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Abstract:

The Limulus lysate assay was used to measure the endotoxin content in stream water and was found to
reflect the degree of bacterial contamination as measured by coliform, enteric, gram-negative and
hetero-trophic bacteria. The firm clot method was found to be a less sensitive and reproducible
technique for the detection of endotoxin than the spectrophotometric modification of the Limulus lysate
assay. Bound endotoxin, as determined by the spectrophotometric modification of the Limulus lysate
assay, was found to be a better measure of the endotoxin associated with bacterial cells than total
endotoxin.

On the basis of high positive correlations between bound endotoxin and coliform, enteric,
gram-negative and heterotrophic bacteria, the measurement of bound endotoxin by the Limulus lysate
assay was proposed as a rapid and sensitive test of bacterial water quality.

Because of the assumptions that are inherent in using the LLA as a measure of bacterial water quality,
more research is needed before the LLA can be generally applied.
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ABSTRACT

The Limulus lysate assay was used to measure the endotoxin content
in stream water and was found to reflect the degree of bacterial con-
tamination as measured by coliform, enteric, .gram-negative and hetero-
trophic bacteria. The firm clot method was found to be a-less sensitive
and reproducible technique for the detection of endotoxin than the
spectrophotometric modification of the Limulus lysate assay. Bound
endotoxin, as determined by the spectrophotometric modification of
the leulus lysate assay, was found to be a better measure of the endo—
toxin associated with bacterial cells than total endotoxin.

- On the basis of high positive correlations between bound endotoxin
and coliform, enteric, gram-negative and heterotrophi¢ bacteria, the
measurement of bound endotoxin by the Limulus lysate assay was proposed
as a rapid and sensitive test of bacterial water quality.

Because of the assumptions that are inherent in using the LLA as a
measure of bacterial water quality, more research is neéeded before the
LLA can be generally applied.




Chapter 1
INTRODUCTION

With increasing demands on water resdurces, bacteriological tests
are becéming more important as a means of asseésing'the effects of
multiple use oﬁ water qﬁality. At présent, bgcteriological tests
arévthe only acceptable means of assessing the sanitary.quaiity of
watér,supplies.

Bacteriological measurements of water quaiity rely predominantly
on the detection and enumeration of indicator organisms. Theée indif
cator systems are based upon the detection of fécal contamination
froﬁ warm-blooded animals since -this is the natural link to the occur-
rance of pathogenic microorganisms in pollutéd water. The direct '
.enﬁmeration of pathogens is not ﬁractiqal because.of: (1) tﬁeir low
‘numbers and (2) th; expense of time and money necessary to isolate aﬁd
enumerate them. Fecal coliforms, fecal streptococéi and total coliforms
are the usual bacterial indicato;s used to relate fecal contamination
tB the presencé of pathogenic bactéria.- However, bacterial indicators

have, in some cases, been present in low enough numbers to reflect

little fecal contamination when Salmonella typhi was present in high
enough numbers to cause typhoid fever (34).
One limitation of the standard tests of water quality is the

24 to 48 hours necessary to perform the test and to obtain the results.
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A rapid and simple test of bacterial water quality would have definite
~ advantages. A test requiring only two hours to perform and which
reflects the number of indicator organisms present as well as other
predominant aquatic bacteria would have many applications. Such a
technique would be expegially useful whefe floods, hurricénes,
earthquakes and tornadoes make time a critical factor in aséessing
the water quality.

Several investigatbrs (83, 37) have suggested that the Limulus.
lysate assay for endotoxin may be_a useful technique for_fapidly
determining the bacterial quality of water. This technique requires
only one hour to perfofm and detects the lipopolysaccharide or
endotoxin poftion of gram-negative b;cterial cell walls. The Limulus
lysate assay was developed by Levin and Bang (65) while investigating

the toxic effects of a marine bacterium on Limulus polyphemus, the

horseshoé crab. They found that thé endotoxin from this ﬁarine‘
bacterium caused a massive coaguléfion of_the amoebocytes in the
crabsi blobd (7). Further investigatién showed that the protein
within the amoébocytes gels in the presence of ﬁinute amounts of
endotoxin (1 nanograﬁ/ﬁl) (59), and that the rate of geiation 15
proportional to the amount of endotoxin present (65). Severalr
methods have been used to extract the protein from the amoébocytes

- for use in the Limulus lysate assay, the most common ones being those

of Levin and Bang (65) and Jorgenson and Smith (53).
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The Limulus lysate assay is performed by reacting 0.1 mi'of
lysate with.O.l ml of éample, incubating at 37 C for one hour and
checking the solution for the presence of a firm clot or an increase

in turbidity.

Statement of Purpose

Jopgenson; et. al. (51) have found that the Limulus 1§sate assay
can be used to determinelphe number éf gram-negative bacteria in fluids.
The amount of endotoxin}in river waﬁer has also been determined by
the Limulus lysatevassay (22). 1In light of these findings, the
purposes of this study are: |

(1) To assess the applicability of the Limulus 1ysate assay
as a rapid test of bacterial water quality.

(2) To develop the Limulus lysate assay into a sensitive,
* reproducible and quantitative technique for measurlng the‘
quantlty of ‘endotoxin in water.

(3) To correlate the amount of endotoxin in water with standard
measures of bacterial water quality.




Chapter 2
LITERATURE REVIEW

Bacteria as a group of microorganisms are tremen&ously diverse
in terms of their tolerance to pH, tem@erature and oxygen concentra-
tions. ‘They can grow aﬁd survive in waters having véry dilute nﬁtrignt
concéntrétions.and are able to utilize substrates Whicﬁ other
organisms are unable to metabolize. Heterotrophic bacteria consume
organic materials (many of which may be pollutants) and ﬁroduce
mineralized end-products. In addition, some bacteria are pathogenic
and cause water-borne diseases of man. Because of these cﬁaracteris-

tics, bacteria play an important role in'determining water quality.-

Indicators of Water Quality

Bacteriological measurements of water quality rely Eredominantly
on the.différentiatién and enumeration>of indicator organisms. These
indicator systems aré based upon the detection of fecal contamination
from warm-blooded animals, since this is the natﬁréi link to the
occurrance of pathogenic microorganisms in polluted waters. Fecal
coliforms, fecal gtreptococci and tétal coliforms have been used to.
relate fecal contamination to the presence of pathogenic bacteria in
the aquatic environment (34,36,38;58, 61). These inaicatorS'dd not

relate directly to the other parameters of water quality such as
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general bacterial densities, the occurrance of pathogens or aesthetics.
Coheq (14) and Gallagher (34) have stated that any one of these
organisms should not Be used along as indicators 6f water quality.

Allen (2) proposed that Psedomonas aeruginosa, Clostridium perfringens

and Bacteroides may be suitable'as other indicators of water quality.
Nitrate-reducing, sﬁlfate-reducing.and fluofescent bacteria have been
used as alternative indicators of water quality (84). ‘The total.
viable count or standara plate count has also been used by man& inves-
tigators to help assess the water duality of .aquatic envirénments (49,.

50, 85, 95).

Rapid Tests of Water Quality

Many attempts have been made to develop rapid tests of water
quality. Guthrie, et. al. (39) were able to enumerate fecal strains

of Escherichia coli, in 12 hours, by the combination-of the membrane

filter and fluorescent antibody techniques. Evén though their
technique combared favorably with standard methods ofldeteymining
fecal coliforms, they did not apply this technique to natural aquatic
environments. Abshine, et. al. (i) improved this technique so the
time required to complete the assay Was‘réduéed from 12 to 3 hours.

" In actual fiéld situations, this technique corfesponded clbsely with
standard methéds for determining fecal coliforms. The fluorescent

antibody technique has also been used to detect Lancefields' group D
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streptococci (79). Strange (94) used 1251 - labelled homologbus
antibody to detect small numbers of bacteria in aqueous suspensions.
Results could be obtained in 8 - 10 minutes and could detect as few
as 500 bacteria. All of the above methods rely on the.membrane
filtrétion technique to either collect tﬁe antibddy complex or_ﬁo
concentrate thé bacteria.

Khanna (56, 57) developed a 4 hour technique using 32P incor-
porated in a sﬁbstfate to enumerate coliform organisms. This was
~accomplished without the use of the.membrane filter technique by
co—precipita£ion of the radioactive phosphorus. Strange (94) has
found that the use of the membrane filter in these techniques may
décrease the accuracy and sensitivity of thé assay by introducing
background interferences dﬁe to entrapment of interfering particles
on the membrane filter. A radiometric méthod,.based on the release
of 14002 from [14C] lactose, was used by fachragh (6) to detect
bétween.l.— 10 bacteria in cultures incubated for 6 hours.  Using
a similar techﬁique, Levin (63) founa that [14C] formate worked
equally well to'enume¥ate coliforms .when an incubation fime of 3
and 1/2 hours was used.

A rapid and sensifive method for detectiné fecal and total
coliforms was developed by Kenard and Valentine tSS). This tech-
nique involves the detection of b§¢teriophage specific for coliform

and fecal coliform organisms. By the addition of large numbers of
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the organisﬁ in question to the water sample, the Presence-of a
virulent bacteriophage could be detected in 6 - 8 hours. The
authors.found a high degree of correlation (0.95) between the number
of phage and the number of fecal coliforms. This_relationship held
true over a widé raﬁge of fecal coiiform éoncentrationé.

In contrast to the indirect methods of‘using fluoreséent aﬁtibody,
radioactive labelled antibody, radiometric and bacteriophage techniques,
several tests have been developed for the rapid anq direct‘enqmeration
of indicator bacteria. Andrews and Presnell (5) used a newly formulated

medium (A-1) in a 24 hour elevated temperature test to recover

Escherichia coli from estuarine waters, The authors reported that this-
test comparéd favorably to the standard 72 hour MPN teét in terms of
recovery and the number of false positives. The usefullness of the
method was further.dembnstratéd by Andrews, et. ai. (45.. Francis (31)
has formulated another medium for use in 7 hour elevated temperature
enumeration of fecal coliforms in ﬁresh chicken. This new téchnique
may be applicable to water quality studigs.

A new technique for the rapid, nonselective enumeration of micro-
organisms in water has been developed by Levin, Usdin and Slonim (62,63).
This method employs the bioluminescent reaction of the firefly and is
based upon two biochemical findings: adenosiné triphosphate (ATP)
is specifically required in the firefly bioluminescence reaction and

ATP is ubiquitous to all living cells. The test involves measuring
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the ATP congent in a water sample using the firefly bioluminescent
reaction and relating the quantity of ATP measured to.thevnumber of’
miéroorganisms responsible for this quantity of ATP; The authors
report -that this technique can detect as few as 100 to 300 bacterial
cells in less than 1 minute. Since ATP is ubiquitous to all living
cells, this technique measures all'bioﬁass whether of bacterial

origin or not..

Limulus Lysate Assay

Some reference has been made to using.the Limulus 'lysate assay
for endotoxin (LLA) as a possible rapid test of water quality (37,83).
This assay has been éhown to be specific for the detéctiog of gram- |
negative bééterial gndotoxins'(16,28,51,53;73,80,81,82,1055, which~
are_lipoﬁol&sacchari&e.moieties contained in tﬁe outer ceil’layef of
gfam—negétive bacteria. Most, if not'all, gram-negative bacteria
possess endotoxins (19,74). Endtotoxiﬁs, otherwisé known as lipopoly-
saccharideé (LPS), o? pyrogens, are of medical interest because of the

role they play in endotoxemia and gram-negative bacteremia. Endotoxins

are pyrogenic in nature due to their ability to cause a febrile response

when injected into experimental énimals. The endotoxin molecule

poésesses three subunits (70): (l)"the lipid A moiety, (2) the core

" region composed of ketodeoxyoctonate, 2 heptoses and 3 heioses, and

(3) side chains of repeating polysaccharides(oligiopolysaccharide).




9
The 1lipid A moiety serves to link the core region and polysaccharide
side chains to the cell membrane and is the site of biological
activity. 'The core region links the polysaccharide side chains to
the lipid A moiety. The repeating -polysaccharide side~chains-are
responsible for the antigenic épecificity of the LPS molecule and
the O antigen in the enﬁeric bacterié. Endotoxins are usually thought
to be firmly-bound to the cell wall and released only upon cell |
lysis (74). Severél investigators (20,71,103) have found free
endotoxin in the culture fluid of a thymine'auxotroph of Escherichia
coli. This endotoxin may be due to overproduction of endotoxin and
not a result of cellular lysis. The free or extracellular .endotoxin
is immunologically identical to the endotoxin that is bound to the
cell surface (20).

Jorgenson and Smith (54) have used the Limulus lysate assay to .
measure free endotoxin in culture‘fluidé. Their results indicated
that free endotoxin results from increased solubilization or shgdding
of pre-existin 'cell wall material aﬁd is probably not a consequence
of metabolic'over production of this mgtefial, nor of cellular lysis.
This conclusion was based on experiments conducted on resting or
stationary phase cultures of E. coli. Appreciable amounts of free
endotoxin were found in the culture filtrate when cell lysis or
growth could not be detected. Even though free endotoxin may constitute

50%Z of the total endotoxin, the endotoxic activity of the LPS remaining:

il
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on the surface of intact cells is readily measurable'by the tLA (54).
Since the amoﬁqt of eﬁdotoxin bound to the cell surféce remains fairly
constant, the.quantitative measurement of bound or totai endotoxin
by the LLA should'be‘a suitable method for approximating the nﬁmber

of gram-negative bacteria in fluids (54). Jorgenson, et. al. (51)

‘used this principle to determine the number of gram-negative bacteria

in EEEE& by measuring the total endotoxin content with the Limulus
lysate assay. By co?relating the endotoxin content ﬁith bacterial‘
counts in uring, they were able to detect as few as 1000 bacteria/ml’
(51).

| Gram-positive bacteria, as well as exotoxin and extracellular
ﬁroducts from gram-positive bacteria do not give a positive Limulus
lysate test (81l). However, several résearcﬁers (24, 28) have
questioned the universal specificity of the lysaté assay. Elin 24)
has reported that -a few polynucleotides and proteins (specifically,

enzymes) gave a positive Limulus test. The concentrations required

‘to elicit this response were from 103 to 107 times greater.than the

_concentrations of endotoxin necessary to give a positive Limulus. test.

Wilfeuer et. al. (101) showed péptidog}ycaﬁ isqlated'from the cell"
walls of gramrnegati§e bacteria gave a positive Limilus test, however,
the activity of fﬁe_béptidoglycan was 1,000 to 400,000 times less than
that of L. ggii,- Wilfeuer et. al;-(lOl) suggested that other bacterial

components should be investigated for their ability to initiate the
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gelation of Limulus lysate. One investigator (28) did find that a
viral RNA gave a positive Limulus test in approxiﬁately the same
concen;rations as endotoxin. °

The LLA is the most sensitive test for detecting endotoxin (15,24,

.51, 82, 104) and can detect as little as 1 picogram oﬁ‘endotoxin/ml

(96, 104). The LLA is at least 10 times as sensitive as tpe rabbit
pyrégen test ﬁsed‘by the Food and Drug Administration és the standérd
endotoxin test (82) aﬁd‘is between 106 and 107 times as sensitive as
the colorimetric assay developed by Janda and Work (45, 106).
Numerous investigators have used the LﬂA to detect endotoxin in »
biood or blood fluids (11; 21, 26, 29, 30, 35, 66, 67, 68, 72, 77, 81,90),
spinal fluids (75),‘urine (51) and tissue homogenates (102). Intra- |
venous fluids (52; 73) and radiopharmaceuticals (23;:42; 52, 735 have
also been scréened' for the presence of éndotoxin B& the LLA. The
lysate a;say has also been tested for its suitabiiityfasia rapid Screen-
ing test of ground meats (46). Limulus lysate reacts with the endo-
toxin of both'aeroﬁic and anaerobic gram—-negative bactgria (90). Endo-
toxin concentrations in well and fivgr water have been measured by the
LLA. Endofbxin concentrations ranged from 400 microérams/ﬁl in'éhe-
Mississippi River at New Orleans, La., to 1 microgram/ﬁl in the Cumber-
land River ﬁEar Nashville, Tenn. (22).
The Limulus lysate assay Wés first described by Levin and Bang (65).

This discovery was based upon the observation that-the in vitro coagu-—

-
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lation of Limulus polyphemus amoebocytes is mediated By gram—negative

bacterial endotoxin (7). While elucidafing the mechanism responsiblé
for the coagulation, Levin and Band (65) determined that a protein
within thé amoebécytes was involved in clot formation. ‘Beveral
methods have been designed to extract the clottable protein from
the amoebocytes (65, 81, 100, 104, 105). These various methods
were developed to try to improve the seﬁsitivity'qf the lysate and
to correct the variability in the Eiological activity. Sﬁllivaﬁ
and Watson (96) were able to reduce variability émong different
lysate preparations and improve sensiﬁivity by chloroform extraétion
of an inhibitor and the addition of divalent cétioﬁs.

The mechaniém ;f gel formation in Limulus lysate was firsf hypoth-
esized by Levin and Bang (65). They éuggested that clot férmation
was due to a reaction of amoebocyte cellular prétein With_én'endotoxin
gctivated enzyme. This hypothesis was substéntiated in a later study
by Yo;ng,.Levin:and Prendergast (105). Sephadex column-ch;omatography
was used to determine that the lysate was composed. of 3 fractions, two
éf which were involved in gel fofmatiqn. They p?oposed ‘that a heat
labile, high molecular weight protein was activated by endotoxin and
then gel;ed a second, heat stable, ﬁlottable fractioq of apprbximately
27,000 molecular'weight. Solum (88, 89) confirmed the proteiﬁ nature
of the ffactions and fhis mecﬁaﬁism of gel formation. Yin et. al. (104)

has demonstrated that the lipopolysaccharide portion of-the endotoxin
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molecule reacts with the lysate in thetgelation reaction. These -
findings were corroborated by those reported by Jorgenson and Smith (98)
who found that a- combination of the lipid and polysaccharide moieties
of the endotoxin molecule showed slightly iess lysate activity £han
the whole endotoxin (polysaccharide + lipid + oligosacchafide), but-
more activity than when tested separately. |

The endpoint determination of the gelatioﬁ reaétién in the LLA
is onlf semi-quantitative. Most inﬁestigators (16;‘51, 53,'65, 81, 104,
105) have used an incrgase in viscosify or a firm gel as the endpoipt.'
Hochstein et. al. (42) has found that this method for determining tﬁe
endpoint may bias tﬁe results of the LLA By reading surface tension
as a firm gel. Hochstein et. al. (42) and Sullivan and Watson (96)
detected the endpoint of the LLA by reading a firm gel as one'that
would not break when inverted 180°. This method,tended to reduce
investigétor_bias, but may still belSO%‘off in detecting the endpoint
due to the two~fold serial dilutions used in the lysate assay. Wiwa,
Hiramatsu and Wogﬁri (76) have developed a method to quantitatively
meésure the amount of clottable protein formed in the reaction of endo-
toxin and Limulus lysate. The use of this method made the LLA quanfita—
tive with a sensitivity that ranged between 1 and 10 nanograms]ml of
endotoxin. The.sepsitivity depended on Fhe activity of the endotoxin
used to devglop the standard curve. Worthington Biocﬁemical Corporation,

Freehold, New Jersey, has developed a-spectrophotometric method to
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quantify the LLA assay. This technique consisted of changing reaction
counditions inlthe lysate assay so that instead_of'a solid gel being
formed, the reactive protein precipitated yielding a tﬁrbid suspension.
The absorbancg of this suspension waé read on a sﬁectroPhotometer,_and
a standard curve was developed by plotting absorbancé versus endotoxin
concentration. This method was sensitive to one picogfam/ml of endo-
toxin. Watson, Woods Hole Oceanographic Institution (persénal communi-—
cation) has developed a similar method which was sensitive'to ¢ne pico-

gram/nl of endotoxin.

Enumeration of Gram-negative Bacteria

The Limulus lyséte assay detects the endotoxin of gramrnegatiﬁe
bacteria. If the LLA is to be useful as a rapid test of water quality,
the amount of endotoxin must be cdfr@lated with the number of gram-
negative bacteria. Several media have been proposed to selectively
enumerate gram-negative bacteria. Holding (43, 44) used a medium
consisting of 0.5% meat extract, 0.5% peptone and 1:500,009 ( 2 ug/ml)
crystal violet to eﬁumerate gram-negative bacteria from.soil.' Litsky,
Mallmann and Fifield (69) showed that crystal violet in a concenfratioh

of 2 ug/ml was inhibitory to Escherichia coli.. They proposed that

ethyl violet would be a more suitable selective agent for gram-negative
bacteria. Ethyl violet in a conééntration of 1.25 ug/ml was not inhib~

itory to Escherichia coli, Salmonella typhi and Salmonella typhimurium
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while completely inbibiting Bacillus subtilis and Streptocogéus
faecalis (69). Several inveétigators have used ethyl violet as a
selective agent.to isolate anaerobic gram-negative bacteria (8,v32).
Nile blue was shown by El Sladek and Richards (25) to inhibit gram~
positive_baéteria at a concéntration of.lOO ug/ml without inhibiting
gram—negative.bacteria. Brom thymol blue, o-cresolphthalein, janus
green, methylene blue, safranin o, safranin_Y; methyi green and p-
rosénilipe have all been shown.to be inhibitory to gram—positive and
not gram-negative bacteria (33). However, the degree of insemsitivity
of gram-negative orgaﬁisms to these dyes was not repcrted. Nitrogen
containing steroi&s (87) and B—methylpyridiﬁo derivatives (47) show
promise as selective agents from gram-negative bacteria, as well:

A detergent, ?grgitol 7,‘wés shown by Pollard (785 to inhibit
many gram-positive bacteria. Chapmaﬁ (13) used this selective agent
and triphenyltetrazoliﬁm chloride in a culture medium to isolate:and

confirm Escherichia coli in 10 hours. Chapman (12) and Kulp, Mascoli

and Tausharijian (60)'Bave found. that the numbers of coliform bacteria
on Tergitol 7 agar were 30 to 50% greéter'fhan on either Endo or Levines'
eosin methylene blue "agar. Tergitél 7 agar appears to be completely
non—inhibifbry to most gram-negative Bactgria and has been used as -

the coliform coﬁfi%matbry medium!in water analysis (60) and as a

selective medium for enteric bacteria (41).
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Enumeration of Heterotrophic Bacteria

The standard plate count by the method given in Standard Methods

for the Examination of Water and Waste Water (3) has been shown to .

recover a lower percentage of the total bacterial population thaq

the streak plate method employing casein—péptonefgtarch (CRS) mediim

(48, 92) of Stark and McCoy (93). Jones (48) and Staples and Fry (92)
MwsttMt@Smﬁmgmeﬁ@ucwﬂsm@tMm@mmmmmmhd

in Standard Methods. . The inoculation of plates by the streak method -

instead of pouring tempered'agar onto the inoculum accounted for most
of the discrepancy between the tﬁo methods (10, 27, 48, 49, 59, 91,107).
Klein and Wu (59) have reporfed that.tﬁe streak plate ﬁethod may yield
up to five times the number of bacteria as on the péur'plate method.
The temperature of iﬁcubation may greatly influenée the count obtained
by the streak and pour methods. Taylor (97) and Jones (48) have
indicated.that-an incuBation teméérature of 20 C provides for the
greatest yield of bacteria. Bissonnett (9) and Herrisén (40) have
shown that bacteria may be injured in phosphate-buffered diluent so,
that while the cells still remain viable, they are not.able to gfow,

as readily on seiective-media. The harmful.effeéts of_diluegt on
bacterial cells can largely be corrected by the addition of O.l%-peﬁtone

to the phosphate buffer (86).




Chapter 3
DESCRIPTION OF THE STUDY AREA

The East Gallatin River provides an ideal situation for the
study of bacterial indicators of water quality. The river's tribu-
taries start out as high; pristine mountaiﬁ‘streams aﬁd fld% along
the ﬁalley floor where they drain agriculturél and/or urban areas.
The effluent from a primary and secondary sewage treétment plant,
after chlorination, empties directly into the river. Within 25
miles, the East Gallatin River and its primary tributaries change
from small pristine streams to one that is contaminated’with sewage
effluent. Siées Selectgd at diffe?ent locations on the East Gallatin
drainége provide samples of very diverse water quality. Thi$ siéua—
tion allows the determination of the relationships between the amounts
of endotoxin in water and the numgers of bacteria fof waters of
differing bacterial quality. The sités used in this 'study are de-

scribed in Table 1. Figure 1 indicates their location.




Table 1.
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Description and location of sampling sites for mlcroblologlcal
and endotoxin analysis

Site

Description and Location

EFl

H3

HA

H5
M3

M4

EG4
OF2

EG5

Located on the East Fork of Hyalite Creek, approximately 3.4
miles (5.5 km) from its source, a high mountain stream.

Located on Hyalite Creek, approximately 7.0 miles (11.4 km)
downstream from Hyalite reservoir, a high mountain impound-
ment.

Located on Hyalite Creek, approx1mately 17.0 mlles (27.4 km)
downstream from Hyalite reservoir.

Located on Hyalite Creek, approximately 25.0 miles . (40.2 km)
~downstream from Hyalite reservoir, after flowing through
agricultural and suburban land.

Located on Mystic Creek, approximately 7.0 miles (11.3 km)
downstream from Mystic reservoir, a high mountain impound-
ment.

Located on Mystic Creek, approximately 12.0 miles.(l9u3 km)
downstream from Mystic reservoir, after flowing through
agricultural land. :

Located on Mystic Creek, approximately 16.0 miles (25.7 km)
downstream from Mystic reservoir, after flowing through
the City of Bozeman. .

Located on the East Gallatin River approximately 0.1 miles
(0.3 km) upstream from the Bozeman Waste Water Treatment
Plant outfall.

Located on the outfall of the Bozeman Waste Water. Treatment
Plant, a primary and secondary treatment plant with chlori-
nated effluent

Located on the East Gallatin River, approximately 0.8 mile
(13.3 km) downstream from the outfall of the Bozeman Waste
Water Treatment Plant.
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Table 1. (continued)
Site Description and Location
EG5A Located on the East Gallatin River, approximately 3 miles

(4.8 km) downstream from the outfall of the Bozeman Waste
.Water Treatment Plant.
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Chapter 4

MATERIALS AND METHODS

Sampling

Samples for bacterial amnalysis Weré collected in two liter
sterile nalgene bottles from sites shown in Table 1. In the initial
phase of this study, the sites collected were M3,-M4, M5, H3; H4,
EG4, OF2, EG5 and EG5A. Later, samples were collected$at EFl, H5, .
M3, M4, M5, EG4, OF2, EG5 and EG5A. When sampling OF2 and EG5, 2 ml
of a 10% solution of sodium thiosulfate were added to the sample |
bottles before autoclaving. The addition of sodium thiosulfate.
neutralized any residual chlorine that may have been present at
these two sites.' Samples for endotaxin analysis were collected in
pyrogen~free scfew cap culture tubes.(ﬁreparation of pyroggn~free
glassware is described in the section dealing with fhe Limuiﬁs lysaté
assay). Samples for endotgxin and bacterial analyses were collected
.simultaneously. All samples weré plaéed on ice in a éoleman cooler,
transported back to the university laboratory and held on ice until‘

analysis. All éamples were tested within six hours of collection.

Gram-negative Bacteria by the Membrane Filter Technique

In the initial phase of this research, gram-negative bacteria

were enumerated on crystal violet selective medium (CV) using the
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membrane filter technique. CV medium consisted of tryptic soy
broth supplemented with 0.3% yeaét extract, 0.5% glucose, 2 ug/ml
crystal violet and 1;42 agar (unless otherwise specified, all media
and media components were Difco products). The mediup was auto-
claved, and 10 ml portions wereé poured into 50 X 12 mm sterile, glass
petri dishes.

All samples were thoroughly shaken before withdrawing aliquots
for filtration or for dilution before filtration. Ten, 5 or 1 ml
portions of the sample to be filtered were transferred to the filter
funnel containing approximately 10 ml of standard phosphate buffer (3)
supplemented Witﬂ 0.17% peptone. One ml of the sample to be diluted
was transferred to a 99 mi sterile phosphate-buffered peptone dilution
blank. Oﬁe, 10 or 50 ml portions from the dilution blank Qere then
transferred to a membrane filter funmnel, Two replicates of each
dilution were made. After filtration, the filter funnel‘was rinsed
four times- with sterile phosphate-buffered peptone water from a sterile
wash bottle. The membrane filter (Millipore Filter type HAWG 047 SO
with a pore size of 0.45 um) was aseptically rolled onto the CV
medium. Filter and water controls were also performed. fhe plates
were inverted and incubated for 24 h at 35 C. Plates showing between
20 and 80 colonies were counted and reported as the number of gram-
negative bacteria/100 ml. Gram-negative and all other bacteria.enumer—

ated by membrane filtration were counted with the aid of a 7X view-
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ing scope and incident light.

To test the selectivity of the CV medium, 20 colonies from each
of 4 water sémple plates were picked and transferred to sterile tryp-
tic soy broth (TSB). Picking procéeded from one edge of the plate
selecting all colonies until 20 were obtained. Following incubation
for 24 h at 35 C, slides were prepared from ﬁhe broth cultures and

these were gram stained.

Gram—negative Bacteria by the Streak Plate Method

Preliminary results indicated that CV medium was unsatisfactory
for the enumeration of gram-negative bacteria. Ethyl violet (Matheson,
Coleman and Bell), Nile blue A (Matheson, Coleman and Bell) and
crystal violet were compared as selective agents for gram-negative
bacteria.

A basal mediuﬁ was prepared containing differing concentrations
of each dye. The basal medium was a modification.of.casein—peptpneQ
sta;ch mediuﬁ (CPS) (93), consisting of g/1l: 0.2 KypHPO,, 0.05 MgSO4-
7 Hp0, trace FeCl, (4 drops of a 0.01% solution)} 0.5 peptone, 0.5
casein, 0.5 soluble starch, 1.0 glycerol and 15 agar. Joﬁeé (48)
has reported that this modification does not alter the ability of
CPS to enumerate heterotrophic bactgria. Twenty ml of the autoclaved
medium were poured into sterile, 100 X 15 mm glass pgtri diéhés,

inverted and allowed to dry at room temperature for 24 hours. Various
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_ aquatic bacteria were streaked onto plates containing the basal
medium supplemented with oné selective agent. The‘seiective agents
used and their respectiﬁe concentrgtions included: 20 and 100 ug/ml
nile blue A, 2 and 10 ug/ml crystai violet and 1.25 and 2 ug/ml ethyl
violet. The bac;eria used (obtained from Montana State University's
microbiologicgl culture collection) and their éram reaction.are

shown in Table 2. One 1oopfu1 of bacteria was transferred aseptigall?
into 1 ml of sterile phosphate-buffered peptone, mixed aﬁd streaked
onto plates divided into 6 sectioﬁs. The plates were sfreéked by
placing the inécuiating loop near the center of the pléte and drawing
 the loop in a straight line outward to the edge of the plate. All

_ bacteria were streaked on the basél medium alone and on basal medium
with added selective agents. . The plates were inverted and incubated
at room temperature for 48 h. The.amount of growth occurring on the
basal medium supplemented with one of the selective agents was scored
relative to the amount of growth occurring on the basal medium alone.
A value of 4+ was assigned to the amount of érowtﬁ comparable to that
‘occurring on the basal medium, 3+ indicated growth 3/4 of that occur-.
ring on basal medium, 2+ indicated growth 1/2 of that occurring on
the basal medium, I+ indicated growth 1/4 of that occurring on the
basal mediuﬁ and 0 indicated no growth or only the appearance of a
few.isolatea colonigs. Since tiot all of the gram—positiye bacteria

tested were inhibited by the selective agents used, an experiment was




SAMPLES OF LOW ENDOTOXIN CONCENTRATION

SAMPLE

*
DILUENT

DILUTION 1/10 1/100 1/300 1/900 1/2700 1/8100 1/24300

SAMPLES OF HIGH ENDOTOXIN CONCENTRATION

SAMPLE

DILUENT ¥

DILUTION 1/10 1/100 1/1000 1/3000 1/ 8000 1/27000 1/81,000 1/243,000

# PYROGEN-FREE 0.1% NaCl

FIGURE 2. DILUTION SCHEME FOR PREPARATION OF SAMPLE FOR
LIMULUS LYSATE ASSAY.
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Table 2. Bacteria used to test the select1v1ty of various agents
for gram—negative bacteria

Bacteria : . Gram reaction

Escherichia coli (E. coli) , ‘ . -

Bacillus megaterium (B. megaterium) o X +

Enterobacter aerogenés (g. aerogenes) ' -

Bacillus cereus (B. cereus) . B

Salmonella typhimurium (S. typhimurium) . -

Bacillus polymyxa (B. polymyxa) . _ Co+

Enterobacter cloaceae (E. cloaceae) : -

Streptococcus bovis (S. bovis) ' ' +.

Salmonella flexneri (S. flexneri) ‘ -

Streptococcus faecalis (S. faecalis) o+

Alcaligenes-faecali% (A. faecalis) : -

Streptococcus faecalis subs. zymogenes (S. faecalis .

sibs. zzmogenes) +

Serratia marcescens (S. marcescens) -

Streptomyces sp. ' a

Klebsiella pneumoniae (K. pneumoniae) -

Sarcina lutea (S. lutea) ' S -

Erwinia caratovora (E. caratovora) -

Leuconosto¢ mesenteroides (L. mesenteroides) +
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Table 2. (continued)

Bacteria ' ] . ' Gram reaction.

Acinetobacter sp. . -

Pseudomonas aeruginosa (P. aeruginosa) =~ T -

Lactobacillus brevis (L. brevis) . o +
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desigﬁed to test the selective ability of ethyl violet in conjunction
with penicillin. A basal medium was prepared és above and supplemented
with 1.25 ug/ml ethyl violet. Potassium penicillin G (Eii Liliy and
Co.) was added to this medium in varying quantities so that seven
different concentrations were obtained; These concentrations included:
30, 10, 5, 2.5, 1 and 0.1 units of penicillin per ml. Twenty ml
portions of the autoclaved media were poured into sterile, 10b X 15 mm
glass petri dishes. After the media had cooled, the dishes were
inverted and allowed to dry for 24 h at room temperature. The bacteria
presented in Table 2 were streaked on the different media as previously
described. Growth on the various media Wés scored 4+, 3+, 2+, 1+ or
0 according.to the scheme already described.

As a result of the preceding experiments, aquatic gram-negative
bacteria were enumerated by the streak plate method employing the
previously described modified CPS medium supplemented with 1,25 ug/ml
ethyl violet and lO‘units/ml penicillin G. (In all future references,
this medium will be designated as EVP.) Autoclaved EVP medium was
poured in 20 ml portions into sterile 100 X 15 mm glass petri dishes.
Upon cooling, the plates were inverted and allowed to dry for 24 h |
at room temperature. After drying, the plates were stored at 4 C for
no longer tﬁan 48 h before use. |

All water samples were tﬁoroughly shaken before withdfawing aliquots

for plating or for dilution prior to plating. Dilutions of lOO, 10_1,
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and 1072 were made‘gsing 9 ml sterile phosphate-buffered peptone
dilution blapks. While withdrawing.the diluted samﬁle, the dilution .
blank was mixed ﬁsing a vortex mixer. Final dilutions of the sample
were 10"1,'10_2 and 10”3 which resulted from plating 0.1 ml of the
appropriate dilution. A bent glass rod was dipped into alcohol,
flamed and used to spread the inoculum evenly over the surface of
the agar. five replicates of each dilution were plated. Agar and
diluent controls Were also performed. The platés were invertgd and
incubated for 7'days‘at 20 C. Colonies on these plates,.aﬁd all
subsequent plates prepared by the spread piate technique, were counted
with the aid of a New Brunswick Scientific Colony Counter and re-
.ported as the number of gram-negative bacteria/ml.

To test the selectivity of the EVP medium, 20 colonies from
.each of two plateé from water sambles were picked and théir gram
reaction.determined in the same manner as previously-described.

.

Enteric Bacteria Enumerated by the Membrane Filter Technique

When gram-negative bacteria were enumerated by the membrane
filter technique, enteric bacteria were also enumerated by this
technique. Tergitol 7 agar was the medium of choice and was pre-
pared according to the manufacturer's instructions with one exception.
One ml of a 1% solution of triphenyl tetrazolium éhioride (TTC) was

added to-the autoclaved medium. After the addition of the TTC, 10 ml
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of the autoclaved medium were poured into 50 X 12 mm sterile, glass
Pétri dishes. The same diluﬁions and filtering procedure used to
enumerate gram-negative bacteria by membrane filtration were used
to enumerate enteric bacteria. Two replicates of each dilution were
made, After filtering the sample, the membrane filter Was-aséptic—
ally rolled onto‘Tergitél 7 agar, inverted and incubated for 24 h

at 35 C. The colony counts were reported as the number of enteric

‘bacteria/100 ml.

Enteric Bacteria by the Spread Plate Technique

The same dilutions and spread plate techniqué used to enumerate
gram-negative bacteria were used to enumerate enteric bacteria.
Tergitol 7 agar Was'prepared according to manufacturers' instructions.
The autoclaved agar was supplemented with 1 ml of a 1% solution of
TTC per 100 ml of medium and 20 ml portioﬁs were poured iﬁto sterile,
100 X 15 mm, glass petri dishes. ﬁpon cooling, the plates were allowed
to dry for 24 h at room temperature. Plates were stored at.4 C for
no longer than 48 hours before use. Inocuiated plates were invgrfed
and incubated at 20 C for 48 h. Colonies were counted and repérted

as the number of enteric bacteria/ml.

Coliforms

Total coliform bacteria were enumerated by the membrane filter
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technique as described in Standard Methods for the Examination of

Water and Waste Water (3). All samples ﬁere thoroughly shaken before
Withdrawing.ZSO, 100, 50, 10, 5, 1 and 0.1 ml poftions for filt?atibn.
The précedure used to filter the sample foliowed that previously"
described. After filtering, the membrane filters were aseﬁtically
rolled onto petri dishes contgining m—ﬁpdo_agar. Water and agar
controls ﬁefe also performed.

M-Endo-MF agar was made by preparing nFEndo broth according to
manufacturers instructions and supplementing with 1.4% agaf. The
agar Waé tempered to 45 C and 10 ml portions were poured intb‘stefiie,
50 X 10 mm, glass petri dishes. M-Endo-MF agar was prepared and
used the same day. After filtering, the plates were invertéd and
iﬁcubated for 24 h at 35 C. Two or five-replicates of each quantity
filtered were made. All colonies which produced a dark green météllic

sheen were counted and reported as the number of total coliform bacteria/

100 ml.

Heterotrophic Bacteria

Heterotrophic b;éteria were epumerated by the spread plate
technique émploying the CPS medium of Stark aﬁd McCoy (93}.‘ Thisg
medium consisted of g/l: 0.2 KyHPO,, 0.05 MgSO4-7H20, trace FeCls
(4 drops éf a 0.01% solﬁtion), 0.5 peptone, 0.5 casein, 0.5 soluble

starch, 1.0 glycerol, 1.5 agar. Twenty ml pbrtions of the autoclaved
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‘medium were poured into sterile, 100 X lS_mm,'glass petri dishes.
Uﬁoﬁ solidification of_the agar, the‘platés were inverted and allowed
to dry for 24.h at roém température. Plates were stored at 4 C for
no longer than 48 h before use. All samples were shaken on a vo?tex
mixer before aliquots were withdrawn for direct inoculation onto
the plates or for dilution. Appropriate dilutions of the sample
were made so tﬁat when 0.1 ml of tﬁe various dilutioné was transferred
to thé plates, the final dilutions were 10'1, 10_2, 10~3 and 10‘4.
Five replicates of each dilution were plateA., Agar ana water controls
were also performed.. Streaking and counﬁing of the'piates were by
the:methods previously described. Tﬁe plates were inverted and
incubated for 7 days at 20 C. Organisms forming colénies were re-

corde& as the number of heterotrophic bacteria/ml.

Comparison of the Enumeration of Pure Cultures of Bacteria on Various
Media '

Bacteria from puré cultures of E. coli, K. pneuﬁoniae and E.
-aerogenes were.enumerated.oﬁ the fpllowing media: Staﬁdgrd Methods.
Agar (SMA), CPS and EVP. Bacteria:from stock cultures were transferred
to 125 ml of sterile TSB and incubated for 24 h at 35 C. .Dilutions
of 10_5, 10_6 and 10_7 were made from the TSB using sterilé'99 ml |
phosphate—bﬁffered peptone dilution blanks. Aliqﬁoté of O;i ml from :

the dilution blanks were transferred to each of the 3 media so that
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the final dilutions of the TSB cultures were 10'6, 10-'7 and 10-8.
Five replicates of each dilution were plated on each of the 3 media.
Buffer and agar controls were also performed. The plates were in-
verted and incubated for 96 h at 35 C. Colonies were counted and

reported as the number of bacteria/ml.

Limulus Lysate Assay

Detection of Endotoxin by the Quantitative,Firm Clot Method

The Limulus lysate assay (LLA) was used to detect endotoxin in
water. All glassware (pipettes, flasks, etc.) used in this assay
was rendered pyrogen-free by baking at 180 C for 4 hours. Pyrogen-
free distilled water (Travenol sterile water for injection) was
used throughout this assay. To ensure that the distilled water was
pyrogen-free, Travenol water was dispensed into pyrogen-free 250 ml,
glass, erlenmeyer flasks, covered with aluminum foil, and autoclaved
for 3 hours. The water in the flask was used for one day and discarded.
Limulus lysate was obtained in lyophilized form (Associates of Cape
Cod, Woods Hole, Mass. 02543). The lysate was reconstituted immedi-
ately before use by the addition of 5 ml of pyrogen-free water. The
lysate was stored on ice until used. Any reconstituted lysate that
was not used during the day was quick-frozen with a mixture of dry
ice and acetone and stored at -20 C.

The LLA was performed by the method of Jorgenson and Smith (53).
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Water samples collected in pyrogen-free, 16 X 150 mm, glass, screw
cap culture tubes were mixed on a vortex shaker before withdrawing
aliquots for the deterﬁination of endotoxin. Two-fold serial diludtions
of the sample were made .to range froﬁ 100 to 1;9 X 16'4. An Eppendorf
pipet was ‘used to transfer 0.; ml of the sample to tubes containing
0.1'ml of pyrogen;free water és a dilueﬁt. The Eppendorf pipet was
used in all successive dilutions. The disposible tips for the Eppen—
. dorf pipet Weré found to’be pyrogen—free. Individually wrapped,
'sterile, 12 X 75 mm, polystyrene tubes (Falcon) were used for the
dilutions and as reaction tubgs for the LLA.- These ﬁubes were also
found to be pyrogen~free. The diluted -samples (0.1 ml) were mixed
before the additién of 0.1 ml of 1ysate;‘ Controls weré‘pérformed
by including a tube containing'OTZ ml of lysate, and a tube conii:ai'n‘ing
0.1 ml of pyrogen-free water and 0.1 ml of lysate;
| Endotoxin prépa?ations used in this® research included Weétphal :
phenol extracts of both E. coli 0111:B4 (Difco) and Klebsiella sp.
ATCC # 12833 (FDA). Endotoxin stock sélutipns were prepared by‘
reconstituting 1 ug of FDA endotoxin with 10 ml of pyrogen-free
water so that a final concentratipn of 100 nanog?ams per ml (ng/ml)
was obtained. Difco endotoxin was prepared by reconstituting 1.mg of
lyophilized endotoxin with 100 ml of pyrogen-free distilled water and
diluting it to a final concentrations of 100 né/ml. Stock solutions °

of endotoxins were stored at 4 C for no 1qngef than one ﬁbnth, Ten-
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. fold dilutiomns of-thé stock endotoxin wére made to ob;ain a i ng)ml
endotoxin solution. Two-fold seriél dilutions of thé 1 ng/ml
endotoxin solution‘&efe made, using a 0.1 ml Eppenddrf pipet, to
obtain endotoxin standard solutions fanging from 1 ng/ml to 1 pico-
gram per ml (pg/ml). ’Tﬁe‘endoéoxin solutions wete mixed thorougﬁif
before the additioﬁ of 0.1 ml of lysate to 0.1 ml of the solution.
The sample, control and endotoxin standard tubes.were incubate& for
L hat 37 Cin a circula&ing water bath. During the incubation
period, the tubes were not disturbed‘in any Way; At the end .of the
incubation periéd, the tubes were slowly removed from ;he Watér
bath and gently inverted 180°. The endpoint of the test was the
highest dilution of tﬁe sample or the highest dilution of endotoxin
which will clot the lysate to a.dégree that the cléts‘will not
Break when.inéé;ted 180°. To'obtain-thé endotoxinjconcentration
of the sample, the sample endpoiﬁt>was cbméared to the éndoto%in
standard endpoint and the value obtained was multiplied by the appro-
priate dilution factor. The éndotoiin concentfatioﬁ in the samplé

was recorded as ng/ml.

Detection of Endotoxin by Spectrophotometric Method

In the later phases of this research, endofoxin concentration
was determined by a modification of the LLA. By changing the reaction

conditions of the assay, Dr. Stanley Watson of Wpods Hole Oceano- .
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graphic Institution was able to employ a spectrophotometric method
to make the LLA assay a mofe quantltatlve technlque for determlnlngl
endotoxin. The LLA was modified so that the reactlon of lysate and :
endotoxin formed a turbid suspension instead of a firm clot. Dr.
‘Watsons' method was fur;her modified to make it moré éuitable for
use-in this reseafch. The modifications were: (i) ugsing pyrogen-”
free 0.1% NaCl as a dlluent instead of the 3% NaCl as described by
Dr. Watson and (2) reacting.0.5 ml of sample With 0 1ml of lysate
;nstead of the 1.0 ml of sample and 0.2 ml of lysate used by Dr. Watéon.
The method described_below follows that of Dr. Wétsén,éxcept-for |
these two modificatioﬁs.

Sampies-were ﬁixed on a vortex mixer before Witﬁdrawing aliquots
for use in the lysate assay. The water saﬁplés for the determiﬁation‘
of total endotoxin was prepared by making-dilutions from 10-1 to
3.7 X 10-6 followiﬁg the Schémé shown in Figure 2. vDépending upoﬁ
the expected ondotox in concentrations, five‘dilutions were selected
frpm'thls scheme to be included in the iysaté assay. The amount of
" free endotoxin in the sample &as determined from the supernatant
fluid obtained by centrifgging the sample in pyrogen—fréé glgss
centrifuge tubes at 12,100 X g. A Sofvall‘RC—ZB centrifuge and 88~ .
34 rotor were used. The dilutioné used to determine free endotoxin
~were the same as for total endotoxin. The amount of bound endotokiq

in the sample was found by subtracting the concentration of free endo-
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tpxin from total endotoxin. Lyophilizgd lysate (Associates of
Cape Cod) was. reconstituted with 7.5 ﬁl of fyrogén—f;ee.distillea
water. The lysate solution was clarified By centrifuginé at 67é0 X g..
Lysate was kept on ice auring use. ‘Unusea ;ysate was quick frozen
and sfored as previously described. -

The endotoxin used to standar&ize the LLA was E. coli 180-10
(Associates of Cape Cod). Endotoxin wég obtained in lyophilized
form and reconstituted with 10 ml of ﬁyrogen—free distilled water to
yield a final conpéntration. of 100 ng/ml. The reconstitutedlendotoxinA
was stored at 4 'C for no longer than one month.‘ This endotbxin Was '
. diluted to concentrations of 0.05 and 0.005 ng/ml by tﬁe combination
of 1:10 aﬁd'lzz dilutions.‘ Pyrogen—-free 0.3%Z NaCl was used as the
diluent. All endotoxin dilutiomns were stored on'iCe‘until used. If
the qnaotoxinldilutions were not used within 1 hour, tﬁey Were‘diécarded
and new ones made. From thg 0.05 and 0.005 ng/ml sélutions of éndotoxiﬁ,
a series of endotoxin concentrations wére made ranging from 1 té 30
pé/ml for use in preparing a standard ‘curve for the LLA. The endotoxin
standard solutions were prepared acéording to the scheme given in Table
3. |

All-sample dilutions and endotoxin solutions were mixed on a.
vortex shaker before_the addition of 0.1 ml of lysate to 0.4 mlzof
endotoxin. The dilution scheme for endotoxin énd thé sample were

such that the lysate could be added directly to the tubes containing




Table 3. Dilution scheme for preparation of endotoxin standards.

Desired Endotoxin Concentrations (picograms/ml)
Stock Solutiomns 1 3 5 7.5 10 15 20 25 30

Milliliters of Stock Solution Added

‘Pyrogen~-free 0.1% NaCl 0.40 0.20 0 0.425 -0.40 0.35 0.30 0.25 0.20 .

Endotoxin (0.005 ng/ml) 0.10 0.30 0.50 0 0 0 0 0 0

Endotoxin (0.05ng/ml) 0 0 0 0.075 0.10 0.15 0.20 0.25 0.30

8¢
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the completed dilutions. After tﬁe addition of.iysate, all samples
were mixed. on a vortex. shaker, and incubated at 37 C in a circulating
water bafh for exactly 1 hour. Duplicate blanks were prepared by
adding 0.1 ml of lysate to 0.5 ml of pyrogen-free 0.1% NaCl and in-
cubating them along with each sample or enéotoxin dilution series.
After the incubation period, the tubés were removed from the Qater
bath, mixed thoréughly and poured into microcuvets (Coleman) having
a 1 cm light path.- The absorbancy at 360 nm Waé immediately deter-
mined on a spectrophotometer (Varién Tecﬁtron Model 635). The
'spectrophqtometer was zeroed with pyrogen-free 0.1% NaCl. The tur-
bidity of the samples slowly increased with time. This necessitatea
the preparation of only'tﬁe number of samples that could be read in a
5 minute time period. When large numbers of sampleé were being aséayed,
lysate was added at 15 minuég intervals to the dilution series. By
staggering the addition of lysate to the samples and réading the tubes
within 5 minutes, any increase in turbidity was negligible.

A standard curve for the LLA was made by plotting absorbance
at 360 nm against endotoxin concentratiomn. Each absorbance value
in the sample or endotoxin dilﬁtidn series was corrected for the
absorbancy exhibited by tﬁe blank. Total and free endotoxin concen-
trations in the sample Wefe determined by averaging the wvalues of the
dilutions which feil within the range of the standard endotoxin curVe.»
The endotoxin concentrations in the sample were reported as ng/ml of

" endotoxin.




Chapter 5

RESULTS

-Development of a Gram-negative Selective Medium

The effects on bacterial growth of nile blue, crystal violet
and ethyl violet are summerized in Table 4. Nile blue did not totally :
inhibit the gram-positive bacteria at the concentrations tested

while several gram-negatives (E. coli, S. flexneri and E. caratovora)

were inhibited. Crystal violet completely inhibited all of the gram-
positlive bacteria as well as many'of the gram-negative bacteria at
the concentration of 2 ug/ml. Ethyl violet, at a concentration of

1.25 ug/ml, inhibited all of the gram:ﬁositive bacteria except for

B. megaterium, g, polymyxa and S. faecalis sub zymogenes. None of the

gram-negative bacteria‘tested, with the exception of Acinetobacter,

which did not grow in the presence of any‘selective agents, were in-
hibited.

Sincefsgpe of.the»Bacillus spp. and g, faecalis subspecies
zymogenes greﬁ in the presence of 1.25 ug/ml of ethyl viélet, peni-
cilliﬁ was added in various concentrations to the basal medium
containing 1.25 ug/ml ethyl violet to-détermine the selec£ivity of
these two coﬁpounds in combination. 'The effegts of ethyi viélét

and penicillin on the growth of selected bacteria are shown in Table 5.

-.Ethyl violet with 10 units of penicillin/ml seemed to provide the




Table 4. The effects of nile blue, crystal violet and ethyl violet on the growth of

selected bacteria

Relative Growth©

Organism ) Dyeb and Concentrations (ug/ml)

. Nile Blue Crystal Violet: Ethyl Violet

cpsa 20 100 2 10 1.25 2
E. coli &t 3+ 3+ 2+ 1+ R 4+
B. megaterium 4t 1+ 2+ 0 0 2+ 1+
E. aerogenes 4+ 4+ 4t 4+ 3+ 4+ L+
B. cereus 4t 2+ 2+ 0 0 0 0
S. typhimurium 4+ bt 3+ 0 0 bt 3+

o

modified casein-peptone-starch (CPS) medium without any added dye
dyves were added to the modified CPS medium to obtain thé listed concentrations

the amount of growth was
addition of dyes:
4+ = growth comparable
3+ = approximately 3/4
2+ = approximately 1/2
1+ = approximately 1/4

few isolated colonies

0 = no growth

-

graded according to that occurring on modified CPS without the

to that occurring on CPS medium

of the growth occurring on CPS medium
of the growth occurring on CPS medium
of the growth occurring on CPS medium or the appearance of a

Yy




Table 4. (continued)

Relative Growth©®

Organism : ) Dyeb and Concentrations (ug/ml)

: Nile Blue - Crystal Violet . Ethyl Violet

cpsé 20 100 2 10 1.25 2

B. polymyxa bt 1+ 1+ 0 - 0 T34 o+
-E. cloaceae 4+ 4+ 4t 4t 4t _ - 4t | 4t
S. bovis bt 3+ - 3 0 0. | 0 0
8. flexmeri le 3 34 3 0 R bt
s. faccalis bt bt 3 o . 0 o 0
g. faccalis 4t e 3+ o - o . o w4
S. faecalis subs. K . . ‘

zymogenes 4+ 44 4+ 0 0 C 2+ _ 0
'S. marces c.:'ens' bt bt b+ 3+ 1+ 4t bt
Streptomyces sp. 4 0 0. o o0 o 0
K. pneumoniae . 4t ‘4+ 4t 4t 4-1; ’ ,4+ 4t
Sarcina lutea \4+ 1+ ;+ 0 0 | 0 | 0

(A4




Table 4. (continued)
Relative GrowthC€
Organism ) Dyeb and Concentration (ug/ml)
Nile Blue Crystal Violet Ethyl Violet

CPS 20 100 2 10 1.25 2
L. brevis - ek 0 0 0 0 0 0
E. caratovora 4t 3+ 3+ 1+ 0 4t L+
L. mesenteroides 4+ 2+ i+ 0 0 0 0
Acinetobacter sp. 4+ 0 0 0 0 0 0
P. aeruginosa 4t 3+ 3+ bt -3+ et bt

%74




Table 5., The effects of ethyl violet and penicillin on the growth of selected bacteria

Relative Growth€®

Organism
Penicillin Concentrationsb(units/ml)

cps@ 30‘ 10 5 2.5 1 .1
E. coli bt - bt bt bk bt bt bt
B. megaterium 4t 0 0 0 0 0 o
E. aerogenes 4+ 4+ ' 4+ 4t 4t 4t 4Lt
B. cereus bt 0 0 0 0 0 -0
S. typhimurium 4t . I 4+ - 4t ‘ b+ b
B. polymyxa b+ - 0 0 2+ 2+ 2+ 2+

oo
|

= modified casein-peptone-starch medium (CPS) without any selective agents
= modified CPS medium supplemented with 1.25 ug/ml ethyl violet and pen1c1111n in the

concentrations listed

¢ = growth
4+

3+

2+

1t =

0 =

occurring relative to that occurring on CPS without selective agents:

growth comparable to that occurring on CPS medium '
approximately 3/4 the growth occurring on CPS

approximately 1/2 the growth occurring on CPS

approximately 1/4 the growth occurring on CPS or the appearance of a few isolated
colonies .

no growth

nd = not determined

Yy




Table 5. (continued)

Relative Growth€

Organism . :
Penicillin Concentrations? (units/ml)
cpsd 30 10 5 2.5 1 .1
E. cloaceae ' 4t 4+ | _ bt 4t 4t 4+ bt
S. bovis 4+ 'O ) 0 nd nd nd ) nd
S. flexneri 4t 0 2+ 2+ 2+ 2+ 2+
S. faecalis 4+ 0 0 nd- nd nd qd
A. faecalis o W 3 3+ * - 3+ E C 3+
__S_.. flaecal;i.s subs. : |
zymogenes 4+ 0 o nd nd’ nd nd
S. marcescens . 4t 3+ 4t ‘ 4+ 4t 4t 4+
Streptong;yces SPp. 0 0 . 0‘ nd ’ nd nd nd
S. lutea Lyt o o nd nd nd nd
K. pneumoniae bt - bt 4t nd nd nd nd

L. brevis 0 0 0 ‘ nd - nd nd nd

Sy




Table 5. (continued)
Relative GrowthC

Organism .

. Penicillin ConcentrationsP (units/ml)

cpsé@ 30 10 5 2.5 1 .1
E. caratovora b+ 2+ 2+ 2+ 2+ 2+ 2+
L. mesenteroides 4+ 0 0 0 0 0 0
Acinetobacter sp. 4+ 0 0] 0 0 0 0]
P. aeruginosa 44 44 4+ nd nd nd nd

9%
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best combination for the selective enumeration of gram-negative
" bacteria. All gram-positive bacteria were completely inhibited.

S. flexneri, A. faecalis and E. caratovora, however, were gram-

negative bacteria that showed.slight inhibition.

Five gram=negative bacteria were selected to compare the success
of Standard Methods Agér (SMA), Casein-peptone-starch (CPS) and
Ethyl Violet Penicillin (EVP) in enumerating pure cultures of bacteria.
The geometric means of 5 replicatengamples for the different bacteria
and media are shqwn in Table 6. The t—values for the comparison
ﬁetween bacteria and media are shown in Table 7. The null hypothesis
for this comparison was that the first member of the comparison was
greater than the second member. In no case was SMA a better medium
than EVP for the enumeration of the bacteria tested. Counts were high-
er.on SMA than on CPS except for those of E. coli. The large difference
between these two mediaiwhen enumerating S. tzghiﬁurium may have ‘been
due in part to the pinpoint colonies of Salmonella on CPS. Also
the differences may also reflect the reduced incubation time of 96 h
instead of the 7-14 days that are recommended;‘ This experiment was
designed chiefly to compare the sﬁccess of EVP aﬁd SMA in enumeration
of pure cultures of gram-negative bacteria. if the counts on SMA were
not greater after five days, the counts probably would not be signifi-
cantly different after 7 days. EVP was a better medium for the'enuﬁ—

eration of K. pneumoniae and S. tzgﬁimurium than CPS. CPS showed
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‘Table 6. Numbers of bacteria enumerated on standard methods agar (SMA),
' casein-peptone-starch medium (CPS) and ethyl violet penicillin

medium'(EVP) . '
S Numbgr of Bactefié per ﬁl?
. Bacteria :
Media
smA . cps " EvP
E. coli 67 x 107 73 X. 107 72 % 107
K. pneumonise ~ 41 X 10° . 33x 100 40 X 108
E. aerogeries 65 X 10’ 58 X 107 :59 X 107
S. typhimurium . 84 X 107 42 X 107 81 x 107
7 78 X 107 .

S. flexneri 79 X 107 90 X 10

da = geometric mean of 5 replicates
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Table 7. Compafison of the suitgbility of standard methods agar (SMA),
casein-peptone-starch medium )CPS) and ethyl violet-penicillin
medium (EVP) for enumerating selected bacteria

. Comparison e '
SMA vs CPS . SMA vs EVP - . CPS vs EVP
E. coli ' : '
t—vdlue -.639 ' - “.641 : 247
p-value? >0.25 >0.25 >0.25
K. Enéumoniae
t-value 2.17 IR 77 A -1,753
p-value® - >0.025 . . © >0.25 : >0.05
E. aerogenes _
t-value 1.81 1,142 ) - =.537
p-value? >0.05 : >0.10 >0.25
S. typhimurium : '
t-value 6.131 © . .498 " =-6.019
p-value? >0.005 >0.25 o > 0.0005
S. flexneri ‘ _
t-value ~1.887 ' -.438 2.277
p-value? _ > 0.025 : 0,25 = . : >0.025

a = one-tailed test with 8 degrees of freedom
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greéter success in the enumeration of S. flexnmeri than EVP,

To.test for the selectivity for gram-negative bacteria of
crystal violet (€V), EVf and Tergitol 7,.bacteria isélated'on these
media from water sampleg were gram;stained. Tﬁe peréents of gram-
.negative bacteria appeéring on CV, EVPlénd Tergitol 7 are listed
in Table 8. CV-mediﬁm was effective in gﬁumeféting only 62% gram-
negative bécteria Wﬁereaé EVP aﬁd Tergitol. 7 media proddced 106%

gram-negative bacteria,

Applicability. of Limulus Lysate Assay as a Rapid Test of Water Quality

Endotoxin content and the numbgrs of bacteria at sites on the

East Gallatin River are sumﬁerizéd in Table 9. Endotoxin concentrations
.weré determined by the firm clot method of the Limulus 1y$a£e assay
(LLA). Bactgria were enumerated by the membrane fiiterigechnique.
Crystal violet agar was used ini.this phase of the researéh to.enumeréte,
gram;negative bacteria. Figure 3 presents an endotoxin ?nd'baéterial'
profile of the East Gallatin River;-,Generaliy, as the.numﬁer of
‘ bacteria increaéed,’the amount of éndotoxin increased. B?twgen sitgs
H3 and H4; tﬁé number of coliforms, énte;ics; aﬁd gram—neg;£ives in-
creased, but the.éoncentration of endotoxin remaineé constant. However,
between M3 and MA, the number of coliforms decreased while fhe endotoxin °
concentration increased. This increase in éndotoxinlwas&reflected by

an increase in enterics and gram-negatives. The lysate used in thisI'
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Table 8. Percent gram-negative aquatic bacteria recovered on different

media

Medium - ‘Percent gram-negative bacteria
~ Crystal violet® ’ ‘ 62%

Ethyl violet-penicillin  (EVP)P 100%

Tergitol 7°¢ - 100%

a = bacteria enumerated by the membrane filter technique

b = bacteria enumerated by the spread plate technique

c =,bacte;ia enumerated by the .spread plate technique
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Table 9.‘ Bacteria -and total endotoxiﬁ'concentrations obtained at
different sites on the East Gallatin River

Date and Total Enteric ‘Gram-negative Total
Site , Coliforms/100m1P Bacteria/lGOmlb Bacteria/100mlP Endotoxin?®
11/13/74 :
M3 105 2,530 ' 6,000 2.60
M4 _ 39 . 5,700 5,700 0.26
M5 . 7,600 ’ 77,000 - 85,000 ) 26.00
11/21/74 ) . .
M3 49 670 850 1 0.26
M4 . 256 2,900 . 1,400 26.00
M5 6,150 119,000 7,700 26.00
12/5/74 : : :
M3 71 275 1,640 3.88
M4 - 42 6,800 " 3,640 ©2.60
M5 ) 9,100 90,000 60,500 3.88
. 12/12/74 .
M3 61. 1.040 1.700 ’ 7.89-
M4 i 54 - 8,100 - 3,900 26.00
M5 9,200 101,000 106,000 38.80
1/15/74 » . :
i ‘BG4 3,000 16,200 29,500 7.89
"EG5 : 4,700 " 55,000 50,000 78.90
OF2 25,500 390,000 . 124,000 260.00
1/20/75 : :
H3 16 570 2,550 0.26
H4 . 48 4,700 ' 6,000 . 0.26
M5 - 550 96,000 38,000 © 33.30
2/19/75 .
H3 - 36 380" 2,550 4.16
M4 69 1,200 . 6,000 8.32
EGSA - 1,400 13,000 18,000 16.66

o
i

_total endotoxin concentration determined by the firm clot method and
bacteria enumerated by membrane filter technique -
arithmetic mean of two replicate samples.
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stpdy had a sensitivity of 0.26 ng/ml of endotoxip. Sincé the levels
of endotoxin detected at these two sites were at’ the 1imit:of sensi-
tivity of the assay, the endotoxin céntent could have been different
even though not reflected by the LLA. K The distribution of enteric’
and gram—negative'bacteria closelylpafalleled that ﬁf-endotoxin.
Coliform bacteria followed the. same éattérn Witﬁ the exception of
the site EG4, where the number of coliformé increased from M5 to
EG4, but the endotoxin concentration decreased. Enteric and graﬁ-
negative b;cteria decreésed at this site; as reflecfed by the decrease
in endotoxin. '

Correlation coefficients for endotoxin content versus bacterial
numbers andlbacterial groups are listed in Table 10. The corrélations'
between endotpxin'and total cbliforms, entefips and gram-negatives
Qére all significant af the i%_EEZ}Ef Coliforms versus endotoxin
was the highest correlation with 0,714, Logarithmiq transformations
of the data were made when it was found thaf.the relationship between
endotoxin concentration and the Logjg of baéterial numbers wés not.
iinear. The relationship between endotoxin Eoncentration and enteric
bacteria is shown in Figure 4. This séatter diagram Shoﬁs a definite:
felapionship between éndotoxin concentrétion‘and the numbef'of enteric
bacteria, despite the large variabiiity in the data. The high corréia—
tion édefficients between enteric.baéteria and total.dqliforms, gram-

. negative bacteria and total coliforms, and gram;negative bacteria and -
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Table 10. Correlation coefficients for endotoxin and bacterial variables
VariablesP . @ 'significence
, - level
Total Coliforms vs Total Endotoxin . 764 1z
‘Enteric Bacteria vs Total Endotoxin .642 1%
Gram-negative Bacteria vs Totel_Endotoxin .590 1%
Enteric ﬁacferia vs Total Coliforms .878 - 1%
Gram-negative Bacteria vs Total quiforms .748 17
Gram-negafive Bacteria vs Enteric Bacteria - .870 l%i

a
b

logarithmic transformations of endotoxin and bacterial variables
total endotoxin concentration determined by the firm clot. method
-and bacteria enumerated by the membrane filter technlque
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enteric bacteria show the interrelationship between these bacterial
groups. A scatter diagram of the relationship between enteric and .

coliform bacteria is presented in Figure 5.

Correlation of the Amount of Endotoxin in Water with the Number of
Bacteria . :

After determining the applicability of the lysate ;ssay as a
rapid test.of water quality, different frécedures ﬁefe ﬁéed to detect
endoﬁoxin,'gramrnegative bacteria and enteric bacteria, The spectro-
photometric modification of the Limu;us lysate assay was used to make
the asséy more quantitative and reproducible. An éxample of a Standard
curve for the 1yséte assay using the spectrophotometric'mgthéd is
shown in Figure 6. As stated in the iite;ature review, the'spread
plate technique is the most suitaﬁlé method for enumerating‘thé optimal
numbers of bacteria; Therefore, gram-negative bacteria were enuﬁer-
ated on EVP medium by the spread plate technique. Eﬁter%c bacteria
were enumerated on Tergitol 7 agar, also by the spread plate technique.

The concentration of bound endotoxin and the numbers of bacteéia
" for 8 sample dates are summerized in Table ll; The number of bacteria
and endotoxin content of drinking water sampled at ‘the university
l;borétory is élso shown in Table-1ll. Tap water contained an endotoxin

content of 0.09 ng/ml and no coliforms or enteric bacteria. Bacterial

and bound endotoxin profiles for the East Gallatin are shown in v
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Bound endotoxin content and numbers of bacteria in the East Gallatin River drainage®

O .
o

Vnd = not determined

bacteria enumerated by the membrane filter and spread plate techniques |
drinking water tap at Montana State University - :
geometric mean of 5 replicate samples.

Table 11.
Date and Bound Total . Heterotrophic " Enteric Gram-negative
Site LPS ng/ml Coliforms/100ml¢ Bacteria/ml® °~  Bacteria/mlC .Bacteria/mlC
713175 : -
EG4 7.50 2,150 13,100 2,240 4,150
OF2 85.00 186,000 428,000 64,500 132,000
EG5 15:49 6,390 35,300 3,940 . 8,000
7/7/75 )
M3 1.08 20 4,220 181 641
‘M4 2.64 . 99 8,490 937 3,550
M5 8.00 2,130 16,800 1,960 7,850
7/8/75 B ,
EFl 0.70 -2 1,590 133 366
H5 : nd 1,410 38,500 1,850 8,810
EG5A - 28,70 7,490 84,500 3,840 - 108,000
7/9/75 ,
" EG4 - 6.80 3,360 -10,500 1,880 4,990
0F2 81.00 109,000 323,000 42,900 196,000
__EG5 13.50 7,260 30,600 4,146 11,000
a = endotoxin determined by a spectrophotometric application of the Limulus 1ysate assay,

09




Table 11. (continued)

Date and : Bound . Total Heterotréphic : . Enteric . Gram-negative
~ Site LPS ng/ml  Coliforms/100m1C Bacteria/ml€ Bacteria/mlC Bacteria/ml®
7/10/75 . : :
T M3 1.65 24 - 3,600 153 520
M4 2.16 - 551 11,200 1,400 .4,700
. M5 11.60 - _152;000 . 67,000 4,200 11,300
7/11/75 |
EG4 8.10 9,170 20,900 3,360 . 8,600
OF2 72.00 .171,000 256,000 43,900 120,000
EG5 29.40 15,200 39,700 4,990 15,600
7/14/75 ' ;
EF1 ©0.84 7 720 141 420
- H5 17.10 1,650 -83,000 . 2,410 13,100
. EG5A .32.40 ’ - . 35,800 163,000 7,780 31,800
7/15/75 - "
EF1 1.17 6 1,780 170 736
H5 5.28" 3,030 35,300 ~ 5,800 18,500
EG5A 27.90 25,400 45,300 11,500 26,100
. TapP 0.09 0 46 0. '3

19
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Figures 7, 8-and 9. Bound endotoxin levels varied from 0,07sng/ml
at EFl to 85 ng/ml at OF2. With this 1,000-fold range of bound endo-
toxin concehtrations, the LLA is sensitive enough to.adeqhately
measure the endotoxin concentrations in.river water. The. sane general
trehd can he seen as with the data in Figure 3. As the number of
bacteria ihcreased,'the concentratieh of bednd endotoxin increased.
Enteric, gram-negative and heterotrophic bacteria all fellowed the
saﬁe'trend as coliform hacteria,.indicators. In Figure 7, gram-
negative, heterotrophic and coliform_bacteria follow the same trends
'as‘endotoxin..'Except for EG4, where the LPS concentratioh deereased_
and the number of enteric hacteria inereased, enteric bacteria followed.
the same trend as endotoxin. All bacteria in Figure 8 followed the
gsame trend as endotorin. The endotoxin and coliform profile in Figure
9 presents drastically different results.' The éeneral trend of endo-
toxin and bacteria was followed at all sites: with the exception of
H5 and EG5A. The endotoxin concentration at these sites Were measured
‘with Limulus lysate which had been quick froaen and storedfh lhese
data.indicate a reduced activity of the lysate. This Was also apparent
in the standard curve developed for that sampling date. |

The extremes of variability in Water quality between these sites
are represented by the water at EFl, which is a pristine mountain
stream, and that of OF2, which is the -outfall of a sewage treatment

plant.
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FIGURE 8. BACTERIAL AND ENDOTOXIN PROFILE OF THE EAST GALLATIN RIVER

FOR SAMPLING DATES 7/9/75, 7/10/75 AND 7/14/75.

EACH POINT

REPRESENTS THE GEOMETRIC MEAN OF FIVE REPLICATE SAMPLES
ENUMERATED BY THE SPREAD PLATE TECHNIQUE.
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FIGURE 9. BACTERIAL AND ENDOTOXIN PROFILE OF THE EAST GALLATIN RIVER

DRAINAGE FOR SAMPLING DATES 7/11/75 AND 7/18/785. EACH
POINT REPRESENTS THE GEOMETRIC MEAN OF FIVE REPLICATE
SAMPLES ENUMERATED BY THE SPREAD PLATE TECHNIQUE,
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The relationships between bound, free and total endotoxiﬁ are
summarized in Table 12. The ratio of bound/free, bound/totai and
" free/total endotoxin afe graphed in figure 10. Togal endotoxin
varigd 1,000-fold from 2.43 ng/ml at M3 to 1,049 ng/ml at OF2.
Generally, as the total amount of endotoxin increased the numbers
of bacteria'alsb incréased. The fatio 6f bound/free endgtoxin was
highest at sites H5, M5 and EGSA which ﬁere tﬁe lowest sites sampled
on Hyalite,'Mystic and the East Gallatin Rivef, respectively. -The
!EEEign of free/total endotoxin was highest at EF1l, M3 and OFé; The
corfelation coefficiénfs of eﬁdotdxin (bound an&‘total) versus bacterial
numbers are sumﬁarized in Table 13., Tﬁe corfelations between total
enaotoxin and heter&t;ophic, gram—negative,'gnteric and coliform bacteria
were all greater than 0.8 and sigﬁificant at the 1% levell Scatter
diagréms of ‘the relatilonship betwgén endotoxin and bacteriai groups‘
ére shown in Figures 11, 12, 13 and 14." Loéarithmic transformations
of the concentration of endotoxin in picograms/ml'(pg/mlj and baéteria
- were computed fo try to derive a linear rel;tionship bet&een total
"endotbxin and bacterial numbers., Endotoxin cqncentratioqs were ex-~
pressed.in‘pg/ml go.ﬁake the coﬁputations easier. As shown in Figures
12, 13 and 14, the fegreésion liﬁes,do not adequately fit the data.
A large porpioﬁ of the data points'feil below tﬁé”régreésion line.
" This may be a result of the three points refresenfing data from OF2,

which lie at the extreme end of the scale. Thése three poinﬁé'wQuld:‘.




Table 12.

Relatibﬁships betweén total, bound and free endotoxin in the East Gallatin River

a = drinking water tap at. Montana State University
1d = not determined

L9

drainage. -
B : o S Ratios
Date and ) Total =~ . Free Bound ~ Bound ‘Bound - Free -
Site LPS ng/ml" ' LPS ng/ml © .° _ LPS ng/ml - " Free Total Total
7/3/75 e o - o
- EG4 19.00 - - n.s0 . - 7.50 ~ 0.65 0.39 " 0.61
0F2 - 1,049.00 | . . 964.00  85.00 " - - -0.09 ~0.08 - 0.92
EG5 53.19 37.70 . 15.49 - 0.41 - 0.29 © ° 0.71
7/7/75 . : oo ‘ :
M3 - 2.43 : 1.35 - l.08 o 0.80 - - 0.44 ~0.56
M4 . 5.31 .. : 2.67 - 2.65 . 0.99 - 0.50 0.50
M5 -0 -11,70 0 . - 3.70 - 8.00 - - © 2,16 - . 0.68 . 0.32
e e
EF1 - 9.70 " 9.00 - 0.70 " 0.08 - .0.07 0.93
" H5 16,10 - - nd, _ nd ~ . .nd © . - nd " nd-
‘EG5A 40070 12,00 28.70 . 2,39 ©-0.71 S 0.29
7/9/75 L A , o -
EG4 © 22,10 - 15.30 : . 6.80 - 0.44 " " 0.31 0.69
OF2 252.00 _ 171.00 .. 81L.00 o 0.47. -+ 0.32 0.68
EG5 24,30 10.80 - - 13.50. . -0.32 . . 0.56 C0.44




. Table 12. (continued)

L . o ) ) _ _ -Ratios
Date and Site Total . - -Free - Bound . Bound Bound = Free
R - LPS ng/ml _LPS ng/ml - LeS ng/ml Free Total - Total

7/10/75. - ; . : : B :

M3, 480 - 3,15 - . .1.65 _ 0,52 C - 0.34 0.66
M4 - . 5.31: . 3.15 . . - 2.16 -~ . 0.69° - - 0.4L 0.59
‘M5 - °21.00-. - . . 9.45 . 11,55 . : 1.22 - 0.55 . 0.45

- 711/75

EC4 - °18.90 10.80 . 8.10- . 0.75 0.43 0.57
" OF2 - 756.00 . 684,00 72.00. 0.11 0.10 0.90
EG5S . 46.80 17.40 29.40 71,69 - 0.63 0.37

-7/14/75 0 0 o - _ . e ' -
- EFl = - 2,64 . 1.80- - . 0.84 .- 0.47 .. 0.68 - .0.32
H5 .. 24.60 - 7.50. - 7 i7.10 - . . 2.28 '0.70 - 0.30
EG5A - - 48.60 - 16.20. - . 32,40 2,00  0.67 ° . 0.33
- 7/15/75 - - T , T o : _ '
. EFL. - - 2,67 . .. 1,50 - 1,17 o 0.78 . 0.44 . 0.56-
. B - 12,69 T 7.4 © 1 .5.28 ‘ 0.71 .0.42 0.58
. EG5A. 44,10 -7 - 16.20 27,90 . . L72 ~.-..0.63° - - 0.,37

C Tap® . LIS .1d0 - 0,09 ©0.08 092 © . 0.08 .
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FIGURE 10. RELATIONSHIP BETWEEN BOUND, FREE, AND TOTAL ENDOTOXIN.

ENDOTOXIN DETERMINED BY SPECTROPHOTOMETRIC METHOD OF
THE LIMULUS LYSATE ASSAY. DATA POINTS REPRESENT
AVERAGES OF ALL SAMPLING DATES FOR EACH SITE.










































































































