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Management Perspective

The presence of chlorine compounds in disinfected municipal effluents may
adversely impact on receiving water quality. Ultraviolet (UV) light disinfection has been
suggested as an alternative to chlorination, as UV disinfection does not produce
chlorinated compounds and therefore may result in less toxic effluents. However, recent
studies suggest that certain chemical substances (such as polycyclic aromatic
hydrocarbons, pesticides and humic substances), commonly found in municipal effluents,
can break down upon exposure to ultraviolet light. This could result in an effluent that is
potentially more toxic than the original wastewater. Concern was therefore expressed by
the Ontario Ministry of Environment and Energy (MOEE), that UV systems may mduce
more toxicity in the effluent than the chlorination/de-chlorination techniques currently
employed.

In order to recommend UV disinfection as a means of reducing effluent toxicity, an
exploratory study was required to determine the potential for ultraviolet light, operated at
levels required for disinfection, to induce chronic toxicity in municipal sewage effluents.
- Chronic toxicity was assessed by two tests: Ceriodaphnia dubia and fathead minnow 7
day tests. '

Two treatment plants were selected to represent in place, low intensity and high
intensity UV disinfection, and the effluent from a large municipal plant was treated with
bench scale UV disinfection. Non-disinfected and bench scale chlorinated/de-chlorinated
effluents were also compared to the UV treatment. |

This data report would be of interest to wastewater researchers, design engineers

and municipal wastewater treatment engineers and operators.



Sommaire a ’intention de la direction

La présence de composés chlorés dans les effluents municipaux désinfectés peut avoir des
répercussions négatives sur la qualité des eaux réceptrices. On a suggéré de remplacer la
chloration par la désinfection aux ultraviolets (UV), étant donné que cette méthode ne
produit pas de composés chlorés et qu’elle devrait donc donner des effluents moins
toxiques. Toutefois, des études récentes permettent de penser que certaines substances
chimiques (p. ex. des hydrocarbures aromatiques polycycliques, des pesticides et des
substances humiques) souvent présentes dans les effluents municipaux pourraient étre
décomposées sous I’action du rayonnement ultraviolet, produisant ainsi un effluent plus
toxique que les eaux usées non traitées. Le ministére de d’Environnement et de I’Energie
de I’Ontario (MEEO) s’est donc dit préoccupé par la possibilité que les systémes de
désinfection aux UV soient a I’origine d’une toxicité des effluents supérieure a celle due

aux techniques de chloration/déchloration actuellement employées.

Afin que I'utilisation de la désinfection aux UV puisse étre recommandée pour la réduction
de la toxicité des effluents, on a dii effectuer une étude exploratoire pour vérifier si les
rayonnements ultraviolets, aux intensités requises pour la désinfection, peuvent étre a
Iorigine de toxicité chronique dans les effluents d’égouts munfcipaux. On a évalué la
toxicité chronique a I’aide de deux essais de 7 jours utilisant Ceriodaphnia dubia et la

téte-de-boule.

On a sélectionné deux stations d’épuration représentant les techniques déja installées de
désinfection aux UV a faible et a forte intensité, et on a traité des effluents d’une grande
station d’épuration municipale a I’aide d’un systéme 4 petite échelle de désinfection aux
UV. On a ensuite comparé ces effluents traités aux UV a des effluents non désinfectés et a

des effluents chlorés/déchlorés a ’aide d’un systéme a petite échelle.

Ces données pourraient intéresser les chercheurs du domaine des eaux usées, les
ingénieurs d’études, ainsi que les ingénieurs et les opérateurs des stations municipales

d’épuration des eaux usées.



“Abstract

UV irradiation is currently used in disinfection of treated wastewater effluents as a viable
alternative to chlorination, which may lead to chronic toxicity effects of residual chlorine in the
aquatic environment. Some current literature supports the hypothesis that UV light can induce
changes in certain organic compounds, which become more toxic after UV irradiation. The
determination of chronic toxicity of UV irradiated effluent was initiated by the Ontario Ministry of
Environment and Energy (MOEE) and Environment Canada in order to support the continued use
of this technology.

Samples of non-disinfected effluent, UV disinfected effluent and chlorinated/de-
chlorinated effluent, from three different sewage treatment plants in Ontario, were tested for
toxicity. At two of the plants, UV disinfection was applied in situ, either at low or high inténsity.
The third plant did not have UV disinfection, and therefore bench scale UV irradiation had to be
performed in the laboratory. Chlorination/de-chlorination was also performed for all samples
using a bench scale reactor. Two types of 7-day chronic toxicity tests, using the Cladoceran -
Ceriodaphnia dubia and Fathead minnow - Pimephales promelas, were performed on these
samples.

The majority of samples tested were non-toxic. No significant indications of UV-induced
toxicity were found in the effluent samples tested, regafdless of location or intensity of UV
treatment. Generally effluent samples that were toxic before disinfection were also toxic after
disinfection, however, several samples from one plant did show indications of increased toxicity
after chlorination/de-chlorination.

The chronic toxicity testing performed on the samples collected confirms the results of
earlier similar studies. UV irradiation fot disinfection purposes does not increase effluent toxicity,
which may occur with chlorination/de-chlorination, potentially harming the receiving water
ecosystems. | '



" Résumé

Pour la désinfection des effluents d’eaux usées traitées, on utilise communément
Pirradiation UV, considérée comme une méthode viable de remplacement de la chloration,
laquelle peut étre a ’origine d’effets toxiques chroniques dus au chlore résiduel dans les
milieux aquatiques. Certains articles récents appuient I’hypothése ‘selon laquelle le
rayonnement UV pourrait causer des changements dans certains composés organiques, qui
deviendraient plus toxiques aprés I'irradiation UV. Le ministére de ’Environnement et de
PEnergie de 1'Ontario (MEEO) et Environnement Canada ont entrepris de déterminer la
toxicité chronique des effluents irradiés aux UV pour le soutien de cette technologie déja

en usage.

On a mesuré la toxicité d’échantillons d’effluents non désinfectés, d’effluents désinfectés
aux UV et d’effluents chlorés/déchlorés provenart de trois stations d’épuration différentes
de I’Ontario. Dans deux des stations, on a effectué la désinfection aux UV in situ, a basse
ou & haute intensité. La troisiéme station ne disposait pas d’équipement de désinfection
aux UV et on a donc effectué I’irradiation UV & petite échelle en laboratoire. On a
également effectué la chloration/déchloration de tous les échantillons a P’aide d’un petit
réacteur. Avec ces échantillons, on a effectué deux types de tests de toxicité chronique de
7 jours utilisant des cladocéres (Ceriodaphnia dubia) et la téte-de-boule (Pimephales
promelas).

La majorité des échantillons testés étaient non toxiques. Dans les échantilions d’effluents
testés, on n’a noté aucun signe de toxicité significative causée par les UV, peu importe
I’emplacement ou Pintensité du traitement UV. En général, les échantillons d’effluents qui
étaient toxiques avant la désinfection 1’étaient aussi aprés la désinfection, mais plusieurs
échantillons d’une station présentaient des signes de toxicité accrue aprés la

chloration/déchloration.

Les tests de toxicité chronique effectués avec les échantillons recueillis confirment les
résultats d’études antérieures similaires. L’utilisation de [Iirradiation UV pour la
désinfection n’accroit pas la toxicité des effluents, mais cela peut étre le cas avec la
chloration/déchloration, qui peut avoir des effets néfastes sur les écosystémes d’eaux

réceptrices.
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1.0 INTRODUCTION

Ultraviolet (UV) irradiation is currently being used in disinfection of treated wastewater
effluent. It is considered to be a viable alternative to chlorination, which may exert chronic
toxicity effects in the aquatic environment due to residual chlorine. Recent studies suggest that _
UV light may induce changes in the effluent, which could then become more toxic after UV
irradiation (Orr et al. 1992; Enviromega 1995). A joint study by the National Water Research
Institute (NWRI) and the Ontario Ministry of Environment and Energy (MOEE) was initiated to
investigate the potential of UV disinfection to induce chronic toxicity in municipal sewage
treatment plant effluents. |

Chronic toxicity testing of effluents from three sewage treatment plants was performed by
NWRI, using the 7 day Ceriodaphnia dubia and fathead minnow bioassays. The treatment plants
selected used: high intestity UV, medium intestity UV or chlorine disinfection. Each effluent was
tested before and after treatment. The effluent form UV treatment plants was also chlorinated
and de-chlorinated and compared to the in-place treated effluents. Non-disinfected effluent from
the plant using chlorination (Plant C), was treated with medium intensity UV light in the
laboratory and compared to in-place treated effluents. At least two samples from each plant were
tested for toxicity using a full dilution series, while additional samples were evaluated at 100%
concentration only.

Two primary objectives were identified for this project:

o Existing treatment plants were used to determine if UV disinfection systems currently
operating at municipal treatment plants affect chronic toxicity of final effluents.

® Relative chronic toxicities of non-disinfected, UV and chlorine disinfected effluents were
compared.

This report is essentially a data report, which describes the general trends observed in the
samples collected. It does not discuss in detail the potential implications of the results obtained.



2.0 SITE DESCRIPTIONS

Three municipal wastewéter treatment plants were investigated during this
research. These were recommended by MOEE, and were representative of in-place
operational UV disinfection systems, using both low and high intensity UV treatment
systems. A bench scale UV system allowed for the inclusion of effluents from a large
municipal plant, which currently does not use UV disinfection.

Samples for chronic toxicity tests were collected in 20 L plastic pails lined with
food grade polyethylene liners. Chemical samples were collected using 500 mL plastic
bottles, and bacteria samples were collected in 150 mL bottles with sodium thiosulfate

added to remove residual chlorine.

2.1 Plant A

Plant A employs a conventional activh_ted sludge treatment which comprises
primary clarification, aeration tanks for biological treatment, followed by secondary
clarification to separate activated sludge solids and cleansed sewage effluent. The settled
activated sludge solids are either returned to the aeration tanks to sustain biological
treatment of the sewage or taken for further treatment and off-site disposal. A low
pressure, low-intensity, ultra-violet light process was used to disinfect the final effluent
pnior to discharge.

Plant A is designed to treat 9,900 m*/day. In 1996, it received an annual average
flow of 7,100 m*/day of raw sewage, or 72% of its design capacity. Ten percent of its raw
sewage originated from industrial and commercial sources; the remaining 90% were from
residential sources. The annual average concentrations of carbonaceous biochemical
oxygen demand (CBOD:), total suspended solids (TSS), total phosphorus, (TP) and total
ammonia in the treated effluent were 3 mg/L, 3 mg/L and 0.7 mg/L respectively. These
represent average removals of 98%, 99%, 91% and 95%, respectively.



‘2.2 Plant B.

Plant B is a conventional activated sludge treatment plant with similar process
configuration as plant A. The clarified effluent is disinfected by a medium pressure high
intensity ultra-violet light process before being discharged into the receiving water.

Plant B is designed to treat 36,300 m*/day. In 1996 it received an annual average
of 24,600 m*/day of raw sewage, or 68% of its design capacity. Twenty percent of the
raw sewage was from industries and commercial establishments; 80% was from residential
sources. The annual average concentrations of CBODs, TSS, TP and total ammonia in the
treated effluent were 2 mg/L, 4 mg/L, 0.6 mg/L and 0.6 mg/L, respectively, representing
an average removal of 98%, 97%, 89% and 95%, respectively.

2.3 Plant C

Plant C is also a conventional activated sludge treatment plant with a design
capacity of 409,000 m'/day. Its effluent was disinfected by gaseous chlorine prior to
discharge. In 1996, it received an annual average flow of 364,700 m’/day or 89% of its
design capacity. Twenty-five percent of its raw sewage was from industrial and
commercial sources; 75% was residential wastewater. The annual average concentrations
in the treated effluent and removals of CBOD;, TSS and TP were S mg/L, 9 mg/L, 0.6
mg/L and 98%, 95% and 88%, respectively. Unlike plants A and B, this plant was not
designed nor operated to remove total ammonia. Its annual average total ammonia

concentration in the treated effluent was about 13 mg/L.



3.0 METHODS

3.1 Bacterial Testing

MOEE laboratories were unavailable to analyze samples during certain sampling
periods and, therefore, both MOEE and NWRI laboratories performed bacterial testing.
MOEE performed only E. coli testing, whereas NWRI enumerated both fecal coliform and
E. coli. The NWRI methods are presented below.

Fecal coliform bacteria are gram negative, non-spore forming bacilli which are
cytochrome oxidase negative and ferment lactose. During the process of fermentation,
gasses are released and trapped inside small inverted tubes. The numbers of positive tubes
in each dilution were recorded and using a table, an estimate of fecal coliform numbers
was achieved.

Escherichia coli are gram negative, oxidase negative bacteria which ferment
lactose. They also produce the enzyme B-glucoronidase (which may also be found in
Salmonella and Shigella), which degrades MUG (4-methylumbelliferyl-B-glucuronide) to
produce 4-methylumbelliferone. This product fluoresces under long range UV light. The
numbers of positive tubes in each dilution were recorded and then estimates were made as
~ to the most probable number of E. coli.

Bacterial counts of fecal coliform and Escherichia coli were performed on samples
which were less than 12 hours old, using A-1 broth with MUG. A five tube, three or four -
series, most probable number (MPN) test was used. In order to perform this test, the
fresh water sample was used to inoculate the A-1 growth medium in five tubes, A series
of 1:10 dilutions were made to lower the initial number of bacteria used in the inoculation.
This range allows for more accurate estimates of total probable numbers. The samples
were then capped and incubated for 24 hours at 44.5°C. A full description of these
methods can be found in Dutka and Seidl (1993) and APHA (1989).



3.2 Chronic Toxicity Testing

Two types of 7-day chronic toxicity tests, using the Cladoceran - Ceriodaphnia
dubia and Fathead minnow - Pimephales prome.la.f, were performed on these samples.
Chronic toxicity was assessed by determining the reproductive effect on C. dubia and the
survival and growth of the fathead minnow.

3.2.1 Ceriodaphnia dubia

A Ceriodaphnia dubia neonate, less than 24 hours old, was placed in each test
cup. A total of ten, 20 mL replicates for each concentration tested was used, and
compared against a set of ten replicate controls. The control water and dilution water was
tap water which had been de-chlorinated by contifiuous aeration for at least 4 days. A
series of dilutions (100%, 50%, 25%, 12.5% and 6.25%) of the whole test solution was
made for several tests at each site. Daily renewals of the test solutions were performed
over the 7 day period of the test, at which time the neonates had matured and produced 3
broods of young.

The Environment Canada protocol EPS-1/RM/21 (1992) was followed regarding
Ceriodaphnia culturing, feeding and test conditions. During the initial testing, however, it
was discovered that only the 100% concentration showed reduced reproduction compared
to the control water. For this reason, it was decided that a 100% pass/fail scan could be
used to process more samples at each site. This additional capacity was used to construct
a time series from daily samples at Plant A and Plant C. The effluents were sampled every

day at the same time for 7 consecutive days. This helped to determine fluctuations in the

toxicity of the effluent during a week.

~ 3.2.2 Fathead Minnow

Ten fathead minnow larvae less than 24 hours old were placed in each test beaker.
A total of four, 500 mL replicates for each concentration tested were used, and compared
against a set of four replicate controls. The control water and dilution water was tap water
which had been de-chlorinated by continuous aeration for at least 4 days. A series of
dilutions (100, 50, 25, 12.5 and 6.25%) of the whole test solution was made for several



tests at each site. Daily renewals of the test solutions were performed over the 7 day
period of the test. At the end of the test, the larvae were removed from the test solution
and allowed to depurate in control water for 1 to 2 hours. The larvae were then counted,
dried at 100°C for < 24 hours and weighed.

The Environment Canada protocol EPS-1/RM/22 (1992) was followed regarding
fathead minnow culturing, feeding and test conditions. Chemical measurements were
made for samples throughout the test duration and helped to provide insight as to changes
in water quality over time. These measurements included: pH, conductivity, temperature,

dissolved oxygen, ammonia and hardness.

3.3 Chemical Testing

MOEE laboratory provided analytical services for the analysis of a range of mostly
inorganic parameters. These parameters included: Biochemical oxygen demand (C-
BOD:), solids (suspended, total and dissolved), nitrogen (nitrite, nitrate + nitrite, ammonia
+ ammonium, Total Kjeldahl nitrogen), phosphorus (phosphate, total phosphorus),
Carbon (dissolved organic, dissolved inorganic), silicon and total metals (Al, Ba, Be, Cd,
Co, Cr, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Ag, Sr, Ti, Va, Zn, Ca).

3.4 Bench Scale UV Irradiation

A Trojan 2000 pilot scale UV disinfection system was used for irradiation of Plant
C effluent samples. This stainless steel, open channel, flow-through unit was rated to
expose the effluent to greater than 27,500 pwes/cm?, at a flow rate of 27 L/min, which
was adequate for disinfection. The overall dimensions of the bench scale system were
183 cm long by 28 cm high by 4.5 cm wide. The UV exposure contact chamber was
90 cm long. This unit used 4 - 13.8 watt UV bulbs (in a stacked horizontal arrangement),
shielded by quartz glass tubes, with a transmission efficiency of 65%. The effluent was fed
to the unit by a submersible pump from a 300 L holding tank. Disinfected effluent was
collected in 20 L plastic pails, lined with polyethylene bags.




3.5 Bench Scale Chlorination/De-chlorination

Bench scale chlorination was used to simulate the effect of conventional effluent
disinfection techniques. It was effectively accomplished using a 60 L plastic reactor tank
with a variable speed mixing device. Commercial laundry bleach (sodium hypochlorite)
was added to the 50 L of effluent to achieve a free chlorine residual of 0.5 mg/L after 30
minutes. This generally required 10 mL of the bleach solution. After the 30 minute
contact time, sodium sulfite (Na,SO;) 5 g/L solution was added until the total chlorine
residual was zero (< 0.02 mg/L). This usually required 100 mL of the 5 g/L solution.

3.6 Sample Collection

Table 3.1 shows the sample collection dates and analyses performed for each.
Sample codes were used to identify the location, order of collection and type of treatment.
Samples from Plant A are designated by “A”, Plant B by “B” and Plant C by “C”. At each
site, samples are numbered consecutively in the order of collection. The treatment that the
sample received is then used as a suffix to each sample code for further distinction: UV -

UV disinfected, CL - chlorinated/de-chlorinated and RW - non-disinfected (raw) effluent.



Table 3.1: Sample Collection

Sample Date  Location  Sample ov Chlorinated/ _ Non-disinfected
Coding Disinfected de-chlorinated = Raw Effluent

—— . y) (CL) _ (RW)
Oct 23, 1996 Plant A A-1 v v v
Nov 6, 1996 Plant A A-2 v v v
Nov21,1996  Plant A A-3 v v v
Nov 22, 1996 Plant A A-4 v x v

Nov 23, 1996 Plant A A-5 v x v
Nov 24, 1996 Plant A A-6 v x v
Nov25,1996  Plant A A7 K% x %
Nov 26, 1996 Plant A A-8 v x v
Nov 27, 1996 Plant A A-9 v £ v
Nov 28, 1996 Plant A A-10 v x v

Jan 8, 1997 Plant B B-1 v v v
Jan 17, 1997 Plant B B-2 v x v
Jan 22, 1997 Plant B B-3 v v v
Jan 24, 1997 Plant B B-4 v v v
Feb 5, 1997 Plant B B-5 v v v
Feb 14, 1997 Plant B B-6 v v v
Mar 19, 1997 Plant C C-1 v v v
Apr 2, 1997 Plant C C-2 v v v
Apr 25, 1997 Plant C C-3 v v v
Apr26,1997  Plant C C-4 v v v
Apr27,1997  PlantC C-5 v v v
Apr28,1997  PlantC C-6 v v v
Apr 29, 1997 Plant C C-7 v v v
Apr30,1997  Plant C C-8 v v v
May1,1997  PlantC c9 v v v

v sample was collected for that test, % no sample was collected for that test



4.0 RESULTS

The results of the Ceriodaphnia and fathead minnow chronic toxicity tests are
summarized for each of the three plants in section 4.1. A more detailed description of the
results is presented in sections 4.2 (Ceriodaphnia) and 4.3 (fathead minnow) showing
calculated IC25 values and statistical significance for each test. In the Ceriodaphnia tests,
IC25 values (IC is the abbreviation for “Inhibiting Concentration™) represent the
concentration of effluent at which 25% fewer organisms are produced compared to the
control water. Fathead minnow IC25 values were calculated based on growth criteria. In
these tests, the IC25 value would be the concentration of effluent at which the average
weight of the exposed fish was 25% lower than those of the controls. 1C25 values could
only be calculated for tests where full dilution bioassays were performed. These are noted
with an asterisk in Tables 4.1, 4.2 and 4.3. All other samples were assessed in “pass/fail”
terms, using 100% effluent compared to a control.

The survival and reproduction observations recorded during the Ceriodaphria
tests are summarized in Tables found in Appendix A (Ceriodaphnia reproduction raw
data). The survival and growth observations for fathead minnow tests are summarized in
Appendix B (Fathead minnow survival and growth raw data). Basic water chemistry
measurements were used as a guide to determine changes in water quality during the tests.
- These observations are summarized in Appendix C (Water Chemistry Data from Chronic
Toxicity Tests). Samples were sent to MOEE labs for inorganic chemical analysis. The
results of these water quality tests are presented in Appendix D (Water quality data,
Inorganic chemistry). Bacterial data, used to asses the performance of the dnsmfectlon
methods, are summarized in Appendix E (Bacterial counts).

4.1 Overview of Ceriodaphnia and Fathead Minnow Results

The two “endpoints” of each of the chronic toxicity bioassays can be summarized
in a “pass/fail” table. Results are shown for UV disinfected effluent (UV), chlorinated/de-
chlorinated effluent (CL) and raw (RW) non-disinfected effluent. Pale shading in the

Table indicates that the tests were not performed on those samples and therefore no



conclusions could be drawn about their toxicity. Dark shading in each table indicates that
the test failed, and therefore the sample exerted a toxic effect. The condition for failure of
a test was based on criteria established in Environment Canada protocols. Survival failure
was considered to occur if there was greater than 30% mortality in the 100%
concentration for both Ceriodaphnia and fathead minnow tests. Ceriodaphnia
reproduction failed when there was a statistically lower number of neonates produced in
the 100% effluent when compared to those produced by the control organisms. Fathead
minnow growth was considered to have failed when the larvae exposed to the 100%

effluent were statistically lower in weight compared to those of the control larvae.

4.1.1 Plant A

Table 4.1 summarizes both the Ceriodaphnia and fathead minnow test results for
samples taken at plant A. No toxic effects were noted in fathead minnow tests at this
plant. Ceriodaphnia results showed failures in 3 of 10 UV disinfected samples and 4 of
10 raw effluent samples. Only one of three chlorinated/de-chlorinated samples was found
to exhibit toxicity.

Notably, there were 5 days out of 10 where toxicity was evident. One case
showed toxicity to Ceriodaphnia in raw and chlorinated/de-chlorinated effluent but the
UV disinfected effluent was free of toxicity. In another case (where no chlorinated sample
was collected), the UV disinfected effluent again showed no sign of toxicity where the raw
effluent was toxic. Two cases showed that the UV disinfected effluent sample was toxic
when the raw effluent was also toxic, and therefore, toxicity could not be directly
attributed to the disinfection procedure.

In the case where Ceriodaphnia toxicity appeared after UV disinfection, but not in
the raw effluent, reproduction in the experimental control was below that required by the
protocol. Dué to these conditions, the test data may not be completely valid and the
observed toxicity may have been an artifact.

10



Table 4.1: Plant A - Ceriodaphnia and Fathead Minnow Effects
Date (1996) | Oct 23* | Nov6* [ Nov20 | Nov2l |Nov22 |Nov23 |Nov24 [Nov25 |Nov26 |Nov27

Treatment Condition |

uv CD-surv

CD-repro
FHM-surv
FHM-gro

CL CD-surv

CD-repro
FHM-surv |
| FHM-gro
RW CD-surv

CD-repro
FHM-surv
FHM-gro

No Sample

PASS | | FAIL-100%

* indicates test performed with full dilution series - all other tests were 100% effluent Pass/Fail

11



4.1.2 Plant B

Table 4.2 summarizes both the Ceriodaphnia and fathead minnow test results for
samples taken at plant B. At this plant, effluents were generally non-toxic to fathead
minnows, but were notably toxic to Ceriodaphnia. Ceriodaphiia reproduction was
affected for all 6 samples of raw and UV disinfected effluents. The reproduction rates for
Ceriodaphnia were also negatively affected in 2 of 6 samples of the chlorinated/de-
chlorinated effluent, although no response was detected in the fathead minnow tests.
Ceriodaphnia survival was also affected for 1 of 6 raw effluent samples and 1 of 6 UV
disinfected effluent samples, although on different days. Two of 6 samples were toxic to
Ceriodaphnia for all three sample treatments (UV disinfected, chlorinated/de-chlorinated
and raw effluents) and therefore the effect of disinfection on effluent toxicity could not be
addressed.

Fathead minnow larval growth was reduced in both raw and UV disinfected
effluent samples for only one day. Only the raw effluent sample showed some reduction in
growth for one additional sample. Toxicity did not appear to be induced by disinfection,
judging from the results of these tests.

4.1.3 Plant C

Table 4.3 summarizes both the Ceriodaphnia and fathead minnow test results for
samples taken at plant C. Toxicity to Ceriodaphnia was generally only evident in raw
effluent samples. No UV disinfected samples induced toxicity for Ceriodaphnia, and only
one chlorinated/de-chlorinated sample showed evidence of inhibited reproduction. Four of
9 days showed reduced reproduction in raw effluent, while 5 of 9 samples showed reduced
survival. Only two days showed both reduced survival and reproduction.

Fathead minnow tests showed high levels of toxicity at this plant. For 5 of 9
samples, the fathead tests demonstrated toxicity for raw and disinfected samples. One
sample was toxic when raw, but the toxicity was removed after disinfection with either
UV or chlorine. Due to this observed pattern, UV disinfection was not deemed to

increase toxicity in these samples.

12



Table 4.2: Plant B - Ceriodaphnia and Fathead Minnow Effects

Date {1997) | Jan'8 | Jan 17 [ Jan 22 |Jan24 | FebS* | Feb 14* ‘

Treatment Condition

uv CD-surv

CD-repro
FHM-surv
FHM-gro

CL CD-surv

CD-repro |
FHM-surv
FHM-gro |

RW CD-surv
CD-repro
FHM-surv
FHM-gro |

PASS ‘ FAIL - 100% No Sample

* indicates test performed with full dilution series - all other tests were 100% effluent Pass/Fail



Table 4.3: Plant C - Ceriodaphnia and Fathead Minnow EfTects

Date

(1997)

Mar 18*

‘Apr2 | Apr2S

Apr 26

Apr 27

Apr28

Apr 29

| Apr 30

May 1

Treatment

Condition

uv

CD-surv

CD-repro

FHM-surv

FHM-gro

CL

CD-surv

053

CD-repro

FHM-surv

FHM-gro

RW

CD-surv

CD-repro

FHM-surv |

FHM-gro

PASS

FAIL - 100%

No Sample

* indicates test performed with full dilution series - all other tests were 100% effluent Pass/Fail
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4.2 Ceriodaphnia Results | |

The results of the Ceﬁ;&i;i@};hia 'chroﬁic téaxicify tests are summarized in Tables
4.4 t0 4.28. Most of the results from these bioassays demonstrated similar reproductive
potential to that of the controls, which indicated non-toxic effluents. It was more likely
that toxicity would be detected in the raw effluent than in disinfected effluents. In some
cases which follow, IC25 values could be calculated for the sample, however, the degree

of variance associated with the results proved the calculated values not to be significant.

4.2.1 Plant A

This site did not demonstrate any sign_iﬁcan_t: chronic toxicity, regardless of
disinfection method used. In several pass/fail tests, the raw effluent did show signs of
chronic toxicity, however, no 1C25 values could be calculated as full dilution series tests
were not performed.

Although the calculated IC25 of the UV disinfected effluent (Table 4.4) was
greater than 100% (denoting a pass), there were significantly (p=0.05) fewer neonates
produced (12.7 vs. Control of 156 neonates/adult). For the raw effluent sample, an IC25
of 100% was calculated. Here, however, the;e was only a p=0.06 associated with the
value due to high variance in the reﬁrodﬁcﬁvg ratés of the raw sample. The effect was
therefore not significant.

Only the ?;MOﬁnated/deschJ'oﬁnated sample (Table 4.5) had significantly lower
reproductive numbers than the control in this case (12.8 vs. 21.3 neonates per adult for the
control). The IC25 of 100% calculated for the raw effluent was not found to be
statistically significant (p=0.24).

No chlorinated effluent was tested for the samples taken once per day for the
following time series. Orﬂy the raw effluent (Table 4.7) was lower than the controls (15
vs. 21.25 neonates per adult) p=0.012. It should be noted, however, that a cleaner
(containing potassium hydroxide and glycol) had been used to remove deposits from one
of the treatment chambers, and foaming was evident at the outlet when samples were

collected. Despite the presence of this cleaner in the effluent, the UV disirifected sample
was non-toxic.
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Both UV disinfected and raw effluents (Table 4.12) failed the 100% scan due to
significantly lower reproductive rates. UV produced 11.6 neonates per adult (p=0.001)
and raw produced 13.6 (p=0.05), whereas the control produced 18 4.

The test conditions for this experiment (Table 4.13) were not satisfactory. Control
reproductive rates were down to 14.7 neonates per adult. However, the results showed
that UV may have failed the 100% scan, with a significantly lower reproduction rate of
7.8. 1t is likely that the raw effluent would have passed (although still lower than the
control) at 11.8.

4.2.2 Plant B

Far more toxicity was noted at this site than at the others. Raw (non-disinfected)
samples were likely to be toxic. This was most likely due to the presence of ammonia or
nitrite in the effluent, and may be related to cold weather performance.

UV disinfected effluent (Table 4.15) failed the 100% scan (p=0.002), by producing
16.2 neonates per adult, when compared to a control of 26.8. The raw effluent also failed
by producing only 19.2 neonates per adult (p=0.005).

All samples failed the 100% scan (Table 4.16) with a significance of p<0.001. The
UV disinfected effluent produced only 9 neonates per adult, the chlorinated/de-chlorinated
effluent produced 10.7 and the raw efflient only produced 2 neonates per adult. The
control adults produced an average of 31.4 neonates per adult.

Again, all samples failed the 100% scan (Table 4.17) with a significance of
p<0.001. The UV disinfected effluent produced only 11.3 neonates per adult, the
chlorinated/de-chlorinated effluent produced 13.3 and the raw effluent just produced 1.0
neonate per adult on average. The control, however, produced 25.3 neonates per adult,
therefore demonstrating that the effluent was highly toxic.

UV disinfected and raw effluents (Table 4.18) both showed strong chronic effects,
(p<0.001) and produced only 1.8 and 1.5 neonates per adult, respectively. The control
broods produced 16.7 neonates per adult. An IC25 value of 48% for both samples was
calculated. The chlorinated/de-chlorinated effluent produced an 1C25 of 100%, however,
it was not shown to be statistically significant.
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All samples were significantly toxic on the 14® of February, 1997 (Table 4.19).
~ An IC25 for the UV disinfected effiuent of 100% (p=0.009), was the least toxic of the
samples. The chlorinated/de-chlorinated sample was the most toxic with an IC25 of 68%
(p<0.001), and the raw effluent produced an IC25 value of 73% (p<0.001).

4.2.3 Plant C

Generally samples from this site did not exhibit any strong toxicity in the chronic
tests. The raw effluent was most likely toxic, and disinfection often had the effect of
reducing the toxicity.

Full dilution tests were performed on the first two samples collected (Table 4.20
and 4.21), and no toxicity was detected. Subsequent tests used just the 100%
concentrations. This allowed collection of additional samples in the form of a 7 day time
series.

The chlorinated/de-chlorinated effluent (Table 4.25) failed the 100% scan,
producing only 14.25 neonates per adult, even though the raw and UV disinfected effluent
samples produced higher numbers of neonates. This may have been due to some residual
chlorine effects. :

UV disinfected and chlorinated/de-chlorinated effluents (Table 4.26) both passed
the 100% scan with greater reproductive rates than the control (27.1 and 23.6 neonates
per adult). The raw effluent produced only 16.7 neonates per adult, and therefore failed
the scan (p=0.001). In addition, it was noted that the raw effluent had many deaths on the
last day of the test, after two broods were produced.
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Table 4.4: Plant A Ceriodaphnia - October 23, 1996

1C25 Value

Treatment Survival | Number of Live Neonates | Pass or Fail P Value
| (outof 10) | in 100% Concentration
Control | Mean 9 15.7 - -
SD. 35 T
Uv. Mean 9 12.8 PASS ——>~I,QOV%_ _ 0.05 |
| SD. 3.3 )
CL_ Mean 9 12.7 ~ PASS > 100 % -
S.D. 49
RW Mean 8 10.3 PASS 100 % 0.06
' SD. 46
Table 4.5: Plant A Ceriodaphnia - November 6, 1996 ‘ _
Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
(out of 10) | in 100% Concentration
Control | Mean 9 213 o - -
SD. . 45
UV Mean 9 [ 19.2 PASS > 100 % -
SD. N 38 ) A
CL Mean 9 128 PASS > 100 % 0.0003
SD. 4.2 _
“RW Mean 8 16.4 __PASS 100 % 0.24
SD. 45 -
_Table 4.6: Plant A Ceriodaphnia - November 20, 1996
| Treatment ' Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
(out of 10) | in 100% Concentration
Control | Mean 7 15.3 - -
S.D. 2.8 )
uUv Mean 7 201 ~ PASS - 003
SD. | 4.6 B ,
CL Mean 4 14 FAIL - -
, SD. 26
" RW Mean 9 10.6 FAIL - 10.003
| SD._ 2.4 | T
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Table 4.7; Plant A Ceriodaphnia - November 21, 1996

Treatment Survival | Number of Live Neonates | Pass or Fail { IC25 Value | P Value
v _{ (out of 10) | in 100% Concentration ,
Control | Mean 8 21.1 | - -
- S.D. - 24
_UV__ | Mean 9 1901 PASS - -
~ S.D. 7.0 .
RW Mean 9 15.0 FAIL - 0.012
S.D. - 56
Table 4.8: Plant A Ceriodaphnia - November 22, 1996 |
Treatment | Survival | Number of Live Neonates | Pass or Fail | I1C25 Valué | P Value
L (out of 10) | in 100% Concentration _ 3
Control | Mean 10 | 19 - -
UV ‘Mean 8 206 PASS - -
S.D. o 48 ] ,
RW Mean 8 19.8 __PASS - -
S.D. - 33
Table 4.9: Plant A Ceriodaphnia - November 23, 1996 o
Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
- _ (out of 10) | in 100% Concentration
Cortrol | Mean 10 19 - -
| SD. | 22 )
Uv Mean | 8 104 FAIL - 1E-6
SD. | 26 .
RW Mean 10 124 FAIL . 4E-7
SD. o 16
Table 4.10: Plant A Ceriodaphnia - November 24, 1996 -
Treatment | Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
(out of 10) in 100% Concentration
Control | Mean 10 175 - -
UV | Mean 9 14.9 ~ PASS -
__| SD. | 48 L
RW | Mean 9 183 PASS - -
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Table 4.11: Plant A Ceriodaphnia - November 25, 1996

Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
- (out of 10) | in 100% Concentration
Control | Mean 9 224 - -
SD. 15 ]
Uv Mean 10 21.2 PASS - -
| S.D. 24
RW Mean 9 20.3 PASS - -
SD 49
Table 4.12: Plant A Ceriodaphnia - November 26, 1996
Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
(out of 10) | in 100% Concentration
Control Mean 9 18.4 - -
_ S.D. 3.6
UV | Mean 8 1.6 FAIL - 0.001
| SD. 35 ' '
RW Mean | 8 136 _FALL . - 0.05
SD. 5.8
Table 4.13: Plant A Ceriodaphnia - November 27, 1996
Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
. (out of 10) | in 100% Concentration
~ Control | Mean 10 14.7 - -
| sb. 2.2 | L
UV [ Mean 9 7.8 FAIL - 0.0006 _
| SD. | 47 B
RW Mean 10 118 PASS - 0.07
S.D. 4.2 i -
Table 4.14: Plant B Ceriodaphnia - January 8, 1997
Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
(out of 10) in 100% Concentration -
Control | Mean 8 204 - -
S.D. S 42 ,
uv Mean 9 21.1 PASS - -
S.D. - 4.4 _
CL Mean 9 19.4 PASS - -
S.D. 2.8 o
RW Mean 9 17.4 PASS - -
S.D. » 55 -
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Table 4.15: Plant B Ceriodaphnia - January 17, 1997

Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
_ (out of 10) | in 100% Concentration '
_Control | Mean 9 ' 268 - -
N — 49 -
_UV__ | Mean 7 163 FAIL - 0.002
' S.D. 6.1 , )
RW Mean 10 19.2 FAIL - 0.005
| SD. 5.3 ‘
Table 4.16: Plant B Ceriodaphnia - January 22, 1997 -
Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
. (outof 10) | in 100% Concentration .
Control | Mean 9 314 - -
| SD. 3.6 - ]
UV | Mean| 6 9.0 FAIL - 1.7E-8
] S.D. , 34 B
_CL Mean | 7 107 FAIL - 6E-9
B S.D. L 29
RW | Mean 5 20 FAIL - 4E-10
S.D. - 00
Table 4.17: Plant B Ceriodaphnia - January 24, 1997 ‘
Treatment | Survival | Number of Live Neonates Pass or Fail | IC25 Value | P Value
) (outof 10) | in 100% Concentration _
Control | Mean 10 ' 253 ' - .
SD. | 5.2 , A
UV Mean | 7 11.3 FAIL - | 1E-5
] SD. | 29 L
CL Mean | 7 133 FAIL - 7E -5
_SD. - 33 , '
RW | Mean |10 10 FAIL y 3E-11
' SD. | 14 '
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Table 4.18: Plant B Ceriodaphnia - February 5, 1997

Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
B (out of 10) in 100% Concentration
Control | Mean 10 | 16.7 - -
S.D. 6.7 S R I
UV [ Mean | 0 18 FAIL | 48% | 7E-6
S.D. 23 ‘ | ]
CL Mean 8 10.5 PASS 100 % 0.19
- SD. 6.3
RW Mean 9 1.6 FAIL 48 % 7E -6
SD. 26 |
Table 4.19: Plant B Ceriodaphnia - February 14, 1997
Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
L (out of 10) | in 100% Concentration
-~ Control | Mean 10 B 258 - -
- S.D. 6.0
uv Mean 9 183 FAIL 100 % 0.009
S.D. 50
CL Mean 10 13.0 FAIL 68 % 8E-5
SD. o 54 ‘ i '
RW Mean 8 11.3 FAIL _B% 0.0001
' S.D. 6.1 '
Table 4.20: Plant C Ceriodaphnia - March 18, 1997 .
Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
) (out of 10) in 100% Concentration
~ Control | Mean 10 22.5 . -
SD. 7.0 A
Uv Mean 10 256 PASS > 100 % -
' S.D. 87
CL | Mean 10 - 23.1 PASS > 100 % -
S.D. o 8.3 _
_ RW Mean 10 27.5 PASS ~>100% -
S.D. 94 ”
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Table 4.21: Plant C Ceriodaphnia - April 2, 1997

Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
(out of 10) | in 100% Concentration 7
Control | Mean 10 259 - -
UV [ Mean | 10 291 | PASS - -
_CL Mean 10 28.3 __PASS -
| S.D. o 2.7 -
‘RW Mean 10 28.9 PASS - -
| SD. | 3.8
Table 4.22: Plant C Ceriodaphnia - April 25, 1997 L
| Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
(out of 10) | in 100% Concentration
Control Mean | 8 233 7 - -
I ) , 5.3 B ,
UV ~ Mean 9 254 PASS - -
) _87 _
CL___ | Mean 10 233 PASS -
_ RW Mean [ 10 156 ~ FAIL . ~0.001
S.D. R 2.8 -
Table 4.23: Plant C Ceriodaphriia - April 26, 1997 o
| Treatment | Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
3 (out of 10) in 100% Concentration
Control | Mean 8 B 233 - -
Uv Mean | 10 17.5 PASS - -
SD. | 6.4 i}
CL Mean 8 | 23.8 __PASS - -
| SD. “ _ 6.2 _ . '
RW Mean | 5 10.0 FAIL - 0.0008
SD. 4.7 ,
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Table 4.24: Plant C Ceriodaphnia - April 27, 1997

Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
1 (outof10) | in100% Concentration | |
Control Mean 10 264 ) - -
SD. , 53
Uv Mean 10 23.9 PASS - -
| SD. . 6.0
_CL | Mean 10 224 PASS - -
SD. 40 .
RW Mean 10 24.1 _PASS - -
_____ S.D. 83
Table 4.25: Plant C Ceriodaphnia - April 28, 1997 _
Treatment | Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
, , (out of 10) | in 100% Concentration
" Control Mean 8 264 - -
‘ | SD. o 53 4 L
Uv Mean 10 24.4 PASS | - -
SD. ‘ 6.8 ' _
CL | Mean 8 14.3 FAIL - 0.0006
| sD. 6.7 | |
RW Mean 5 270 FAIL - -
| ~SD. 65
Table 4.26: Plant C Ceriodaphnia - April 29, 1997 o
Treatment Survival | Number of Live Neonates | Pass or Fail | 1C25 Value | P Value
, (out of 10) in 100% Concentration
Control Mean 10 26.4 - -
_ SD. __ 53
UV Mean _ 8 27.1 PASS -
SD. B 6.7 , '
_CL Mean | 7 23.6 _PASS | @ - -
- SD. 15 ,
RW Mean 6 16.7 FAIL - ~0.001
~S.D. 2.8
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Table 4.27: Plant C Ceriodaphnia - April 30,1997

Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
e (out of 10) in 100% Concentration '
_ Control | Mean 10 "' 20.5 - -
SD. 66 L »
uUv Mean | 8 228 ~ PASS - -
. S.D. 52 o
CL_ Mean 9 25.0 "PASS - -
| S.D. 59
RW | Mean 7 14.1 FAIL - 0.03
S.D. 34
Table 4.28: Plant C Ceriodaphnia - May 1, 1997 _ o
Treatment Survival | Number of Live Neonates | Pass or Fail | IC25 Value | P Value
‘ : (out of 10) | in 100% Concentration <
~ Control | Mean 10 205 - -
‘ SD. 6.6
uv Mean 9 224 PASS - -
S.D. _ 7.4 , .
CL Mean 6 19.2 ~ FAIL - -
. SD. - 6.2 L
_RW Mean 3 17.7 FAIL . -
S.D. ' 7.2 o
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4.3 Fathead Minnow Results

The final effluents from Plant A and Plant B were generally not significantly toxic
when assessed by the fathead minnow 7 day chronic bioassay. The effluent from the Plant
C was significantly toxic but the toxicity was attributed to the higher ammonia
concentrations in these samples. In most cases, there was no significant difference in either
survival or growth of larvae exposed to a disinfected or non-disi_nfected sample. However,
in three tests there was a significant difference in growth of fathead minnow larvae
exposed to non-disinfected effluent versus those exposed to UV or chlorinated/de-
chlorinated disinfected effluent. In two of these cases the non-disinfected sample caused a
reduction in growth of the larvae compared to both types of disinfected samples (Table
4.42 and 4.45) and in the third the disinfected samples were more toxic than the non-
disinfected (Table 4.53). This was believed to have been caused partly by the low
dissolved oxygen concentration in the non-disinfected effluents and a high ammonia
concentration in the disinfected effluent tested.

No IC25 values could be generated due to the fact that none of the full dilution
series tests conducted produced chronic toxicity. Only pass/fail findings could be
determined.

The fathead minnow larval bioassay QA/QC indicates that the test results are
accurate and reproducible. References and controls indicate that variability in reference
dry weights may have been produced through the interbreeding of the fathead minnow
culture with several genetic stocks throughout the time frame of the experiments. Similarly
changes in the quality and quantity of the food provided during the project may have
altered the reference growth weights between consecutive tests but did not interfere with

the comparison of weights between treatments in that test.
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4.3.1 PlantA

No chronic toxicity was observed in samples collected from this plant during scan
tests (Tables 4.31 to 4.38). Similarly full dilution tests did not indicate toxicity at the
100% effluent concentration (Tables 4.29 to 4.30). The dissolved oxygen fell below the
recommended cut-off concentration of 3.3 mg/L in the 100% non-disinfected sample
(Table 4.30) but this did not affect the growth of the larvae significantly.

43.2 PlantB

No chronic toxicity was observed in four of six samples collected from this plant.
The second sample proved to be toxic both before and after disinfection with UV light
(Table 4.40), while only the non-disinfected effluent was toxic in the fourth sample (Table
4.42). It is uncertain why there was toxicity associated with the second and fourth samples
collected from Plant B (Tables 4.40 & 4.42, respectively). Dissolved oxygen was not the
factor in either of these cases. Ammonia was not measured and cannot therefore be
assessed as the problem, however, effluent samples collected during the folloWing month
at the same plant 'i,n_d'ic,ated that ammonia concentrations were within the range of those
producing toxicity in the Plant C samples (Tables 4.47 to 4.53), yet chronic toxicity was
not apparent in those particular samples (Tables 4.43 and 4.44).

433 PlantC |

Chronic toxicity was observed in seven of nine samples collected at this plant
(Tables 4.45 to 4.53). Ammonia concentrations were on a\"brage greater than 4 mg/L in all
effluents tested at Plant C and ranged as high as 10 mg/L. The high ammonia
concentrations should have produced significant toxicity in the first Plant C samples,
however, the large error associated with the growth values for these tests may have
confounded the results of these analyses (Table 4.45). In the case of the last two samples,
the difference in ammonia concentrations between the effluent that passed versus that
which failed was not that great and below 4 mg/L in both cases (Tables 4.52 and 4.53).
Other chemical constituents may be responsible for the reductions in growth observed in
these tests.
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Table 4.29: Plant A Fathead Minnow - October 23, 1996
Survival Pass or Fail P Value Growth | Pass or Fail P Value
- (out of 10) ‘ (mg)
- Control | Mean 8.72 0.70
(8.D) 0.48 0.08
uv Mean 9.75 PASS - 0.65 PASS -
(D) 0.50 0.02
CL Mean . 10.00 PASS - 0.70 PASS -
(S.D)) 0.00 0.05
RW Mean 9.50 PASS - 0.72 PASS -
(S.D) 1.00 0.04
Table 4.30: Plant A Fathead Minnow - November 6, 1996
Survival Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) ' (mg)
Control Mean 9.75 0.53
(S.D) 0.50 0.04
uv Mean 8.44 PASS - 0.51 PASS -
(S.D) 1.04 0.03
CL Mean 9.50 PASS - 0.52 PASS -
7 (S.D) 0.58 0.04
RW Mean 9.19 PASS - 0.39 PASS -
(SD) | 0.54 0.04
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Table 4.31: Plant A Fathead Minnow - November 20, 1996
- Survival Pass or Fail | P Value Growth Pass or Fail | P Value |
: " (out of 10) (mg)
Control Mean | 9.50 0.57
(S.D) 0.58 0.08
uv Mean 9.00 PASS - 0.47 PASS -
(S.D) 0.82 0.05
CL Mean 10.00 PASS - 0.48 PASS -
(SDh) | 0.00 0.07
RW Mean 7.44 FAIL 0.003 0.48 PASS -
(S.D) 1.85 0.08
Table 4.32: Plant A Fathead Minnow - November 21, 1996
Survival | Pass or Fail P Value Growth Pass or Fail P Value |
(out of 10) (mg)
Control Mean 9.75 0.69
SDb) | o050 0.10
uv Mean 10.00 PASS - 0.59 PASS -
(SD) 0.00 — 0.06
RW Mean 10.00 PASS = 0.64 PASS -
(S.D.) 0.00 0.03
Table 4.33: Plant A Fathead Minnow - November 22, 1996
Survival Passor Fail | P Value Growth Pass or Fail P Value
(out of 10) (mg) '
Control Mean 10.00 0.51
1 (S.D) 0.00 0.10
uv Mean 9.50 PASS - 0.50 PASS -
' (S.D) 1.00 0.04
RW | Mean 10.00 PASS - 0.51 PASS -
(S.D) 0.00 0.03
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Table 4.34: Plant A Fathead Minnow - November 23, 1996 ,
Survival | Pass or Fail P Value Growth Pass or Fail P Value
7 (out of 10) (mg)
Control Mean 10.00 0.57
(S.D) 0.00 0.05
uv Mean 9.72 PASS - 0.56 PASS -
(S.D) 0.56 0.11
RW Mean 10.00 PASS - 0.57 PASS -
(S.D) 0.00 0.02
Table 4.35: Plant A Fathead Minnow - November 24, 1996
Survival Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) (mg)
Control Mean 8.75 0.69
(S.D) 0.50 0.09
uv Mean 8.75 PASS - 0.67 PASS -
(SDh) - 0.50 0.05
RW Mean 9.00 PASS - 0.63 PASS -
(S.D) 0.00 0.04
Table 4.36: Plant A Fathead Minnow - November 25, 1996
| Survival Pass or Fail P Value Growth Pass or Fail | P Value
(out of 10) | (mg) '
Control Mean 9.75 0.45
1 (8.D) 0.50 0.02
uv Mean 9.00 PASS - 0.43 PASS -
(8.D) 0.82 0.02
RW Mean 9.25 PASS - 0.48 PASS -
(SD) 0.96 0.13
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Table 4.37: Plant A Fathead Minnow - November 26, 1996
Survival Passor Fail | PValue | Growth | PassorFail | P Value
"_(out of 10) |  (mg) ‘
Control | Mean 10.00 | o043
' (S.D) 0.00 0.02
uv Mean 9.00 PASS - 0.45 PASS -
(S.D) 1.41 0.05
~ RW Mean . 9.50 PASS - 0.48 PASS -
(S.b) 0.58 0.04
Table 4.38: Plant A Fathead Minnow - November 27, 1996 '
i Survival Pass or Fail P Value Growth Pass or Fail P Value
. (out of 10) (mg) ‘
Control Mean 10.00: 0.38
(SD) 0.00 0.06
uv Mean 10.00 PASS - 042 PASS -
(S.D) 0.00 0.01
RW Mean 10.00 PASS - 0.38 PASS -
(S.D) 0.00 - 0.02
Table 4.39: Plant B Fathead Minnow - January 8, 1997
Survival | Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) ' (mg)
Ci Mean 9.75 0.74
(SD) 0.50 0.05
uv Mean 9.25 PASS - 0.73 PASS -
(S.D) 0.96 0.13
RW Mean 10.00 PASS - 0.63 PASS -
(S.D) 0.00 0.07
C2 . Mean 10.00 0.84
SD) | o000 0.04
CL Mean 10.00 PASS - 0.79 PASS -
(SD) 0.00 0.05
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Table 4.40: Plant B Fathead Minnow - January 17, 1997 _
: Survival Pass or Fail P Value Growth Passor Fail [ P Value
(out of 10) (mg)
‘Control Mean 9.67 0.73
(S.D) 0.58 0.02
uv Mean 9.75 PASS - 0.53 FAIL <0.001
(S.D) 0.50 0.02
RwW Mean 9.50 PASS - 0.59 FAIL <0.001
(8.D) 0.58 0.02
Table 4.41: Plant B Fathead Minnow - January 22, 1997
Survival | PassorFail | P Value Growth Pass or Fail | P Value
(out of 10) (mg) ‘ |
Control | Mean 8.75 0.81
(S.D) 1.89 0.09
Uv Mean 9.75 PASS. - 0.70 PASS -
(S.D) 0.50 0.05
CL Mean 9.25 PASS - 0.79 PASS -
(8.D) 1.50 0.06
RW Mean 9.50 PASS - 0.72 PASS -
(S.D) 0.58 0.07
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Table 4.42: Plant B Fathead Minnow - January 24, 1997

Survival Pass or Fail P Value Growth Pass or Fail P Value
: _ (out of 10) (mg) ;
Control | Mean 9.50 0.80 ‘

(SD) 1.00 0.04

uv Mean 9.25 PASS - 0.75 PASS -
(S.D) 0.96 0.08

CL Mean 10.00 PASS - 0.74 PASS -
(SD) | 000 0.02

RW Mean 9.75 PASS - 0.66 FAIL 0.004
(S.D.) 0.50 0.02

Table 4.43: Plant B Fathead Minnow February 5, 1997
1 : Survival Pass or Fail | P Value Growth Pass or Fail | P Value
(out of 10) | ‘ ~ (mg)
_ Control Mean 8.75 ‘ 0.37

(S.D) 0.50 0.03

uv Mean 8.75 PASS - 0.40 PASS -
(S.D.) 0.96 0.03

CL Mean 9.00 PASS. - 043 PASS -
(S.D) 1.41 0.04

RW Mean 9.50 ~ PASS - 0.40 PASS -
(S.D) 0.58 0.02
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Table 4.44: Plant B Fathead Minnow - February 14, 1997 :
‘ Survival Pass or Fail | P Value Growth Pass.or Fail | P Value
(out of 10) (mg)
Control Mean 8.69 0.42
(S.D) 0.47 0.03
uv Mean 9.00 PASS - 0.37 PASS -
(8.D) 0.82 0.03
CL Mean 8.25 PASS - 0.38 PASS -
(S.D) 1.50 0.04 l
RW Mean 9.19 PASS - 041 PASS -
(S.D) 1.06 0.01
Table 4.45: Plant C Fathead Minnow - March 18, 1997
' | Survival | Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) (mg)
Control Mean 9.50 0.45
(SD) 0.58 0.02
uv Mean 8.25 PASS - 0.34 PASS -
(S.D) 0.50 0.06
CL Mean 9.47 PASS - 0.38 PASS -
(8.D)) 0.61 0.09
RW Mean 9.25 PASS - 0.32 FAIL 0.0286
(S.D) 0.50 0.03
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Table 4.46: Plant C Fathead Minnow - April 2, 1997

Survival Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) (mg)
Control Mean 9.19 : 0.54
(S.D) 0.54 0.08
uv Mean 8.97 PASS - 0.47 PASS -
(8.D) 0.82 0.07
CL Mean 8.97 PASS - 0.53 PASS -
(S.D) 0.82 0.02
RW Mean 10.00 PASS - 0.50 PASS -
(S.D.) 0.00 0.03
Table 4.47: Plant C Fathead Minnow - April 25, 1997
Survival Passor Fail | P Value | Growth Pass or Fail P Value
(out of 10) | : - (mg)
Control Mean 10.00 0.46
| (SD) 0.00 0.03 -
uv Mean 9.75 PASS - 0.35 FAIL 0.001
(S.D) 0.50 0.02
CL Mean 9.75 PASS - 0.30 FAIL <0.001
(S.D) 0.50 0.02
RW Mean 9.75 PASS - 0.32 FAIL <0.001
(S.D) 0.50 0.03

35



Table 4.48: Plant C Fathead Minnow - April 26, 1997
: Survival Pass or Fail P Value | Growth Pass or Fail P Value
(out of 10) (mg)
Control Mean 10.00 0.46
(SD) 0.00 0.03
uv Mean 925 PASS - 0.34 FAIL 0.001
(S.D) 0.96 0.03
CL Mean 9.50 PASS - 0.35 FAIL 0.001
(S.D) 0.58 0.03
RW Mean 9.25 PASS - 032 FAIL <0.001
(SD) 0.96 0.02
Table 4.49: Plant C Fathead Minnow - April 27, 1997
Survival Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) ‘ (mg) |
. Control Mean 10.00 0.46
(S.D) 0.00 0.03
uv Mean ' 8.72 PASS - 0.32 FAIL <0.001
(S.D) 1.25 0.01
CL Mean 8.00 FAIL 0.032 0.35 FAIL <0.001
(SD) 1.15 0.02
RW Mean 9.50 PASS . - 0.33 FAIL <0.001
(SD) 0.58 0.02
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Table 4.50: Plant C Fathead Minnow - April 28, 1997
Survival Pass or Fail | P Value Growth Pass or Fail P Value
(out of 10) . (mg)
Control Mean 9.75 1 0.44
(SD) 0.50 0.02
uv Mean 7.50 PASS - 0.26 FAIL <0.001
" | D) 0.58 0.06
CL Mean 8.25 PASS - 0.29 FAIL 0.001
| (8.D) 2.06 0.02
RW | Mean 8.75 PASS - 0.28 FAIL <0.001
 (SD) 0.50 0.02
Table 4.51: Plant C Fathead Minnow - April 29, 1997
' Survival | Pass or Fail P Value Growth | Pass or Fail P Value
(out of 10) (mg)
Control Mean 9.75 0.44
(S.D) 0.50 0.02
UV | Mean 9.75 PASS - 0.29 FAIL 0.001
(S$.D.) 0.50 0.02
CL Mean 8.50 PASS - 032 FAIL 0.008
(SD) 1.00 0.03
RW Mean - 9.25 PASS - 0.32 FAIL 0.009
(S.D) 0.96 0.02

37



Table 4.52: Plant C Fathead Minnow - April 30, 1997
| Survival PassorFail | PValue | Growth Pass or Fail | P Value
(out of 10) (mg)
Control Mean 9.75 0.42
(S.D) 0.50 0.03
uv Mean 10.00 PASS - 0.38 PASS -
(S.D) 0.00 0.02
CL Mean 9.75 PASS - 0.36 FAIL 0.036
(8.D) 0.50 0.02
RW Mean 9.25 PASS - 0.38 PASS -
(S.D) 0.96 0.0l
Table 4.53: Plant C Fathead Minnow - May 1, 1997
Survival Pass or Fail P Value Growth Pass or Fail P Value
(out of 10) (mg)
Control Mean 9.75 0.42
(S.D) 0.50 0.03
uv Mean 9.50 PASS - 0.33 FAIL 0.001
(S.D) 0.58 0.03
CL Mean 9.50 PASS - 0.35 FAIL 0.009
(SD) | o058 0.03
RW Mean 10.00 PASS - 0.38 PASS -
(S.D.) 0.00 0.02
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5.0 CONCLUSIONS AND RECOMMENDATIONS

No indications of UV-induced toxicity were found in the effluent samples tested,
regardless of the plant tested and intensity of UV treatment. The majority of
samples tested were non-toxic, however, effluent samples which were toxic before

disinfection were also toxic after disinfection.
The chronic toxicity testing performed on the samples studied confirms the results

of earlier similar studies; the levels of UV irradiation required for disinfection

purposes do not appear to increase effluent toxicity.
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Appendix A
Ceriodaphnia Reproduction
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5 18
6 14
7 26
8 26
8 15
10 17
Average 20.80
8D. 657

100

%

6.25
%

828
%

128

125
%

128
%

®%

25
%

k]

”g

®g

‘*8

100
15
21

13
13

1.4
100

100

14
1
16

24

19.17
6.24

100

14
13

17.67
3



Appendix B
Fathead Minnow Survival and Growth

Raw Data



Rop.1 1000 1000 00 1000 o0 10.00
Rep.2 1000 1000 &80 1000 9.00 7.78
Rop.3 1000 000 000 1000 1000 epo
Rep. 4 X X 1000 1000 1000 800
Mean = .75 9.50 947 Wwoo 950 (YN
(8.0.) 0.50 088  Qet 000 088 1.04
Rep. 1 88 1000 800 1000 900
Rep. 2 9.00 1000 1000 1000 90.00
Rep. 3 10.00 1000 W00 1000 800
Rep. 4 900 900 1000 1000 10.00
Maan ] 8.75 950 1000 9%
(8.D) 0.82 0.50 100 o000 0.58
Rep.1 1000 106 1000 1000 000 a89
Rep.2 1000 1000 1000 oo 8.8
Rep.3 1000 700 900 100 1000 1000
Rep.4 _ 1000 1000 1000 _

Mean 10.00 9.2 87 075 10:@ 0: 19-
{$.D.) 0.00 1.50 0.50 0.50 0.00 0.54
liytio )
€ £25 126 26 [}
Rep.1 900 ;!E
Rep.2 1000 10.00
Rep.3 1000 8.00
Rep.4 00 9.60
Mean 9.50 9.00
(8.D.) 0.58 o.&2
Rep. 1 10.00
Rep. 2 10.00
Rep.3 10.00
Rep. 4 N 10.00
#oan 10.00 -
(8.0) 0.00
Rep. 1 8.00
Rep. 2 8.00
::p_,- 3 o’
p. 4 7.00
Mean Te
{8.D.) 188

Crowth € $28 125 2 € 100
Rep.t o064 07 084 051 06 064
Rep.2 075 o085 O 08 07 o
Rep.3 o078 o088 o068 o5 or o
Rep.4 o082 085 08 08 070 0.66 ..
Mean 670 070 084 0% 072 065
8.D) 008 012 005 008 004 OO
Rap. 1 o0 oW em O3S oM
Rep. 2 088 0% 088 oM 08
Rep. 3 06 o7 oB? o062 oM
Blean 068 073 07 o0& 070
D) 003 6035 010 005  00S
Rep. 9 o 0rs 080 0as o
Rep. 2 0711 0t 084 ors
Rop. 3 062 067 ov® 077 06
Rep. 4 0.7 081 068 078
Soan o 62 on o7 o.72
(8D) 007 005 012 008 004

Growth € &3 125 ® 8
Rep.1 047 084 081 051 048 0%
Rep.2 082 034 080 082 052 04
Rep.3 0.5 0.48 0.68 089 (1] 0.80
Rep. 4 oz 087 048 089 08 0.58
#lcan 053 04 081 085 081 051
(8.D.) 0.04 010 004 004 008 003
Rep. 1 0.52 0.47 038 0.44 0.54
Rep. 2 084 04 04 04 0.50
Rep. 3 083 048 084 04 0.48

Rep. 4 0.81 046 _ 058 046 0.57
Mosn 053 046 048 0@ 0.52
(8.D.) 0.01 002 oo 002 004
Rep.1 ox2 042 0.68 038 0.8 0.40
Rep.2 045 038 03 062 0.6
Rep.3 03 0.41 [ Y] 0.39 042 0.3
Mean 0.37 040 042 03 o3 0.39
8.D) 005 002 003 002 002 004

Growth € 2 128 B 80 300
Rep. 1 o853 0.52
Rep.2 081 047

"Rep.3 o085 0.4
Rep.4 o8 0.48 .
Mean 0.57 ” 0.47
8D) o0 0.08
Rep. 1 0.39
Rop. 2 0.49
Rep. 3 0ss
Rep. 4 0.48
&aan 0.48
@.0) 007
RKRep. ¢ 0.60
Rep. 2 042
Rap. 3 0.4
Rep. 4 0.42
&3can 0.48
D) 008



23

€ 822 128 B
Rep.1 1000 0.00
Rap.2 900 10.00
Rep.3 1000 .00
Rep. 4 1000 10.00
Mean 9.75 j " 10.00
8.0.) 080 000
Rep. 1 10.00
Rep. 2 10.00
Rep. 3 %0.00
Rep. 4 _40.00 _
Bop.g_ 1020
8.0, 0.00
€ 820 1250 2600 $0.00 10000
Rep.1  10.00 10.00
Rep.2  10.00 %0.00
Rep.3 w00 10.00
Rep.4 1000 8.00
,a,"a" 10.00 e
8D) oo 100
Rep. 1 0.00
Rep. 2 10.00
Rep. 3 10.00
Rep. 4 .. 10.00
Maan 10.00
(8.0) 0.00
€ 825 125 2= T
Rep. 1 10.00 a.es
Rep.2 1000 10.00
Rep.3 w000 10.00
Rep.4 1000 10.00
Moan 10.00 .72
(8.0.) 0.00 088
Rep. 1 10.00
Rep. 2 10.00
Rep. 3 10.00
Rep.. 4 10.00
Mean 10.00
(8.0,) 0.00
€ 826 1250 32800 E0.00 100.00
Rep.1 900 8.00
Rep.2 o0 .00
Rep. 3 8.00 .00
Rep.4 500 6.00
Mean 875 715
{8.0.) 0.50 0.50
Rep. 1 .00
Rep. 2 8.00
Rop. 3 .00
Rep. 4 9.00
Moan .00
8.0) 0.00

€ 826 128 ¥ 8 10
Rep. 1 o 0.5
Rep.2 o8& 0.57
Rap.3 om :.:
.4 087 .
Mm aes 0.59
&.D.) 0.10 0.06
Rep. 1 e
Rep. 2 067
Rap. 3 0.60
Rap. 4 0.64
Mean 0.64
8D) 0.
£ 820 1280 2[00 M.00 100.00
Rep.1 o4y 0.48
Rep.2 o2 (X 14
Rep. 3 08 0.8
Rep.4 o 0.50.
Mean 0.69 0.50
@D, 0.t 0.04
Rep. 1 048
Rep. 2 085
Rep. 3 080
Rep. 4 050 _
Moan 0.51
M.) 0.0
& 828 125 2 £ 10
Rep.1 o052 0.65
Rep.2 065 0.62
Rep.3  oes 0.41
Rep.4 088 086
Saan 087 0.56
8.0.) 0.08 (X1}
Rep. 1 087
Rep. 2 0.54
Rep. 8 088
Ee. 4 0.80
Mean 0.57
8.0.) o
Rep. 1 o7 0.74
Rep.2 oM 0.62
Rep.3 o088 0.64
.4 080 . 0.87
%n [X) 067
(8.D) (1. ] 008
Rep. 1 068
Rep. 2 0.8
Rop. 3 0.5
Rep. 4 0.63
8%aan 0e
8.0.) 0.04



QEMMMS.Q;Q Growth [
Y

MMMMJ.?E%

Rep.t 1000 Rop.1  o0e
Rep.2 w000 8.00 Rep.2 o0 044
Rep.3 1000 8.00 Rep.3 o043 :.:;
.4 900 _ 10.00 Rep.4  oas 9
%ﬁn 8.75 $.00 Sean 0.45 - (]
(8.0, 050 s @BDb) om 0o
Rep. 1 0.00 Rep. 1 0.39
Rop. 2 10.00 Rep. 2 0.2
Rep. 2 0.00 ::p 3 ::
Rep. 4 .00 p. 4 -5
8oean 9.25 [ 0.4
(sb) oss D) 013
& 82 125 2 ® 100 Growth - & £2% 128 B £ 10
Rep.1  10.00 7.00 Rep. 1 o000 (X))
Rep.2 w00 .00 Rep.2 oas 038
Rep.3  w.00 .60 Rep.38 048 :-‘7
Rep.4 1000 9.00 Rep. 4 ous 049
Mean 1000 0.00 Mean 00 0.45
(8D) o000 141 (D) o= 0.05
Rep. 1 9.00 Rep. 1 052
Rep. 2 8.00 Rep. 2 o0&
Rep. 3 10.00 Rep. 3 0.50
Rep. 4. . 10.00 Rep. 4 0.46
m%n " $.50 taan 048
.0) 0.58 @.0) 0.04
3 825 1280 2600 $000 00.00 Growth < $28 1250 2800 6000 300.00
Rep.1 1000 10.00 Rep.1 035 043
Rop.2 1000 10.00 Rep.2 oM 0.43
Rep.3  10.00 10.00 Rop.3 o038 0.42
Rep.4  10.00 _ 10.00 Rep.4 047 0.40..
Maean 10.00 ’ © 10.00 &ean ~ 038 0.42
8D) o000 0.00 8D) oo0¢ 0.1
Reap. 1 © 1000 Rep. 1 0.40
Rep. 2 10.00 Rep. 2 038
Rop. 3 10.00 Rep. 3 0.38
Rep. 4 . __10.00 Rep. 4 0 40
Mean j o T 10.00 Mean 038~
(8.D) 0.00 (8.D) o
-3 826 128 F -] 2 00 Growth & 828 1285 [ ] 10
Rep. 1 900 10.00 Rep. 1  o72 0.8
Rep.2 1000 0.00 Rep.2 o080 0.67
Rop.3  10.00 0.00 Rep.3 o088 068
Rep. 4 1000 . 8.00 Rep. 4 o075 ~ 0.91
Mean 075 o 0.25 Moan 0.74 0.73
(D) os0 ’ 096 8D) o0s 013
Rep. 1 10.00 Rep. 1 0.6
Rep. 2 10.00 Rap. 2 0.65
Rep. 3 10.00 Rep. 3 084
Rep. 4 : - 10.00 Rep. 4 083
Mean o "10.00 Maan 0.63
8.D.) 0.00 8., 0.07
Rep. 1 10.00 %0.00 fep.1  o2s 0.8
Rep.2  0.00 10.00 Rep.2 om 0.7
Rep.3 w00 %0.00 Rep.3 0w 0.84
Rep. 4  10.00 . 10.00 . Rep.4  oes 0.78
Mean 1000 N ] 10.00 Moan 084 (%]
8D) o 0.00 @3D) an 0.05




Survival

€ £25 1260 2500 £0.00 100,00
Rop.1 900 02.00
Rep.2 1000 0.00
Rep.3 1000 %00
Rep. 4. 0.00
Mean 067 %3
8.D.) 0.68 0.80
Rep. 1 10.00
Rep. 2 .00
Rep. 3 .00
Rep. 4. 10.00
Mean 6.50
(8.0.) 088

Rilutions ,

€ 828 128 2 ]
Rep.1 900 +0.00
Rep.2  1w0.00 %0.00
Rop.3 om0 000
Rep.4  10.00 9.00
#aan 8rs 8.7
(8.D.) 1.80 0.60
Rep. 1 7.00
Rop. 2 10.00
Rep. 3 10.00
Rep. 4 10.00

Mean 928
(8.0.) 180
Rep. 1 8.00
Rep. 2 9.00
Rep. 3 10.00

Rop. 4 10.00
Mean .50
(8.D.) 0.88
€ £25 1225 2 B© 10
Rep.1  1w.00 8.00
Rep.2 1.0 .00
Rep.3 800 10.00
Rep. 4 1000 10.00
Mean 9.50 9.25
(8.D.) 1.00 [T
Rep. 1 10.00
Rep. 2 10.00
Rep. 3 10.00
Rep. 4 10.00
Mean "'10.00
(8.0.) 0.00
Rep. 1 10.00
Rep. 2 10.00
Rep. 3 10.00
Rep. 4 8.00
Mean e
{8.D.) .80

|

i

£ £28 1250 2000 §0.00 30000
Rep.1 o078 0.5¢
Rep.2 omn 054
Rep.3 am2 054
Rep. 4 - 08 _
8aan (3] 053
8D) om 0.2
Rap. 1 082
Rep. 2 0.8
Rep. 3 0.57

X 0.59

T S
D) 002

€ £ 528 28 8§ 00
Rop.1  oss 0.84
Rep.2 o® 0.7%
Rep.3 o8 ::
&. 4 0.81 _ )
Moan 0.81 0.70
D) 009 005
Rep. 1 or
Rep. 2 082
Rep. 3 o7
Rep. 4 0.87
Fe%n o1
3.0) 0.06
Rep. 1 oes
Rep. 2 0.8
Rep. 3 067
Rep. 4 0.74
Mean 0.72
8.D) 007

£ £33 125 25 £ ic
Rep. 1 o078 0.74
Rep.2 om 08¢
Rep.3 o4 0.74
Rop.4 o084 0.65
Mean 0. 0.75
8.D.) 0.04 0.08
Rep. 1 (2]
Rep. 2 0.7
Rep. 3 o
Rep. & 0.73
&8aan 0.24
(8.D) 0.02
Rep. 1 0.65
Rep. 2 oes
Rep. 3 0es
Rep. 4 0.64
8.D) 0.02



=T N

10.00__ 10.00

Rep. $.00 0.00
Qkan 8.00 3850 887 8.87
(8.0) 000 3857 om o8

1.44

Rep. 4 | . 800 . 700
Moan 8% 875 8%

Riiutions
Rep. 1 1500
Rep.2 800

10.00
10.00

10.00

8.00
8.00

(8.0) 12 000 020
Rep. 1 1000 1000 W00 1000 &89
Rep. 2 8.00 8.00 10.00 a8y 8.00
Rep. 3 700 1000 1000 1000 1000
Rep. 4. 000 1000 1000.. 900 1000
Mean 878 875 1000 947 YT
(8.0.) 1.80 2% 0.00 0.61 [ ]
Rep. 1 1000 600 9.00 2.00

€ 825 128 2 0 0
Rep. 1 03 043 049 047 0.50 0.39
Rep.2 0.3 0.1 0.40 0.47 0.41 041
Rep.3 040 0.70 0.49 o4& 0.41 0.4
Rep.4 03 042 049 047 041 . D38
&can 037 042 o0& 0.47 043 040
@D) o o023 006 o0 o4 o
Rep. 1 0.48 085 042 0% o4
Rep. 2 037 038 0.8¢ 0.41 039
Rep. 3 0.49 0.63 0.47 0.00 0.42
Rep. 4 0.8 0.00 0.41 047 0.44
Blean 044 0.37 0.46 035 [ X
s5.) 0.03 027 006 024 004
Rep. 1 048 020 03 03 040
Rep. 2 048 [ 14] 040 03 039
Rep. 3 083 o 020 0.30 042
Rep. 4 040 000 000 03¢ 0.37
"Mean 048  0M 024 035 oe
(8.0.) 005 028 013 004 (1.3
. € 8 128 2B ®2 1
Rep. 1 047 0.40 0.44 0.51 0.80 0.40
Rep.2 o0 051 0.63 0.4 0.40 037
Rep.3 o041 0.4 0.37 0.4 0.4 035
Rep.4 o4 0.45 0.46 044 034 0.23
Mosn 0.42 045" 043 0.45 0.43 037"
{80.) .03 0.08 0.04 0.0¢ 007 (1.}
Rep. 1 037 038 040 040 038
Rop. 2 0.44 0.42 0.41 0.38 0.62
Rep. 3 046 0.40 0.8 043 0.3t
Rep. & 0.39 0.40 0.41 045 __ 039
Mean 041 040 04 042 0.38
(8.D) 0.04 0.01 0.01 003 0.04
Rap. 1 042 0.36 0.41 0.34 04
Rep. 2 0.41 042 0.44 [} ] 0.40
Rep. 3 035 044 042 0.3 0.40
Rep. 4 042 041 O& 038 040
Mean 040 0.41 0.43 0.38 0.4
(8.0, 0.03 0.04 02 004 o0
€ &35 128 25 80 100
Rep.1 043 0.38 028 [ ¥ 7] 0.41 0.41
Rep.2 o@7 0.51 (3] 03 03 026
Rep.3 o042 0.3 0.44 040 ox 0.34
Repd o048 o041 032 03 o4 oM
Mean 045 042 0.34 037 040 034
(8.0.) 0.02 0.08 007 om o007 0.08
Rep. 1 043 037 038 03 o4&
Rep. 2 0.41 (37} 038 030 0.2¢
Rop. 3 0.39 0.40 0.38 o 0.41
Rep. 4 040 . 030 0.38 0.39 0.43_
Maan 0.41 0.3 037 03 0.38
(8.0.) (Y.} 004 0.0t ons 0.09
Rep. 1 035 o 02 o0& 0o
Rep. 2 048 050 0 oW 0.34
Rep. 3 0.08 0.80 .41 0% 0.38
Rep. 4 0% 08 0M o 0.28
&lean 045 041 038 036 032
.Ln.) oo 0.08 008 00 L1



Bilutions
& ! 2 = ® 1%
Rep. 1 8.89 0.00
Rep.2 800 888
Rep. 3 8.89 800
Rep.4 1000 $.00
Mean 8.19 [Y-
{8.D.) 0.54 .82
Rep. 1 8.00
Rep. 2 ase
Rep. 3 9.00
Rep. 4 10.00
(8.0) o
Rep. 1 0.00
Rap. 2 20.00
Rep. 3 0.0
Rep. 4 10.00
Mean 10.00
(8.0.) 000
€ 828 126 2 820 1%
Rep. 1 1000 10.00
Rep.2 1000 10.00
R‘P_.j 3 10.00 9.00
Rep.4  10.00 10.00
Mean ~  10.00 T 978
(8.0.) 0.00 0.580
Rep. 1 10.00
Rep. 2 0.0
Rep. 3 8.00
Rep. 4 10.00
Mean 878
(8.D.) 0.50
Rep. 1 10.00
Rop. 2 0.00
Rep. 3 8.00
_llop.j 10.00
Mean (X3
(8.0.) 08
£ &2 128 25 82 i
Rep.1 1000 10.00
Rep.2  10.00 0.00
Rep.3 w00 a0
Rep. 4 1000 9.00
Moan  10.00 028
8s.n) 0.00 0.8
Rep. 1 10.00
Rep. 2 10.00
Rep. 3 .00
Rep. 4 9.00
’ﬂ;n’ .60
8.D) o8
Rep. 1 a00
Rep. 2 880
Rep. 3 0.00
Rep. 4 $0.00
Mean T
(8.D.) [T ]

£ 82 1228 = 80 10
Rep.1 o0 0.58
Rep.2 oa2 0.42
Rep.3 085 :-45
p 44
L. 'n‘ :z 0.47
@.D0,) (1. 0.07
Rep. 1 0.61
Rep. 2 0.8¢
Rep. 3 0.51

%."4 0.5
ean 083
@) 002
Rop. 1 0.49
Rap. 2 0.48
049
nat e
&%san " 0.80
D) om
€ 823 128 = ® 1%
Rep. 1 o043 035
Rep.2 om0 0.38
Rep.3 o048 0.38
Rop.4  _ oas 0.32
Mean 046 N 0.3
.D.) 0.03 0.02
Rep. 1 0.30
Rap. 2 0.2
Rop. 3 o
, 4 _0.31
#oan - 0.30
(8.D.) 0.02
Rep. 1 0.23
Rep. 2 0.28
Rep. 3 [} ]
Rep. 4 0.35
Mean 032
{8.D.) 0.3
€ 82 425 25 80 %

Rep.1 043 03 -
Rep.2 080 0.3
Rep.3 o048 0.4
W 0.31
N 048 0.4
B.D.) 0.03 0.03
Rep. 4 ox
Rop. 2 038
Rep. 3 0.3
Rep. 4 0.38
Glean 035
$B.0) .03
Rep. 9 03
Rap. 2 0.3
Rep. 8 02
Rep. 4 . 0.34
8hsan [X+]
@.D) (L3



Dltions ,
Survival € 826 128 25 [T ] @rowth £ 825 128 2 B 30
7."8 Rop.1 w00 7.00 Rep.1 sa& 0.33
Rep.2 w00 .00 Rep.2 080 0.30
Rep.8 1000 10.00 Rep.3 o048 :.z
Rep. 4 10.00 . _8.80 Rep.4 044 033
Blean 1000 Yo Tn’n T 0 )
@D) oo 12 D) om 0.01
GIDC! Rep. 9 9.00 Rep. 9 0.38
Rep. 2 00 Rep. 2 0.34
Rsp. 3 7.00 Rep. 3 :-:7
Rep. 4 7.00 Rep. 4 31
Bioan 400 ‘Wean 035
(8.D,) 1.8 @.n) 0.02
BY Rep.t 9.00 Rep. 1 0.33
Rep. 2 10.00 Rep. 2 ! ox
Rep. 3 10,00 Rep. 3 :.:
Rep.4 $.00 Rep. 4 ;
Mean .60 ean 033
®&D) oss @.D) o2
TestNo:C-#
Diiutions .
Survival . £ 828 1268 2% [ B 1] Growth £ 82 128 = g2 1
w Rep.1 w00 7.00 Rep. 1 045 028
Rep.2 900 8.00 Rep.2 o4 0.33
Rep.3 1000 7.00 Rep.3 om 0.19
Rep.4 1000 — 8.00 Rep.4 041 0.28 _
Mean 975 - 7.8 Mean 0.44 026
(8.0) 0.50 0.58 (8.D) 0.02 0.08
GUDC! Rep. 1 10.00 Rap. 1 0®
Rep. 2 10.00 Rep. 2 02
Rap. 3 7.00 Rep. 3 0.31
Rep. 4 8.00 Rep. 4 0.28
Sean 8.3 T'.Q:T 0.8
(8.D.) 208 .D.) 002
BRW Rep. 1 9.00 Rep. 1 (¥
Rop. 2 8.00 Rep. 2 0.3
Rep. 3 .00 Rap.3 0.26
Rep. 4. 9.00 Rep. 4 0.29
‘Maan ars Mean 028
8.n) 0.8 (8.D.) 002
YestNo: €7 ,
Rliutions
Survival € 828 126 28 ® 100 Grovth € &3 125 2 §©0 100
oy Rep.1 1000 .00 Rep.1 048 0.31
Rep.2 000 10.00 Rep.2 o4t 0.30
Rep.3 1000 .00 Rep.3 o4 0.28
Rep.4 1000 . .. 10.00 Rep.4 o041 I 0.26
Moan 975 o 6.75 Maan  0ea i 0.2
(8.D) 0.80 0.50 (8.D.) 0.0 o002
SVDC! Rep. 1 8.00 Rep. 1 03t
Rep. 2 8.00 Rep. 2 0.3
Rop. 3 .00 Rep. 3 0.30
Rep. 4 ___8.00 Rep. 4 0.38
'Fupn 8.0 ®ean 0%
(8.D) 1.00 (8.D) .03
BY Rep.9 10.00 Rep. 1 0.30
Rep. 2 8.00 Rep. 2 038
Rep. 3 4.00 Rop. 3 0.31
Rop. 4. 10.00 . 4 0.31
= ~— T b%
®D) oes (.0) 002




82 128 2 g o @rowth € &2 25 2 ® jo0
90.00 Rap.9 o4 0.35

£0.00 Rep.2 o 037

ap. . $0.00 Rep.3 o3 0.40
p. 0. 10.00 Rop. 4 041 .. — )
- 000 o0 0.38
000 @D) o 0.62

Y Rep. 1 03¢

10.00 Rep. 2 037

10.00 Rep. 3 034

10.00 Rop. 4 0.38

(%] 8fean 0.3

080 B.D) 002

.00 Rep. 1 0y

0.00 Rep. 2 0.39

&.00 Rep. 3 0.3

10.00 Rep. 4 0.3

088 @D.) 0.01

282 128 2 g 300 Growih £ £ 128 B g 100
10.00 Rep.1 o 038

8.60 Rep.2 o4 0.31

9.00 Rep.$ om 0.30

10.00 Rep.4 o4y _ 0.35
.50 Mean 04z 033

058 BDb) o0 (Y]

2.00 Rep. 1 0.36

9.00 Rep. 2 0.38

10.00 Rep. 3 0.36

10.00 Rep. 4 0.31

8.50 8fean 0.35

0.58 8.0.) 063

10.00 Rep. 1 0.40

10.00 Rep. 2 0.36

10.00 Rap. 3 036

10.00 . 4 _ 0.39

1000 T 0.38

0.00 8.D) 0.02



Appendix C
Water Chemistry Data from

Chronic Toxicity Tests



Yest No: A-2

cupcy

Yest No: A3
L1

EEBrfEEErREERR

E En

ErEEE

ond.

EEcEERERE

g

(uSiem))
(mpL N)

tmol)

{uSiern )

(oL N)

(molt)

(uSiem )

(Mol N)

(mol)

(USiem)

(molL)

(uSiem)

(mol)

{uSien)

(mg)
(usiem)

{(usiem)

(uSiem)

[ 825 1 J00
masan fenge (N - io) mean eznge (hi - io) mean renge (hi - o) frman fange (hi - ko)
8 84 76 &.04 8y M s a2 77 7828 818 1.47
€85 82 550 &% 84 51 &y 86 49 a7 86 49
B0 @ s X XS a5 & M e e em
028 045 000 @978 035 0 63625 04 0075 0388 057 02
' 18 8% 1% I;m 8z I% T ik IS
.45 a3 4¢ .7 s 49 845 86 43
348 %1 08  sE a2 WO M TE 701
0.18 0.21 015 o038 aie 04 o2 03 02
R T R T T I 7 T TR
s 84 54 87 88 49 t2s 81 44
38 B 05 W 415 M 6w . MW e
0085 017 0 o o 0 o013 02 0
c 8.25 Fi] 300
mean range (hi - i) mean range (hi - lo) frean renge (hi - o) raan renge (hi - o)
TR 8% 7% 786 ‘B2 ™ vem 8 73 725 768 68
€76 810 4@ @5 g1 45 e 015 4 & 85 41
oS X M M0 e M5 swES W W4 G T4 ess
- L T T TR T N 7~ S TV
6825 905 48 703 917 45 @M 635 48
20 MW W w25 @ W ew 1 e
I R R T A TR T T3 1
s 91 39 &M 912 43 44 88 32
16 X W6 W W W ers e  exm
c i00
mean  mnge(hi-k)  mean  rarge (-
19 Y 78 em 11 e
807 776 43 6488 92 Im
3978 Q9 856 T8 174 a2
8 724 6%
€91 1013 aes
@ o s
T8 787 624 )
8968 o2 365
™E ™ e



1=

. ) fman ranga (1 - ko) frge (hi - io)
}!\_IM PH 1901 &Y 74 &am 2 W
PO o) 6&m 77 30 ey 923  3es
Cond, (sem) 375 4o 3 S 7 e
W BH 7108 787 824
RO. oy &75 8% a3
Cond. (usiem) s 680
[ 100
mean renge (Wi - o) frean fange (- io)
f&g&ﬁ pH 786 3% 7% PM4 754 @74
RO oy €36 a2 4@ a7 "2 45
Cond, (usiem) 378 <08 M8 TENS & 844
RwW pH 7488 78 &7
RO. (mon 813 1226 4
ond. (uSiem) nIE 2 e
c 100
ost No: A8 mean rarge (hi - lo) mean renge (h - lo)
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Appendix D
Water Quality Data

Inorganic Chemistry
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Bacterla Resuits

Plant.A Plant B Plant C
Date Sample F.coliform E.coli Date Sample F.coliform E.colf Date Sample F.coliform Ecoll
{#100mL) (#/900mL) (#/100mL) (#/100mL) . (A100mL) (#/160mL)
23-Oct-66 A-1-Uv wa wa 08-Jan-97 B-i-Uv. na 68 19-Mar-07 C-1-Uv e na
A-1-CL wa wa B-1-CL wa. 4 Cc-1-CL na na
A-1.RW na na B-1-RW wa 8700 C-1-RW we na
08-Nov-86 A-2-Uv nNa na 17-Jan-97 B-2-uv 23 <2 02-Apr-97 C-2.uv na 4
A-2-CL wa na B-2-CL <2 <2 C-2-CL wa 4
A-2-RW na na B8-2-RW 33000 13000 C-2-RW wa 19000
21-Nov-98 A3.uv wa 4 22-Jan-97 83.uv na 136 25-Apr-97 c-3.uv 13 <2
A-3-CL wa 10 83-CL wa 12 C3-CcL 8 2
A-3-RW wa 4300 B8-3-RW wa. 20000 C3-RW 16000000 70000 .
24-Jan-97 B-4-UV na ne 26-Apr-97 C-4-uv 13 2
8-4-CL wa na C4-CL 2 <2
B-4-RW na e ' C4-RW 330000 170000
05-Feb-97 8-s5-uv na 28 27-Apr-87 c-8-uv 130 49
B-5-cL wa 4 c8-CL 2 2
B-5-RW na 126800 C-8-RW 130000 14000
14-Feb-97 B-8-uv 1300 280 28-Apr-97 c-8-uv 49 <2
B-8-CL <2 <2 C8-CL <2 ‘<2
B-6-RW 35000 35000 C8-RW 48000 49000
20-Apr-87 c-7-uv 23 <2
C-1CcL 8 <2
C-T-RW 220000 21000
30-Apr-97 cs-uv 40 <2
C8.cL 13 <2
C8-RW 330000 33000
01-May97 C-2.UV 8 8
co-CL 1 8

C-H-RW 490000 35000




Think Recycling!

QN

Pensez a recycler !




