

provided with nutrients acclimated readily to phenol,

as demonstrated by their ability to consume this

substrate. When cultures were not provided with these
nutrients, the phenol was not consumed, even after
several days. Other researchers state that additional

phosphorous and nitrogen are required to synthesize the
enzyme systems active in biodegradation [86, 411].

The cultures were kept at room temperature, which



78

varied from 18°C to 26°C over the study period. Solids
wasting only occurred when samples were removed. The
initial reactor volume was 4 L for each run. At the
most, 100 mL were removed during the acclimation
period, but almost a liter would be removed during a
run. Volume losses were not made up.

Activated sludge from the Livingston, N.J., waste-
water treatment plant was aerated overnight with no
added nutrients, to bring it into a state of endogenous
respiration. The mixture was then spiked to 100 ppm
phenol. Approximately 24 hours later, a sample was
analyzed by gas chromatography (GC) for phenol. If no
phenol was present, the culture was spiked to 100 ppm
phenol again. This procedure was repeated until the
culture degraded 100 ppm of phenol to below detectable
limits (1 ppm? within a few hours. The culture was
then wused for biodegradation test runs. Livingston
sludge always showed an immedialte ability to degrade
phenol to below the concentrations detectable by GC.

Hydrobac is a microbial preparation produced by
Polybac Corporation. Prepared from microorganisms
isolated from toxic waste landfills, it is intended to
augment the ability of biological treatment systems vto

degrade refractory organic compounds. The culture
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comes dried onto flaked bran, along with what the
manufacturer calls "growth factors". A 25 gm portion of
the dessicated preparation was stirred for 2 to 3 hours
in 2 L of distilled water. Meanwhile, 2 L of water was
aerated in the reactor. At the end of this time, the
bran mixture was allowed to settle for about 1/2 hour,
after which approximately 1.8 L o¢of the remaining
suspension was decanted into the reactor. The volume
in the reactor was then made up to 4 L with distilled
water.

After Eeing aerated overnight, the Hydrobac cul-
tures were progressively spiked to 25, 50 and 100 ppm
phenol as they demonstrated their ability to degrade
this compound. Variable lag times occurred before
degradation began. These were probably due to the
presence of another energy source, possibly one of the
"growth factors”, taken up by the culture in preference
to phenol. DO bottle tests showed a high rate of DO
consumption during the lag periods. Literature from
the manufacturer does not discuss the effect or purpose
of these "growth factors” toward Hydrobac’s biodegrada-
tive ability.

One phenol biodegradation run was made using LLMO

(General Environmental Science) as the culture. This
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is a liquid preparation containing hydrogen sulfide to
maintain shelf life. A 25 mlL portion of the prepara-
tion was added to a liter of distilled water and
aerated overnight to strip ocut the hydrogen sulfide.
Acclimation began with spiking the culture to 10 ppm
phenol, increasing the concentration gradually to
100 ppm as the culture increased its biodegradative
ability. The volume of the mixture was also gradually
increased until a final volume of 4 L. was achieved.
LLLMO required an acclimation period of 13 days.

D. Biodegradation Runs

In general, 4 to 6 measurements were taken at 20
to 40 minute intervals during each biodegradation run.
In order to cut down on the time required for sampling
and to decrease the chances for error, a routine
sampling cycle was developed and adhered to for each
run.

Two successive sampling cycles were performed on
phenol acclimated cultures that had been demonstrated
(by GC) to be free of substrate. A run began when the
phenol acclimated culture was spiked to the desired
concentration of substrate: 100 ppm for phenol and
20 ppm for o-~chlorophenol. Sampling began immediately

after the culture was spiked.
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Samples for substrate analysis, measurement of
general dehydrogenase activity and oxygen uptake rate
(QUR) determination were routinely taken in every
sampling cycle. The fregquency of sampling for the
other parameters was varied according to past ex-
perience. The period of the cycle was also varied
according to circumstances and past experience. The
principle factor determining the length of the sampling
period was the OUR. wWhen OUR changed, sampling fre-
guency was increased. When OUR reached a constant
rate, samples were taken less frequently.

The sampling cycle was as follows:

1. note time (sample number)

2. mixed ligquor suspended solids (if measured)
3. general dehvdrogenase activity

4. substrate analysis

5. chemical oxygen demand (if measured)

6. dissolved oxygen cogcentration (if measured)
7. oxygen uptake rate

8. pH (if measured).

Absorbances of the formazan produced 1in the

general dehydrogenase éctivity assay were read at the
completion of the run. Ammonia determinations were

made on selected samples, preserved for up to 2 months
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after the run.
(1) Mixed Liguor Suspended Solids

Mixed liquor suspended solids (MLSS) were measured
for at least three samples during each biodegradation
run. Exactly 10.0 mL of mixed ligquor from the reactor
was pipetted into a preweighed numbered aluminum
weighing dish. All samples were dried overnight in an
oven maintained between 103°and 105°C, as described in
Standard Methods [42]1, and weighed on the subsequent
day. The difference between this weight and the weight
of the empty dish was taken as the total weight- of
suspended solids in the mixed liquor. MLSS was then
calculated in parts per million (ppm). The error ?n
the method was estimated as + 100 ppm.
(2) General Dehydrogenase Activity

The general dehydrogenase activity of the micro-
bial cultures was determined by measuring the rate of
reduction of MIT Lo its formazan. Screw‘cap tubes of
approximately 10 mlL capacity were prepared before the
biodegradation run with 1.0 mL of 0.05 M TRIS buffer
(adjusted to pH 8.4 with concentrated hydrochloric
acid). Enough tubes were prepared to allow triplicate

tests and one blank for each of the maximum number of

samples anticipated during the run. The capped tubes
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were stored 1in an incubator at 37°C until used. A
portion of the prepared MTT reagent (0.20 gm MTT and
1.500 gm glucose in 100 mlL of distilled water) was
placed in a vial, which was wrapped in aluminum foil to
exclude light, capped, and allowed to come to room
temperature. The reagent stock bottle was kept wrapped
in aluminum foil and stored at 2°to 8°C to prevent
deterioration of the reagent by light or heat. Based
on recommendations in the literature 1[221], fresh
reagent was prepared every two weeks.

The assay for general dehydrogenase activity was
performed regularly throughout each biodegradation run.
Approximately 50 mlL of mixed liguor was pipetted from
the reactor to a beaker and stirred vigorously with a
magnetic stirrer. Four tubes were removed from the
incubator and opened. Each received 1.0 nlL of mixed
liquor from the beaker. The blank received 0.2 mL of
distilled water from a dispensing micropipette. The
remaining tubes each received 0.2 mlL of the MIT-glucose
reagent from a dispensing micropipette. Tubes were
capped and inverted several times to mix the reagents,
labelled with the time inéubation began, * and incubated
at 37°C for 15 minutes. The remaining mixed liquor was

returned to the reactor.
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At the end of the incubation, each tube received
2.8 mL of isopropyl alcohol to stop the reaction and
extract the formazan. Tubes were stored in the dark at
0°C until the absorbance of the formazan could be read.

The absorbance of the dissolved formazan was read
on a visible 1light spectrophotometer at 540 nm and
25°cC. Sanples were filtered to remove solids, then
allowed to come to room }emperature in the dark, before
pipetting a portion of each solution into cuvettes.
The average of the triplicate readings was taken to
represent the general dehydrogenase activity of the
sample. The standard error of the triplicate readings
was almost always less than 10% of the mean value. For
more than half of the samples it was less than 5%.

A calibration curve was prepared for e2ach new
batch of MIT-glucose reagent. A series of volumes of
reagent ranging from 0 to 0.1 wnl. were diluted in
0.025 M TRIS~-HC1 buffer to a volume of 2.2 mL. MIT was
reduced to its formazan with sodium thiosulfate as
described by Reca [2273. The solutions were incubated
and the formazan absorbance measured as above. The
absorbances were plotted against MTIT concentration to
demonstrate that Beer’s Law was applicable, With each

biodegradation run, samples of known MTT concentration



85

were reduced chemically and checked against this curve
as a quality check for the reagent.
(3) Substrate Analysis

After spiking the mixed ligquor in the reactor to
the desired initial concentraltion of substrate, 15 mnmL
-samples of mixed liquor were taken every 20 to 40
minutes until the substrate concentration decreased to
below detectable limits or until the measured OUR
reached the value measured before spiking the reactor.
The samples were centrifuged for 4 minutes at 2500 rpm
and analyzed by GC according to methods previously
developed in this laboratory [43]. Areas of peaks were
determined with an electronic integrator previously
calibrated with known standards at the GC operating
conditions. Thymdl was added to the samples as an
internal standard, resulting in an accuracy of +2 ppm
for the method (based on measurement of standards).
All samples were preserved with 1000 ppm copper sulfate
as described by.Colish [441. The effectiveness of the
sample preservation technique was examined by Colish
and found to be satisfactory.

For samples taken during the biodegradation runs,
triplicate analyses showed a standard error within

+2 ppm for 142 of 163 samples. Only one sample showed



86

a standard error greater than 5 ppm. While the method
was less reproducible than the desired +1 ppn, the
results were still suitable for analysis.
(4> Chemical Oxygen Demand Determination

Chemical oxygen demand (COD» analysis was
performed to determine whether complete or partial
mineralization of phenol or o-chlorophenocl was occur—
ring during biodegradation. The theoretical COD
(mg DO/mg substrate) of the substrates were calculated
from balanced equations and were determined to be 2.380
for phenol and 1.680 for o-chlorophenol. These values
were used to convert the total COD measured in each
sample to equivalent amounts of substrate.

Samples for COD analysis were taken from the mixed
ligquor in the reactor and filtered immediately. Approx-
imately 10 mL was taken as a sampile. Two drops  of
concentrated sulfuric acid was added to each filtered
sample as a preservative, and the samples were stored
at 4° to 8°C until analyzed.

The procedure used to determine COD is a modifica-
tion of the method presented in Standard Methods [42]
and was taken from Colish [44]. A digestion solution
was prepared by adding 7.5 gm potassium dichromate,

10.0 gm silver sulfate, and 5.0 gm mercuric sulfate to
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a 2.5 L bottle of concentrated sulfuric acid. This
reagent is extremely corrosive and toxic, and great
care must be exercized in its preparation and use. The
mixture was heated overnight, with stirring to dissolve
the salts. When the salts were conpletely dissclved,
the solution was left standing to cocol to room
temperature.

A 5.0 mL portion of cooled digestion solution was

pipetted into a 16 mm x 100 mm screw-top vial, 2.0 mL

of filtered sample added, and the cap screwed on
tightly. Two blanks of distilled water were run with
each set of up to twelve samples. Duplicate standards

of 100 ppm phenol or 20 ppm o~-chlorophenol were also
run with each set of samples. The vials were placed in
a Hach COD reactor, preheated to 150°C, for 2 to
3 hours. The reactor was then shut off and the samples
allowed Lo cool to room temperature. The cooled sample
was added to approximately Sé ml of distilled water in
an Erlenmeyer flask and the inside of the vial rinsed
into the flask. Five drops of ferroin indicator were
added to the flask and the solution was titrated to the
bright orange endpoint with 0.025 M ferrous ammonium
sulfate (FAZS), The FAS titrant was prepared by adding

18.86 gm FAS to approximately 1000 mL of distilled
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water, adding 20 mL of concentraéed sulfuric acid,
cooling the solution to room temperature and diluting
it to 2000 mL with distilled water. Blanks, standards
and samples were tilrated in the same manner.

The following equation was used to determine the
COD of the sample:

(A - B) x (N) x (8000/C) = mg COD/L

where: A = volume of FAS solution used to titrate
blank
B = volume of FAS solution used to titrate
sample
N = normality of FAS solution
C = wvolume of sample in nL

Colish estimated the error of this method to be
+10%. Titration of standards in this study showed the
estimate to be good for phenol standards in the range
of 50 to 200 ppm. For o—-chlorophenol standards of 10
and 20 ppmn, the error was approximatély 67%. An
attempt was made to increase the precision of the
method by using less concentrated oxidant and titrant.
This attempt failed since thé capacity of the dilute
oxidant was frequently exceeded.

(5) Dissolved Oxygen Levels

During the biodegradation runs, dissolved oxygen
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(DO) levels in the reactor were monitored to demon-
strate that activity in the reactor was not limited by
availability of DO. The DO probe was inserted directly
into the reactor mixed liquor and the first stable
reading was taken to indicate the DO concentration. In
every run there was some decrease from the initial DO
level. As air flow rate was Kept constant, reassertion
of the initial DO level was taken as a signal to check
for the absence of substrate. DO levels only dropped
below the limiting concentration of 0.5 ppm for phenol
runs, and then seldom for more than one reading. These
readings were preceded by the highest OUR measurements.

The accuracy of the DO probe was checked against
the manganous oxide (Winkler) method for DO deter-
minations [4217. Two samples each of distilled water
and Livingston sludge remaining from a biodegradation
run were checked. All samples were aerated overnight
before analysis. The results obtained by the Winkler
method were from 3 to 8% greater than those obtained
with the DO probe.
(6> Oxygen Uptake Rate

The method for detérmining oxygen uptake rate
(OUR) was the same as described in Standard Methods

[4z21. A sample of 300 ml. of mixed ligquor was
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transferred into a BOD bottle through the outlet in the
bottom of the reactor and a DO probe inserted into the
bottle. After allowing 1 to 2 minutes for the reading
to stabilize, DO concentration readings were taken at
regularly spaced intervals (between 5 and 15 seconds)
until twelve measurements were taken or the DO concen-
tration fell below 0.5 ppm. Changes in DO were found
to be linear with time above this concentration,
similar to observations reported in the literature
[35,361. Least squares regression was performed to fit
a straight line to the data and the slope of the line
was taken as the OUR. A modification of Students’
t-test was used to determine the wvalidity of the
regression. All wvalues falling outside the 5%
confidence ™ limit in the one-tailed test were rejected.
Only OUR values obtained using DO readings of 0.5 ppm
or less fell outside the confidence limit.
(7> Hydrogen lon Concentration

In the initial runs, pH was checked from 3 to 5
times during the run using a pH probe and digital
neter. Measurements were made by pipetting approx-
imately 10 mL of mixed liquor into a vial containing a
small magnetic stir bar. The vial was placed on a

magnetic stir plate and a combination pH probe immersed
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in the liquid. After several minutes of stirring, the
pH was read. The pH was never observed to vary outside
the range of 7.0 to 8.0. As this consistency of pH in

the batch reactor was supported by the observations of
other workers in the lab [43,441], pH measurements were
"discontinued after the first few runs.
(8> Ammonia Determination

Ammonia concentrations were determined in selected
samples from most runs. The samples measured were
taken from those used for substrate analysis. Previous
work by Salerno [45] showed that the preservation
technique used for substrate samples was adequate for
amnonia samples. For each sample, 0.1 ml of sample was
diluted in 10.0 mL of distilled water in a wvial
containing a small‘magnetia stir bar. While the sanmple
was stirred, the ammonia probe was inserted and three
drops of concentrated sodium hydroxide were added.
After 2 minutes, a value in millivolts (mV) was read
from the meter.. All samples were read in duplicate and
the readings averaged. After a set of samples was
processed, an ammonium chloride sample, prepared to be
in the same concentration range, was measured in the
same way. All readings were compared against a mV-to-

ppm ammonia-N calibration curve which had been prepared
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from standards using this same method.
The precision of this method was at best +5%, due

to the "~ precision of the mV readings on the digital

meter.



VI. RESULTS
In the following sections, the values measured and
patterns observed over 16 biodegradation runs will be
presented. Data obtained from the biodegradation runs
are presented in tables in Appendix A and in graphs in

Appendix 8.

A. Mixed Liguor Suspended Solids

Results of the MLSS measurements taken during the
runs are sumnmarized in Table 11. Within a given run,
variations in measured MLSS usually did not exceed the
Tl

sl precision of the wmethod (4100 ppmd. ML=zhE

concentrations would not he expected to increase

i

significantly, as no more than 100 ppm of substrate was
ever added .during a single run. Empirically determined
yield coefficients [5] show that typically 60% of BOD
will go to biomass, so at most MLSS would have
increased by 60 ppm. This increase is within the

precision of the MLSS measurement.

In all, 4 cultures of Livingston sludge, 3 of
Hydrobac and 1 of LLMO were used. All Livingston
sludge cultures, collected over a Z wmonth period,

showed MLSS <concentrations of 2100 + 200 ppm. The

Hydrobac cultures had an MLSS concentration of 1100 ppm
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TABLE 11

MIXED LIQUOR SUSPENDED SCOLIDS

(ppm)

Substrate Media Run Rangse Mean
Phenol Livingston Sludge [ 1 2140 - 2280 2176
Livingston Siudge I 3% % 2170 - 2235 2238
Livingston Sludge [11 1 2020 - 2040 2033
Livingston Sludge II1 2 2020 - 212 2090
Hydrobac I 1 390 - 590 480
Hydrobac I 3% 460 - 680 540
Hydrobac I1 i 1080 - 1140 1102
Hydrobac 11 Z 1100 1100
LLMO 1 400 - S00 436
w-Chlorophenol Livingston Sludge 11 1 1620 - 1790 1686
Livingston Sludge 11 3% 1930 ~ 198&0 1956
Livingston Sludge IV 1 1910 - 1980 1945
Livingston Sludge 1V 2 1980 - 2000 19380
Livingston Sludge IV 3 1940 1940
Hydrobac 111 1 1050 - 1160 1098

Hydrobac 111 2 * *

* -~ MLSS data not taken
¥x - Data not. taken for run 2

76
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when prepared full-strength, while the LLMO culture had
an average MLSS of 436 ppm.
B.  Ammonia Nitrogen

Amménia measurements were made on samples from 14
biodegradation runs, representing 8 cultures. Results
are summarized in Table 12. Where more than ons phenol
run was made on a single culture without an intervening
recovery period (Livingston sludge III, Hydrobac 11I),

definite decrédases in ammonia-nitrogen were observed.

The decrease in the amount of ammonia-nitrogen in

solution is probably the resuylt of the incorporation of
nitrogen into new biomass [417]. Release of ammonia by
cellular catabolism could be the causs of increases in

ammonia-nitrogen found after recovery, as the cultures
were not provided with substrate during recovery
periods. Two cultures dosed with o~chlorophenol
(Livingston sludge IV, Hydrobac I1II) showed an increase
in ammonia-nitrogen, which may alsoc have been released
into sclution by cellular catabolism. Ammonium salts
were added to the cultures during phenol acclimation,
but not during the biodegradation runs. The amount of
ammonium salts added to each culture varied in direct
proportion (14 mg N:50 mg C) to the amount of 1phenol

needed to acclimate the culture. Results of analyses



TALLE 12

AMMONTIA ANALYZIS

Cpp N

SJubstrate Medira Rury

Values Mean

Pheno!l Livingston Sludge I 1 46 46 43 45
Livingston Sludge | Ixx * 5 * *

Livingscton Sludge TT11 i 62 A 2 52

Livingston Sludge 11 “ 5 53 5 53

Hydrobac | i 30 e 21 26

Hydrobac I ELEs 43 37 34 38

Hydrobac 11 1 2 4z 40 41

Hydrobac 11 2 39 58 36 38

LLMO 1 11 7.8 6.4 3.4
o-vhlorophienol  Livingstap Sludge I1 1 % s * *®
Livingston Sludye 11 J# 32 30 30 31

Livingston Sludge [V 1 71 Y3 7 71

Livingston Sludge | 2 73 76 75 75

Livingston Sluadyge IV 3 76 84 87 2

Hydrobag 11 1 43 38 349 40

Hydrobac 111 2 7 45 46 43

* - Ammonia data not talhen
¥% ~ Data not tahen for run 2

96
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for ammonia-nitrogen showed that LLMO had by far the
least amount in solution after acclimatiom (11 ppm).
All Hydrobac and two Livingston sludge cultures had
roughly the same concentrations after acclimation
{approximately 40 ppmJ. Two cultures of Livingston
sludge showed much higher ammonia concentrations after
acclimation {82 ppm and 71 ppm).

Bacterial <cultures require ammonia-nitrogen to
maintain growth and for the production of enzymes.
Livingston sludge was already a mature culture with a

Iow growth rate and should have pubt a low demand on

solution nitrogen, The Hydrobac inoculum  had  been
provided with nitrogen sources as "growith factors” by
the manufacturer. The LLMO culture was started from a

much smaller inoculum than the Hydrobac cultures and
would therefore have more cells in the growth phase.
C. Substrate Removal Rate

When substrate concentration is pleotted against
time, a curve similar to that shown in Figure 4 should
result. This "S-curve"” shows an initial lag time
before degradation begins, a portion which is fairly
lingar and a tail where degradation rate decreases as
substrate concentration approaches zero. The plots of

phenol degradation can generally be described by this
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S-curve, although the tail (and sometimes the lag time)
are not as well-defined as the linear portion of the
curve. Lag times vary in duration, with the lags for
Livingston sludge being much shorter than for Hydrobac
or LLMO. When a second run was performed on a culture
.with no recovery period beforehand (Livingston sludge
1171, Hydrobac 1i),the lag was not observed.

The S-curve shape is not always evident in plots of
o-chlorophenol degradation, although a straight line

could usually be fit over part of the curve (Figure 5).

Substrate removal rates were determined by fitting
a straight line to ithe linegar porbtion of bthe curve and
calculating its slope (Figures 4 and 5). When possible,

the segment of the curve used was chosen to correspond
to the linear part of the OUR or MITT formazan plot for
the same run. The squation aof the line was determined
using the linear regression formula programmed into a
TI-66 calculator.

Substrate removal rates are presented in Table 13.

It should be noted that substrate removal rates are

expressed as mass of substrate per unit time
{ppr/min) . Because 5f the higher molecular weight of
o-chlorophenol, removal rates for that substrate are

presented in terms of the equivalent mass of phenol.



TABLE 13

SUBSTRATE REMOVAL RATES

;

Cppw/mind

Substrate

Remaval 2
Substrate Media Run Rate Correlation (r )
Phenol Livingston Sludge 1 1 0.862 .996
Livingston Sludge 1 3 * *
Livingston Sludye I11 1 0.377 0.950
Livingston Sludge 11 2 1.020 0.995
Hydrobac | 1 0.369 - 0.950
Hydrobac I 3 0.278 0.924
Hydrobac Il 1 0.512 0,948
Hydrobac 11 2 0.200 0.90%
L.LMO 1 0D.192 U.992
o-Chloruphenol Livaingston Sludge I 1 * *
Livingston Sludge 11 3 0.277 (0.203%%) 0.995
Livingston Sludge [V 1 0.256 (0.187x%x%) 0.993
Livingston Sludge IV 2 0.214 {(0.157%%) 0.998
Livingston Sludge IV 3 0.0504 (0.0369xx%) 0.986
tlydrobac I11] 1 G.0260 (0.0190%x%) J.998
Hydrobac 111 2 U.U518 (0.0380x%%) 0.910

¥ - Insufficirent data faor analysis
#x - Adjgusted to equivalent welght of phenol

1ot



TAEBLE 14

SUBSTHATE REMOVAL RATES
(ppum/miny

(MoMullen [4473)

Substrate
Removal Z
Substrate Media Fate Correlation (r )

e e S Sk i e ki e A . . i o e Y o S o A o S, i it S M A o S s S o 5 e St Y i, S e o S S o S s S " " S o o S 4 it . ot S s i . s s s A, S s S S i e

Phenol Livingston Oludge 1.2 0.970
Livingston Sludygs 1.43 0.988

Hydrobac 0.477 0.979

Hydrobac 0.345 0.979

LLMO 0.119 0.9390

LLMO 0.156 0.999

LLMO 0.183 0.988
o-Chilorophenol Livingston Sluwidge 3.143 (0.105x%) 0.976
Lavingston Sludge O.105% (U.121%) G.924

Livingston Sludge 0.230 (0.168x) 0.956

Hydrobac 3.0991 (0.0725%) 0.927

Hydrobac G.0080 £0.006%) 06.724

Hydrobac G.0337 (0.0247%) 0.862

Hydrobac 0.0230 (0.0242%) 0.849

LI.MO J.00679 (0.0058%) G.290

LLMO 2.00684 (0.0047%) 0.548

LLMO 0.0038 (0.0029%) 0.378

¥ - Adjgusted to sguivalent weight of phenol

cOot
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Rates varied widely, but phenol was consistently removed
at higher rates than o-chlorophenol. Livingston sludge
degraded phenol more rapidly than either Hydrobac or
LLMO.

McMullen [43] obtained substrate removal rates for
phenol and o-chlorophenel wusing Livingston sludge,
Hydrobac and LLMO in the same batch reactor used in this
study. His results are shown in Table 14. The removal
rates obtained in the present study are within the same
ranges as those in Table 14, with the exception of the
phenol/Livingston sludge runs. There is no obvious
explanation for the difference in removal rates belween
the two studies. The removal rates from the present
study are closer Lo those obtained by Colish {again
using Livingston sludge in the same batch reactor used
in this study ). His values ranged from 0.53 to 1.03
ppm phenol/min [441].

D.  Chemical Oxygen Demand (COD)

COD was determined for filtered samples from 13
runs, representing 8 cultures.

There was COD present in solution in all cultures
prior to addition of substrate. For Livingston sludge,
the COD value increased with the addition of substrate

and resuned its initial wvalue at the end of the run,
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indicating that substrate accounted for all COD
consumed . The inital COD value for Hydrobac was nmuch
higher than that for Livingston sludge. COD remaining at
the end of a run in the Hydrobac cultures was lower than

the values at the beginning, indicating that COD other

than substrate was consumed during the run. In Hydrobac
cultures, COD decreased during the lag phase, during.
which phenol concentration remained constant. This

probably reflects the presence of the "growth factors”
included with the dried culture.

Examination of the plots of the biodegradation runs
(Appendix BY shows that for Livingston sludge, total COD
was removed at approximately the same rate as phenol.
For Hydrobac, the removal of COD wés more rapid than
for substrate, showing that phenol and additional COD
were co-metabolized. For LLMO, COD removal was slower
than phenol removal, suggesting that phenol was either
incompletely oxidized or incorporated into cell mass.

Results for o-chlorophenpsl show no appreciable
change in COD through any of the biodegradation runs.
This could e dug Lo dncomplete oxidation or
incorporation of o-chlorophenol by the cells. it could
also be due to the insensitivity of the COD analysis to

changes of concentration in the 20 ppm range.
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E. Reduction Rate of MIT

The ability of the culture to reduce MITT was
monitored for 11 runs. Of these, 8 produced results
that could usefully be compared with other parameters.

For phenol runs, plots of the measured values
showed a pattern similar to the corresponding OUR curve
(Figure 6) with an immediate increase in absorbance
followed by a gradual increase throughout the run.
Absorbance at the end Sf the run ranged from 1.4 to 2.2
times the value at the beginning of the run. The ma jor
difference was that MIT formazan concentrations remained

pleovated at the end of bthse run, while DUR

This difference is not meaningful with respect to sludge
activity, but i1s an artifact of the tests wused. Both
parameters , are expressions of the active oxidation of a
substrate. QUR was controlled by the amount of
substrate remaining in the mixed liquor, while MTT
reduction was assisted by a large excess of glucose in
the test reaction mixture. There was no consistent
pattern observed for MIT reduction in the o-chlorophenol
runs (Figures B-33 through B-38) .

Average formazan absorbances were calculated in the

same manner as average 0OUR. Results are presented
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TABLE 15

AVERAGE FORMAZAN ABSORBANCES

Average 2
Gubstrate Med1ia Bun Absorbance Correlation (r )
Phernol Livitigston Sludge 1 i * *
Livingston Sludge I 3 * *
Livingston Sludge 111 1 i.026 0.930C
Livingston Sludge 111 < # *
Hydrobac 1 1 # *
Hydrobac I 3 0.177 0.889
Hydruobac I1 1 * *
Hydrovac 11 2 0.358 6.766
LLMO 1 g.120 0.6z22
o-Chlorophenol Livingston Slddge I 1 * *
Livingston Sludge [1 3 * *
Livingston Sludge 1V 1 0.700 0.861
Livingston Sludge 1V 2 0.512 0.955
Livingston Sludge 1V 3 0.402 0.960
Hydrobac I11 1 0.720 0.769
Hydrobac 111 a 0.740 0.364 "

* - MTT formazan absorbance data 1nsufficrent
for analysis

Lo}



TADLE 16

RATIOS OF FORMAZAN ABSORBANCE TN

Substrate

et

OXYCEN UPTAKE RATE

Phenol

s-Chlorophenol

*

Livingston
Livingston Siludgs
Livingston Sludge
Livingston Siludge
Hydvrobac 1
Hydcrobac 1
Hydrobac I1I
Hydrobac [

LLMO

et

bog e eed

B ot

Livingston Siuddyge
Livingston Sludge
Livingston Siudys
Livingston Ziudye 1
Livingston Sludge IV
Hydrobac I71

Hydrobac 11

g bed Bt

-~ Data insufficirent

Al

PR

for

Run Ratio
1 *
3 *
1 3.65%
Z *
1 *
3 1.33
1 *®
2 1.84
i 1.896

1 *

3 3

1 10.59
2 5.48
3 i4.46
i &.45
2 11.54

801

analysis
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in Table 15. Ratios of formazan absorbance to OUR are
presented in Table 16. There are too few values to
Justify any observation other than that the rate of MTT
reduction relative to OQOUR is much higher for the
o-chlorophenol runs than for the phencl runs.

E. Oxygen Uptake Rate (OUR)

Changes in OUR were followed for 12 Dbiocdegradation

runs and plotted against time. All phenol runs showed
the pattern of Figure 4, On adding substrate, OUR
increased immediately. This was followed by a more

gradual increase in rate until a maximum was reached,
after which QUR decreased rapidly. The maximum OUR
measured for each run ranged from 2.0 to 3.3 times the
OUR at the beginning of the run. It appears that the
sudden drop in OUR coincides with a critical phenol
concentration between 4 and 10 ppm. Occasionally
substrate uptake was so rapid that oxygen was nearly
depleted (0.5 ppm or less) before the probe had stabi-
lized. Below 0.5 ppm, OUR is limited by the available DO
in the mixed liquor [35,3861. The OUR measured in the
BOD bottle, where DO was allowed to deplete, would not
reflect the OUR in the reactor, which was aerated. In
these cases, the OUR values were not determined..

Biodegradation runs performed on o-chlorophenol



TABLE 17

AVERAGE OXYGEN UPTAKE RATES
(opmn DO/min)

Substrate Media Run OUR Correlation (r )

Phenol Livingstoun Sludge [ 1 0.394 0.993
Livingston Sludge | 3 * *

Livingstun Sludge 111 L 0.281 0.9871
Livingston Sludge [11 o * *

Hydrobacg 1 i 0.166 0.999

Hydrobac 1 3 0.133 0.988

Hydrobac I1 i 0.271 0.9806

Hydrobac I1 z 0.194 0.933

LLMO 1 U.0611 0.978
o-Chlorophennl Livingston Sludgs 11 1 ] * *

' Livingston Sludge [I 3 g.108 0.948

Livingston Sludge IV 1 0.0661 0.993

Livingston 3ludge IV 2 0.060% 0.993

Livingston Sludge 1V 3 0.0380 0.801

Hydrobac I11 1 0.085%1 0.983

Hydrobac I11 2 0.0642 D.964

®* ~ QUR data insufficilent for analysis

Ot}
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showed a different pattern of OUR of which Figure 5 1is
typical. There was a significant increase in OUR
immediately wupon the addition of substrate but OUR
decreased from then on. This may have been caused by
the 1nitial concentration of substrate being tooc low to
support continued increases in 0OUR,

Avera OUR was calculated from plots of OUR

5,

i
4]

against time. A straight line was fitted to a portion
of the curve by linear regression, as was done to
calculate substrate removal rate. The OUR value at the

midpoint of the straight line segment was taken as the

average OUR over that portion of the run {(Figures 4 and
5). Average OUR are presented in Table 17. Values
obtained for o-chlorophenol are much lower than those
obtained for phenol. This could be due to a toxic

effect of o-chlorophenol or to o-chlorophenol being less
completely oxidized than phenol. However, it is more
likely due to the lower initial concentration of this
substrate.
G. Ratiogs of Parameters

The respective ratios of substrate removal rate to
MLSS, OUR and MTT absorbance are presented in Tables 18

and 19. Although the limited amount of data prevents

the <calculation of statistically significant values of
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the standard errors, the results shown are instructive.
Comparing the standard error to the mean for the set of
phenol runs shows 1little or no improvement in
reproducibility using MLSS or MTT, but a significant
improvement using OUR. For o-chlorophenol, the lack of ™
- data for Hydrobac runs makes it difficult to interpret
hose resulbs. Concentrating instead on the Livingston
sludge data, the use of MLSS and MTT had no effect on
reproducibility of SRR results, while again the use of
OUR produces some improvenment (although not as
supstantial as that demonstrated for the phenol dataj.
The inverse of the experimental ratio of SRR to OUR
represents the mass of DO consumed per mass of substrate
and can thus be expressed as a fraction of the
theoretical COD of the substrate (Table 20). The
results show that for most cases only about 20% of the
available substrate 1is being oxidized. The higher
fractions of theoretical COD expressed in the two
Hydrobac runs ‘with o-chlorophenol (Hydrobac Il12> are
anomalous. OUR for these two runs were of the same
magnitude as OUR results for the Livingston sludge runs
with o-chlorophenol (Livingston sludge 1 and IV), but
the OUR/SRR ratios were down to 10 times as low. This

suggests that another substrate present (probably one



TAGLE 10

ADJUSTED SUBSTHRATE REMOVAL RATES FOR UHENOL

Media Run SRRIMLESS #x SRR/IQUI »x SRR/MTT #x
Livingston Slhudge [ 1 ( 0,396 v 2.10 *®
Livingston Sludge 1 3 #e * * A
Livingston Sludyge I11 1 O.a77 U. 185 1.34 G.367
Livingston Sludge [I1 Z P2 G.488 * *

std. error/mean 44.5% 43.6% 33.6% ®
Hydrobac I 1 G.369 U.769 1.9y ®
Hydrobac 1 ‘ E g.278 0.51% 2.08 1.57
Hydrobac T1 U.464 1.89 *
Hydrobac 11 2 O.181 1.03 b.558

std. error/mwcan 39, 4% 50.0% 27.7% 87.3%
LLMO 1 G.192 U.440 3.15 1.0606

‘..
overall
std. error/mean G4, 0% 44.0% 34.6% 63.9%

# =~ Data insuftfircarent for analysis
) =

= Substlrate Removal Rate (ppm/min:

= Mimed Liguoce Suspended Solids (1000 ppm)
= Onygen Uptahe Rate (ppm DO/mind

= MTT Formaezan Absurbance

cLl



TABLE 19

ADJUSTED SUBSTRATE REMOVAL RATES FOR O-CHLOROPHENOL

Media Run SRR *x SRR/MLES #% SRR/7CUR x% SHR/MTT #%x
Livingston Sludge I1I 1 * ® # ®
Livingston Sludge I1 3 0.203 0.104 1.88 *
Livingston Sludge 1V 1 0.187 0.0961 2.83 0.:267
Livingston Sludge 1V 2 0.157 0.0789 2.00 (1.307
Livingston Sludge 1V 3 0.038% 0.0190 0.371 0.0918
Hydrobac [11 1 0.01390 0.0173 0.223 0.0264
Hydrobac 111 2 0.0380 % 0.592 0.0514

# - Data insufficient for analysis
¥% =~ SRR = Substrate Removal Rate (ppr/mirn)

(adjusted to eguivalent weight of plisnol)
MLSS = Mixed Liquor Suspended Solids (1000 ppmn)
OUR = Oxygen Uptake Rate (ppm DJ/min)
MTT = MTT Formazan Absorbance

143"



TABLE 20

FRACTION O THEORETICAL SUBSTRATE COD
EXPRESSED BY OXYGEN UPTAKE RATE

LT

Substrate Media . Run OUR/SRE xx BCOD ##

Phenol Livingston Sludge I 1 0.457 19.2
Livingston Sludye 1 3 * %

Livingston Sludge 111 1 06.7496 31.3
Livingston Sludge 111 z * *

Hydrobac 1 1 0.503 2101

Hydrobac 1 3 0.481 20.z

Hydrobac 11 ! 0.529 co.a

Hydrobac 11 2 0.971 40.8

LLMO i 0.317 13.3
o-Chiorophenol Livingston Sludge II 1 * . ®

Livingston Sludge I 3 0.38%9 23.1

Livingston Sludge IV 1 : g.258 15.4

Livingston Sludge [V z 0.282 16.8

Livingston Sludge 1V 3 0.754 44.9
Hydrobac 111 1 3.28 195

Hydrobae I11 2 1.24 73.8

* — Data insufficient for analysis

qiLi
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of the manufacturer’s "growth factors") was metabolized
along with the o-chlorophenocl. If present at a low
concentration (e.g. 10 to 20 ppm), the "growth factor”
could compete significantly with the o-chlorophenol as
substrate, while not greatly influesncing the removal of
phenol at its higher concentration of 100 ppm. With
phenol as szubsitrabte, bthe frachbion of the theoretical CTOD
that was expressed as OUR did not differ greatly between
Hydrobac and Livingston sludge.

The ratios of OUR to the removal rate of the
experimentally determined solution COD (CODRR) are shown
in Table 21. COD measurements are expressed as ppm of
substrate. CODRR was estimated from the change in total
COD  over the same time period used.to determine the
average OUR. For three runs made on phenol (Livingston
sludges 1 and I11, Hydrobac 1), OUR/CODRR ratios were
only slightly higher than OUR/SRR, suggesting that
phenol was the primary carbon source oxidized by the
cultures. Results for the remaining phenol runs
(Hydrobac I1, LLMO) have CODRR less than SRR, suggesting
that partially oxidized phenol remained in solution.
The results for the o-chlorophenol runs  are too
inconsistent to demonstrate a relationship between OUR

and CODRR. The maximum change in these runs expected to



FRACTION OF
EXPRESSED

TARLE 21

o)

[

Phenol

Chlorophenol

Livingston
Livingston
Livingston
Livingston
Hydrohac 1
Hydvrobac |

Hydraobac 11
Hydrobac 11

LLMO

Livingston
Livingston
Livingston
Livingston
Livingston

Sludye
Sludgr:‘
Sludge
Sludye

Sludge
Slydyge
Sludyge
Sludyge
Sludege

Hydrobac I11
Hydrobac I11

% —-
»* K -

COD expressed
Data insufficient fuor

SXPERIMENTAL TOTAL 20D
BY OXYGEM UPTAKE RATE
Rurn CODRR >

I H 1.07
I 3 RS
11 1 0.506
i1 2 K

1 {.440

3 % %

i 0.222

o 0.14%

i 0.055%
I i % %
It 3 0.300
v i ® *
1Y z ¢.03905
iV 3 0.192

1 0.0296

2 0.01€5
ax ppi substrate

andlysis

QUR/CODRER Z.COD
0.371 1.6
X ¥ w %
0.55% 28,3
" e
U.422 17,7
® R * K
1.28 5.4
1.33 56,0
.12 47 .
" X %
3.59 213

% % *x
157 g1.2
.145 0.6
2.88 17
.38 <3l

LIt
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be caused by substrate removal was 20 ppm out of roughly
200 ppm total COD. A change of this size could be
masked by the best estimated precision of the method

used to measure COD (+10%).



VII. DISCUSSION

For a metabolic parameter to be useful as a
measure of sludge activity, it must have a demonstrable
relationship to the activity of interest and it must be
applicable to a variety of media and substrates. " The
method used Lo measure the parameter should be readily
applicable to the number of samples reguired Lo monitor
the sludge activity.

The sludge activity of interest in the present

study was thé removal of substrate, in particular
phenol and o-chlorophenol, from solution in the mixed
liguor. The parameters evaluated were:

1) specific assay of enzyme activity
23 mixed liguor suspended solids (MLES)D
3) general dehydrogenase activity

4) oxygen uptake rate (OUR).

The methods for the specific assay of snzyme
activities attempted in the present study did not
produce any results that were useful for the determina-
tion of microbial activity. The results obtained have
been discussed in section V-A. There are several
possible reasons that this approach failed to give

useful results. The first is that the methods of

119
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extracting the enzymes from the mixed liquor resulted
in either incomplete extraction or partial inactivation
of the enzymes. The researchers cited [18,19,201
employed piston-type sonicators and refrigerated ultra-
centrifuges in the preparation of the extract. Neither
type of equipment was available for this study. The
possibility  that enzymes wers being denatured by the
extraction process was not adequately explored in this
study,

A second possibility is that the assay methods
selected were inappropriate to this aﬁpiicaiipﬁa The
enzyme  Aassay kKits wused were developsd to  prodtce
optimum results for particular clinical tests routinely
performed on human serum [38,39,403 and may not be
useful for suspensions prepared from bacterial
cultures.

Another possible reason that the attempted assays
did not produce useful results is that the amount of
the assayed enzymes present in bacteria is too small to
be detected by the methods used. No information was
found as to the range of activities to be expected for
dehvdrogenasss in bacterial preparations, but the
results of Sayler, et al [203, suggest that the

activities of individual enzymes in bacterial



121

suspensions are too low to measure reliably.

The majority of published methods for enzyme
analysis are oriented toward the study of animal
tissue. Most of the procedures published for microbial
systems have been developed for cultures of single
species. Adaplting these methods to mixed cultures does
not appear Lo produce reliable results.

B.  Mixed Liguor Suspended Solids

During the biodegradation runs, mixed liquor

suspended solids (MLSS) were observed to change very

little, The small changes that were observed were
always within the precision of the mnethod used Lo
measure MLSS. Attempts Lo normalize substrate removal

rates (SRR} by dividing each rate by the averagse MLSS
value for that run resulted in little or no improvement
in the reproducibility of SRR between runs (Tables 18
and 195.

During the phenol runs, OUR and the rate of MTT
reduction did change, increasing as the rﬁn progressed.

Since both of these parameters can be assumed to be

constant when expressed per viable cell [7,8,97, it is
gvident that the number of active cells increased
during each run. Increases of over 3-fold 1in the

number of active cells (estimated from the increase in
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OUR) produced no significant increase in total MLSS.
Since MLSS did not respond at all to environmental
stress (remaining essentially constant), it was totally
inadequate as a measure of biological activity.
C.  Substrate Removal Rates

Microbial cultures acclimated to phenol showed an
immediate ability to degrade o-chlorophenol, although
the subsirate removal rates (SRR) for o-chlorophenol
were always lower than for phenol. The SRR obtained in
the present study, in general, are within the same
ranges as values oblained in other studies in the same
laboratory [43,44,457. One exception is that SRR
obtained in this study for phencl in Livingston sludge
were lower than those obtained in another study [437.
As discussed in section VI-B, there 1is no obvious
explanation for this discrepancy as the reactor, the
microbial culture, and the experimental methods used in
these studies were the same. Taking the results of the
studies as a single group demonstrates that a broad
range of unnormalized experiﬁental values can be
obtained on the same experimental system.

Another difference between this study and prior
studies 1s the effect of successive shocks of o-chloro-

phenol on & single culture with respect to SRR. ° In a
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prior study [4317, successive shocks resulted in an
increase of the culture’s ability to degrade the
substrate. In the present study, successive shocks
resulted 1in a decrease in SRR, eventually reducing
removal to negligible rates. This seems to point to
the production of toxic metabolites during the biode-
gradation of o-chlorophenocl. OUR also decreased, but
not as greatly as SRR. The difference between the two
studies is that in the present .study o-chlorophenol was
added to the culture as soon as substrate concentra-
tions dropped below the concentration detectable by GC.
In the prior study, a period of several hours was
allowed between the end of one run and the start of the
next . This pericd may have allowsd the sludge Lo
recover from the toxic effects of the o-chlorophenol or
its metaboiites.
D.  General Dehydrogenase Activity

In theory, the general dehydrogenase activity

within a microbial culture can be measured by the rate

of reduction of an electron-acceptor dye, such as the
tetrazolium salt MTT. Since, for aerobic organisms,
oxyvgen i35 the wultimaltes electron acceptor for the

electron transfers initiated by the dehydrogenases, the

results obtained by determining general dehydrogenase
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activity should be similar to those obtained by
measuring OUR. A number of researchers have
demonstrated that the rate of MTT reduction does
parallel OUR for non-poisoned sludges [8,26,29,30,317].
Several researchers, in particular Klapwijk (301, and
Tebbutt and Paraskevopoulos (81, deny that the rela-
tionship is consistent enough to be meaningful. in the
present study, some biodegradation runs showed a close

relationship between MTT reduction and JQUR and some

showed none. The presence or absence of a relationship
was not  associated with the substrate or culture
med 1um . Where ‘ithere was a relationship, the MTT/OUR

ratios were found to be surprisingly consistent (Table
163, The consistency 1is surprising because OUR deblesr-
minations were made at the temperature and substrate
concentrations prevailing in the reactor, while the MIT
reagents were always incubated at 37°C with an excess
of glucose. For the portion of the run where OUR was
not limited by substrate concentration, MTT reduction
and OUR should still parallel each other. No explana-
tion can be offered for the o-chlorophenol ratios being
so much higher than the phencl ratios.

Attempts to normalize the substrate removal rate

by dividing through with the absorbance of the MIT
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formazan resulted in a poorer consistency among the
SRR/MTT ratios than among the absolute SRR (Tables 18
and 18).

From the literature search it appears that no
single method of tetrazolium dye reduction is generally
applicable across a variety of cultures and substrates.
Each of the authors cited developed a method that would
work under his particular conditions. Ryssov-Nielson,
Lenhard and Klapwijk demonstrated that changing the

substrate used “in the test reagent altered the results

obtained. Toxic subsirateg would also produce variable
results, depending more on the nature of the toxic
effect than on the rate of substrate removal.

Substrate carried over with the sludge itself would

further confuse interpretation of the results. It is
disappointing to note that workers were seldom
successful in applying each others’ methods.
Furthermore, the procedure regquires considerable
advance preparation, plus more space and equipment,
than does OUR measurement. Adding steps to the
procedure, such as washing the sludge solids Dbefore
adding reagents, would  incorease the amount of time

needed for the test and make it less practical for

large numbers of samples.
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The MIT reduction procedure used in this study
was a modification of that presented by Ford, Yang and
Eckenfelder [261]. The method does not show the actual
rate of reduction as it would occur in the biodegrad-
ation reactor. Dye reducticon was not carried out at
the same temperature as substrate removal and an excess

Ea

of a readily oxidized co-substrate (glucose) was
supplied in the incubation mixture. This procedure

would measure the amount of catalyst available in the

sludge, rather than the activity expressed in the
reactor. A possible modification to the test would be
to add a portion of dye to an undiluted aligquot of

mixed liquor and allow it to react at room temperature,
then extracting the dye with a volume of solvent [251].
This test would better reflect conditions in the
reactor.

Thoughtful selection of the reaction conditions
could produce tests that provide useful information
about the activity of microbial systems. By selecting
the dye and the type of substrate, it should be
possible to answer questions about the biodegradability
of the substrate or the nature of iis Loxic action. It
is necessary to understand the effect of each factor in

the method in order to interpret the results obtained.
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Reduction of electron-acceptor dyes would be pre-
ferred over OQOUR when it is desired to examine the
activity of electron-transfer chains that do not
terminate in the reduction of oxygen. It has a
definite application in low DO and anaerobic systems.
E. Oxygen Uptake Rate

For all runs performed in the present study, there
was an immediate increase in oxygen uptake rate (OURD
when either phenol or o-chlorophenol was added to the
reactor.

For the phenol runs there was a gradual increase
in QUR  as the run progressed, suggesting that .the
ability of the culture to remove phenol improved during
the run. This conclusion is‘supported by the slightly
convex shape over most of the substrate concentration
curve for most of the phenol runs, which indicates an
accelerating removal rate. OUR drops suddenly toward
the end of the run, just before the tail of the S-curve
of substrate concentration. Both the drop in OUR and
the tail of the substrate concentration curve are
indicative of a decrease in microbial activity. ' This
decrease 15 caused by the substrate concentraltion being
too low to support the rate of activity of which the

culture 1s capable. Accepting that OUR is constant



128

when expressed per <cell [7,8,9,34], leads to the
conclusion that the number of active cells increased as
the run progressed. If this is so, adding additional
phenol at the end of a run should cause the sludge to
resume 1ts high OUR. For the removal of phenol by
Livingston sludge and by Hydrobac, QUR did resume at a
high rate when addiltional phenocl was added (Livingston
sludge 111, Hydrobac II).

Following the initial exposure to the substrate
(and the sudden rise in OUR), the runs made with
o-chlorophencol showed a decrease in OUR as the run
progressed. Successive shocks of this substrate
resulted in a decrease of the average OUR over each

run, although not  as greal as the decrease in SRR,

3

3,

This has been discussed in section VII-C.

The results of the present study show that SRR for
phenol is more closely related to OUR than to either
MLSS or MTIT reduction (Table 18). For the Livingston
sludge runs, the SRR/0OUR ratios vary less between the
runs than do SRR or the SRR/MLSS and SRR/MTT ratios.
The same observation holds true for the Hydrobac runs.
The SRR/OUR ratios for Livingslton sludge and Hydrobac
are within the same range.

For the o-chlorophenol runs, Livingston sludge and



129

Hydrobac definitely  show different responses.
Livingston sludge appears to remove o-chlorophenol at a
higher normalized rate than it does phenol (Table 19).
Results from the present and prior studies [43,443 show
that the absolute SRR for o-chlorophenol is much lower
than the rate for phenol. What the normalized rate
(SRR/OUR) actually expresses 1s the mass of substrate
removed per mass of DO removed. It does not comment on
the fate of the substrate. If o-chlorophenol is less
completely oxidized than phenol, its OUR will be
smaller relative to its ERR, increasing the normalized
removal rate. The presence of a falling OUR curve for
the o-chlorophenol runs as opposed to a rising curve
for the phenol runs does not affect the normalized
SRR, as only the average OUR is of interest, not the
direction éf its change.

Hydrobac had a much lower ratio of SRR/QOUR for
o—-chlorophencl than it did for phenol. This is probably
due to the oxidation of additional COD available from
the "growth factors" included in the dessicated
mixture. The effect of this additional COD was much
greater for the o-chlorophenol runs than for the phenol

runs. This may result from the "growth factors” being

more readily degradable than o-chlorophenci, but not
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phenol (hence, their presence even after phenol
acclimation). Furthermore, if the "growth factors" are
present at 20 ppm, they will exert a greater influence
over the results of the o-chlorophenol runs, where
substrate is present at 20 ppm, than over the phenol
runs , where substrate is present at 100 ppm. In
future studies, the uncertainties caused by the
presence of these "growth factors” can be diminished by
allowing COD in the culture to drop to a constant low
level before Dbeginning acclimation of the culture to

phenol.

There are several reasons why OUR and SRR should

be closely related. Oxygen is the terminal electron
acceptor for the metabolic pathways that degrade
substrate. Therefore, absence of oxygen limits the
functions of cellular metabolism, including the degra-
dation of substrate. Stimulating or depressing
cellular metabolism {(e.g. by a change in substrate
concentration) affects both the energy requirement  of
the cell (substrate uptake) and its requirement for
electron acceptors (oxygen uptake) in the same manner.
Huang and Cheng demonstrated this relationship when
they successfully substituted OUR for reaction velocity

(SRR) in a Monod-type equation to predict effluent COD
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[141.

However, SRR and OUR should not be expected to be
related perfectly. A portion of the substrate will be
incorporéted into the biomass rather than being
oxidized. This incorporation will not be expressed as

OUR. This proportion will vary, depending on the

FEs]

sludge age, its health, and the species present in the
sludge. Some compounds will be incompletely oxidized,
in which case SRR will appear higher in relation to OUR
than it actuafly is. This would depend on the capa-
bilities of the species present, and on the presence of
toxicants and co-substrates. It should be possible to
apply OUR as a sludge activity parameter even under
these conditions if additional tests, such as total COD
and comparisons with biodegradation of standard
compounds, are performed to aid in the interpretation
of results.

The DO probe method used in this study is simple
to apply and gives accurate results rapidly. The
method «could still be improved: E1 number of data
points were lost when DO concentrations in the BOD
bottle fell below 0.5 ppm. At DO concentrations above
this level, OUR is independent of DO. Below 0.5 ppm,

OUR 1is controlled by the DO available in the mixed
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ligquor [35,367. During the biodegradation runs, DO in
the reactor very rapidly fell below 0.5 ppm. When DO
in the BOD bottle fell below this level, the measured
OUR was no longer representative of the OUR within the
reactor.

A possible modification of the BOD bottle method
for determining OUR would be to dilute a small volume

of the sludge into a standard solution of substrate

before beginning measurenmnents. Although this procedure
would not reflect conditions inside the reactor, it
would allow the activity of the sludge Lo be

determined wilthout restrictions of low DO or low
substrate concentration. It would therefore provide a
better estimate of the total amount of catalyst present

in the sludge.



VIII. CONCLUSIONS

1 The measurement of specific enzyme activities 1is
not an appropriate method to determine metabolic
activity in mixed microbial cultures because the low
activities of individual enzymes cannot be measured by
the simple, rapid clinical methods designed primarily
for human cell cultures.

2) Mixed liguor suspended solids (MLSS) is not an
effective parameter for measuring the metabolic activity
of mixed microbial cultures, since it has no direct
relationship to the viable cell population, and is very

insensitive to environmental stress.

3> The reduction of electron-acceptor dyes, in
particualar tetrazolium salts, has potential for use as
a metabolic parameter, but is more difficult to apply

and much less consistent than OUR.

4) bxygen uptake rate (OUR) is a satisfactory para-
meter for measuring the metabolic activity of mnixed
microbial cultures. OUR has a direct reiationship to
substrate removal rate and can be determined rapidly
using an electrochemical probe. Substrate removal
rates (SREJ that are normalized with respect to OUR are

much more consistent than the original SRR data.
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T&BLE  A-1 BIODEGRADATION RUM

Substrat

Initial

TIME

- —-——— — - —

2: Phenol Media: Livingston Sludge I
Concentration: 100 ppm Run: 1 Date: 3/28/34

| | ! | | | i

| MLES |IDISSOLVED|OXYGEN |ABSORB-|{SUBSTRATEL! COD | NH3
| | OXYGEN JUPTAKE | ANCE | |- }

| { | RATE @ S40nm| { |

| ppm | ppm Ippm/min | { ppm I ppm | ppm
j=—m—— fmm—————— | = = ———— | mm—m————— | e | mm———
| 2200 | 3.221 {0.0586 | i 0.000 | S7.4 |

| 2140 | 3.2249 (0.0435 | | 0.000 | S4.6 |

I 2140 | 3.002 [0.2537 | ] 928.870 1170.0 (46.0
| 2180 | 2.286 10.2250 | | 99.421 {14S.0 |

| 2130 | 2.038 10.3812 | | 89.011 {200.0 |

| 21320 | 1.837 10.4283 | | 74.617 1103.0 |

| 2000 | 1.456 (0.S030 | | ®l.106 | 35.8 (45.0
| 21&a0 | g.702 | | | 37.676 | 53.49 |

| 2280 | 0.273 | | i 7.315 | S3.8 |

| 2220 | 2.482 10.1441 | i 0.463 | S3.0 |

| 2200 | 2.735 10.1312 | { 0.000 | 83.0 143.0
| 2240 | 2.850 10.1113 | | 0.000 | &7.0 |

I 2230 | 2.6494 (10,0255 | 1 0,000 | S57.4 |}

| 2230 | 3.022 (0.0920 | { 0.000 | S7.4 |

vl



TABLE A-2 BIODEGRADATION RUN

Substrate: Phenol Media: Livingston Sludge I

Initial Concentration: 100 ppm Run: 3 Date: 3/30/34

! I I |

| | i |

TIME | MLSS |DISSOLVED| OXYGEN |ABSORB-|SUBSTRATE| COD | MH3 | poH
| I OXYGEN |UPTAKE | ANCE | | | ]
| | | RATE @ 540nm]| | | |
Min. | ppm | ppm |ppm/min| | ppm | ppm | ppm |

——————— o B L e B B B B

0 | 2180 | 3.205 10.0719 | 0.711 | | | |
30 | 2170 | 3.260 ]0.0744 | 0.762 | | | |
60 | 2210 | 2.523 10.3373 | 1.2387 | | | |
90 | 2220 | 0.230 | | 1.3686 | | | ]
120 | 2250 | 1.775 10.2453 | 1.551 | | | |
150 | 2270 | 2.879 10.13211 | 1.323 | | | |
180 | 2270 | 2.905 j0.1026 | 1.331 | | | |
210 | 2220 | 2.083 {0.0937 | 1.228 | | | |
240 | 2220 | 3.066 |0.0763 | 1.132 | | | |
270 | 2270 | 2.279 10,0805 | 1.179 | | | i

44"



TABLE A-3

Substrate:

BIODEGRADATION RUN

Phenol

Initial Concentration:

TIME

—— o -

MLES

2040

20440

2020

1.250

0.2753

0.252

- -y
el

3.124Q
3.467

SSOLVED | QXY BEN

Media: Livingston Sludge III

100 ppm Runs: 1

I |

JURPTAKE ANMCE |
| RATE 2 3540nm|
lppms/min ]
..l ——————————————
10.1808 0.611
103.0335 0.670

f
{
!
|
!
|
!
|
10.1863 | 0.809
!
|
|
I
I
!
|
|
!

|
!
!
|
10.2378 1.009 |
10.2987 1.111
{0.4020 1.175 |
| 1.248 |
| 1.238 |
] 1.302 |
{0.1250 1.4%¢ |
j0.1061 1.281
10.0842 1.231 |

Date: 5/09/84

ABSORB- | SUBSTRATE

———— . i . -

99.3%¢6
96.7S53
87.513
78.002
S9s.170
34.707
10.505

2.189

1.070

0.000

Cop

— — — T Y— ——— - — - — T —— St W o

v — — -

]

o

7]

X

<

o

— o — " — ST m—— T — T pp— U ——— W T ot (it

pH

194"



TABLE A4~-4 BIODEGRADATION RUM
Substrate: Phenol Media: Livingston Sludgelll

Initial Concentration: 100 ppm Run: 2z Date: 5/09/84

! | | l

! ! ! !

TIME | MLSE I1DISSOLVED|OXYGEN |AESORB-ISUBSTRATE] COD | MH2 | pH
} | OXYGEN JUPTAKE | aNCE | ] | !
{ | I RATE  |@ S40nm| | o {
Min. | ppm | ppm {ppm/min| | ppm | ppm | ppm |

““““““ R e ettt Bl Bl Bt R s

.0 | 2020 | 3.062 10.3323 | 1.250 | 115.540 |190.0 157.0 |
26 | { 1.478 10.4243 | 1.255 | 99.9255 | | {
45 | } 1.000 | ] 1.369 | 83.484 1163.0 | ]
65 | 2039 | 0.352 | | 1.402 | ©7.599 | | i
34 | { 6.277 | | 1.361 | 44,753 1117.0 {S3.0 |
103 | | 0.242 | | 1.328 | 22.322 | { |
123 | 21%0 | 1.829 10.1833 | 1.337 | 2.900 | 91.4 | |
143 | i 2.820 10.1491 | 1.2739 | 0.0090 | . f i
l1e4 | | 3.144 {0.11983 { 1.311 | 1.897 {145.0 150.0 |
183 | 2120 | 2.382 10.0923 | 1.305 | 0.773 | { |

1447



TABLE A-3

Substrate:

Phenol

Initial Concentration:

TIME

—— — - -

el

103
120
135
150
170
1340
2140
230
230
270
250
310
330

P O —— o S o S, ——— v — oo

DI
0

- o oo

100 ppm

I

SS0LYVED | OXYGEN

KY GEM

o

pm

e o s 55, s -

O B LY b O W

SO ORI B W W
et
i~ O WW NP WMo

~3 O OO\
[ RIS
RS R UON VT

LBS0
528
L4399
183
1123

3.200

MR OWOWWWWWOW

G

| UPTAKE
| RATE
lppm/min

10.2058
10.0487
10.0828
10.0757
10.0857
10.03996
|]0.1137
j0.1323
10.1470
10.1e58
10.1773
10.2047
f0.2215
10.2453
10.2673
|0.23847
|0.3240
]0.3812
10.0728
10.0593

H
i
!
I

BIODEGRADATION RUN

Media:

Run: 1

~BSORB~| SUBSTRATE

ANCE

| @ S40nml

- ———- - - -

Hydrobac X
Date=: 4/11/84
| |
cop

| |

|
| ppm | ppm
| == | ==~
| 1.501 j102.0
| 0.000 J113.0
i 103.380 [249.0
| 105.230 117S.0
! 107.890 1152.0
{ 104.120 |174.0
| 104.120 }186.0
| 96.562 |122.0
! 90 .652 {102.0
| 37.554 |129.0
] £84.853 [140.0
| 75.376 1125.0
j €2.485 {(122.0
| 50,3592 |110.0
| 43,956 | 98.7
] 25,903 | 92.4
| 25.023 | 90.3
] 6.819 | 74.86
J 1.045 | 83.0
! 0,809 | 73.56

[
“
o

[
4
[ow)

ey . S m— O o— —— —— T A Dt T i e, it S oo oo v, — " — —

pH

74



TABLE A-6

Substrate:

BIODEGRADATION RUN

Phenol

Initial Concentration:

!
TIME | MLSS
|
|
Min. | ppm
_______ ‘ PR
"0 | 460
30 |
60 | 480
39 |
120 | 500
139 |
130 + 300
210 |
240 | 5S40
270 |
300 | 820
330 |
360 | 680

DISS0LVE
OXY GEN

100 ppm

| !
DI CXYGEN |
| UPTAKE |
| RATE |
Ippmsmin|
- =—————— |
|180.0732 |
10.0204 |
10.0762 |
10.0551 |
10.0330 |
10.1195 |
10.1389 |
]0.13523 |
10.1727 |
10.1345 |
10.24900 |
10.2220 |
|

{0.0707

Media: Hydrobac I

Run: 3 Date: 4/13/84
] | ]
~BSORE-| SUBSTRATE! COD | MH3
ANCE | | ]
A 540nm| | ]
! ppm I ppm | ppm
------- il e
0.128 | 0.000 | 44.6 |
0.123 1| | |
0.149 | 115.360 }|>135.0143.0
0.142 | | |
0.168 | 105.180 1>1335.01
0.159 | | |
0.174 | 93.672 |>135.0137.0
0.202 | | |
0.192 | 62.523 1>135.0]
0.223 | | |
0.300 } 38.819 1109.0 (34.0
287 | | |
0.306 | | |

- o - -

-1 4%



TABLE A-7

BIODEGRADATION RUN

Substrate: Phenol
Initial Concentration: 100 ppm
i ! I
TIME | MLSS |DISSOLVED|OXYGEM
| I OXYGEN |UPTAKE
! 1 | RATE
Min. | ppm | ppm |ppm/min
******* e Bt R
01 | 3.088 (0.2157
20 | | 3.072 j08.1142
4% | 1100 | 3.245 |0.1278
73 | | 3.267 410.14483
108 | } 3.207 10.1632
135 ] 3.150 (0.1808
163 | 10320 | 3.067 |0.2020
133 | | 3.052 10.2010
225 | | 2.972 10.2287
255 | | 2.917 10.2418
28% | 1030 | 2.743 |0.2675
318 | | 2.600 |0.2948
349 | | 2.240 |0.3213
383 | { 2,865 10.1480
417 | 1140 | 3.074 (0.1169

Media: Hydrobacll

Run: 1

!

!
|
!
|
!
!
!
!
!
|
|
{
|
!
|
I

Date:

99.536
101.210
99.258
102.310
99,087
102,430
96.553
87.474
72.130
49.488
24,541
4.774
0.000

S — o —— —— o W—— — VM — —— — V—— oora 7o am—

S/23/84

cob

- —— s o

279.0

N
1)
9
o

4]
w
=
&

n
0w
)
o

]
o
&
o

—— ——— T — —— — — oy - y—— - — T Wy S s W wpoit 1000w

NH3

40.0

b AT s G, p S i WAy AR g SO g M gt W g - oo— -

pH

- mow —
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TABLE A-8

Substrate:

BIODEGRADATION RUN

Phenol

Initial Concentration:

TIME

s o " e i

1100

100 ppm

DISSOLVED| O GEN

1
QXY GEN

3.300
2.209
3.207
3.185
3.1e0
3.681

| UPTAKE
| RATE

10.1723
{0.1628
10.182z2
10.1957

{0.2292

Run: 2

Twm

MCE
3 540nm

0.332
0.407

|
!
|
|
|
|
|

Media: Hydrobac II

Date: 35/23/384

112.490
118.470
108.270
104.380
99.814
86.824

|

SORB-|SUBSTRATEL COD

214"



TABLE A-9 BIODEGRADATION RUN

Substrate: Phenol Media: LLMO
Initial Concentration: 100 ppm Run: 1 Date: 4/13/89

I | I I

| | ! |
TIME | MLSS |DIS30LVED|OXYGEM |ABSORB~|SUBSTRATE! COD | NH3 | pH

| | OXYGEM |UPTAKE | @&NCE | | | |
! I | RATE |@ 540nm| | ! |
Min. | ppm | ppm  lppm/min| ! ppm I ppm | ppm |

~~~~~~~ I Bt B el B B R e
0 | 430 | 3.285 10.0113 | 0.087 | 0.000 | ! |
35 | I 2.381 10.0013 | 0.038 | 0.000 | P
57 | 450 | 3.219 {0.02%2 | 0.096.] '99.000 (167.0 111.0 |
25 | | 3.144 |0.034% | 0.101 | 94.335 | I |
112 | 400 | 3.129 |0.0354 | 0.099 | 94.470 | | !
147 | | 3.072 10.0466 | 0,101 | 86.755 | | !
181 | 430 | 3.042 10.0431 | 0.113 | 85.223 {165.0 | |
215 | I 2.010 10.0523 | 0.123 | 75.573 | ! |
287 | 400 | 2.951 |0.0652 | 0.102 | 64.384 | | !
327 | [ 2.222 |0.0713 | 0.025 | S0.193 | | I
353 | 420 | 2.885 |0.0708 | 0.114 | 47.540 1145.0 | 7.3 |
397 | | 2.863 (0.0742 | 0.134 | 40.4083 | { l
37 1 440 | 2.206 |0.,0777 | 0,149 | 31.238 | ! !
477 | | 2.216 |0.0813 | 0.150 | 20.527 | ! |
S15 | S00 | 2,793 10.0200 | 0.182 | 15.534 {142.0 | I
€03 | | 3.349 |0.0346 | 0.147 | 0.000 | ! f
650 | 440 | 2.373 10.0114 | 0.148 | 0.000 | ! i
705 | . | 3.39%1 |0.0079 | 0.153 | 0.000 | b |
739 | 450 | 3.289 |0.0067 | 0.151 | 0.000 | | 6.4 |

343



TABLE A-i¢

BIODEGRADATION RUM

Concentration:

Substrate:
Initial
i
TIME | MLSS
|
]
Min., | ppm
——————— ‘ [ ——
g | 1710
30 1 1720
&0 | 1720
93 | 1630
120 | 1850
150 | 1670
186 | 1840
210 | 1lez20
|

s~Chlorophenol

20 ppm
!

DISSOLUVED | OXYGEN
OXrGeEN

LT e ———

WRWwWwWwWww

247

| UPTAKE
| RATE
Ippm/min
l ———————
10.0746
10.0647
10.118e6
10.1276
10.0923
10.048S
10.0444
(0.0393
|

Media: Livingston Sludge 1l

Run: 1

[ | j
|ABSORE-| SUBSTRATE]
| ANCE | |
| @ S40nml

| ! ppm

- —— ——" i ] oo - - - - " -

o
.

(1]
ol

|
!
i
|
|
| 0.725
|
|
!
l

—— e — — T —— Tt — T——r o q—

Datz: 4/04/84

cab

—— — T —— T g — — — — T— . V— o —

pH

————

oSt



TABLE A~

Substrate:

BIODEGRADATION RUN

Initial Concentration:

TIME

—— o~ - -

MLSS

DISZOLVED

1
OXYGEN

———— oo o s 508

3.267
3.342
3.204
2.2749
2.914
3.186

- [ ~fn]
0125-‘\:’

2

7
34,

[O Y

3'
3.

o~-Chlorophenol

20 ppm

Y IGEN
PTAKE
RATE

[y

10.0831
{0.0S7%
10.138%
10.13351
10.1151
10.0853
10.0628
10.0314
(0.0432

&B
A

Run: 3 Date:

NMCE
@ S4dnm

0.000
18.192
13.703
10.550

6.122

1.211

0.000

0.000

SORE-| SUBSTRATE

—— . — — — —— st W — — g——

4/06/384

cOoD

89.3
81.5
85.4
73.2
87.5
37.32
94.3

Media: Livingston Sludge XX

— - v — s

Lt



TABLE A~i2 BIODEGRADATION RUN
Substrate: o-Chlorophenol Media: Livingston Sludge IV
Initial Concentration: 20 ppm Run: 1 Date: 3/716/34

! | ] | |

TIME | MLSS |DISSOLVED(OXYGEN |ABSORE-|SUBSTRATE] COD | NHZ | pH
| I OXYGEN  JUPTHEKE | ANCE | | | 1
| | | RATE |2 S540nm| ! | {
Min. | ppm | Dpm lppm/min | ] ppm i ppm | ppm |

——————— | mmmmmm | e | e | m e [ s s e | e m e | | ————

- 0 | 2180 | 3.583 10.0230 | 0.313 | 6.000 | ] ]
29 | | 2.549 10,0239 | 0.520 | 6.000 | ] |
43 | 1980 | 3.055 (0.0973% | 0.670 | 20,100 1188.0 |71.0 |
62 | | 2.%31 10.0999 | 0.673 | 14.4049 | i |
31 | | 2,217 10.0736 | 0.8679 | 8.251 j202.0 | |
100 | | 2.916 10.03353 | 0.72% | 3.908 | {73.0 |
115 | 1910 | 2.2283 10.0254 | 0.745 | 0.000 1123.0 | |
140 | | 3.4496 (10,0327 | 0.617 | 0.00Q | | ]
162 | | 3.423 10.0282 | 0.826 | 0.000 1132.0 170.0 |

251



TABLE A-i3

Substrate:

BIODEGRACATION RUN

o~Chlorophenol

Initial Concentration:

TIME

————— -

=
U3
w0

20 ppm

H
£

{0.0230

Media: Livingston Sludge IV

Run: 2 Date: 3/1:5/84

i

|

|ABSORB-| SUBSTRATEL COD

|

~ANCE

DISSOLVED { OXVGEN
OXYGEN [ UPTRKE
i RATE

ppm tppms/min|

~~~~~~~~~ i ..._.._-__.‘ - - oo e o o
3.3249 10.0837
3.182 {0.0745
3.191 10.058S
3.330 10.0482
3.413 10.0374
3.482

|

1@ S40nm]

I
|
|
!
|
|
|

- —— - — - oo

19.403
18.878
14.7381
10.131
6.128
2.860

——————n -

_HHPPP
009 o 0
R W W
COoOooCoO

. o o o
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TABLE A-i4 BIODEGRADATION RUN
Substrate: o~Chlorophenol Media: Livingston Sludge T

Initial Concentration: 20 ppm Run: 3 Date: S/16/34

TIME DISSOLVED|OXYGEN |ABSORB-| SUBSTRATE! COD

MLES

| | | i |
| I DI | | NMHZ | pH
| | OXYGEN JUPTAKE | ANCE | | f |
| | | RATE |@ 540nm}| _ I ! I
Min. | ppm | ppm |ppm/min| | ppm | ppm | ppm |
~~~~~~~ el Bl Bl Bl B B i Bbtniaind Kttt
-2 | 3.405 ]0.0330 | 0.398 | 26.876 [208.0 |76.0 |
21 | | 3.524 10.0281 | 0.428 | 26.001 |226.0 | |
40 | | 3.535 10.0260 | 0.400 | 23.679 |150.0 184.0 |
6l | 1940 |° 3.560 10,0259 | 0.377 | 22.464 |133.0 | | N
30 | | 3.550 10.024% | 0.363 | 21.858 1193.0 [87.0 |
109 | - 3.962 [0.0267 | 0.362 | 20.540 1 | |
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TABLE A-15

Substrate:

BIODEGRADATION RUM

Initial Concentration:

TIME

—— iy o s s s

— A — WA m—— o7 i TS M s S e e mete g e W e W e e oo

P —

1100

1110

1050

1070

OXYGEN

o~Chlorophenol

20 ppm
]

DISSOLVED | OXYGEN

| UPTAKE
| RATE

10.0822
{0.0787
10.1230
{0.080S
10.0724
10.0795
10.0787
10.0200
{0.0774
10,0747
10.0793S
10.0873
j0.0942
10.0861
j0.0787
10.0721
10.0763
10.0762

Media: Hydrobac III

Run: 1

Date: S/25/84

~BSORB-[ SUBSTRATE

APCE

!

@ S40nmi

0.600
0.770
0.50¢6
0.541
0.527
0.5883
0.579
0.656
0.387

0.71e¢,

0.697
0.7235
0.780
0.727
0.300
0.757
0.763

!

{
!
!
!
!
|
!
!
!
I
!
|
{
|
|
!
i
]
|

- - — - > ——— - ——

12.729
15.779
14.338%
13.346
11.479
10.377
9.003
8.072
5.619
4.823
3.7%2
9.724
2.201
1.837

0.357

—— o - -

o)
W
o

- S — T— . S W g S g DT —— T gy WA w— T — W~ ooy S—— w— p—

pH
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TABLE A~-1¢6

Substrate:

Initial Concentration:

TIME

— - s o s sy

MLSS

o~Chlorophenol

20 ppm

!

DISSOLVED I OXYGEM

OXYGEN

3.080
3.108
3.102

| UPTAKE
| RATE

{0.0699
{0.0672
10.0624
{0.0613
10.0523

' BICDEGRADATION RUN

Run: 2 Date:

B
ANCE
@ 540nm

l
I
!

— p— — _—— V—— oo

26.528
25.975
25.153
22.2606
20.448

Media: Hydrobac JIL

S/26/24

|

SORB-|SUESTRATE| COD

s oy o oo o,

1204.0
1214.0
1210.0

W g W o W i WU popgt S s ——

pH

- s e,
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APPENDIX B

PLOTS OF

BICDEGRADATION RUNS
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APPENDIX C

TECHNICAL BULLETINS
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SIGMA
Technical Bulletin

PHENYLALAMINE — Fluoromelne procedurs, tor serum, at 255 nm aclivstion, ........ No. 80-F

450-535 nin smianon. Based on the McCaman and Robins method No -
PHENYLALANINE — A 010100IC acTeRMIng P for sany of .. Mo 180 *

phanyinetonuna based on the Guihue inlubition asssy May 1879
PROSPHATASE — Coionmetnic procedure; o7 secum_at 400-420 nm. tor sikahng, ....... Na. 104 Beres 1 Jung 190

aca and piostanc aGd phosphstase Also winary sikshns phosphalsss. vrotoed Juns

Basad on tha Bessey-Lowry-Brock procedure.
PHOSPHATASE, ACID — ristocheiucst procedure. 1or blood. bone marow o ... No. 388
tasue Based on use of Naghihot AS-8i and Fast Gernet GBC. Far research

¥ WAm

use oniy : e 0 Wi
PHOSPHATASE, ALKALINE - Hustochemucsl procedure; for Diood of bone ... No 88 ; ¥ y : %
MAIIOW SINESTS. 8 e 7 o
PHOSPHATASE, ALKALINE — Kinenc colonmeinc procecurs. for sefum o1 ... No. 144 by . .
plasma, af 410 am Req & nas - i Based GLUCOSE.G.PHOSPHA E
0n measuiemant of ibarated p-ritrophencl. fg . i L X
PHOSPHATASE ISOENZYMES, ALKALINE —— Colonmatrc procesuse for detec- ......... No. TI0EP k. o
Lon Of JikAlNS PROSPHALIE 1SCENZYIMES b 0 o 8g - .
geis Based on (he lormauon of an tukgo dye. .
PHOSPHATASE, MILX — Colanmelnc procedure. tor muik, &t 400420 nm. Far ......... HNao. 104M
feseaicn use only
PHOSPHOHEXOSE ISOMERASE — Colonmetnic procedure; ior serum, st 470 ... No. 850
510 nim Based on ihe Bocansky method.
PHOSPHOMEXQSE ISOMERASE — UILaviolgl neuc procadiure; 107 serum, ... o, 55UV
at 340 nm
PROTEIN, TOTAL —~ Colonmetnic procadure; 100 serum, at 540-545 am. Baned ........ No. 540
on ihe Biuret reaction
PYRUVATE KINASE DEFICIENCY — Fluorescence screening procedurs; lof ... No. 208
srythiocytes Rate of NADH consumphion is noted by 1038 1n Huorescence unders
long-wave wiavioiat ugnt. All o Hy o nas
singie vial
PYAUVIC ACID ~ Uliraviolet enzymatic procadure; for biood, 8t M40 am. . Ha. T28-UV
SOABITOL DENYDROGENASE (SOH) — Ultraviclet linelic proceaurs; 106 sarum, ... #o. S0-UV

a1 340 nm  3D-Frucloss used as subsuaie

TRAKSAMINASE (GOT and GPY) — Coonmeinc procedure, 101 sarum. piasmadr ... %o. K8
cersbiospunal flud, at 490-520 nm Based on the Sigma-Faanksl method.

TRANSAMINASE (GOY ang GPT) — Ulravioel Xinstic procsdurs. 100 sarum, ... Mo. 85UV
piasina of corabrospinal thud. at 340 nm. Based on the Karmen st &l. method,
All raagents canvenently pre-siandardized in a single visl

TYRANSAMINASE {GOT and GPY) — Ulravioist xinslic procedure; 1or serum, .
plasma of cmebrospnal ttud. at 340 am Based on the Karmen at &l mathad. A

“. e

A vﬂl 3K -

%g 4.:4,, N
S URAn

two-isagant system for the LKB R Rats Anaiyzer 07 suimiiar

oquipmant i
TRIGLYCERIDES ~ Colonmetnc procedure. 1or serum of piasme, ol 405-618 am. .......... No. 405 y ’,\?

Basea on 1ha Kessier-Lacuser ano Fletches methoas. LT
TRIGLYCERIDES ~ Ultraviolet sadu-eizymans proceduse. 106 serum of plasma, ... bt 120UV Y i,m

at 340 nm. Based on asasy of giy i 1o i from tngly de3 after sapon- ,1' ,‘\5 W

shcation oy kA eI
TRIZMA® BUFFERS — Widely used biologic butlers, pH range 7-9. For research .......... Mo. 1088 j?g bv}«“‘ 0

us® Oty . )
TYROSINE — Flucrometnc procedure, for serum, 81 460 nm sxcitation and 570 am ... o, FO-F v 0*}‘;  Yue

amussion Based on the of ty with 1-utroso-2 A}ié“ W -

UREA NITROGEN — Coionmelic procegure. 1or serum. plasma of ufinge, &b ...

Mo
Mo
515-540 nm Based on the ures.
UREA NITROGEN — Colonmatric procedure, 101 serum. plasma of ufine. &t ... Ho. B840
Ho
o

ey
YOy g

500-650 nm. Ammomnia tormad by acuon of UEAsS 18 GWITUNAD by Bertneot
reaction

UREA NIYROGEN ~ U] #NZyMALC p ¢, for serum, plasma of urine, ........
a1 340 nm Employs ureasegiulamals dehydiogenise Coupiud enzyme system.
All reagents convemnently pre-standarcized in & sngie vial.

URIC ACID — Colonmeinc procedurs. Hy unne. at 650-750 nm. Combines the ...
acCuracy ol the enZyme uncase with the plicity of 8 thoa

URIC ACID — titraviolel procedure. 101 serum or unne, sl 202 nm. Based on ... ... Mo 293UV
spaGihic reaction of unc acid with u/icase

VANILMANDELIC ACID (YMA) ~ Colonmatric procadure; 107 uning, st 470-510am. .......... Mo 480
Basea on metnod of Sunaeman st al.

VARILMANDELIC ACID (VIMA) — Uitravioist procedurs; fof unne, at 360 am. ... No. 481UV
Simpntication of VMA Procedure No. 480 if natrument s avaiaGie wath 360 am
1eading Cagatihity.




SUMMARY AND EXPLANATION OF TEST

Giucose8-Phosphate Denydrogenase {G-8-PDH, n-glucose-d-phosphaie; oxidoreduc:
1ase, £C 1.1.1.49) cataiyzes the fust siep in the pantose phosphate shuni, oxidizing
glucosa-Gphosphate (G-6-P) 1o 6phosphogluconic acid, and reducing NADP to
NADPH, a requirement foq a vaniaty ol bio-syntnatic raductions. The enzyme is tound
in akmost all mammatian celis  Aithough oOnly vary small amounts are present in
sarum, heast, Xidney and skaletal muscie, high concantraiions of G-6-POH occur in
the tormed elements of blood.! The enzymae prasent in erythrocytes 1s of the grealest
clinical intarest.’

G-6-POH deficiency occurs in erylhrocyles as a genelically dsteiminsd, sex-
tinked tran.?7 A number of vanants of ihe anzymas have been identitied, several of
which arg assaciatad with an increased susceplabilily 10 hemotyuc anemea’ in one
torm of the delect, the red cell appears to be sensilive to a numbar of drugs, most
notably prmaguine*® Acule hemoiyLic episodss may aiso bDe precipitated by a
physiDiogical Crisis, Such as diabelic acidosiy &7 Dacterial of wiral nfections. 4
Another vanant (Medwerfanean) causes severs ntravasculas hemolysis following
ingestion of tava beans.d A non-grug-degendent form of the defect is maniesied as a
congenital non-spherocytic anenua i which hamoiysid may occur spontangousty,
evan 10 the absence of 8xogenaus siress.’

Sinca the red cell has no curic acd cycle, ho pentose phosphate shunt, and
particularly G-6-POH, appears to be the sois means for NADP reduction available to
1he cail.? Oxigation of certan drugs or melaboiites by the arythrocyle résulls In the
accumutation ot oxidized giutathionsg {GSS5G).' ¢ Normaily, 1us oxidized gluiatnions i
then reduced 1o glutathiona {GSH) by glutathiona reductase, using HNADPH as a
hyarogen donor ® Red cells deficient in G-6-PDH are unabie 10 mamtan the pool of
NADPH necessaty for the (eduction of GESG o GSH. Faldure 10 mawntan adequate
GSH concentrations resuils i delects in cell mambrane structure, leacing 10 early

senescance of the arylhiocyte and 10 hemoiylic episodes lollowing stiess 10 the
ceih]

Spectrophatomatric proceduies for the determunaton ot G-6-POH are «n general
basea on the method of Kornberg and Horecker ® in which the NADPH iormed by the
oxidation of giucose-6-phosphate is determined. Howaver, the amount of NADPH
measufed includes NADPH formed as 1he result of oxidanon of 6-phosphogluconate
(6-PG) by 6-phasphogluconate dehydrogenase (6-PGUH) as well as that resulling_from
the oxidation of G6-P by G6PDH. Bishop® and Glock and McLean® have proposed
corracting tor the activity of 5-PGDH by perlorming two reaclions, one wih only 6-PG
and the second with both 6-PG ana G-6.P present. The activity due 10 G-6-PDH is then
feprasented by the dilference bDetween the (wo acihivities. In another appsoach,'d
6-PGOH is added to the reaction, so that alt 6-PG tormed by G-6-PDH 18 converted 1o
noulose-5-phaspnats. Oxigalion of one mole of G-6-P thus cesults 10 tarmation of two
moies of NADPH, one hatl o1 which 1s due to G-6-PDH activity.

The procedure descnbed in this  builetin {No. 345UV) is based on the
methods of Korsberg and Horeckes®, Bishop’, and Lohs and Walier.'? Maleimide
is incorporaled 1o the system 1o ntubit the 6 PGDH prasent, thus permitting direct
measurement of the trué G-6-PDH actvity.*?

Other methods for G-6-PDH determination have besn published which ara usetul tar
enzymg dehiciency screening purposes. Thesa are wsual lests which estimate
changas i dye colof of in liuorascence. Procedures Dased on thess pnnCipies aie
descnbad in Sigma Technical Bulleting No. 400 and 202, respectivety.

PRINCIPLE

NADP is reduced by glucose-6-phosphate denydroganas‘a in the presence
of G-6-# as {ollows:

G-6-POKH

GE-P + NADP*® 2= 6-PG + NADPH + H*

The rate o! tormation of NADPH is proportionat 1o the G-6-POH activity, and
may be determined spectrophotometrically as an increase in absorbance al
340 nm. Production ol a second molar equivaient of NADPH by
6-phosphagluconate dehydrogenass, also present in  erythrocytes,
according to tha reaction:

6pG « napPs +SFOOH o qinlase5.Phosphate + NADPH + H* + GO,

is preventsd by the presence of maleimids which inhibits the 6-PGDH.
Abbreviations:

G-8-POH Glucose-6-phosphale dehydroganase

GEP - Glucose-6-phosphate

NADP* Nicotinamide adening dinucisotida phosphate

NADPH + - Nicotinamide adenine dinucieotids phosphate, reduced torm
6-PG - 6-Phosphogiuconate

6-PGDH 6-Phosphogluconate dehydrogenase
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REAGENTS
For in Vitro Diagnostic Use
A. G-6-PDH REAGENl;
SINGLE-ASSAY VIAL, Stock No. 3451

NADP,
Maleimude,

1.5 umot
12 pmol

FIVE-ASSAY VIAL, Stock No. 3455

NADP,
Maleimide,

8.2 umaol
66 umaoi

Vials also contain buller, stabilizer and lysing reagent.

Store dry vials in refrigerator.

Reconstituted reagent is stable ior 8 hours at room temparatuce
or 50ays in the retngerator.

CAUTION: Mateimide is an irritanl. Aveid ingestion, inhalation ar
contact with eyes or skin.

B. G-6-PDH SUBSTRATE SOLUTION, Stock No. 345-8 -

Contains Glucose-6-Phosphate, 1.058 mmaclil, butfer and magnesium
salt. Also contains 0.1% Sodium Azide as a praservative.

Store in relrigerator.

C. POTASSIUM DICHROMATE, 3 mg Viai, Stock No. PD-3
,

Dissolve contents of vial in 45 mL of water.

The absorbance of the solution shouid be approximately 0.7 vs
water as relerence at 340 nm using a t-cm lightpath, -

Stabie al room temperaiure. "

The use of this solution is recommanded over watar as ralsrance In
the procedure, as it will bung the absorbance readings of the Tast into
a 7ange which can be more accurately read on your instrumani. The
concentration of ihe Potassium Dicnrgmate Solution may be incraasad
Of gecreased 10 suit your requiraments. ’

SPECIMEN COLLECTION AND PREPARATION

EBtood may be collected in any of the common anticoagulants such as heparin
or ACD! (Acid Citrate Dextrose salution, NiH Formula A or B), although ACD is
;prelewad.’ ACD Farmula B may be prepared as ioliows: diasolva citric acid
monophosphate, 0.48 g, trisodium citrate dihydrate, 1.32 g, anQ dsxirose,
1.47 g, In gistilied water and bring 10 a final volume of 160 mL. Usa 1.0 mL for
each 4.0 mi whote biood. Preliminary studies in ouwr laboratory indicate that
EDTA is aiso satistactory tor use as an anticoaguiant.

4

! .
When stored in the refrigerator, G-6-PDH is stabie in the intact erythrocyte for
{7 days in neparin,' and for 7 days 10 several wesks in ACD.>* The enzymae is
not s1abiz 10 @ hemolysate; thus freezing of the spacimen must be avoided.’

; .
Sincs acuvity Is reported in terms of number of RBC's or grams of
hemogion, the red cell count of hemoglabin concentration should be
determined prior to performing the G-6-POH assay. The intagrity at
erythrocyies collected in ACD is preserved even alter proionged starage so
that obtaning reliable red cell counts generally prasents no dilticulty.”
Howaver, red cell counts an specimens coilacted in heparin become
unreliable alter about 2 days.“ Thus, for hepannized samplas, it may be
praferabls (o report rasuits in tarms of hemagiobin concantration.

tntertering Substancas: Both copper, which complately inhibits the anzyme at
a concantration of 100 gmolil, and sullate ions (0.005 maoliL) interfere with the
test and wul rasult in dacreased levels of G-6-PDH activity. For tunther
intormation concarning intartenng substances, consull ing review anticle of
Youag, etal.*

INSTRUMENTS AND MATERIALS REQUIRED
Instrument: A narrow-bandwidth spectrophotomater, such as a Backman DU,
Giltord, Cary, Zeiss, eic., capable of measuring absorbance a1 340 nm (s
requirad for this procadure.

Equipment and reagents for parforming a red cell count of determining
hemogiobin concentration are aiso required. Sigma olfers procedure No. 525
for the Determination of Hemoglobin.
Materials:

Cuvets: Square, 1-cm pathlength

Pipets: 1, 5and 10 mL, serologic
10 4L, micropipet

Centrifuge
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PROCEDURE
The temperature of the reaction should be maintained at 30°C ur some other

constant temperature. Refer to “Temperature Correction Factors (TCF)"
Table 1.

-~

CALCULATIONS:

A. Caiculate the sA/min:

AAIMIN = FINAL A - INITIAL A
Using Single-Assay Vial Using Fiva-Assay Vial - 2
' . A B. Activity is expressed as U (Unitsy 10" erythrocytes ar, allernatively, as Ulg
1. 4} To: Onavial G-6-PDH Reagent, 1. a} To: One vial G-6-PDH Reagent, : hemogiobin
Stack No. 345-1 Stock No. 3455 ’
1. UNDY erythrocytes = —SAIMIN X 48390 yop

Add: 1.0ml water. Add: 5.5mlL water. N
b) Swirl gently and invert savarat b) Swirl gently and inveri several Where:

timas to dissolva contents. timas lo dissolve contants. » i

Wait 2-3 miautes and mix again. Wait 2-3 minutas and mix again. M = Hed cail count divided by 10

{8.g., RBC count = 4.5 x 10°, N = 4.5)

¢} Add 10 ,xL Test blood Mix Raagent is stable at ieast 5 days .

thoroughily to completely stored in the refrigeralor or TCF = Temperature Corraction Fagtor (TCF = 1.0a130°C)

suspand erythrocytes. tongar it frozen.

Let stand 5-10 minutes at raom ¢} Tocuvets marked Test 1, Tast 2,
temperature. 8ic.

Add: 1.0mb reconstituled

G-6-PDH Reagent. ‘ ’

Add: 10 4L Test blood. Mix
thoroughly to comgpletsly
suspend erythrocytes, Lot stand
§-10 minutes at room
temparature.

d

-

2. Add 2.0mL G-6-PDH Substrale 2. Add 2.0 mL G-6-PDH Subatrata

Solution, Stock No. 345-8. Solution, Stock No. 345-8.
Mix well and pour contentsinto a Mix weil by gently inverting cuvet
cuvet marked Test. several times.

3. Place cuvel in conslant lemperature cuvel companmaent or water hath at
30°C or some other constant tempserature tor approximately 5 minutes to
attain thermal equitibration,

4. Read and record absorbance (A of Test at 340 nm va a Dichromats Solution ~,
Blank, (See Reagent C, Reagent saction.)

This is the INITIAL A,

5. Exactly 5minutes later, again read and record absorbance. !

This is the FINAL A.

@,

. . 4839
, = _ 222 x [CF
2. Uig hemoglobin = aAIMin X Fibigial)"

*Proviously determined for gach spacimen.

Nota: i AA per minute i greater than 0.060, repeat detarmination using
5 4L blood and multiply results by 2.

For axplanation of calculations see "Results" seclion.

CALIBRATION:

This procadure is standardized on tha basis of the millimolar absorplivity (6.22
at 340 nm) of NADPH. Oxidationiconversion of subsuate (G-6-P) by G-6-PDH
feads 10 raguction of NADP to NADPH on a molar equivaient basis.
Measuremant of the rate of increasse in absorbance (A} at 340 nm serves (0
quantnala enzymatic activity. The maxium G-6-PDH activity which may be
maasuiad by this procedure is approximately 650 UN0* RBC or 19.5 Uig Hb.

The periormance characteristics of the spectrophotometsr should be
momnitored fraquently to assure.feliable readings. Calibration standards for
this purpose are ganeraily available from the instiument manufactuser of from
the National Bureau of Standards. For discussions of spectrophotomaetiic
principias, tha analyst i3 relecred to any good basic clinical chamistry lext.
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TEMPERATURE CORRECTION:

it the tamperature of the reaction is 30°C, no temperature corraction is

required in the calculalions. H the assay is pariormed at a temperature othar *-

than 30°C, a Temperature Corraction Factor (TCF) is used in caiculating the
#nzyme activity.

Tabie 1. Tamperature Correction Factors (YCF)

Cuvet Temp. Cuvet Temp.
‘c TCF °C TCF
20 1.90 30 1.00
21 1.76 K3 ] 0.94
2 1.66 32 0.89
23 1.55 X S 0.83
24 1.46 M 078
25 1.37 35 Q.74
26 1.28 38 Q.70
27 1.20 37 0.68
28 113 38 0.62
29 1.06 a9 0.58
QUALITY CONTROL:

Commaercially available quality control matsrial o! known activily should be
assayed concurrently with patient spacimens L0 assure proper pertormance
of the procadure. Alternatively, blood rom a known nommai donor may be
ussd for 1his purpose.

AESULTS

G6-PDH (U104 RBC) = AA/min x 3.01 x 101 -
) 00T X 622 x N % W X 1060~ '°F

= AAImMIn x Jﬁ%&.. x TCF

Where: 3.01 = Totai volume {mL}in cuvet
10 = Factor lor expressing activity in 10Y cells
0.01 = Volume (mL)of sample in cuvet .

8.22 = Millimolar absorptivity of NADPH
N x 10* = Number of erythrocytasimm?
1000 = Convarsion of red cell count from count per mm* 1o count

permL .
TCF = Temperature cortection factor (1.0 at 30°C)

-§-PDH (Liig HD) = i 100 x 3.0 o
G-6-PDH (Lig Hb) = aA/min x 00T % 6.22 X Hb (gidly x TCF

= inx 4839 . 1cF
AAJmin x Hb (/a0 x

Whaere: 100 = Factor {o convert activity to 100 mi.
3.01 = Total voluma (mL} in cuvet
0.0t = Volume (miL)of sample in cuvel
5.22 = Millimolar absorptivity of NADPH
Hb (g/dl) = Hemaoglobin cancentration
TCF = Temperature correction factor {1.0 &t 30°C)

Exampie;

Assay of a speciman which had a red call count of 45 x 10°mm* and a
hemogiobin concentration of 15.2 gldL resulted in 2 sA/min at 30°C 0f 0.028.

G-6-PDH (U0 ABC) = 0.028 x ._‘_8%9_. = 295

G-6-PDH (Uig Hb) = 0.028 x .‘%93.. = 83

UNIT DEFINITION:

One international Unit (U) is that amount of G-6-POH activity that will convart 1
muciomole of subslrate per minute under the condilions specified in this
bulletin. Activity may be exprassed in tasms of alther a standard number ol
cells or amount ol hemoglobun. Sinca it is the G-8-PDH actimty par cell thal is
important, tha former convention is preterred, despie the tact that it is
believed by some that red celi counts are subject 10 considerable
uncertainty.! Hemoglobin concentration may be determined with greater
accuracy, but the amount of hemagiobin containgd in a cel is under separate
genetic control and may vary independently ol G-6-POH activity.!

LIMITATIONS OF PROCEDURE

Refer to “Specimen Collection and Preparation” section lor intertering
substances. . : .

sy
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EXPECTED VALUES

Biood spscimens from 90 clinically heaithy adult males and fsmales were
assayed tor G-6-PDH activity at 30° C by the method dascribed in this bullatin,

NORMAL RANGE
U10"RBC Uig Hb
Adults (Mixed Population) 146 - 378 46-1358

1t has been determinad that G-6-PDH daticiency in red calls is tha basis lor
certain drug-induced hemolytic anemias.® This type of susceptibility to drug-
induced hemolysis is often calied 'primaquine sensitivity” because studias
which lad 1o its characlenzation were made during investigations ol the
hemolytic properties of this antimalarnial compound.

Rad cell G-6-PDH deticiency has been tound in about 13% of American Negro
maies and in about 3% of Amarncan Negro {emales. The moda of inharitance
is X-linked, but not transmilted as a SIMPIB autosomal or sex-linked dominant
trait. Erytheocytes trom males ara either normal or delicient. Two call
popuiations may be present in the female helesozygotle, resulting in an
intarmediate anzyme dehiciency.

The incidencs is also high among other racial and sthnic groups, such as
Sardinians, Graeks, Sephardic Jows and othars.>**'® A vary high lrequancy ol
G-6-PDH deticiency occurs among subjects with sickie cell trait.”

Tarlov ot ai. points out the importance of identilying individuals with this bio-
chemical defect as an aid in the selection of therapeulic agents. Severe
hemolylic anemia may resull in these individuals when they are givan many
commonly used drugs. This defect should be considered whenaver an
otharwise unaxpiained case ot hemolytic anemia is encountered. R
Among subjects of Mediterranean ongin, it has besen found thal the degrea of
enzyme deficiency i3 more severe than in Negro subjects.'’ in soma
Caucasians, particularly among Sardiniang and ltahians with G-6-POH
deficiency, ingestion of fava beans rasults in a severe and sometimes fatal
hemolytic reaction (lavism).' The majority of subjects wha have demonstrated
G-6-PDH deficiency are ciinically normal until exposed to one of numarous
drugs {anumalanal drugs, suita drugs, ascarbic acid and others).'«The
hamolytic spisodes that follow may e seit limiting. In other words, loliowing
an acute episode, essenially full recovery occurs untit a new attack’is
brought about by an wihiating agent.' In rarer instancas, G-6-POR daticiency
may be a contributory factor to hamolysis observed in patients wilh hereditary
nonsphefocylic hemolytic anemia, in which cases individuais may undergo
congtant hamolytic crises.

SPECIFIC PERFORMANCE CHARACTERISTICS

Reproducibiity: Ten replicale assays of both normal and abnormat biood

sampies yweidaed standard deviatwons of 9.4 and 7.2 UL and coetticients ot
vanahon of 1.5 and 2.4%, respectively, with means of 817 and 303 U/L, Eleven
replicats assays of a normal blood specimen over a J-day period produced a
maan of 298 U/10'? RBC with a standard deviation of 13.5 W/10* RBC and a
coefficiant of variation of 4.5%. .

Sensilivity: Assuming the limit of sensitivity 1o represent a change in
apsorpance at 340 am of 0.00Vminute, a G-6-PDH activity of 0.4 Uig Hb or
108 W10 ABC may be detected using this procedure (assuming a
hemogiobin concentration ot 12.0 g/dl and a red cell count of 4.5 x 104 mm?),

Speciticity: The oxidation of glucose-6-phosphate by G-8-PDM is specilic. Any
nonspacidic tormation of NADPH dus 10 oxidation of other substrates by
endogensus enlymes occurs dunng ihe premncubation pariod.
6-Phosphogluconale denydrogenase is complately innibited by maleimide 1
the reagent sysiem,” preventing formation of additional NADPH which might
otherwise occur through oxidation of the 6-phosphogluconate produced in
the iutial reaction. .

Correlation: Results oblained by the method described in this bulletin wera
compared with (hose obtaned when the same 27 specinens were assayed by
a modification of tha method of Marks.'® Companison 0f these data yielded a
linear regression equation withy = 1.47x - 0.26 and a Cocrelation coatliciant
ot0.8081.

SIGMA does not interpret the resuits of a chinical taboratory procedure; thiy
is considered the responsibidity of qualitied medical personnel. All indicatians
of chaical signiticance are supported by literature reterences. Pubticatian of
this bulleun does not, in itself, imply a recommendation for any specific
chnical apphcanion.

At SIGMA products are sold subject to the Terms and Conditions of Sale
which appear on tha invosce and/or packaging shp.
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Sigma Chemical Company
P.0. Box 14508
St Lowss, Missouri 63178 U.S.A,

PRICE LIST No. 345-UV
as of June 1880
Reagents for the Determination of
GLUCOSE-6-PHOSPHATE DEHYDROGENASE
Per Sigma Technical Bulletin No. 345-UV

l KITSi

Contents —Stock Numbers
G-6-PDH REAGENT | G-6-PDH
PRICE Single Five | Substrate| Potassium
Max. | US. | UK. | Assay Assay | Solution |Dichromats
Kit No.| Assays 3 £ 345-1 345-5 3458 PD-3
345-A 20 18.00{ 11.93 | 20vials 50 mi 1 vial
fe=84) .
3458 50 26.00{17.23 1Qvials | 2x50mi 1vial
%)

Stock Numbars 345-1, 345-5, and 345-8 are availabie in kils only and cannot ba
purchasad separataly.

| INDIVIDUAL REAGENT |

us. | UK
Stock No itam Quantity $ £
PD-3 Potassium Dichromatas, 3 mgivial 1vial 0.50 0.33

Satistaction is always guarantesd when you use SiGMA Reagents.
Vel
Phans v;én.z ) 3 %) ®
1-800-325-301 L.._._l
Continentat U.S.A (Exci. Mo.) N ’ N | M A
Or Phone Collect
Orders: 1147715150 CHEMICAL COMPANY
Fiom Anywhsie in ine Word PO BOX 14508, ST. LOUIS, MO 8118 U.S.A.

Yoch. Service: 314-771-5788
Oistesbuted Wiough:

HGMA LONDON Chem Co. Lid. « Feacy Rusa. Poote. Dorsel, BuiJ et Sagisnd
Tolephone: DI02-733134 {Raversa Chatyes)

HOMA Chonis Gmbll MUNCHEN « Am ?, o-e02t hea, W, 9
Talopbone; O89/6 12 10 &8 (Reverse Chargea)
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TECHNICAL BULLETING LISTED 1M ALPHABETICAL OADER
The FRLYY P fiet Of Dubieting that are provided by SIGMA s of May, 1979

ADEHOSING-S’ Jmmosmus {ATP) — Ultravioiel enzymalic proceduis. 06 coveunn NO. IVB-UY
blood. af 340 n phos-
phate aonyomqonm anzyme coupled system.

ALBUMIN — Coloameinc procadurs; 10 serum. at 825-635 am. Sased on anoa ... No. 630
nding capatily of alburmin 1or Diomeresol grswn.

ALCOHOL, ETHYL (ETHANDL) — | nZyMmatic p . tor piood, ... e NG VLUV
S6/wm or piasma. a1 340 nm.

ALDOLASE — Cmonmcmc piocoduu o7 serum, 3¢ S00-380 nm. Basad on Sibiey ... NO. 780
L d which hydrazone of Hioses tormad iom :
hucmwl §-diphosphisle

ALDOLASE — Colonmetsic prowuu for sarum, at 520600 nm. Maoditicatian o(

an

Algolase Procedurs N, 750, Q 0 P
COI0r Yiabitity
AMMONIA ~ Uligviolet enzymatic procedure. for pusma a 340 nm. Based on ......... No. 170UV

the convasion of aretoglulstale and
of ghulamate denyaIogenass

AMYLASE - Colgnmetne procedure, 107 serum or urine. Based on visusl cbssve. No. 700
uon ot the stacch-adine cator change.

ANTITHROMBIN 11 (AT-HI) ~ Ciothng bme method 101 PLASMS MPDIGYING ... Ho. 855
ATHOXIN® {Boihrops atrox venom) 101 Gehibnnalios

ATROXIN® — Ciotting tune metnad tor plasma using SoinraPs 10X 4NAKE VNOM. ......... No. 848

Usetul 1of setermining Cioiatihity of Plasma 11om hepanmied palients.

BILIRUBIN —— Two colonmatic piocedures. 1ol sarum of plasma. at 600 am. ... No. 805
Mainod A, for nar dth spsc h .13 Dased on milimolar
sxuncion costhcient of alaine Houtin M a 8, for wide-d
ALHCHOPHOIOMSISIS, THQLITES UBE O & Dilirubin ralsrencs 107 Cahbishion
Purposes

BIOGLUMINESCENCE D(MONSTRAT!ON PROCEDURE Vimbie ight s produced
a3 2 fesuMl Of the ATP and Laf OXYygen, Cate-
Iyzea by luCiterase {uses desicoated fireliy 1ais a8 30urce Of luGiienn ang uc-
tacase) For research uss only.

CALCIUM — Coloometne procedure. tor serum of piaama, &t 570-875 am. Based ......... No. 58§
on ¢ color

CALIBRATION PAOCEDURE FOR WIDE BANDWIDTH SPECTROPHOTOMETERS ......... No. 30-UV
— For (sactions wwaiuing N/ NADH and NADPH, gt 340 nm. Desciibes a method

No. 2-FF

for <o g wide b dings toe dect use i Caicular
nons For rnwa'ch use only
CARBAMYL PHOSPHAYE andior ORMITHINE — Colonmetnc PrOCedure; 8f oo No. 22
450 am Measutas Sitosiline tarmed Dy action ot carbamyl
For eseasch use onty
CHLORIDE — Ti § angs 101 sarum, plasma. uting .......... No. 830

af Carwbrospinai !lum

CHOLESTEROL, TOTAL — Enzymalic procsdure; 107 senum 0f plasma, 81 500 nm. ... No. 350
Empioys 4 Cholestero] aslerase/ondase system.

CHOLINESTERASE — Cotanmaetng pacaduia; (00 serum Ge plasma. st 400-440 nm.
Measures acelic ATid hbersted oM acetylcholins

CREATININE — Colonmatne procedure; 105 Serum, plasma of urine, at 490-510am. ......... MNo. 585
Moaded Jatta L avaids

CREATINE PHOSPHOKINASE (CPK Colonmomc piocecuse, {01 S85uUM, ... No. 661
plasma of cerebrospingl thaa. at 7'1)
ieisased om phosphacreanne

CREATINE PHOSPHOKINASE (CPK) — Colosmstne procedurs, 100 seum of ... No. 520
plasma, st S00-540 nm Creuuns from ] 3 :
wilh w-naphtnol and discetyl 1o form & red complex

CREATINE PHOSPHOKINASE (CPK) — Ullravialet kinshic procedura; tor sarum, ... NO. 45-UV
ptusmn Ol utemospmn ftuid, 8t 340 nin. Employs Mxokm‘wwuws&&

1T coupied Y system. Al

prralandumzm] n A sngie viat

CREATINE PHOSPHOKINASE (CPK) & 680(«1"&58 ~ Calonmeuic procedurs ... No. HEEP
tor selecting CPK soenzymes. 9 PLUN
Bassu 0N raducton ol Leraniirobiue taliazolium

CR!A\"NE PHOGPHOKINASE (CPK; ISOENZYMES ~ FluQromediic Pproceduif ... NG. T45-EP

CHK N AgMOee geis.

. No. 420

v phos

M o 10 HuQreacence of 1educed NADP.
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CYTOCHROME OXIDASE — Histochamical procedure. 10f rozen Lssue 38Ctions. No. 185
Basad on the Burstons procadure. For research use only
13- DIPROSPHOGLYCERIC ACID (2: W) - Ullmvmlo! enzynahc procadure; o NG 35UV

tor myiiocytes. at 340 am.
Qlycernts
Coupied sysiem

Ll-Du’NOSPNOGLVC!mC ACID {2.3-0PG) —~ Colonmetnc procedurs; for enpy

Y Qly

iy b4 o yaay ¥y

hiocyies, #t 620-700 P by sciion of phos
phogiycenm muuu

ENOOCTORING ~ tae the o of grar QUL ... HNo. 219
Daclenai ondolmmn ror 183881LT ULE DNy

ESTERASES — Cylocnomucu gamonstration, 101 DIGOd, bong Marow O Heaue. ... Mo 80
Based on v of ASO of arnaphthyl acetsts. Foc
ressaich use only

FACTOR 1 (PROTHROMBIN) — Goe-stage cloting tume assay (ar plasas smploy- ... No. 8270
g Facion it and Vi gehicient plasma

FACTORS it, Vil AND X (PROTHROMBIN AND PROCONVERTIN) — One-stage ........ Ko 837-100
clotting ime aasay lof plasma emplaying Factors U, Vit and X deticierd plasma.

FACTOR V¥ — One-slage clofling ime assay o/ piasma empiaysng Facior V de- ... . 85D
ficient piasma

FACTOR Wil (PROCONVERTIN) — One-stage cioting btme aseay 107 DIASMS ... No. 870

empioying Facior VIl aeticient plasma. For reseaich use onty

FACTOR X {STUART-PRAOWER} — One-stage clotung time assay (07 plasms sav
ploping Faciors Vil ang X gelicient plasma.

. 87100

FEYAL HEMOGLOBIN — Histochemical acd slulion procedute. for biood smasrs. . Mo 285
FIBRIN DEGRADATION PRODUCTS (FDP} — A visual samy- quaniisive aums- No_ 35
HON ., N sstum. Dy the " occal cail g ! uonnnquc
FORMIMINO-L-GLUTAMIC ACID {FIGLL) — U G P o, NG 385UV
tor unne 4t appoxumataly 365 nm
GALACTOSE-1-PHOSPHATE URIDYL TRANSFERASE — UIVaviiiel procecurs, ... No. §00-Uy
101 et yihrocytes. at 40 nm Measures rate of consumption of undne diphoe-
pragiucose {UDPG) For tesearch use anty.
GALACTOSE-1-PHOSPHATE URIDYL TRANSFERASE DERICIENCY — Fiuores No. 186
cence sCrwening procadule. 101 ecyihioCytes Aate of NADPN formation 18
ADISS by wisual CDSMIVALON ©f iNCreaung Huo @
witraviole {Diack) hight.
GLOBULIN, TOTAL ~ Cailorwnatnc praceaura; tod secum, st 550-570 nm. Suld [ ]
on the moahcnhoﬂ of riopuina-Cole reaction for irypiopnan.
s N 118

GLUCOSE — Colanmatnc snzymalic proc.dum tor umm of plasma, 81 520 nm.
Based on the uss Of e YOG
snrymes. coupisd wih Ihe reduct 01 10 produce 8
colared INT tormazan

GLUCOSE — Colonmetnc procecule, Ior DIOOD. plasma OF 3srum, at 425475 am. ... No. 510
Empioys giucoss oxid and with o a8

GLUCOSE — Coionmetnc procecure. 101 DIOOG, PIaSMs oF serum, ot msso M . WO, 838
Based on o-toiuitine Coior uacnon

GLUCOBE — durs. (0¢ serum. plasma, Carsbospntl ..., No. 1LV
TG anG unne, 81 340 am. Emp)oyn naxok g 6-p . Y
genase coupiad enzyme sysiom. Al reag y o

N a mngle vt 5

GLUCO‘!—&PNOSPNAT! DENYDROGENASE {G-8-PD) —~ Semguanlilaive ... NO. +bo
. tor aty Based on visusl cbesrvation of
mcnwmpn«w ndophenal dys mcommmm
GLUCOSE-#-PHOSPHATE DEMYDROGENASE tOJ—PDﬂ) Oumnmam Uit .. NGO ALY
woisl wnelc procedure tor DI0od &t 340 am trom &
giuconae yOIog 16-PGOH) 19 G Dy usk OF B $HOCIRI MBS
GLUCQSE-4-PHOSPHATE DEHYDROGENASE (G-8-PO) DEFICIENCY ~ Fludre ... No. 202
SACENCH SCISMING PIOCHALS; 101 siythiocytes Rute of NADPH ioimaton s
AOLEd by visual at o e UNOr oG wave uite -

vioinl hignt
BOLUCUROMIDASE — Colonmeinc procadure, $0f sarum of uiine, #1 550 nm. ... No. 338+
Based on ot [l !

mono- G glucuromnc acdd

PGLUTAMYL TRANSPEPTIDASE (OGTP) — Colonmeinc procedure. 1or satum ... NO. 548
or plasma. Al 545 nm. Based on ol p ke i lrom
ygtamyl-g-uirosnide. .

yOLUTAMYL THRANBPEPTIDASE (GATP) — Kinetic ptocwuu for serum ar
playma. #1 305 nen. Bused o rate of | ol pr from ygi
Pefulrcanhion

GLUTATHIONE REDUCTASE DEFICIENCY — Fi
tor ecythracytes. flate of NADPH consumplion & notad by vmuu obuwmon
©f 1083 in HLOIBILENCY uider 10NY wave
0ty pie siyndardizeg i & Bngls visi

“QOO0" BUFFERS — A senss of atune outlers with & pH range of $.5-11.0. For
F88eRTCH Las only

HOL CHOLESTEROL AND TOTAL CHOLEST[ﬂOL - Enxvmahc procedurs, tor
serum at 500 am Fol g selective D of hpop {LOL and
VLDL) with Mg+ 9 in WL 1 » deted-
mined enzymaticaily

HEMOGLOBIN — Colorumene procedurs. 107 whols biood. at 540 nm Employs ...

modiied Drabiin 3 solubon and a stable, ireaze 0580 MmainemMoQIobin Standard

HEPARIN ~— A quantitative clotung grocedure; for plasama. Based on hepanas ...

aitect on activated Facior X (X&) inmititors

HISTOPAGUE %1077 — A soiuhion contmnung Ficoll #nd Soaium Diatnzoste. Facik ...

1Hates the sclabion and recovery of viabie lymphocyles from bigod.

aHYDROXYBUTYRATE DENYDROGENASE o-HBD) ~ Ultraviolel Kinatt. pro- ...

cadura tor serum . al 330 am

aHYDROXYBUTYRATE DEHYDROGENASE {arHBD) — Colonmeinc proceduis ...

tor serum, 4t 400-550 nm Based on measwement ot hydrarone denvalive ol
fesidudi SuUDslvate. o katobutyrate.

INORGANIC PHOSPHORUS — Colonmetnt procsiure, 1o¢ druM o0f unne, &l ...

620-700 nm Based on the Fiske and Subbafow procedurs
IRON AND TOTAL IRON-BINDING CAPACITY — Colonmatne procsdurs; for

serum. at 560 nm Bused on the reaction of lerrous 10hs with ler1ozine 10 piro-
duCH & Maganta CoioIed COmptex

ISOCITRATE DEHYDROGENASE (1ICD) — Calonmnnc procedurs, 107 sefum, .. ...
t ol

at 380-400 am  Basea o0
Qlutacate tormed frorm 1sacirate

¥ al of arnetor

1BOCITRATE DEHYDROGENASE [ICD) ~ Uliraviclel kineuc procadurs, tos serum, ...

at 340 am

11-KETOSTEROIDS {17-KS) — Colonmeinc procedure; 1o unine, a1 $20-550 am. ...

Based on ins Limmermann i sachion

T-KEVOSTEROIDS (VT-KS) — Colonmomc procedurs; !nl unne, u 680 420 and ..

560 nm. Based 0n & I raped
(saction

- +FLACTIC ACID -~ Uilravioldt enzymanc procadure; 1or blood. at 340 nm.

LACTATE DEHYDROGENASE (LOH} — Colonmetnc procedud. 100 Serum, ynng ..

or carsbiospinal Huwd st 4D0-550 nm Based on the Berpe:-Browda methoo.
LACTATE DEHYDROGENASE (LON} — Utiraviciet linetc procedure, o0 seum,
at 340 nm, Based on meinod of Wacker ot &l

LACTATE DEHYDROGENASE (LD#H) — Ultravioiet um-uc procedure, for serum, ...

a1 40 nm Bassd on the Wioblewski-LaDue mathod.
LACTAYE DEHYDAOGENASE (LDh) ISOENZYMES — Colonmatnc procedure

on calluiote ecelnm of agi geis. Based on the
seguction of l.hamlmo)uo tetrazohum.

LEUCINE AMINOPEPTIDASE {LAP} — Colonmeinc woctduu tor sarum ang ...

utive, 8t S40-620 nm Mowhceuon of the Goldbarg & 9P

LIPASE — Tunmaeine procadurs; 1of serum l&qm.-hou method) Based on Wirg
Uon ot ibeated fatty dc1ds (rom a standardized clive i substrate.

cmieae NG 190

e M9, 107
,,,,,,, M. 350-HOL
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MALATE DEHYDROGENASE {MDH) — Uilravioigl unelic procoadure; 1or ssrum, ...

#1 340 nm Based on the Siegel-8ing mathod.

MWBT BLOOD YEST — rustochemical procedure. 167 Dbood smaoars Bussd on 1$8UC ...

ton of NBT o mghly 01ed tormazan by i 88 10 the p/
af b, Fae ute only.

3 -NUCLEOTIDASE ~ Colonmutng procedure, 104 secum, a3 550 nm. Baseo on
the Dixon and Purdom method.

OANITHINE angior CARBAMYL PHOSPHATE — Colonmetic procedurs. af ...

480 A Measures Citutling formed by (he acton of ortittung carbamyt Yans-
farase. FQr resaacch use only.

ORANITHINE CARBAMYL TRANSFERASBE (OCT) — Cotonmetnc procedura. 107 ...

Becum . at 400-420 nm. NeSRIMIZALON Of MMMONE 10/Med oM JECoOMPONRLON
of cashamyl stsenals.
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SUMMARY AND EXPLANATION OF TEST

The dehydroganases constitute a group of enzymas that catalyze
biomolecular oxidation-reduction reactions between a metabolite and the
pyridine nuclsotide system. Lactate Dehydrogenase (LD, vilactate: NAD
oxidoreductase, EC 1.1.1.27) calalyzes thae interconvarsion of lactate and
pyruvata with NAD as the hydrogen acceptor.’ The enzyme is widely
distributed in animal tissuas with the highest concentration presant in the
liver, heart, and skaletal muscles.2 Acute destruction of tissua results in the
rateasa of LD into the blood. Serum LD leveis bagin to increase about 8 to 12
hours foilowing myocardial intarction, and the lave!l remains elevalsd for 7 to
12 days.3 In myopathic diseases such as pseudohypertrophic, facio-scapular-
humorat and limb-gudle muscular dystrophy, values 30 times normal may be
present.4 Eievaled levels of serum LD aclivity are aiso observed in cirrhosis ot
tha liver, hepatilis, hepatoma, hepatic metastases and toliowing puimonary
empolism 5.8 Leukemia, lymphomas, and various other neoplastic diseases
contribute to the long list of gathologic conditions that are accompanied by
increased serum LD levais. 789

LD activity in serum is usuaily determined either colorimsiricsily, by
compiexing the pyruvic acid producad with a chromogen,’ or by an
uitravioiet {UV) kinetic method based on the rate of NADH formation or
disappearance. Since LD catalyzas the intarcanversion of pyruvate and
lactate, under controlied conditions either reaction may be used to assay LD
activity kinatically. The tirst UV Kinetic mathod for the determination of LD
activity in serum, described by Wroblewski and LaDue,'? was basad on the
classical assay of Kubowitz and Ot(,12 utilizing the pyruvate to lactate
reaction. Although this reaction is kinetically more rapid than lactate to
pyruvate there are favorable aspects of the latter which suggests it as the
preferfed method.'3 No preincubation of serum with reactanis is required,
and the reaction is linear over a wider range of enzyme lavels, thereby
minimizing the need for reassaying sera with high LD activities.

The method described in this bulletin is based on the lactate io pyruvate
feaction described by Warbueg et al., in 19351 and later by Wacker et al ¥4
Reaction conditions have been optimized 1o provide greater sansitivity and
linearity over a wider range of enzyme activity, '

An elactrophoretic technique tor datermination of LD iscenzymas is cutlined
in Sigma Technical Bulietin No. 705-EP. Also available are colorimetric and UV

kinetic procedures based on the pyruvate to lactate reaction (Sigma Technical
Bulletins No. 500 and 340-UV, respactively).

PRINCIPLE

Lactate Dehydrogeanss (LD) calalyzes the following reversible oxidation-
reduction reaction:

Lactate + NAD e—hl o  Ppyruvate + NADH

Formation of NADK is accompanied by an increase in Absorbance at 340 nm,
the rate of which is proportional to sesum LD activity.

Abbievialions:

NAD ~ Nicotinamide adenine dinuclectide
NADH ~ Nicotinamide adenine dinucieotide, reduced form

REAGENTS

For in Vitra Diagnostic Use
See Price List saction for reagent pricing and packaging configurations

A. LD-L REAGENT A

Stack No. 226-2 Stock No. 226-10
Contains: §-NAD . 32umol 153 ymol
See “Procedure’ sections for reconstitution insiructions.
Store in refsigerator at 0-5°C. Reagent label bears axpiration date.

B. LD-L REAGENT B, Stock No. 228-1

Contains t-Lactate, 60 mmolll In Tris Butfer, 106 mmolit, pH 8.0, 30°C.
Ais0 contains Sodium Azide, 0.05%. See warming below.

Suitable for use in the absenca of visibie microbial grawth,
Store in retrigerator a1 0-5°C.

C. LD-L. REAGENT B CONCENTRATE, Stock No. 226-3°

Contains v-Lactats, 74 molil. and Tris Buflar, 132 mmolil, pH 8.0, 30°C.
Also containg Sodtum Azide, 0.05%. Ses warning below.

Suitable lor use in the absence of visible microbial growth.
Gtore in refrigarator at -5°C.
*For cantritugal analyzers
WARNING: Stock No. 226-1 and 226-3 contain Sodium Azide. Sodium Azide
may react with lead and copper plumbing 1o form highly

explosive metal azides. On disposal, flush with a large volumae ot
waler 10 pravent azide bulidup.

OPTIONAL

SIGMA ENZYME CONTROL 2-N, Produci No. § 2008

An assayed prepasation containing sevaral anzymas, lncludiag LD, at normal
tavals,

Store in refrigerator at 0-5°C.

40z
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SIGMA ENZYME CONTROL 2-E, Product No. § 1008

An assayed preparation containing several enzymaes, including LD, at elevated
levels.

Store in refrigerator at 6-5°C.

SPECIMEN COLLECTION AND PREPARATION 8,17

The patient shouid be in the fasting state and, if possibie, not have been
engaged in strenuous exercise. Biood must be obtained with minimum stasis
to prevent spurious elevation of serum LD originating trom muscie celis,
Prolonged clotting in plastic tubes can vesull in latraceliular snzyme leakage
trom bload components. Theretore, blood should be allowed ta coagulate in
glass tubes.

Hemotysis must be avoided. Ssrum should be used rather than plasma to
prevent possibie inhibition of LD by anticoagulants. Heparin {3 not an
inhibitor of LD, but plasma obtained with this anticoagulant may exhibit
factitiously high or low LD activity depending upon the degree of platelet
destruction. i heparinized plasma must be used, the sampie should be
centrifuged at 1200 x g tor at least 10 minutes.

Stability:'® When the test is not parformad the same day, sarum shouid be
stored at room temperature and assayed within 10 days. Samples must not be
frozen or exposed 1o temperatures above 37°C, since thermoiabile LD
isoenzymes wili be inactivatad.

Interfering Substances: Administration of certain drugs ang medications has
besn shown {o influsnce serum lavels of LD activity. A comprehensive raview
has been prepared by Young, st al.1¥ and should be consuitad {or further
spacitic information,

INSTRUMENTS AND MATERIALS REQUIRED

instrument: A narfow-bandwidih spacirophotometer capable of msaasuring
the absorbance at 340 nm i required for this procedure.

Materials:

Cuvets: Square, 1-cm lightpath
Pipets: 0.1, 5, and 10 miL graduated
Graduated cylinder, 50 mi.
Centrifuge

Timer

MANUAL PROCEDURE

The temperature of the reaction mixture should ba maintained at 30°C .

or some other constant temperature. Refer to “Temperature
Correction’ section.

1.To: LD ReagemA " To: LD-LReagentA,

Stock No. 226-2 Stock No. 226-10
Add: 6.5mL LD-L AeagentB, - Add: 31mL LD-L Reagent B,
Stock No. 226-1 Stock No. 226-1

2. Cap vial and invert several limes until reagent |s completalyi

dissolved.

Raconstituted reagent I8 stable for 8 hours at room temperature,

5 days in the re(ugata(ot at 0-5°C or at least 7 days stored below
0°C.

3. Pipat 3.0 mbL of above tea,gent into cuvet and bring to reaction

temperature.
4. Add 0.1 mL specimen. Mix by inversion.
5. Piace cuvet in constant temperature cuvet compartment at 30°C.

8. Read and racord the absorbance {A) at 340 nm vs water as relerence.
This is the INITIAL A,

7. Exactly 3 minutas later, again read and recard the absarbance.
This is the FINAL A.

CALCULATIONS:
AAperdmin = FINAL A — INITIAL A
LD-L (UL) = AA perImin x 1660 x TCF

NOTES:

1. it AA per 3min is greater than 0.300, rapeat the tast using 0.05 miL. oi
sarum and multiply your resulits by 2.

2. You may demonstrate that the reaction is linear by taking readings
at 1-minute intervals after the INITIAL A. The absorbance chanqes
for each minute should be essentlally the same.

3. if a recording spactrophotometer is available, the tima required 1or
the delermination may be considerably reduced. Obtain the AA per :
minute directly from your curve. Then, muttiply AA perminx 3.

- 80¢



CALIBRATION:

This procedure is standardized on the bagis of the millimolar extinction
coetficient ol NADH, taken as 6.22 at 340 nm. Formation of pyruvate in the LD
reaction is accompanied by the reduction of NAD 1o NADH al a rate
propontional 1o the LD activity present. Measurament of the resuiting increase
in absorbance (A) serves to quantitaie L.D enzyme activity.

The performance characteristics of the instrument should be frequently
monitored to assure reliable readings. Calibration standards for this purpose
are genarally available {from the instrument manutacturer or from the Natlonal
Bureau of Standards.

At 30°C, the lowest and maximurm practical limits of LD activity that may be
measured i3 approximately 10 U/l and 500 UL, respectively.

TEMPERATURE CORRECTION:

it the tamperature of the reaction is 30°C, no temperature correction I8
raquired in the calculations. i! the assay I8 partormad at a temparaiure other
than 30°C, a Temperatura Corraction Factor (TCF) ia used in calculating the
anzyme activity.

Table 1: TEMPERATURE CORRECYION FACTORS (TCF)

Cuvet Temp. Cuvet Temp.
*C TCF ‘C , TCF
20 . 2258 30 - 1.00
21 - 207 k3 0.92
22 - 191 2 0.86
23 v 1.76 33 079
24 « 162 34 . 0713
25 . 149 - 35 s 068
26 t 137 34 + 063
27 n2? 37 + 0.59
28 - 117 38 » 0.54
29 . 1.08 39 . 050
QUALITY CONTROL:

Commaerically available quality control material of known activity should be
assayaed concurrently with patient specimens to assure proper periormance
of the procedure. Sigma Enzymae Control, 2-N, Product No. 5 2005, and-Sigma
Enzyme Coatrol, 2-E, Product No. S 1005, are assayed preparations which

cantain several enzymas, including LD, in the narmal and ¢levaied ranges,
respactivaly.

RESULTS, MANUAL PROCEDURE

LD-L (Uit = = AAJImin x 1860 x YCF

8.22x0.1x3

Where:
AAI3min = FINAL A — INITIAL A
3.1 = Total reaction volume (mL)
1000 = Conversion of activity from Uimi. to Uil
TCF = Temperature Correction Factor (TCF = 1.00 at 30°C.
For other temperatures see Table 1)
6.22 = Millimolar absorptivity of NADH at 340 nm
0.1 = Volume (mi)of serum in cuvet
3 = Conversion of AAI3 min (0 AA/MIN

NOTE: H your cuvet does not have a 1-cm lightpath, divide your results by the
actual lightpath (cm).

Exampie: The lollowing absorbance values were obtained using a 1<m
lightpath at 30°C. .

INITIAL A = 0.320
FINALA = 0.429
AAJI min = 0.108

TCF = 1.00

LO-L (UA) = 0.108 x 1660 x LOO_ = 181
UNIT DEFINITION:

One International Unit (U) of an enzyme will transform 1 micromole of
subsirate per minute. International Units obtained by this procedure cannot '
be compared directly with international Units obtainad by another procedure
uniess methods and reaction conditions are the same.

LIMITATIONS OF PROCEDURE

Retgr to "Spacimen Collection and Preparation™ section for interfering
substances.

EXPECTED VALUES

Serum spacimens from 130 clinically heaithy adult males and lemales ware
assayed lor LD activity by the mathod described in this bulletia.

NORMAL RANGE
Maies 5010 166 Uit {30°C)
80 10 285 UL (37°C)
Females 60 10 132 UIL (30°C) ]
103 10 227 UK. (37°C) 8




DISCRETE ANALYZER PROCEDURES

ABBOT BICHROMATIC ANALYZER (ABA)-100

REAGENT PREPARATION

LD-L REAGENT A, Stock No. 226-2 (=~ 25 ABA Assays)
Reconstitute 1 vial with 6.5 mL LD-L Reagent B, Stock No. 226-1.

LD-L REAGENT A, Stock No. 226-10 (= 120 ABA Assays)
Aeconstitute 1 vial with 31 mL LD-L Reagent B, Stock No. 226-1.

Reconstituted reagent is stable for 8 hours at room temperature, 5 days in the
setrigerator at 0-5°C or at least 7 days stored below 0°C.

INSTRUMENT SETTINGS AND CONDITIONS

Fiitars 360/340 L
Temperature 3001 37*°C
Modae Seiector Rate
Raaction Ditection Down
Zero + 0BOG
Decimai DOGGO
Syringe Plate 151
Sampie Size Sab
Carousel Revolution 3
Incubation Time Smin
Calibration Factor 5100
FF

FF = Filter tactor derived tram tha molar axtinction of NADH with the
spacitic titers used. The specitic FF I8 racorded an each tilter sel.

PROCEDURE
1. Fill the syringe plate with reagent enguring that thare are no air bubbles.

2. Place approximately 50 L ot water in cup 01 and 80 4L controi aera and
samples in subsequent cups.

3. Attach reagent-sample probe to the end of the boom arm. Adjust carousel
10 position 00. -

4. Depress the STOP and then the AUN button. LD resuils in Uik will be
printed out during the Jrd revoiution.

NOTE: Samples with values printed in red should be diluled with an equal
voluma of saline and reassayed. The printed results are muitiplied by
2. ' ’

DISCRAETE ANALYZER PROCEDURES

ABBOTT BICHROMATIC ANALYZER (ABA)-100 (Conlinued)

RESULTS

Explanation of Calibration Factor (CF): CF = 5-;»29

The Factor 5100 s derived as follows: 38x.0.229X 1000 _ 5509

5x0.005

Whaere:

0.5 = Scaling factor used to obtain A

0.255 = Total reaction votume (ml.)
1000 = Coqnversion from Uimb to UL

5 = Time intervais (min)

0.005 = Sample (mL)

For exampla, If the FF on your tilter get is 4.61: CF = g-‘-é’? = 1108

Approximaie
Kit No, ABA Agsays
226-A 375
226-8 1200

18] X7



DISCRETE ANALYZER APPLICATIONS

REAGENT PREPARATION

ABBOTT VP

LD-L REAGENT A, Stock No. 226-2, (= 25 VP Assays)
Reconstitute 1 vial with 8.5 mL LD-L Reagent B, Stock No. 226-1.

LO-L REAGENT A, Stock No. 226-10, { = 120 VP Assays)
Aeconstitute tvial with 31 mL LD-L Reagent B, Stock No, 228-1.

Reconstituted reagent is stabie for 8 hours al room temperature, 5 days in

refrigesator at 0-5°C, or at least 7 days stored below 0°C.

INSTRUMENT SETTINGS AND CONDITIONS

Tast Number

Test Name
Yamperature

Filter Value

Unit of Measurement
Oitution Ratio

Rav Time

Aux Disp

FRR?

Reaction Up?
Standards

Reagent Blank

Assay Faclor

End Poim?

Begin Print Revolutions
No. Print Revolutions
initial ABS

Up Limit

Substraile Depletion
Reagent Degradation

Enter a tost number Code
that does not currently XX
axist in the VP's P-lila.

LD 15
3001 37°C 30ord7
3404380 43
un 1
1ot 101
2 2
No N
Yes Y
Yoa Y
No N
Yas Y
50500 50500
No N
3 3
1 . 1
0.36 * .36
Yes Y
0.4 A
50 50

DISCRETE ANALYZER APPLICATIONS

ABBOTT VP {Continued)

PROCEDURE
1. Fill the syringe plate with reagent enauring that there are no air bubbles.

2. Place approximately 50 4L of water in cup 01 and 50 ul. control sera and
sampies in subsegquent cups.

3. WASH/PRIME as described in operations manual.

NOTE: When LD activity exceeds 800 U/L, dilute sampie with squal volume of
saline, repeat assay and multiply results by 2.

Appraximate
Kit No. VP Assays
226-A ars
226-B 1200

Lie



DISCRETE ANALYZER APPLICATIONS

INSTRUMENTATION LABORATORY MULTISTAT Hll (MCA)

REAGENT PREPARATION

LO-L REAGENT A, Stock No. 226-2 (= 25 MCA Assays)
Reconstitute 1 vial Reagent A, Stock No. 226-2, with 5.2 mL LO-L Reagent B
Concentlrate, Stock No. 226-3. Cap viat and Invart several times until reagent
is completely digsoived.

Reconstituted reagent is stable for 8 hours at room temparature, 5 days in the
refrigerator ai 0-5°C or at least 7 days stored betow 0°C,

INSTRUMENT SETTINGS
Loader:
&amnﬁ % Yolume
Sampls Volume ' § 5 4l
Total Volume 40 40 4L
Reagent Volumae 70 175 sl
Total Volume 74 185 ub
2nd Reagent Volume L]
2nd Reagent Switch [o11]
Ret. Cuvet Switch Dituent
Analyzer:
Enzyme Tape
Program Code 25
Change Program No. 4
1. Factor 14469
2. Lower Limit 50
3. Upper Limit . 168
4. Fiiter Code 1
5. Temperature Code (30°C) 1
6. Delay Tima (sec) 30
7. Intervai Tima {Sec) 20
8. Maximum aA 0.15
© 8. Maximum A Enter
10. Start Mode

DISCRETE ANALYZER APPLICATIONS

INSTRUMENTATION LABORATORY MULTISTAY 11 (MCA)
(Continued)

PROCEDURE
1. Fill the syringea with water ensuring that thers are no alr bubbles.

2. Place approximately 200 al water in Cup 1 and 200 4L controls and samples
in subsequent Cups. ’

NOTE: Samples with values greater than 800 U/L should be dituted 1:1 with
saline and reagsayed. Multiply your rasulis by 2.

RESULTS

LD {UiL) = aA par min x Factor = AA par min x 14488

100020225

The Factor 14469 is derived as foliows: Factor = 5325 0.005x 0.5

= 14469

Whersg:

1000 = ConversionfrommLtolL
0.225 = Tolal reaction voiume, mi.
8.22 = Millimotar absorplivity of NADH at 340 nm
0.005 = Sampile volume, mL
0.5 = Length of ghtpath, cm

The reagents listed under Raagent Praparation may ha used to perform LD
dstermination manually as tollows:
1. To 1 vial LD-L Reagent A, Stock No. 226-2, add.
5.2 mL LD-L Reagent B Concentrate, Stock No. 226-3 and 1.3 mi. water. Cap
vial and invert several times until reagant is compietely dissolved.

2. Foilow Manual Procedure stanting with Step 3. Substitute reagent preparad
in Step ¥ above. N

Approximaty
Kit No. MCA Assays

226-C 375
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DISCRETE ANALYZER APPLICATIONS

BAKER CENTRIFICHEM 400
REAGENT PREPARATION
LD-L REAGENT A, Stock No. 226-2 ( = 20 Cantrifichem Assays)

Raconstitute 1vial Reagent A, Stock No. 228-2, with 5.2 mL LD-i. Rsagent B
Concentrate, Stock No. 226-3. Cap vial and invert several times untli reagent
is completely dissolved.

Raconstituted teagent I8 stabla tor 8 hours at roem temperature, 5 days in the
retrigerator at 0-5°C or at least 7 days stored below 0°C.

INSTRUMENT SETTINGS
PIPETTOR:
Reagent ' 250 uL
Sample 10l
Sample + Diluent 80 ul.
ANALYZER:
To (sac) .30
AT {min) 01:00
ABN ABS 15U
Blank Auto
Test Mode Raie
Print Qut Conc
CF 4984
No. Prints 3
Test Code 00
Temperature 30°C
Filter 340 am

NOTES:

1. When substrate depletion is indicated by an absorbance Hag or when
values are greater than 2100 UL at 30"C, sampias should be dituted {1 part
sample plus 9 parts saline) and reassayed. Mullipty your resuits by 10.

2. The 3 values printed out for each sampls should be consistent. The
allowable ditference between the highest and lowest values should be
aslablished for each individual teat by sach jaboratory.

DISCRETE ANALYZER APPLICATIONS

BAKER CENTRIFICHEM 400 (Continued)

RESULTS
LDWIL) = aAIminxCF = aA/min x 4884

The CF 4984 is derived as follows; CF = 100X D310 - (gay
8.2220.010

Where:

1000 = Conversion fcomml.to L
0.310 = Total reaction voiume, mL

£.22 = Millimotar absorptivity of NADH at 340 run
0.010 = Sample volume, mbL

The reagents listed under Reagent Preparstion may be used to perlorm LD
detarmination manually as tollows:

1. To 1vial LD-L Reagent A, Stock Na. 226-2, add:
5.2 mi. LD-L. Reagaent B Concantrate, Stock No. 226-3 and 1.3 mi. water. Cap
vial and invert saveral timas untll reagent is completaly digsolved.

2. Foliow Manual Procadure starting with Step 3. Substituie reagent prepared
in Step 1 above.

Approximaie
Kit No. Cantiitichem Assays

226-C 300

gl



DISCRETE ANALYZER APPLICATIONS

GILFORD SYSTEM 3500 ANALYZER

REAGENT PREPARATION

LD-L REAGENT A, Stock No. 226-2 (=8 Assays}
Reconstitute 1 vial with 6.5 mL LD-L Reagent 8, Stock Mo, 226-1.

LD-L. REAGENT A, Stock No. 226-10 |~ 30 Assays)
Reconstitute 1 vial with 31 mL LD-L Reageni B, Stock No. 226-1.

Reconstituted reagent is stable for 8 hours ai room temperature or 5 days in
the retrigerator at 0-5°C or at least 7 days storad below 0°C.

GILFORD SYSTEM 3500 INSTRUMENT SETTINGS
A. Using Giltord LD-L. Program Card (Part No. 19080x22H).

Wavslength 340 nm
Temperaturs 30°C
Movabie Tower Satting 2
Dispenser A

Sampie Syringe Volume

100 2LJ0.1 mil Syrings {(NO STOPR)
Reagent Syringe Volume

1.0 miJ2.5 mL Syringe (40% STOP)

Dispenser B (Not Used)
Dispenser C {Not Used)
8. Using Worthington/Giltord LOH (L-P) Program Card (Part Neo. 15831x43H)

Wavelength 340 nm

Temperature W°‘C

Movable Tower Setting 4

Dispenser A
Sampie Syringe Volume 50 xL38.1 ml Syrings (50% STOP)
Reagent Syringe Volume 0.7 mLJ2.5 mL Syringe (28% STOPR)

Dispenser B (Not Used)

Dispenser G (Not Used)

DISCRETE ANALYZER APPLICATIONS

GILFORD SYSTEM 3500 ANALYZER (Continued)

PROCEDURE

Refar 1o Oparation Inslructions Manual, Part No. 25036 x 113 for compieis
details.

1. Connect reagent viai to dispenser A and fill syringes snsuring that there
ara no air bubbles.

2. Piace approximately 0.5 miL water in the first two sample cups and 0.5 mL
cantrol sera and samplas in subsequant cups.

. Load sample racka as illustrated on the transport island.
. Place the End-of-Run Detector (EORD) over the 1irsi amply sampie cup.
. Connect reagent/sample dtupenioz probe to lower.

. insert LD Program Card, side 1, then side 2.

-~ > s W

. Deprass RUN push button and program instrurmneni &s described on tape
printout. .

8. Depress RUN push button after sach step in the printout has besn
compieted.

9. LO values will be printed out in Uil at 30"C.

NOQTE: Samples with vaiues greatar than 300 Ui should ba diluted with an
equal volume of saline and reaasayed. Tha results are muitipiied by 2.

Approximate Gitford
Kit No. System 3500 Assays
226-A 95
226-B 300

yie



SPECIFIC PERFORMANCE CHARACTERISTICS

Raproducibility: Ten replicate assays of 3 serum pools yielded mean values ot
50, 158 and 716 U/L., with standard deviations ot 1.9, 4.3 and 21.5 UIL, and
coatlicients of variation of 3.8, 2.7 and 3.0%, respectively. Ten repiicate
assays of 3 serum poois over a 7 day perfiod produced means of 57, 173 and
839 UIL, with standard deviations of 3.2, 4.2 and 25.0 U/L, and coelticients of
variation ot 3.1, 2.4 and 3.0%, raspectively.

Sensitivity: Assuming the timit of sensitivity to represent a change in
absorbance at 340 nm of 0.006 A/3 minutes, an LD activity ot 10 U/L may be
detected using this procedure.

Corvelation: 112 sera ranging in aclivity from 55 10 685 U/L were assayed by
the procedure described in this bulietin and by another commarcially
available procedure also basaed on the method of Wacker et al.14 The rasuiting
corralation coafticient was 0.9988 and the regression equation had a siope of
0.9732, and a y-intercept of ~0.4 Uil. Mean vaiues were 137 and 133 UL,
respactively, tor the two procedures.

SIGMA does not interpret the rasuits of a clinical laboratory procedurs;
this is considered the rasponsibitity of qualitied medical peraonnel, All
indications of clinical signiticance are supported by literature
raterences. Publication of this bulletin does nol, in Hself, imply a
recommaendalion for any specific clinical application.

All SIGMA products are sold subject to the Terms and Conditions of
Sale which appear an the invoice andlor packaging slip.  *
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SUMMARY AND EXPLANATION OF TEST

The colorimetric procedure for the determination of Lactate Oehydfogenase
(LDH Lacme dehydrogenase; EC 1.1.1.27} in serum was ggginall d
fBroidain S d
yeu mer. Cabaud an i p igma method in the
American Journal of Clinical Pathology. As a rasult, this technique is
frequeantiy termed the “Cabaud-Wroblewski' procedurs.! it s noteworthy that
a U.S. patent and severat foreign patents have been issued to Sigma covering
this method.

in daeveloping the procedure described in this bulietin, it was nacessary to
pertorm LOH determinations on a large number of sera with low, normal and
ahnormal lavels according ta the Sigma No. 340-UV kinstic procedure for
LDH. These same sera wera simullaneously assayed by the presentad
methad to obtain Absorbance values tor each sampie. A curve was then
constructed by piotting the LDH activity of each serum assayed by the
uitraviolet method (Sigma Procedura No. 340-1JV) vs the Absorbance oblained
with gach serum as assayed by the method described in this bullatin. It was
then possible 10 relate LDH activily measured by the ultraviolat technique
{Sigma Procedure No. 340-UV) 1o Absorbance values oblained colornimetricaily
{Sigma Procedure No. 500). LDH activities were, in turn, correlatad with the
amounts of Pyruvate Substrate, Stock No. 500L-1, which were usad to prepare
the calibration curve as illustratad in this bulletin.

Since the method requires only a small sampie (0.1 mi of a §lold serum
difution} It is suitable tor pediatric or velarinary purposes. While this

colarimatric method wiil nat ?rowda an individual tast resull W

Sigma Procedure

W
samples. As many as 20-30tesis can parformad per hour

Unless otherwise specitied, LDH retars to the totai Lactate Dehydrogenase ot
serum, which is the sum ol all {ractions (LDH isoenzymas) known ta exist in
serum. Mast of the literature relating to the diagnostic value of aecum LDR ia
based upon the dsetermination of total ciuculating enzyme activily.
Fractionation procedures have been proposed that seem to enhance the
diagnostic value by measunng LDH isoenzymes to delineata thair tissue
origin. Sigma now ofters a method tor the electrophoretic detaction ot LDH
isoenzymes that is descubed in Technical Butigtin No. 705-EP (avauable on
request).

Amador and coworkers? have raised Wﬂwﬂh
Assdumiled Q] that medt comment. According lo these investigators
colorimatnic methods ignare S‘EQIﬂEiﬂi bianks. Studies In ouc laboratories do
not contirm this obsarvation.d Although Amador et al 2 ailude to the {phululagy
gongentraliong of NADH that are used tor colordimetric LOH maasurement, 0o
data demonstrating this effect are prasented. As this group points Out the
reaction uaes not follow zero-order kinetics and, therelore, it is

Howevel the reacuon dags not have ta be
3 . , which,

i A Sigma alsa oﬁers a
kinatic ultraviolet method tor LOH assay based on optimized forward reaction
ot Wacker et al. (N Engl J Mad 255.449, 1956). For details of this technique
request Sigma Technical Bullatin No. 226-UV.

PRINCIPLE

LDH is an enzyme which catalyzes the followino reversible reaction:

Pyruvic Acid + NADH =-ie Lactic Acid + NAD

The raaction equilibrium strongly lavg
(ate ot conversion 1 TUVIC ac;d raacts
wi ymydrazine to form an intensely colored ™ 4 R
which “ESW over tha broad wavsisngth range omw_n_rg.
Lactic acid, NAD ang NADH do not absorb significantly in this sange.
Thesetore, by using Pyruvate Substrate, Sigma Standardized, Stock No.
500L-1, whose hydrazone always yields the same ADSOrbance (A), it ia
possible 10 accuralely measure changes resuiting from the conversion of
pyruvic acid 10 lactate acid due to LDH activity. The amount of pyruvate

remaming after incubalion is inversely proponionat 1o the amount of LDH
activity in the sampie.

REAGENTS
For In Vitro Diagnostic Use
A. PYRUVATE SUBSTHATE, SIGMA STANDARDIZED, Stock No. S00L-1

Contains buffered sodium pyruvata, 0.75 mmol/l, pH 7.5at 25°C.
Chioroform added as preservative.
‘Storein rafrigarator 0-5°C. Reagent labet beara expiration date.

8. SIGMA COLOR REAGENT, Stock No. 505-2

Contains 2,4-dinitrophanyihydrazine, approximaiaiy 20 mg/ii00 mi, in 1 N
Hydrochlofic Acid.

Slore dark in rafrigerator at 0-5°C.

NOTES: 1. Soiution I8 normaliy ciear ang light yeliow in color. i
plastic botlle is stained yellow (due 10 reaction with
2,4-dinitrophanythydrazine) solution should be
discardad.

2. This reagent has been standardized 1o yield
reproducibia calibration curves.

3. Yo check reagent, sel up calibration Tube No. 1 and
compare wilh previous absorbance.

C. NADM, Stock No. 340-101

Contains g-nicotinamide adenine dinucisotide, reduced form, disodium,
1 mg (V.28 amot),

Store at room temperature. Reagent box label bears expiration data.

NOTES: 1. Store dry in tha dark. Hf vial contents have absosbed
watsr 10 the point of appearing yellow to brown, do
nol use.
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2. Since NADH ls very unstable after dissolving , we do
not recommend storage of a atock solution. This Is
why Sigma offers the single-determination vial. if

R multiple assays are pertormaed in a single day, varlous
sizes of targer preweighed vials are recommended
and will greatly reduce the average assay cost. For
even greatar savings, when large numbers of LOH
assays are performed, the high purily Sigma NADH,
which is availabie in various bulk packages, may be
advantageous. However, becauss of possible
inhibitar tarmation, even in the bottle, tha tikelthood
ot arroneous resulls i increased. Contact with
moistuie can be very dastructive 1o NADH.

3. The simplest way to prepare incubation solution is to
dissoive the NADH in Pyruvate Substrate, Sigma
Sianaardized Stock No. 500L-1, to yield a solution of
1 mg NADH per mi. Place 1 mi of this solution into an
incubation tube and procead with the addition of
sampie in Step 3 ot “Procedurse (Toial LDH,
SerumiCSFY" section.

See Price List lollowing “Bibliography" section lor reagent pricing and
packagchonhgurauonsg. graehy gent pricing a

REQUIRED BUT NOT PROVIDED:

D. SODIUM HYDROXIDE SOLUTION, 0.40 N

Prepare by dissolving 16 g of Sodium Hydroxide, Anhydrous in 1000 mi ot
CO - free water.

Accurately standardize the sclution at 0.40 ¢ 0.01N.

Store in small polyethyiens or pyrex bottles to avoid fraquent
axposure to atmosphere.

WARNING: Causes severe burms (o skin and eyas.

NOTE: Sigma Stock No. 505-8, 18 g Vial, is available it you do not have
your own laboratory Sodium Hydroxidas.

OPTIONAL:

SIGMA ENZYME CONTROL 2-€, Produci No. § 1005

An assayed preparation containing LOH and other enzymes at elevated levals.
Store in refrigerator at 0-5°C.

SIGMA ENZYME CONTROL 2-N, Product No. § 2005

An assayed preparation containing L.DH and other enzymes at normal levels.
Stare in afrigarator at ¢-5°C.

DIALYSIS SACKS, Stock No. 250-11
Washed 10 remove possidie inhibitors and thio compounds.
Packad in 0.2% benzaic acid solution,
Store at room temperatura.
NOTE: Rinse sacks in water or buffer beiara use.

SPECIMEN COLLECTION AND PREPARATION

SERUM:

Blood i3 drawn inlo a sample tube which does nol contain anticoagutant and
is aliowed 1o clot. As soon as the clot is tormaed, the serum is separated. Hill
and Levi4, MacDonald et al.5 and Snodgrass et al. 8, have reported that LDH In
serum Is essentiaily stable lor several days at 4°C. However, study of
isoenzymaes 7.8 suggests markad variation in stability of the various fractions
at low temperatuses. Freezing might be worse than 4°C. LOH, of hepatic
origin, is reported 1o be highly sensitive 10 treezing. Kreutzer and Fennis?
tound that all isoenzymaes (total LDH activity) remain virtually unchanged tor 7
days at room temperature (16-22°C). This is consistent with the earlier repon
of Lazaroni et al.9 Therefors it is recommaended that serum be stored at room
temperature prior 1o assay. Hemolysis must be avoided since the
concentration ot LDH In erythrocyles is 100 times that in serum.
Hyperbilirubinemia does not affact LDH assay, but may mask hamolysis. Mild
hyperlipemia does not atfect results.é Friedel and Matlenhgimer'd have
reportad an increasa in LOH and other enzyma activities arising trom plateiets
lysed during the ciolting of blood. This increase is apparently more
signiticant in biood from smail animals than from human biood.

PLASMA:

The use of plasma in measuring LDH activity I8 not racommaended .'0 There
are a numbar of contradictions in the literature with regard to the ettect ot
heparin and citrata on LDM activity. Oxalate has been repoiiad 10 inhibit LDH.

URINE:

One or more inhibitors of LOH are normally found in urina. However, these
substances may be removed by dialysis. Y112 For details on collection and
praparation reter 1o “Procedure (Urine)”’ section. The stability of urinary LOH
has not been raported. Howavar, it is suggested that the 8-hour 4peciunen be
processed with a minimum of delay to pravent baclerial growth which can
cause lalse elevations or faise low values caused by enzyma mactivation.1

CEREBROSPINAL FLUID(CSF):

LDH is reportedly stabie in CSF for 4-6 hours at room temperature and 2
weaaks at 4°C.1
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INSTRUMENTS AND MATERIALS REQUIRED

instrument:

Praclically any photoelectric colorimetsr (hatl transmita light ranging from
400-550 nm can be used. The procedure can be performed satistactonly on a
Coteman Jr. 1 Model 6/20, Gittord, Beckman DU, Cary, Zeiss, etc.

Materials:

Pipets, 0.1, 1.0, 10.0 ml, sacologic Timer
Pipat sataty control bulb Cenirituge
Water bath, 37°C

PROCEDURE (Total LDH, Serum/CSF)

1. Difute 1 part of serum with 5 parts of water (8-fold dilution).

NOTE: Undituted CSF can be substituted for diiuted serum,
but final results must be divided by 6. .

2. Pipet 1.0 mi Pyruvate Substrate, Sigma Standardized,
‘S&Fﬂo. SUU‘%-!,"nfo Botlom of an NADH Vial, Stock No. 346-101.
or
Pipet 1.0 mJ Pyruvate Substrate, Sigma Siandardized,
Stock No. 500L-1, containing 1 mgimi NADH, into an incubation
tube {see Reagent C undar “Reagents” sactlon).

Place in water bath at 37°C for a fow minutes,

3. Add 0.10 mi diluled serym or 0.10 mi unciluted CSF from Step 1.

Mix gently, start timer and replace in 37°C water bath.
4. ﬁxacnxc 30 minutes after agding sample, rgmoya fom water bath
and add {o each vial: ”

1.0 mi Sigma Color Reagent, Stock MNo. 505-2.

Mix well by swirling (stops reaction and starts color
developmaent).

Allow to remain at room tempsrature ‘2§ + 5°C),
5. Twenlvminutesalier Step 4, gdd:
WWM(Reaaent Djto gach -

K} !
Lagang mixwell Dyinygrgion,
Lapsier 1o cuvets.

6. Waitatleast Saminyles atter adding the Sodium Hydroxide Solution
{Reagent D), but nnt maore tha then read and racord
Absorbance (A) of % Transmission Zg/oT) ys water %5 m{grengp Use
same wavelength and same instrument employed In preparing your
calibatinon curve

NOTE: Pyruvate is not usually prasent In serum in sufficlant
amount to attect tha results signiticantly. While it ia
still possible that some pathoiogic condition may have
an eftect, the routine use of a spacimen BLANK i3 not
warranted.

CALCULATIONS:

Serum LDH values are obtained directly from your calibration curve.
Rasulls for CSF must be divided by 6.

m‘. it a value greater than 2000 Bergar-Broida (B-B) Units/mi
is obtainaed, further dilute an aiiquot of diluted serum

with 4 parts of water and epeal the lest. The result
trom your calibration curve must ihen be muitiplied by §. °

PROCEDURE (Uring)

1. Obtain an 8-hour or avernight urine specimen.
a) Measurs and record volume (mi.

NOTE: Reject specimena containing bicod (may yleld
talsely elavated values).

b) Centrituge a 12-15 mi sample ftor 5 minutes to separate the
sedimaeant,

Examine sediment microscopically for bacteria. If more than
10 bacteria per high-power field are prasent, a falsely high
L.DH value may be obtained.

2. Prepare a Dialysis Sack, Stock No. 250-11, by thorough rinsing in
water or bufter to remove benzolc acid solution. Squeeze out
axcess uquld but do not dry.

a) Pipet 10 ml urine supernatant into sack.
b) Twist down excess tubing 10 expel air and tis a secure knot about
Jinches above fiuid level.
3. Place sack in a 250-m| Erlenmayer flask.
8) Fasten langth ot sott rubbar tublng to coid waler lap.
Adjust water Lo a tlow ot at least 50 mi par minuta.
b} insert rubber tube into flask so that end is at bottom.
Set flask o0 that overflow runs down drain,

t
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4. Remove sack from tlask and blot excess water from outside sack
with paper towel.

a) Cut off top knot and transfer all urine from sack Into a 25-ml
graduated cylinder.

b} Record volume to nearast 0.5 mi. Divide volume (mi) by 10 and
racord result as the dialysis dilution factor.

Assay:

Use 0.2 mi of the dialyzed urine in Step 3 of “Procedure (Total LDH,
SerumiCSF)'" section.

NOTE: Do not make a 6-iold dilution of urine as s done for serum.

CALCULATIONS:

1. Determine L.DH activity of dialyzed urine from your serum calibration curve,
but divide the rasult by 12. This value will be the number of B-B Units of
LOH per mi of dialyzed urine.

NOTE: Values greater than 2000 8-8 Units/imi should be repeated using
0.05 mi of dialyzed urine. The resuit obiained lrom the caiibration
curve is divided by 3 instead of 12.

2. Urine Total LDH Activity {B-B Units/8 hr) = (B-B Unita/imiy x 8-hr Urine
Volume {mi) x Dialysis Oliution Factor. .

-CALIBRATION:

1. Label 8 test tubes or cuvets 1-6 and prepare mixture as shown in columns 2
and 3.

1 2 3 4 ]
Pyruvate :
Tube Substrate, Water | Absorbance L.DH Activity
No. Stock No. S500L-1 {mi) ofr % 7T (8-8B Unitaimi)

1 1.0 1R} []
2 048 0.3 280
3 0.6 05 640
4 0.4 o7 1,040 T
5 0.2 09 1,530
8 0.1 1.0 2,000

Record wavelength or tilter usad

Vatues in Column 5 apply only when procecure i8 performed using 0.1
mi of dlluted serum (1 part serum and 5 parts water or bufter). Since

NADH does not contributs any appreciable Absorbance, it is omitted
from the calibration procedurs.

2. Add 1o each tube:
1.0 m Sigma Color Reagent, Stock No. 5052
Mix gently and allow to remain at room tamperature (25 x §°C).

3. Ahter 20 minutes, add to each tube:
10.0 mi 0.40 N Sodium Hydroxide Solution {Heagent D).
Mix well by inversion.

4 Wait at least 5 minutes atter adding Sodium Hydroxide Solution (Reagent
D). but not more than 30 minutes, then read Absorbance (A) or %
Transmission (% T) of sach tube at your preferrad wavelength (see Note 1
below) vs water as reference. Plot your A or %T values vs the
corresponding units of LDH (Cotuma 5) starting with your reading lof tube
1vs 2610 units, ate. it will probably nat be a straight line throughout. Reler
to Figure 1.

NOTES:

1. Selection of preferred wavelength: After davsloping color of the
8-calibration tubes, select a wavelength on your instrument which will
result in an Absorbance of approximately 0.8 (12 %T) for lube 1, using
watar as reference. This will place the significan! readings into an optimal
Absorbance range. The wavelength may be increased or decreased 1o a
convenient setting, but once selectad, exercise care 10 86t instrument at
this identical- waveiength for the entire calibration and for future
determinations. The same procedure applies to the selection of a suitable
filter for a Leitz, Evelyn, Kiett and other similar instruments. The Klett
reading should be as closa 1o 450 as possible.

s

ABSORBANCE

EE ] Lo M 0 A8 o -~y » E 4 .

* e » » -9 E ] » Ee] -~ -"» .
% TRANSMISSION
A convanient scale for 1ing %Y 0N 10 ADBOIDANCE O VIC-versa

2. Be sure to piot the highest Absorbancs obtained (tube 1) vs zera B-8 units
of LOH. Simularly, the lowest Absarbance reading is plotted vs 2000 B-8
units of LDH. The higher the Absarbance the lower the LDH aclivity. if your
colorimater roads % Transmission, be sure 10 piot the lowesl reading (fube
1) va zero units LDH, and the highest reading vs 2000 units LOH. tf semi-log
papar is not available tor plotting % T readings, reguiar graph paper may be
used.
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Figure 1. Typical Calibration Curve
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The typical calibration curve depicted in this bulietin (Figure 1) cannot be

used to darive laboratory test resuits. Each laboratory must prepare its own
calibration curve.

QUALITY CONTROL:

Frozen serum pools are not recommended as controis due to instabilty of
some LDH isoenzymes at low temperatures. Refer to explanation under
“Specimen Cotliection and Preparation” section. Com i i
controls are readily gyauatle. Sigma currently offefs two controls for this
W Product No. S 1005, and Sigma Enzyme
2, Product No. S 2005, are assayed preparations Jﬂrmmmt

several enzyme DH_in the elevated and normal ranges, respec:
(-_ETT__L-W N —
RESULTS

Resuits are expressed in terms of Berger-Broida Units per m! (B-8 Units/imi)
and read directly trom your calibration curve. Examples given below are based
on use of a Coleman Jr. Il spectrophotometer (19-mm cuvet) and “Typical
Calibration Curve’ depicted in Figure 1.

EXAMPLE 1. A 6-lold dilution of a serum assayed according to the method
described yislded an Absorbanca (A) of 0.70. This A vaiue is
equivalent to a serum LDH activity of 420 B-8 Units/mi,

EXAMPLE 2 A 0.2-mi aliquot of dialyzed urine (having a DOF of 1.3,
assayed according to the method described, ylelded an A
valua of 0.58. Reading from ths Typical Calibration Curve
(Figure 1) this A value i3 equivaisni to an LDH activity ot 720
8-8 Units/mi. To obtain the urine LDH value, 720 is divided by
12, equaling 60 B-8 Units/mi. The 8-hr urine volume was
850 mi. .
Theretore,

Urine Total LDH Activity (B-B Unitsif-hn =
(B-B Units/mi) x 8-hr Urine Volume (m!) x DDF =
60 x850x1.2= 61,200

UNIT DEFINITION

-8 is dafi : H that will reduce 4 104 .mol
of pyruvate per min a1 25°C. This is aquivalent 1o a decrease in Absorbance
H i'bﬁ M) ol 0001 per minute in a 3-mi volume reaction mixture as performed
by the Wroblewski procedure presentsed in Sigma Tachaical Bulletin 340-UV.
Onae international Unit (1U) of an enzyma Is delinad as that amount of enzyme
that wiil convert 1 umol of subsirate per minuie under the specifiad

conditions of the procedure. The conventional units of LDH as used in this
bulletin may be converted to IU by muitiplying by 0.48.

INTERNATIONAL UNITS

Soma enzyme authorities (The International Union of Pure and Apptied
Chemistry) have been recommending the universal use of a so-called
“Intarnational Unit” which they say would faciiitate exchange of data
between laboratories. Sigma has always strongly opposed this proposal
because it has actually caused tar more confusion ihan it was intended (o
prevent. it shouid be recognized that the activity of an enzyme cannot be
exprossed in “units” alone without at the same time defining the precise
assay conditions. While we are in favor of defining anzyme activilies in terms
of microfnoles of substrate utilized per minute, we mus! caution against any
Imprassion that a “micromotar unit” or an Internationatl Unit obtained by a
given procedure i8 in any way comparable to a “micromolar unit” or an
internationat Unit obtained by a different procedurse, For example, aikaiine
phosphatase measured by the Bodansky procedure and expressed in “1U" will
not yield resulls comparable to “HU" values oblainsc by the Bressey-Lowry-
Brock procedure. Use of an author's name, or a trademark, to deline a unit is
currantly the simplest method available to identily both the procedure and
test conditions so that no one will inadvertently believe the numeric resuits
can be directly compared.
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EXPECTED VALUES
Normal Rangss

Serum Total LOK

Normal 100-350 B-8 Units/imil

Bordertine 35Q-500 8-8 Units/mi
Carabrospinai Fluid LDH 8-40 B-B Unitsimi
Urine LOH

Normai <8000 B-BuUnits/8Bhr

Boderling 8000-15,000 8-B Units/B he

Normal ranges stated in the bullatin were taken from the literature. The cited
methods used to obtain these values are similar to that described in this
builstin and results should be applicable. Copeland!¥ suggests that each
laboratory determina its own normal ranga. Attention shouid be given to the
fact that centain measurements in clinically heaithy individuais are infiuenced
by diet, sex, age, diurnal variation, physical acuvny, mensirual cycle,
pregnancy and environmental factors. 13

Serum Total LDH

Wroblewskil® orginally reported normal serum values, assaysd by hia
ultraviolet procedure, to range from 200-680 unite/mi. in a subsequent
publicationt he lowered the upper limit to 500 units/mi. MacDanald et al.$
reported normai values of 185-332 units/mi based on 20 normal males and 20
normat temales aged 20-64 years. Rapp and Beit'? observed a normal range of
150-350 B-8 units/mi in sera from 74 normal persons. The normais suggested
in this bulletin are derived from the above as well as from personal
communications.

o+
Serum Total LDH values in normal infants and children may exceed those
observed In aduits. McCoord st al.'¥ reparted valuas of 470-1810 units/mi lor
10 infants up to 8 days old and 250-700 units/mi tor 22 children aged 7 months
10 14 years. This confirms an earlier report by Birback and Stewan.'$ McCoord
et al.\8 reported serum LDH activities up 10 1810 units/mi in normal newborn
infants and up to 6650 units/mi in some cases of erythroblastosais fetalis.

Hill and Levi* ware among the lirst investigaicrs 10 study serum LDH. They
reponed markad sievations in many patients wiih leukemia. Haieh and
Biumenthal 2 wroblewski and LaDue,?? White? and MacDaonald et al. 3 and
aothers hava individually reported eievated serum iotal LDH in cases of
myocardial infarction. The latter authors report that of 44 proven cases of
myocardial infarction, all but one had maximum vaiues between 340 and 4000
units/mi. The one sxception expired balore reaching a maximum. Ninety
percant of thesa patients had values which were over 500 unitsimi. Maximum
values were reached on the second or third day iollowing the attack and
stowly declined to normal by about the eighth day. Snodgrass et al.8 make the
statement that all infarctions must be contirmed by a determination of serum
LDH. Serum vaiues ranging trom 350-1000 unitsiml were reported in
hepatocsiular necrosis, metastatic carcinoma, diabatic ketosis, infectious
mononucieosis and cerebral infarction.

Stewart and Warburton23 recommend the colorimaisic procedure for serum
LDH descnbed in this bulletin as a “simple and rapid method™ of great
accuracy with which they readily confirmed published valuas involving
ultraviotet methods. These workers2? beligve serum LDH i superior 1o serum
glutamic oxalacetic transaminase (SGOT) for diasgnosing myocaidial
infarction. tn most cases, serum LDH remains slevated much longer,
permitting serial determinations over an extended pariod of time.

An elavated serum LDH is reported 1o be an important part of a “Triad" useiul
in the differentiation of puimonary vs myocardial infarciions, as follows. 1t

Typa ol Sarum
intarction Serum GOT Serum LDH Bilirubin
Puimonary Normai Elevated Elevated

(up to 7 days)
Myocardial Elevated Elevatag Normal
(up 10 4B hr) {up 1o 7 days}

Manzotl and Pennys?4 determined the eifect of acuie severe ischemia of the
dog Hmb upon serum LOH, GOT and ICD (isocitric dehydrogenase) by
embalization of the femoral artery with iycopodium sparas. All the activities
rose quickly and remained elevated tor many days. These workers suggest
that the determination of these serum enzymes might be of value in the
management of patients with similar iesions.

Dinman et al.25 report sarum LDH elevation of 1000% in carbon tetrachloride
hepatotoxicity. Maximum was reached approximately 24 hours after animals
were axposed {0 vapors of this solvent (200 ppm) for 6 hours. The activity
returned to normal 36-72 hours aftar exposur. An excellent reviaw of various
papers on the clinical signiticance of serum LDH has been prepared by
Erickson and Moralea.?s

gdc.



Carebroapinal Fluid

Using a diftarent procedura, Fisisher ot al.2? raparted that CSF valuas of LOH
are approximately one-fifth that of normal sarum. it {8, therefore, suggested
that spinal fluid determinations be made with undiluted CSF by the procedure
described in this buliglin. Using undilutad spinal tiuid, the values oblained
from tha caiibration curve must be divided by 5 10 obtain corrected values.

Flaisher ot al.27 noted that CSF levels of LDH Increased In cases of head
injury, degenarative disaasa of the centrai narvous system and convulsive
disorders, while serum LOH remained normai. Wroblewski et af.28 observed
normal CSF values of 8-40 Wroblewski unilsimi {gsquivalent to 840 8-8
unilsimi) and increased values (up to 4BO units/mi) in cases of acute
meningitis and involvemsnt of tha cantral nervous system by maetastatic
carcinoma, lymphoma af leukemia l@sions.

Gastric Juice

Schenkar?® and Smyrniotis et al.3 repostaed a possible conelation batween
L DH in gastric juice and gastric cancer. Faulk et al.1! reported the use of the
Sigma Procedure No. 500 in detarmining LDH in gastric juice as a diagnastic
adjunct in stomach cancer. :

Urine LDH

Publications by Wacker angd Doriman? and Doriman et ai.'? have evoked
considerable interest in the possible clinical significance of urine LDH.
Elevalad valuas ware reportad in 18 out of 19 cases involving carcinoma of the
kidney or bladder. Signiticant alevations were also reparted in severat other
diseases involving the urinary system, including malignant hypartension,
glomerutonephritis, lupus nephritis, acute tubular necrosis and possibly
pyeionephritis. However, it i3 said that these diseases are easily
differentiated from malignant lesions.!’ Urine LDH increases as much as
500% in cases of carcinoma of tha kidney or bladder. Amador @t al.32 raport
that urine alkaline phosphatase i8 of help in this differentiation (refer to Sigma
Technical Bullelin No. 104).

Wacker and Dorfman ' used an uitraviolat procedure which yields much fower
“normal” values ranging up to 2020 units. These workars cancluded that twa
standard deviations above the mean yields an upper limit of normal of 1880
units. However, the activity of LOH i3 roughly 4 times as great according to
Sigma Procedure No. 500. Preliminary assays® have confirmed the tentative
normal range of up to 800C 8-8 units/B hour apacimen. It is suggested that
each laboratory assay as many samples as feasible in the presumably normal
range to detarming what might be considered the normat range tor that
laboratory. The suggested “"horderiine” range of up 10 15,000 is basaed upon
personal communicalions with various investigalors that indicated
apparently heallhy individuals had values up io this level. Thus far, all reports
of values above 15,000 B-B units/8 hour specimen were associated with
diseases of the urinary tact. Diagnostic procedures of the urinary tract,
especially cystoscopy with retrograde pyelqgraphy, have baen reported ta
occas:gndly cause elevation of urine LOH activity, lasting as long as a
Week. .

SPECIFIC PERFORMANCE CHARACTERISTICS

Reproducibility Studies were conducted by performing B3says On 20 separate
occasions using each of 3 serum pools by means of the LDH method
described In this bulietin. The following data were obtainad:

Poaol Statistic LDH Values
Low Mean® 1720
SD* 13.3
CV (%) 78
Medium Mean* 329.5
SD* 172.1
CV (%) 5.2
High Mean* 645.8
sD- 18.3
Cv (") 2.8
‘Expressed in 8-B Unitaimi

Correlation Studies were conducted using sera from 40 patients by means of
the colorimetric method described, as well as by ths uitraviolet procedure
presented by Henry et al.33 The 2 methods yieldsd values that waere in
favorable agreement, as avidenced by the correlation costticient of .89,

Sensitivity: The towest limit of LD aciivity that can be raliably measured is
considerad 10 ba about 40 B-B Unitsimi. This is a function of such tactors as
the degree of saphistication of the inatrumentation, materals, technique, etc.

SIGMA does not interpret the resuits of a clinical jaboralory procedure;
this I3 considered tha responsibility of qualitied mec:cal personnel. All
Indications of clinical signiticance are supported by literatute
teferances. Publication of this bulietin does not, In itseil, imply a
fecommendation fof any specitic clinicat apptication.

All SIGMA products are sold subject to the Terms and Conditions of
Sale which appear on the invoica and/or packaging slip.
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TECHNICAL SULLETING LISTED Il ALPHABETICAL ORDER

The Qise st of b that s by S1GMA as of July 1880.

ADEMOSINE S’ TAIPHOSPHATE (ATP) — (
a 340 am. Empioy !
onasa 80Zyme Coupied Sysiam

ALANINE AMINOTRANSFERASE (ALT) — See Transaminssar

ALBUMIN — Cotarimenic procedurs. 1or serum, at 823813 am. Based on anion
Sading ot aibumin fof b gresn,

» s for biood,

Ly ¥

piasma. 8l 340 nim
ALDOLASE — Cowonmaetnc plor,-duu 100 serum, st 500-380 nm. Based on Sibley-

Lehtingel method wich af trases totmed from
Hructose- 1, &diphosphate.

ALDOLASE — Coionmetnc procedurs, !ot serum, b 520-800 nm. Modification of .
Fro

Al No. 750, y and color
stabiiity.
AMMONIA — Ulizavioiel snzymatic procedurs, 1of plasma, 8t 340 run. Based on the

of g and 10 g 0 the P ot
giviamate gehyorogenass. .

AMYLASE — Colonmetnic procedure, 1of ssrum oc uine. Bassd on visual adsevation .
of tie $181CN-10diNG COIOT 3

ANTITHROMBIN 11l (AT4H) — Cioting time method for pIesma empioyng
ATROXIN® (Boinrops atiox venom) tor delibnnation.

ASPARTATE AMINOTRANSFERASE (AST) — See Transaminzzes

ATROXIN® — Ciotiing time melhod 10f plasma using S0thi 305 8708 SNEkE venom.
Uselui for determaung ciotiabitity ot plasma trom Nepenniied palisns.

BILIRUBIN — Two COlONmetc GIoC aduias, 1or serum o Diaamia, at 600 nm. Method A,
fos 16 Dased on mulimolar ealinclion
costhcient Gf aikanng alobiirubin. Method B, for ade bandwidif spectio-
PHOTOMSIAIS. IBQLITES LSS Of 8 Dsli uBIN 181 STENCE 101 CALIL SLION DUIDOSES.

BICLUMINESCENCE DEMONSTRATION PROCEDURE — Visibia Light 1s produced as . .

s 108t Gf the ieaction Detwesn lucilern, ATP and moiscuiar Oxygen, Catalyzed by
ucitersss {usss CemiCcalad firelly 1als as source of lucitonn and lucilersee). For
ressarch use only.

CALCIUM -~ Colonmatnc procedurs; 105 serum o plasmas, 2t 570-57% nm. Based on ..

CIS0IpAtAAISIN COMPIBA0AS LI reacClion

CALIBRATION PROCEDURE FOR WIDE BANDWIOTH SPECTROPHOTOMETEAS —
Foi 1aschions invoiving NADH ana NADPH, &1 340 nm. Osscnibas & mathod for
COUHOCHng with g8 107 QIBCH 454 10 CAICUIations

CHLORIDE — Titnimetnc piocedure. Schales and SChases; o7 Serum, pIAsma, uine or .

cerevioapinai tiuid
CMOLESIES\OL. TOTAL — Enzymatic pracedure;, IO sorum o7 plasma, 8 300 am.

aysiem
CMUNESIERASE - Colanmetnc proceaurs, 101 sarusm o piasma, sl 400440 nm.
acelic acid trom ac:

CREATINE PHOSPHOKINASE (CPK) — Colonmelic procaduis; iof safum, plasma of . .

cersbiospina Hug, 81 820-700 nim. M v a from
PROUSPNOCINALING.

CREATINE PHOSPHOKINASE 1CPK) Colonmainc procsaurs, 1ot serum or plasms, ..

a1 500-540 nm Cresting trom 18 rencied with a-naphthot
and giacelyi 16 form & (e LOMpiex

CREATINE PHOSPHOKINASE (CPK) ~ Utiravioiet hmwc wocoduu 16t serum,
plasma Of carabIOSDINAl Hud, 81 340 am. Empicys h 2
denydiogenase coupied enlyms system. Al . ruu«ut conunmuy pre
Manga:dizeain a ungie vl

CREATINE KINASE {CK) — Ultravioiet procedure. for secum or plasma, a8t 340 am.
Based on cpiimized method by tive St Saciety for Clincal
Cnemusiry and Chinical Physiclogy . Scand J Chn Lab invest 36 31,1979

CREATINE PHOSPHOKIMASE (CPK) ISOENZYMES — Coionmetnc procedurs 1or .
deteciing CPK isoenzymas, o9 B! geis. Based on
180ucHion Of tetramitobiue uuuouum

CREATINE PNOSPHOKINASE {CPK) IBOENZYMES Fluotomclnc procedurs {or .

CPK 9 Qeis. Based on ing

Huorescence of reduced NADP

CREATININE — Coigtimein procedure; hof umm. plawng of unne, at 490-510 nm.
A lied Jalte , av0ids

CYIOCHAOME OXIDASE — Hislochemical procadure; tor Hozen lissue seclnone. ..

Ba3ed 0n the Buistons proceduis Fof (SeMCh Lse Oty
33-DIPHOSPHOGLYCERIC ACID (2,3-0PQ) ~ ult i L lor
arvtiuncviss. at 340 nm. E

. No. e-uv

No. S7-uv

L %0.630
ALCOMOL, ETHYL (ETHANOL) — ¢ ; 404 B0, S8CUMO!

Wo. 331UV

. No.1%

Ho. 152

. Mo euv

. No.700
. No.8ss

.. No.S&-uUv
.. No. 84S

. No.808

No. 2-FF

Mo 583

. Mo 30UV

#0. 830

. No.35%0
. o429

No. 681

Ho. 320

Ho. 45-UV

Ho. «-UV

-

. Mo T15EP

. NO.TASEP

Ho. 388
No. 8.

. Na. 35UV

PRICE LIST No. 500 ,
as of March 1982 ,
Reggents lor the D ination of
LACTATE DEHYDROGENASE

por Sigma Technical Builetin No. 500

I NITS |

Price Lontants-Stock Numbers
Kit Max. US. | UK | NADH |Substrate|Color R ]
No. For Assays $ i 340-101) 500L-1 5052
500 | Serum or Plasma 25 12075] 18416 | 25viais| 25mi 25 mi
500C| Serum or Plasma 100 | 72.60 | 49.56 | 100 viats| 100 mi 100 mi

NOTES: 1. For Urine assay order Dialysis Sacks, Stock No. 250-1 1, separately.

2. Kits do not contain Sodium Hydroxide which is also needed. If desired, order
Stock No. 505-8 listed on reverse side.

Individual reagents are listed on reverse side.

Usual terms: Net 30 days, C.L.F. destinalion anywnere in the world
11K, prices include U.K. duty and would cover purchase through Sigma-London

{over)

Sausfaction is always guaranteed when you use SiGMA Reagents.
%
Phone Toll F ‘
wvmnsw’ﬁ EI—-—-‘M ZS.
tin USA (E
Oorgf‘\‘ono(;o‘ll::llw' C HE ‘:
rders: 314-771.5750
Tech. Service: 314-771-5768 MICAL COMPANY

From Anywhecs in the Wond P.O.BOX 14508, ST . LOUIS, MO..63178U.5.A.
M“*”:

BIOMA LONDOM Cham Ca Lt * Fancy Resd, Peols, Derset, 85137 Thii, Snglang
Tobophons: SIXE 132114 {Braverse Chargas)
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|INDIVIDUAL REAGENTS|

Price
Man. S u.K
Stock No. item Quantity | Assays 3 £
340-101 [NICOTINAMIDE ADENINE DINUCLEOTIDE, | 10wvials| 10 | 600 | 4.10
- REDUCED FORM, Preweighed vials, 15 vials 15 .00 6.14
1.0 mg each®
500L-1 |PYRUVATE SUBSTRATE, Sigma Standardgized] 25mij 26 | 275 ; 1.88
[r-55-] 100mi | 160 5.00 4.10
505-2 |SIGMA COLOR REAGENT 25mi 25 | Seavh 2.05
100mi | 100 | 560548451
OPTIONAL REAGENTS
{Not included in kit)
250-11 | DIALYSIS SACKS, Ceillulose Tubing 10 10 5.00 | 3.41
o 25 25 9.00 | 6.14
505-8 |SODIUM HYDROXIDE, Anhydrous 16gmviatj100 ] 1.50 | 1.02
o
A S 1005 SIGMA ENZYME CONTROL, 2-E 10 vials | ~ 23.25  15.87
For elevated enzyme levels
o~ S 2005[51GMA ENZYME CONTROL, 2-N 10 vials | — 23.25 1 15.87
For normal enzyme levels

*Larger sizes of preweighed vials as well as butk packages of NADH may be purchased for
reasons of economy. See discussion in this butletin. This is not recommended entil you have
had experience with the procedure using the accurately prepared sihgle-dstermination vials,
Stock No. 340-10).

NADH {Nicotinamida Adenine Dinuclevtide, Reduced Form) Grads (i
Prod. No. N 8129 Sulk Packages

Pro-weighed (must be reweighed before use)
Prica Price
Quantity us. LR s [ UK
Stock No. Each Vial | No.oiVials) $ £ Quantity 3 £

340-102 2.0mg 10 6.50 1 4.44) 100 mg bottle 4.75] 3.24
340-105 5.0mg 10 15.00 | 10.24] 250 mg botile §.901 6.76
340-110 10.0mg 10 21.00 § 14.33; 500 mg bottie 18.00{12.29
340-125 25.0 mg 10 35.00 | 23.89

Usualterms: Net 30 days, C 1.F. destination anywhere in the worid 2
U.K. prices include U.K. duty and would covar puschase through Sigma-London

SIGMA CHFMITAE COMPANY B0 Any 14508 5 tows Missnui R1ITRAL S A

!.&DI’NO”NOOLVCE“;C ACID (2.3DPQ) — Colormelsic procecus; tof ety ..

throcyiss, at 820.700 ap by acune of phoe
phogivcersie mutase.
ENDOTOXING —~ An aiglutt for ihe of g
For use only,

ESTERASES ~ Cyrochemical aomonuuuon 101 Bi00d, bone Marrow b7 Hissue. Based .

on uss ol ASD | acetate. For use Oniy.
FACYOR it (PROTHROMBIN) — One- llm Claiting time sssay 100 Pistime amMpOYInG
Factors i1 and Vil dehicient plasma.

Hmd assay 1o Disama sMmployIng Factorns i, ¥it snd X geticient plasma

FACTOR V — One-slage ClOUing LM sasay K PLASIE SMPBIOYIRG F 3clor ¥ daticiem .

plasma

empioying Factor Vi deficient plasmas. Fof ressesch use only.

FACTOR X (STUART-PROWER) — One-slage cloling Lme Assy I plasma enploy ..

ing Faciors Vit ana X deticient plasma.
FETAL HEMOGLOBIN — Hisiochemical 8Gid elution procedure; 167 DIooT smears.

FIBAIN DEGRADATION PRODUCTS (FOP) — A visusl 86mi-quantitative 3 stimalion; i .

ssfum, Dy ths oCcial Calt rech
FORMIMING « GLUTAMIC ACID FIOLY}) -
AL APHIG R UNGLely WS am.

erythroCytas, at 340 am. M rale of of ursting Hphospho
giucose (WOPG) For ressaich use only.

GALACTOSE-1-PHOSPHATE URIDYL TRANSBFERASE DEFICIENCY — Fiucrascence .

JCIMMNIOG PIOCadure; fof wlmocvln Rate of NADPH formalion 18 noiso Dy visusd
ol UNGIE L0NG wave Litraviolet {Dlsck ) Lghl.
GLOBULIN, TOTAL — Coonmalnic PIocedura; 10/ susuin, 8 350-570 nm. Based on the
modthc ation of Hopuna-Cole reaction tor wplopnm

QLUCOSE - C L for seeam of plagma. ¥ 420 nm. .
Based o0 the uss ot by and & ehaymas,
with the ot w0 o & solored INT
focmatan.
GLUCOSE — Colonmeinic procedurs; 1or biood, piasims or w\m\ &t 475.475 aem.
Empioys giucose 0xidase ang i OO

QLUCOSE ~ Coknimewnc procedurs; K biood, plosma of wum. o 420850 .
Based on 010U COIOM ruchoﬂ

GLUCOSE — un t @ tor wm. plasms, carsninsona ftusd .,
of usine, ® 340 am. ¥ g
COupled saryme system Al W e Bngie sl

GLUCOSE & PHOSPHATE OSNVDROGENA“ §G-l»'0| -~ Sefuguanttstive ..

[ Ial ar yles. Bused 00 wisusl obsarsasuan o

GLUCOSE- & PHOSPHATE DEHVDROGENASE {G-5POH) —~ Quansitative uilravioist .

nelic proceduie 1or DIBGA al 340 am e Hom &
denydrogenkae (&PGDH) IS avoided Dy use of & specisl Inbitor.

GLUCOSE 6 PHOSPHATE DENYDROGENASE (G-8-20) DEFICIENCY — Fiuorescence ..

SCIaRMINgG Procadure, 10f MIyNIoCyies. Rate of NADPH formation s notsd Dy visusl
ODINVEALON BT INCIEESE In HLOISICENCE UNGEr I0Ng wave uilisviolel bgnt

BOLUCURONIDASE ~ COINMeInc proceduis; 10 Saium of unne, M 550 nm Based ..

on  maad t of d  Hom  pi Hin
MONO-d-gQiuCuron acid

TOLUTAMYL TRANSPEPTIDASE (GGTP) — ColOmmatne procedure, o serum of .

plasms, st 345 am Baseg on ol p tram
ygiulamyi-p-nitroaniae.

yOLUTAMYL TRANSPEPTIDASE (GGTP) — Kinelic procedurs; lor s Gf Diasma,
at 405 am. Based on me of k af p tom y yi-p-
mitioanilide.

yOLUTAMYL TRANSPEPTIOASE (GGTP) ~ Kinetic proceduie, for sarum o pisama, ..

at 405 nm Baseo on oplimized meinod of Szasz, Cin Chem 15 124, 1060
QLUTATHIONE REDUCTASE DEFICIENCY — §4

Lo,
ArythioCytea. Rats ot NADPH Consumplion 18 noted Dy visuss unnn-wm\ ot tou "

fuoescanca unded 10ag-wave gk, AR pe
slandardized in » ungle viad.

*GOO0D™" BUFFERS — A saries of amune butiers with a oM rangs of 5.511.0. Far .

FOBMAICH Lse Only

HoL ChOLis'EROL AND TOTAL CNOLESTEHOL — Enzymaiic proceduse; {of sarum .

&t 500 nm 0L ana vLOL) with
Mg~ wHOL m:mn 18 delermined sazymaticaily
MOBIMN - c . tor whoie Digod, al 540 nm Emolovs

P  for unhe, .
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