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ABSTRACT

This study included four water quality parameters
from the effluent of the Helena Waste Water Treatment
Plant. These parameters were coliform counts, chlorine
levels, phosphate 1levels, and nitrate levels. We found
substantial daily variation in the chlorine residual
and coliform counts. The phosphate 1levels were high
but similar to other secondary treatment facilities.

Results from nitrate tests were inconclusive.



INTRODUCTION

In 1975, secondary treatment facilities were built
at the Helena Wastewater Treatment Plant. Prior to
this, only primary sewage treatment was provided. Primary
treatment alone did 1little to remove oxygen demanding
wastes from the wastewater and contributed to severe
pollution of Prickly Pear Creek into which the effluent
is discharged. Coliform counts as high as 99 x 103/100
ml, nitrate 1levels of 4.0mg/l, ortho phosphates from
0.01 - 0.09 mg/l and dissolved oxygen as 1low as 3.5
mg/l were reported in 1973 (Braico and Botz, 1974).
The extent of impact created by a sewage treatment plant
discharge on the receiving waters is a function of efflu-
ent quality and the availability of dilution water.

Several studies have been done on prickly Pear
Creek (Ingman, 1970; Bahls, 1980). Some have included
samplings from the effluent ditch (Bahls, et al, 1978).
Our study differs from other studies of the effluent
in that different parameters were used. The parameters
used tested for potential health hazards, the possibility
of toxic effects on stream life and the levels of impor-
tant nutrients. Our research was limited to studies
of the quality of the Helena Wastewater Treatment Plant

effluent.



LITERATURE REVIEW

The Helena Wastewater Treatment Plant effluent
flows down an effluent ditch for approximately 1.5 miles
and empties into Prickly Pear Creek. The creek flows
into Lake Helena, a flooded arm of Hauser Lake created
by Hauser Dam. Prickly Pear Creek has been given a
water use classification of B-Dy; from its beginning
to Montana Highway 433 crossing about 1 mile northwest
of East Helena (Mueller and Wirth, 1970). A water use
classification of B-D; means that water quality is to
be maintained suitable for drinking, culinary, and food
processing purposes after adequate treatment. This
treatment can include coagulation, sedimentation, filtra-
tion, disinfection and any other treatment necessary
to remove impurities. Bathing, swimming and recreation,
growth and propagation of salmonoid fishes and associated
aquatic life, waterfowl and furbearers, agriculture
and industry are all possible uses for this water.

Prickly Pear Creek from Highway 433 crossing about
1 mile northwest of East Helena to the mouth is classified
as E. This classification means that the quality of
the waters shall be maintained for agricultural and
industrial water supply only.
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Many things have had an impact on this creek.
Construction of highways and railroads have obliterated
the channel 1leading to erosion (Capp, 1977). Placer
and hardrock mining have left acid tailings and unhealthy
levels of toxic metals. Iron, lead, =zinc and copper
concentrations were 60.3, 4.16, 20.8, and 2.08 1bs,
respectively, passing the gauging station daily in 1973
(Braico and Botz, 1974). Spills from East Helena industry
and thermal pollution due to the use of creek water
for cooling at Asarco and Kaiser refineries have also
affected the stream (Braico and Botz, 1974). Dewatering
due to irrigation, run off from fertilizer and disposal
of sewage also show their effect on Prickly Pear Creek.

A study done by Ingman in June-July of 1977 to
determine the impact of the sewage plant by examining
qualitative and quantitative periphyton and measuring
biomass and chlorophyll accrual. The autotrophic Index
(AI) calculates what proportion of periphyton is hetero-
trophs and what proportion is autotrophs. A high AI
correlates with high pollution. Ingman reported the
Al above the effluent to be 165, below to be 474, and
2.5 miles below to be 109. A value of 40-100 is given
for pure algae. Organic pollution is indicated by 150-200
and moderate to severe pollution is anything above 200
(Standard Methods, 1980). This shows a great deal of
pollution just below the plant but good recovery within

2.5 miles downstream. This was supported by Ingman's
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finding of pollution intolerant invertebrates above
and 2.5 miles below, whereas the species just below
the effluent were pollution tolerant (Ingman, 1978).
He also used parameters of diversity of invertebrates
and evenness of distribution. The Shannon Weaver diversi-
ty index will range from 3 to 4 for unpolluted streams
while streams receiving pollution will be lower (Whilm,
1970, cited in Bahls, et al., 1978). Above the effluent
Ingman reported 3.09, below 2.94, and 2.5 miles below
3.24. Evenness of distribution, chlorophyll and biomass
experiments showed much the same results. He summarizes
his results as follows:

. . . .most indications are that Prickly Pear

Creek is healthier here (Mountain View 2.5

miles below effluent) than immediately above

discharge, and that despite good recovery

the stream is still eutrophic (Ingman, 1978).
He also concludes that non-point sources of pollution,
such as dewatering, high temperature, bank instability,
and sedimentation and nutrient additions from irrigation
return water were related to the general poor health
of the stream.

Most of lower Prickly Pear Creek's degradation

results from non-point sources, not Helena's

STP (Ingman, 1978).
He felt that the stream was capable of recovering from
the stress placed on it by the plant and that with good
conservation practices it could become a good trout

stream (Ingman, 1978).

A study in 1981 concluded that the enrichment problem
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already presented in the Prickly Pear Creek was compounded
by the nutrients from the Helena Wastewater Treatment
Plant discharge. This can cause annoying algal growth,
however, the poor streambed 1limits the production of
desirable organisms. The study also found that there
were more than enough coliforms in the creek below the
discharge to make swimming an unsafe pastime (Water
Quality Bureau, 1981). In order for regulating agencies
to require the Helena facility to upgrade the effluent
quality and to limit pollutants, the present E classifica-
tion of lower Prickly Pear Creek would have to be up-
graded. Therefore, rewatering to guarantee year round
instream flows would be the 1logical first step toward
improvement of existing conditions.

Bahl's study in 1977-78 showed that Prickly Pear
Creek 1is nitrogen 1limited at 1least during some seasons
of the year. The mean nitrogen and phosphorus levels
were always in excess of recommended instream concentra-
tions. Total soluble nitrogen as a percent of recommended
at Lake Helena was 668, near East Helena it was 54.
Phosphorus as percent of recommended was 1708 and 71,
respectively (Bahls, et al., 1978).

Other studies gave a mean value for phosphorus
at Lake Helena as 0.859 and for East Helena 0.035,
nitrite-nitrate levels are given as 0.65 mg/l and 0.17
mg/l, respecitvely (Bahls, et al., 1977).

A study of the biological effects of the Helena
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Wastewater Treatment Plant on Prickly Pear Creek found
a Shannon-Weaver diversity of 1.68 above the effluent,
1.58 and 1.27 just below, and 1.69 at 3.3 miles down-
stream. Levels of nitrite-nitrate of 0.36 above, 0.84
at effluent mouth, 0.42 below the mouth and 0.72 at
3.3 miles downstream were reported. Phosphorus levels
were 0.026, 6.8, 0.54, and 0.55, respectively (Smith,
1981).

Public Law 95-217 states that water quality to
protect fish and wildlife and to provide for recreation
shall be provided by July 1, 1983. The dilemma this
raises is how to balance coliform counts against chlorine
residue. Chlorine as a disinfectant of wastewater has
come under much attack. It has been implicated as an
agent in rectal, colon and bladder cancer by the Council
on Environmental Quality (Maugh, 1981). The increased
risk is not from chlorine itself but from trihalomethanes
(THM) formed when chlorine reacts with natural substances
in the water. A 13 to 93 percent increase in tumor
incidents has been associated with THM's (Council on
Environmental Quality, cited in Maugh, 1981). Chloroform,
one of the most common THM's has been shown to cause
cancer in laboratory animals. Comparisons of past and
present cancer ratios in Massachusetts communities with
past and present doses of chlorine done by Tuthill and
Moore have not supported this theory (Tuthill and Moore,

1981, cited in Chlorine: On the Water Front). Chlorine
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treatment also produces nonvolatile mutagens according to
Cheh (Cheh et al., 1980). Nonchlorinated water did
not cause mutations in the Ames test. Chloramine treated
water showed increased mutagenicity that was not due

to THM because the strain of Salmonella used for the

Ames test was not sensitive to THM. The identity of
the nonvolatile substances remains unknown.

Chlorine 1is known to be toxic to many forms of
aquatic 1life. Lethal concentration for fish range from
23 ug/l for rainbow trout to 500 ug/l for three spine
stickleback (Finlayson, et al., 1977). EPA maximum
residue for chlorine is 10 wug/l. Roberts has shown
that even this level can impair growth and development
of aquatic life (Roberts, et al., 1975, cited in Finlayson
and Hansen, 1979).

No acute toxicity was found in any nonchlorinated
effluents, therefore the most toxic constituent of the
effluent is chlorine (Martens, et al., 1975, cited in
Finlayson and Hansen, 1979). In July 1976 the EPA deleted
fecal coliforms limits from the definition of secondary
treatment. This has allowed treatment plants to lower
chlorine usage especially in places where no full body
contact occurs in cold weather. The Helena plant will
soon reduce or eliminate chlorination in the winter
when there is no swimming in Prickly Pear Creek or Lake
Helena.

There are alternatives to traditional chlorination.
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One of these is 3-chloro-4, 4-dimethyl-2-oxazolidinone,
or Agent 1. It is a non-toxic solid that is less hazard-
ous than chlorine gas. It slowly releases <chlorine
as needed and it 1is much 1less 1likely to form THM's.
Preliminary testing showed no adverse effects on rats
or chickens (Chlorine: On the Water Front, 1981).

Chlorine Dioxide 1is another proposed alternative
that is being used in Europe. It is a strong oxidant
over a broad range of pH. It provides measurable resi-
dues, does not react with ammonia to form less effective
chloramines and it does not yield THM. It has shown
a decreased efficiency when being used 1in effluents
that contain high levels of suspended solids. A reduction
of 11.4% for tubidities less than 5 nephelometric units
and 28.4% for NPU's greater than 5 and less than 17.
It also inactivates coliophages better at all doses,
than does chlorine (Berg, et al., 1977). It also created
essentially the same survival ratio for coliforms at
a mass dose basis at 30 min as chlorine gas (Aeita et
al., 1979).

Ultraviolet 1light disinfection has also been pro-
posed. It does not cause toxic chemicals to form, and,
because of its action of interferring with DNA, it is
not limited to bacteria but will destroy viruses and
other living organisms in the effluent. The major problem
with it 1is that photoreactivation allows organisms to

recover (Johnson et al., 1979; Scheible, et al., 1979;



Wolf et al., 1979).

Ozone is presently being used in Estes Park, Colorado
to disinfect sewage. Ozone 1is generated at the plant
and then placed in a contact basin. The process seems
to be effective when all systems are functioning, but
mechanical problems in the diffuser and automatic monitor-
ing system are common (Rakness et al., 1979).

Phosphates and nitrates are important parameters
of water quality because of their potential for causing
eutrophication. Most required nutrients <can act as
a limiting factor, but many studies have shown a precise
relationship between concentrations of phosphate and
a standing crop of phytoplankton (Shindler, 1977; Gillul-
ey, 1970). Carbon, nitrogen and sucrose were other
chemicals that were manipulated. Shindler also showed
that eutrophication was rapidly diminished by decreasing
phosphorus 1levels (Shindler, 1977). Phosphorus does
not have a gaseous cycle as nitrogen and carbon and,
therefore, there is very 1little water can do to change
its concentration of phosphorus.

Phosphates enter water from detergents, human wastes,
agriculture and feed 1lot run-off. At least half of
the phosphorus in wastewater treatment plants comes
from detergents (Wyman, 1977). The middle 1960's to
the early 1970's brought great controversy 1linked to
phosphates. This was precipitated by the Lake Eric

crisis. In 1967 the government urged industry to find
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alternatives, and by 1972 many states had banned phosphate
detergents or severely limited them (Wyman, 1977).

Nitrogen 1s significant in wastewater since it
is a necessary nutrient for bacterial growth for biologi-
cal treatment. Nitrates and nitrites, however, are
not usually found in raw sewage (New York State Department
of Environmental Conservation, 1978). Nitrate is formed
from oxidation of ammonia at the expense of dissolved
oxygen. Nitrates can cause eutrophication if too concen~-
trated.

Tertiary treatment is concerned with upgrading
effluent quality. This may be done by filtering for
suspended solids, removing phosphorus, nitrogen, and
other toxic materials. The existing Helena Plant has
been designed so that removal of nutrients and further
reduction of biochemical oxygen demand and suspended
solids is possible. If phosphate removal is required
in the future the chemical feeding, flocculation and
settling facilities could be added ahead of a final
filter (Morrison and Maierle, 1972). Phosphorus can
be recovered from sewage by using alum to precipitate
it as calcium phosphate. The alum 1is recoverable and

the phosphate could be used as a fertilizer.



MATERIALS AND METHODS

Sampling

We collected grab samples in sterile plastic con-
tainers from two sites below the Helena Wastewater Treat-
ment Plant. The upper site was located approximately
10 yd from the chlorine contact basin. The lower site
was about 0.25 miles down from the effluent ditch. The
samples were collected midstream from the most turbulently

flowing portion of the ditch and were tested immediately.

Chlorine residue

Chlorine was tested first, since the results were
needed to determine appropriate dilutions for the membrane
filtration coliform count. The chlorine residue was
determined by amperometric titration. The sample size
was determined by the expected amount of chlorine. We
used 200 ml samples. We prepared these samples by adding
1 ml potassium iodide and 1 ml acetate buffer. We placed
the samples on the amperometric titrator and titrated
with phenylarsenine oxide (PAO) to endpoint. The volume
of PAO in ml was equal to the amount of chlorine 1in

parts per million.

11
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Fecal Coliform

Sterile technique was used to avoid unnecessary
contamination. The medium was prepared in advance and
stored for up to 96 hr in inverted petri plates in the
refrigerator. These plates were wrapped to protect
them from light. We used M-FC medium at pH of 7.4

Within 10 min after the samples were collected
0.7 ml of sodium thiosulfate were added to a 500 ml
aliquot to neutralize the chlorine. The filter apparatus
was then assembled and standard membrane filtration
technique was followed. The sample size was determined
based on the chlorine present in the sample. We selected
aliquots to get between 20 and 80 colonies per plate.
Dilutions ranged from 0.1 ml to 50 ml depending upon
the chlorine concentration. After the range was deter-
mined and the petri plates marked with the amount of
sample, the sample was pipetted onto the filter. Samples
less than 10 ml were diluted with approximately 25 ml
distilled water to assure an even distribution of the
colonies on the filter. The sides of the filter were
washed with peptone to ensure collection of all bacteria.
The filter was then removed with flamed forceps and
placed on the medium in contact over the entire surface.
The petri plates were then placed in a waterproof bag
and submerged for 2 hr at 37° C. They were then trans-

ferred to a waterbath at 44.5° C for 22 hr.
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After incubation we counted the colonies with the
aid of a Quebec colony counter. Plates that had fewer
than 10 or greater than 150 colonies were discarded.
Only the blue colonies were counted since the others
were thermophiles and background growth. The number

of colonies per 100 ml was calculated:

colonies x 100 = number fecal coliforms
sample size in ml per 100 ml
Phosphate

Five and 10 ml samples from each site were placed
in clean, 1labeled Erlenmeyer flasks and diluted with
distilled water to 50 ml. A blank of 50 ml distilled
water and a standard of 5 ml phosphorus solution diluted
to 50 ml were also prepared. We added 1 ml strong acid
solution and 0.4 g ammonia persulfate and boiling chips
to each flask. The flasks were placed on a hot plate
for about 40 min until approximately 10 ml remained.
The flasks were allowed to cool and then the sides were
rinsed with distilled water to wash the residue back
into solution. We then added four drops of phenophthalein
to each sample and added 10 N NaOH drop by drop until
a pink color remained. The solution was then returned
to colorless with a few drops of 5 N HgSoq. The cooled
colorless samples were transferred to 50 ml Nessler
tubes, adjusted to 50 ml with distilled water and 8

ml of combined reagent was added to each tube. Each
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tube was then stoppered and inverted six times. The
color transmittance of each sample was read against
the blank at 880 nm within 30 min. The percent transmit-
tance was converted to absorbance and using the slope
from the standard curve the amount of phosphate was

calculated:

ABS x slope x dilution factor = mg/l

A new standard curve was prepared whenever any chemical

in the combined reagent was prepared fresh.

Nitrates

The method used to determine nitrate, nitrite and
nitrogen was reduction wusing a cadmium column. The
column had been prepared by the laboratory technician
at the Helena Plant according to standard methods (Stan-
dard Methods, 1980). It was activated for use by washing
with a solution of 25 ml of 1 mg/ml NO3-N standard and
75 ml of ammonium chloride EDTA solution at a flow rate
of 7 - 10 ml per min.

The samples to be tested for nitrates were prepared
by diluting 10 and 25 ml aliquots to a final volume
of 25 ml in 250 ml Erlenmeyer flasks. Seventy-five
ml of NH4C1 were added and the samples were passed through
the activated column and collected at a flow of 7 -
10 ml per min. The first 30 ml of each sample were

discarded and the remainder was collected in the original
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flask. Following the 1last sample, 30 ml dilute NHyCl
was run through and discarded, and the column was stored
in NH4C1.

Fifty ml of each collected sample were placed in
Nessler tubes and 2 ml color reagent were added within
10 min after collection. The tubes were then stoppered
and inverted six times and read on the spectrophotometer
at 540 nm. This reading was done between 10 min and
2 hr after reduction by the column. A standard curve
was prepared and a slope was calculated from this and

used to calculate the concentration of nitrates:

ABS x slope x dilution = mg/l nitrates



RESULTS

The average chlorine 1levels determined for the
upper testing site were 0.325, 0.162 and 0.273 mg/l
for the months of October, November and December, respec-
tively. The corresponding average values for the lower
testing site for the same testing period were 0.227,
0.110 and 0.185 mg/l. The values for both sites ranged
from 0.00 to 0.51 mg/l1 for October, 0.00 to 0.30 mg/l
for November and 0.09 to 0.34 mg/l for December. The
lower testing site levels were, on the average, 0.10
mg/l1 less than those of the upper testing site with
a range of 0.03 to 0.18 mg/1.

The coliform counts for the effluent varied dramatic-
ally and a definite relationship was found to exist
between the chlorine residual and coliform counts for
the three months. The level of chlorine concentration
in the effluent water is inversely proportional to the
number of coliform colonies present.

The average phosphate 1levels were 5.46 and 6.83
mg/l1 for sites 1 and 2, respectively. The first testing
site showed a range in values from 2.99 to 6.15 mg/l
for the testing period. The second site showed a range
of 4.01 to 10.12 mg/l for the same period. The 1lower

16
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testing site showed values that were, on the average,
2.10 mg/1 higher than those of the upper testing site.

The average nitrate readings were 0.016 and 0.028
mg/l for sites 1 and 2, respectively. The range 1in
values for site 1 was from 0.003 to 0.024 mg/l for the
three months and the nitrate levels for site 2 ranged
from 0.016 to 0.054 mg/1. The lower testing site showed
values that were, on the average, 0.035 mg/l higher

than those of the upper testing site.



MT. VIEW Sthool

Fig. Location of water sampling sites and the Helena
Waste Water Treatment Plant, Helena Mt.
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DISCUSSION

Water quality can be defined in many ways and there
are many ways of testing the quality of water. We select-
ed four parameters to study the quality of the effluent.
Of those four parameters two were nutrient levels, one
is an indicator of <fecal contamination and possible
pathogens, and the fourth is the 1level of a chemical
that has been shown to be toxic to wildlife and possibly
humans. The nutrient 1levels were selected because of
the eutrophication problem of Prickly Pear Creek and
Lake Helena. Coliform organisms are relatively harmless
in themselves but were used as a water quality parameter
since they are a good indicator organisms for enteric
pathogens. Coliforms are easy to isolate and are less
susceptible to disinfection than are pathogens. High
levels of fecal coliforms, then, are not definite evidence
of pathogens but are a strong indication.

There was a strong negative correlation between
fecal coliforms and chlorine residual. This was expected
because chlorine is toxic to coliforms and 1is used as
the agent to disinfect the effluent. Chlorine levels
ranged from O to 0.51 mg/l. The coliforms varied from
15 to > 6000/100 ml. Much of this vacillation was due

22
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to mechanical problems with the auto-cholorinator. OQur
overall chlorine residue average was 0.174 mg/l1 which
is well above the 0.023 mg/l toxicity level for rainbow
trout. This study was done entirely in the winter months
which under the new EPA standards would not necessitate
any chlorination. When the chlorinator was inoperable
and no chlorine was being added to the effluent the
coliforms went above countable range. The plant's monthly
self-monitoring reports to the Water Quality Bureau
also showed greater than 6,000 colonies/100 ml for October
and November (Helena Wastewater Treatment Plant Monthly
Reports, 1982).

This was not, however, as bad as it may seem, because
the plant monitors levels in the relatively warm water
of the cholorine contact basin. Coliform bacteria showed
decreased activity in cold water. Coliform levels from
the end of the ditch or {from Prickly Pear Creek during
these times of no cholorination would have been informa-
tive.

The self-monitoring report also indicated a time
when the auto-chiorinator was sticking and the chlorine
residual reached 1.74. It would have been interesting
to have monitored the toxicity to the fish and the levels
of chlorine in the creek at this time.

The phosphate levels were fairly consistent through-
out the study. They ranged from 2.99 mg/l to 6.16 mg/1l

for Site 1 region and from 4.01 to 10.12 for Site 2.
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These levels are quite high when compared with the mean
level of phosphorus concentration of 120 ug/l in uncon-
taminated surface waters (Pagenkopf, 1982). These levels

are definitely high enough to contribute to eutrophica-

tion. They are, however, in the normal range for phos-
phates from secondary treatment. The normal range for
phosphates is 3-11 mg/l (Benefield, 1980). A  study

of three towns in England yielded 9.6, 6.2, and 8.2
mg/1l phosphorus which are also in this range (Ciacco,
Vol. 1, 1971). One unusual result was the regular differ-
ence 1in phosphate 1levels between the upper and lower
sampling sites of 2.25 mg/l on the average. This increase
in phosphate level has not been explained and requires
further study. A possible explanation is due to the
effluent flowing through a culvert over an irrigation
ditch just above the lower site. Leaching of fertilizer
could have occurred, although during about half of our
study there was no water in this ditch. The field through
which the ditch flows is used as a pasture and there
were cattle present during most of our study. They
could have contributed organic phosphate.

Our results from nitrate tests are of questionable
validity due to two basic problems. The first was that
a2ll readings were below 0.06 absorbance and most were
below 0.01. Standard Methods gives the accuracy range
for photometric equipment between 0.1 and 1.0 (Standard

Methods, 1980). The second problem was the high proba-
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bility of interfering constituents. Chlorine residuals
can interfere with nitrate determination by the cadmium
column method by oxidizing the cadmium, and thus reducing
the results. Chlorine should have been removed by sodium
thiosulfate. The laboratory manual we were using had
been prepared for testing nitrates in nonchlorinated
water and we did not realize until later the importance
of eliminating the chlorine residual.

Our study was not able to test all parameters of
water quality. Samples were all taken in the afternoon
about 3 p.m. and do not show fluctuations of parameters
due to time of day. Phosphate levels especially would
be interesting to follow due to their presence 1in deter-
gents.

Our study has supported the observations of other
researchers that the Helena Wastewater Treatment Plant
contributes a great deal of nutrients to Prickly Pear
Creek. Currently attempts are being made to clean up
the creek, by Prickly Pear Sportsmen and others. Should
they succeed in creating a streambed better able to
support plant 1life, these high 1levels of nutrients and
the implications associated with their presence may
cause problems in establishing desired organisms.

Prickley Pear Creek has been one of the most studied
creeks in Montana, yet we think there are still many
facets to be explored. There are many parameters that

would be interesting and beneficial to monitor in the
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effluent and in the creek. It would be informative
to monitor toxicity of chlorine and coliforms 1in the
creek, especially if the treatment plant ceases to chlori-
nate in the winter. The reason for the increase in
phosphate levels along the ditch 1is also intriguing.
Within the effluent ditch itself it would be interesting
to determine the types of plants and algae.

It would also be beneficial to research what might
be done to improve effluent quality and to improve the

Prickly Pear Creek.
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