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1 INTRODUCTION

The population of Blackpool,, a major tourist resort, can
triple during the summer months®. Among the prime
attractions of the area are the fTour EC designated
bathing .beaches, the Ilocations .of which are shown in
figure 1. At present, Blackpool 1is served by two crude
sewage outfalls, Manchester Square and Anchorsholme.
These, together with Chatsworth Avenue at Fleetwood and
the Lennox Gate storm sewer overflow contribute to the
consistent Tfailure of the bathing waters to meet the
standards of the EC Bathing Water Directive (76/160/EEC).

Under the North West Water Fylde Scheme, the sewage
wastewater from Blackpool, together with that from
Fleetwood, will be transferred Northward to a new
secondary treatment plant near Fleetwood. The wastewater
will then be discharged through a long outfall to the
Lune Deep. The +tunnel constructed™ to transfer the
wastewater will also serve the purpose of a holding tank
under times of high flow. The present storage tanks at
Manchester and Anchorsholme will be utilized as a* further
store for storm water. By this stage, discharges along
the Fylde coast will only occur under extreme weather
conditions. The scheme is due for completion iIn 1995.

As an interim measure untii the completion of the Fylde
scheme, North West Water applied to the NRA for a consent
to disinfect the flow from the two crude sewage outfalls
at Blackpool and the discharges from Chatsworth Avenue
and Lennox Gate during the bathing season. A consent to
carry this out at Manchester Square only, was granted in
September, 1992, on an interim basis, and subject to
monitoring of the environmental impact.

ICI Watercare were commissioned by North West Water to
install their “CoastGuard® system (which utilizes Sodium
Hypochlorite) at Manchester Square at the end of April,
1993. The method by which the disinfectant was to be
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added to the wastewater was governed by the layout of the
works. At Manchester Square, two wastewater influents
mflow Into a central holding tank located underneath the
promenade, until the tidal state appropriate for
discharge is reached. . For safety reasons, the
disinfectant could not be added to the "sewage 1in this
tank. The sodium hypochlorite was pumped 1iInto the
wastewater at a controlled concentration as it flowed to
sea via the outfall pipe. The pipe could therefore be
thought of as the /mixing chamber® for the chlorine to
react with the wastewater before entering the marine
environment. The time of travel from the holding tank to
the end of the outfall was "approximately 10 to 15
minutes.

1.1 Conditions OFf Consent

The main conditions governing the consent to discharge at
Manchester Square are outlined below. The full details
are listed iIn appendix A.

i) In dry weather conditions, the discharge would
ecommence no more than 30 minutes before high water and
cease no more than 2 hours after high water.

i) Under wet weather conditions, the discharge could be
made outside this “window®", once the storage facilities
had been fully utilized.

iii) The disinfecting agent could only be used during
the bathing season, and on an interim basis until October
1995. -

iv) At or beyond a mixing zone of 100 metres radius from
the outfall, the Total Residual Oxidant should not exceed
0.01mg/1 and chloroform should not exceed 0.012/1g/l.



v) The dosing rate of the disinfectant was set on a
concentration basis, which varied 1if discharge was made
outside the ~"tidal window". This rate was reduced on two
occasions over the course of the 1993 bathing season
as detailed in table 1.

Table 1 : DosingBegime Over the 1993 Bathing Season

Rate 30/6723 9/8/93
dry weather 17.50 10.50 8.75
storm ebb 8.75 8.75 8.75
storm flood 35.00 14 .00 8.75

All values are mg/1

The reason for the reductions was that levels of Total
Residual Oxidant were exceeding the consent conditions.
The concentration rate of 8.75mg/l represents the Ilowest
concentration possible with the installed pumps.

1.2 Chemical Reactions Induced by Chlorination

Adding a powerful oxidant to wastewater results 1in .a
series of reactions with any available substrate.

The addition of chlorine to freshwater results iIn both
free and combined forms of chlorine predominating. Hence,
the proposed freshwater standard iIs based on Total
Available Chlorine.

However, different chemical species will result from the
addition of chlorine to marine waters. The prescence of
bromide 1in marine water (at 68ppm) will result in the
rapid displacement of chlorine by bromine, thus forming
hypobromous acid.

HOC1 + Br~ — > HOBr 4 CIn
This will Ffurther react with ammonia iIn sewage to form
bromamines.

HOBr + NH3 — > H20 + NH2Br



However, at the initial st&ge ammonia®™ will also compete
with bromide for the chlorine. Therefore, some
monochloramine will form before the chlorine 1is reduced
by the bromide.

HOC1 + NH3 — ;> H20 + NH2C1
This will then react with hypobromous acid, at a Tfairly
slow rate, to form various Bromamines. With the presence
of sewage, di-chloramine (NHC12) and organochloramines
may also be formed by analogous reactions.

Bromine oxidants are less stable than the corresponding
chlorine species and will therefore be more toxic, but
less persistent.

A standard expressed as Total Residual Oxidants. (TRO)
covers the various chlorine, and bromine species, and the

proposed EQS based upon available toxicity data . is

10fjg/1-, (NRA R&D Note 53, Final Draft).



2_SAMPLING REGIME

To investigate the environmental 1i1mpact of disinfection
at Manchester Square, extensive survey work was carried
out over the 1993 bathing season.

The NRA undertook boat surveys on eight occasions,
utilizing either the NRA Survey vessel "Coastal
Guardian®, or a semi-rigid inflatable.

As the “competent authority®™ in England and Wales to
implement the EC Bathing Water Directive, the NRA sampled
regularly at the four designated bathing beaches.

An intensive one day beach .survey over a full tide was
also carried out. This 1involved the use of All Terrain
Motorbikes to take near synoptic bacterial sample runs at
up to 31 sites along the Blackpool coast.

As a condition of the consent, North West Water obtained
samples on a weekly interval for the determinands
outlined in schedule 1 (see Appendix A). Acer
Environmental were contracted to carry out this work on
behalf of North West Water, having already carried out
similar work in 1992 so that comparisons before and after
chlorination could be made.



3 METHODOLOGY
2U-J*RA__BOAT SURVEYS .

The details of the eight boat surveys are listed 1in
Appendix B. The plume was clearly visible and could be
tracked well away from the outfall. As the primary role
of the NRA surveys was to ascertain whether the
conditions of the consent were being met, the number and
location of samples varied considerably depending upon
the conditions present on the day.

Although TRO measurements can be made by amperometric and
potentiometric titration under laboratory conditions, the
only available method for fTield analysis involves
colorimetric titration utilizing DPD * (N,Ndiethyl-p-
phenylenediamine).

In freshwater this method allows both free chlorine and
TRO to be measured. The DPD reacts with the free chlorine
to give a measurable colour. After the further addition
of 1odide, the weaker oxidants react to form iodine which
then reacts with the DPD.

In the case of seawater, other reactions occur in the
presence of bromine, .as noted earlier, and free chlorine
will instantaneously be consumed. The addition of .DPD
will react with any strong oxidative species, such as
monochloramine, to give a value that 1is termed in this
report Free Oxidant. Even though iodide already exists.in
seawater and may, iIn time, react with the weaker oxidants
to give a value for TRO. additional 1i1odide iIs added to
quickly complete this reaction.
*

Given the crucial iImportance of decay reactions, TRO was
determined in the field using a Lovibond Chlorine Nessler
test kit. The detection limit was 0.02mg/l, improving to
0.01mg/1 towards the end ,of the bathing season when a



new Filter was acquired. The upper limit of detection was
0.5mg/1l.

Samples were taken for bacterial analysis of total
coliforms, E.coli and faecal streptococci. A crystal of
Sodium Thiosulphate was added to each sample to
neutralize any further oxidative effect during transport
and analysis.

Samples were also taken to be analysed, for bromoform,
chloroform, and various other associated compounds.

3.2 ACEH ENVIRONMENTAL SURVEYS

Acer Environmental carried out twenty two surveys at
approximately weekly intervals over the course of the
bathing season. Samples were taken at each influent/ at
the outfall and 105 metres downstream of the outfall.

Analysis of seawater samples for residual oxidants was
carried out on site using DPD colorimetric titration
method to a lower detection limit of 0.02mg/l, and an
upper limit of 0.5mg/l. Samples were also taken from the
Manchester Square wastewater influents for
microbiological analysis at approximately the same time.

The full set of parameters that were analysed are
outlined in appendix E.

The 1992 Baseline survey was carried out similarly, but
samples were taken at mid-ebb as opposed to high tide.

Full- details can be found in their final report to North
West Water (Acer Environmental, 1993).

3.3 EC BATHING WATERS

Under the terms of the European Community Directive



76/160/EEC, the four beaches at Blackpool, are classified
as "bathing waters®™ Twenty samples were taken for
microbiological analysis at each beach over the course of
the bathing season at Blackpool.. The primary parameters,
by which a beach passes or fails the directive, are total
coliforms and E.coli.

3.4 TIDAL BEACH SURVEY

On the 9/8/93 an intensive sampling program was carried
out along the whole of the Blackpool foreshore. " All
Terrain Motorbikes were used to take six sets of bathing
water samples, each set as near synoptical as possible,
at up to 31 sample locations over a full tide. Each run
took approximately one hour to complete. The exact
locations of the sampling points are shown in appendix C.

Each sample was analysed for total coliforms and E .coli.



4-JBESULTS

4,1 NRA BOAT SURVEYS

Four surveys were carried out under the TFfirst dosing
regime, two surveys under the second and two surveys
under the third. The full set of results for all the
surveys are listed in Appendix D- Chloroform and
bromoform were the only organic parameters tested for
until the survey on the 8/6/93. Subsequent samples were
tested for a range chloroform compounds as well.

In figures 2 to 8, values reported as exceeding a Tfigure
are plotted at that value with a ™" sign marked at the
point. Oxidant values <0.02mg/l are plotted as zero.

4,1,* gufvey N 4/5/93 Dose Rate : 17.5ma/l

During the Ffirst survey a fTault 1iIn the dosing system
meant that no disinfectant was added to the wastewater.
However, as all oxidant tests proved negative, the survey
did serve eto confirm that the background oxidative
capacity was below the detection limit. Bromoform and
Chloroform samples were also found to be below the limit
of detection.

Total coliform and E.coli values were generally reported
as greater than 10,000 counts per 100mls total coliforms,
and greater than 2,000 counts per 100mls E.coli.

4.1.2 Survey 2 12/5713— Dosg Rate : 17.5ma/l

On this survey, some samples were taken close to high
water in conjunction with Acer Environmental. Two oxidant
tests were performed, on the boil and at 350 metres. On
the boil 3800 total coliforms per 100mls and 780 E.coli
per 100mls were found. Faecal streptococci were reported
as exceeding 200 counts per 100mls.
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The free oxidant was 0.3mg/l and the TRO was > 0.5mg/I
the boil. The results at 350 metres were below the limit
of detection of 0.02mg/l (see fTigure 2). A chloroform
value of 2ig/l was found on the boil.

on

Figure 2 : Manchester Square 12/5/93
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4.1t4 Survey 4 9/5/93--—--- p<’o<? Rate ; 17,5mg/l

On the 8/6/93, samples were taken both in and away from
the boil. Total coliform values were slightly higher in
the boil, up to 8680 counts per 100mls, but E.coli and
faecal steptococci were greatly lower than  found
previously (see figure 4).

Peak Free oxidant of 0.12mg/l and a TRO of 0.14mg/l were
found in the boil. The highest values at 100 metres
were 0.04 and 0.12 mg/1 respectively. Levels of 0.02mg/l
were found for both Free and TRO at a distance of 400
metres.

Not® : X—axis is not linear

4.1.5 Survey 5 15/7/93 Pgsq fiate ; 1Q,5mg/l

The first survey under the second dosing regime was
carried out on the 15/7/93. The bacterial levels found
were low, as shown in Tfigure 5. The highest total
coliform result was 400 counts per [100mls, actually
found 100 metres away from the boil.

Free and Total Residual Oxidant values of 0.5 and
>0.5mg/1 were fTound in the boil. Away from the outfall,
the highest values were found at 500 metres, being
0.07mg/1 Free Oxidant and 0.08 mg/l1 TRO.

12



Chloroform was found up to 1.8/ig/l. Three samples proved
positive for tetrachloroethylene, the maximum value found
being 6.5/ig/1.

Figure 5 : Manchester Square 15/7/93
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A survey on the 29/7/93 found a maximum total coliform
value of 2160 counts per 100mls. The maximum values of
E.coli and Faecal streptococci were found at a distance
of 500 metres from the boil.

The maximum Free and TRO were 0.2mg/l and 0.25mg/l
respectively on the boil, and 0.03mg/l and 0.1mg/l at a
distance of 100 metres. Chloroform was found up to
1.9ig/1.

Figure 6 : Mcrschester Square 29/7/93

J= 100000 0.6
(o]
K 10000 0.5
% 0.4 )
o 1000 :
0.3
2 100
0 0.2 0
o]
u- 10 0.1
EH _EL 0

0 0O 20 100 100 100 150 210 338 500
Distance from Outfall (M)

Famft—iduol Oiidar* E D Todof R- i&ol frrtdtn* A todol coliform*

| CcoH
Not® : X—axis is not linear

13



4.1*7 survey 7 19/.8/.9-2 Pose Rate ; 9t75mgq/l

A survey carried out on the 19/8/93 under the third
dosing regime found significantly higher total coliform
values, having a maximum of 62,000 per [100mls 1iIn the
boil. The maximum count for E.coli was 1270 per 100mls,
and for faecal streptococci the maximum was 1820 per

100mls.

Free oxidant was only found on the boil, with a maximum
of 0.2mg/1. Total Residual Oxidant was found on the boil
up to 0.35mg/l and at a distance of 330 metres 0.025mg/l

was Tound.

Chloroform was found up to 2.2/ig/l. Two samples proved
positive for Trichloroethane, being 1.2 and 1.5/i1¢/l.

Note X—axis is not linear

4.1.8 Survey 8 1/9/7£3___ Dose ; 8«?5mgZl

On the 1/9/93 a survey was carried out with the
assistance of Acer Environmental. The maximum total
coliform value was found to be 15,600 counts per 100mls
close to the boil. The peak values for E.coli and
faecal streps were 2400 and 2010 counts per 100 mis.

On this occasion no trace of Free or Total Residual
Oxidant was found either on or away from the boil (see

figure 8).

14
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The full set of results are detailed i1n Appendix E.

Eight surveys were carried out under the Tfirst dosing
regime, Tive under the second, and nine under the third
regime.

Figures 9 and 10 show the bacterial and oxidant levels
found on the boil and at a distance of approximately 100
metres, over the course of the bathing season. Figures 11
and 12 show the bacterial Ilevels found in the low and
high level iInfluents at Manchester Square.
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Figure 10 : 105 Metre* Downstream 1993
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4,3 EC BATHING BEACH_PROGRAM

The primary parameters under the EC bathing water
directive are total and fTaecal coliforms. To “pass®™ the
directive, 95% of samples must meet the imperative values
of less than 10,000 total coliforms and less than 2,000
faecal coliforms per 100mls. In effect, at least 20
samples are taken over the course of a bathing season,
of which no more than one value of total and/or one
value of faecal coliforms can exceed this iImperative
value.

All four bathing Dbeaches failed the mandatory EC
standards.” The number of failures iIn the bathing seasons

1990 to 1993 are listed in table 2.

TABLE 2 ; BATHING BEACH.JAUJIBES

1990 1991 1992 1993
SITE TC ’EC TC EC TC EC TC EC
Bispham 5 6 2 2 4 7 0 2
BP North 6 4 6 8 5 8 2 4
BP Central S 4 3 6 5 10 1 3
BP South 6 5 4 6 7 10 1 5

4.4 TIDAL BEACH SURVEY

The sampling took place after a period of unusually high
rainfall which caused the high level emergency overflow
system to operate. This meant that unchlorinated crude
sewage ran across the beach from Manchester Square at
approximately 08.00 on the morning of the 9/8/93.

The results of each run are displayed in figure 13* with
the timing of each sample run listed in Table 3. Each run
took approximately one hour. High water was at 03*43 BST
and 15.48 BST. Low water was at 10.18 BST.

17



TABLE 3 : BEACH SAMPLE RUNS

RUN START END MID TIME RELATIVE
TIME = TIME > TIME HIGH WATER

1 08.24 09.28 08.5,6 -7.32

2 10.05 10.58 10.32 -5.16

3 12.28 13.20 12.54 -2.54

4 14.13 15.24 14 .38 -1.10

5 16.06 16.47 16.27 +0.39

6 18.32 19.27 19.00 +3.12

The Ffirst run took place around one and a half hours
before low water. The faecal indicators, total coliforms
and E.coli. were at their highest just to the North of M
(Manchester Square), with 13 sites failing .the mandatory
EC standard. I

On the second run, taken around Jlow water, the peak
faecal 1indicators were Ilower and located further North.
Seven sites fail the mandatory standard.

During the third run, about 3 hours before high water,
the peak values were Jlower, but 9 samples failed the
mandatory EC standards.

On run 4, about.an hour before high water, all but one
sample to the north of site 18A failed the mandatory
standard.

On run 5, about 30 minutes after high water, much the
same situation exists, but with markedly Jlower values
around site 14. Twenty sites Tfailed the mandatory
standards.

The last run took place 3 hours after high water. Every

sample to the North of site .12 failed the mandatory EC
standard. -

18
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5 DISCUSSION

5,1 COMPARISON OF DATA

It 1s commonly accepted that values of faecal indicators
vary widely with relatively small temporal and spatial
changes. This will have contributed to the somewhat
unclear picture of the situation at Blackpool over the
summer .

Data comparisons were made between the data gathered by
Acer Environmental 1i1n 1993 and their baseline survey 1In
1992, and between the 1993 NRA data and the 1993 Acer
data.

Coliform data in natural waters tend to Tfollow a log
normal distribution. Therefore the geometric mean .was
used as the most appropriate average of the data sets.

57,1 Comparison of 1992 “ancU 9 £3™A cer Environmental Data

Direct comparison of the 1992 and 1993 seawater samples
is invalid as iIn 1992 the samples were taken on the mid
ebb tide, whilst in 1993 they were taken at high tide.
However, the results obtained from the iInfluents can be
compared directly. The geometric means of samples
obtained from the influents are listed in table 4. The
value for the combined influents is a weighted mean of
the high and low levels, taking iInto account the fact
that the flow from® the  high level influent is
approximately twice that of the low level iInfluent.

TABLE 4 : COMPARISON OF 1992 AND 199 3 COMBINED INFLUENTS

total coliforms E.tCQl1  faecal .streptococci
all values are counts per 100ml

1992 7.48*10® - 1.97*10® 3.63*105
1993 7.61.*107 1.22*107 2.26*106

20



It can be seen that the reported concentrations in 1993
are approximately an order of magnitude higher than those
found In 1992.

5.1.2 Comparison.iofAc_er Data _wlth NRA Data
5,1,2.1 Microbiology
The NRA results do not tie in closely "to that of Acer

Environmental as the comparison of geometric means of
data from the boil in table 5 indicates.

TABLE 5 : GEOMETRIC MEANS OF..DATA FROM THE BOIL

total- coliforms E.coli faecal streptococci
NRA Acer KM Acer KM Acer
DOSE 1 1,118 11,168 86 2,354 175 569
DOSE 2 - 490 5,304 62 960 12 896
DOSE 3« 13,884 117,085 946 6,715 1,349 . 5,736

Values are geometric means TfTor the Acer Environmental
data and geometric means of a geometric mean of each
survey for the NRA data.

On two occasions samples were taken iIn conjunction with
Acer Environmental, oh the 12/5/93 and the 1/9/93. The
results from those two days on the boil are shown iIn
table 6.

TABLE 6 ; COMPABISQN__QF_DATA FROM THE BOIL ON TWO

total coliforms faecal_s_treptococci
KM Acer KM fleer KM- Acer
12/5/93 3487 72,000 706 7950 >200 3200

1/9/93 3301 382,000 1770 272000 1188 43364

This indicates 1inadequacies iIn the data sets, possibly
due to an inadequate number .of samples for the high
spatial and temporal variability of the faecal indicators
and the differences iIn the number and timing of samples.

21



5.1,2,2 Free and Total Residual Oxidant

The NRA surveys fTound.significantly.higher levels of both
Free and Total Residual Oxidant than Acer Environmental,
both 1in the boil and outside the mixing zone.. The NRA
surveys were generally of longer duration and may have
been more successful in finding the peak concentrations.
It is possible that by taking one sample from the boil
and then moving to the edge of the mixing zone to take
another (as instructed by North West Water), Acer
Environmental may have been missing these peaks.

5.2 ENVIRONMENTAL [IMPACT

The consent as regards TRO was breached on several
occasions. OF the 22 surveys carried out by Acer
Environmental, results exceeding the consent were found
on five occasions. Of the six relevant NRA surveys (i.e.
where measurements were made outside the mixing zone) TRO
was Tound to exceed the consent on four occasions.

There was no simple correlation between the reduction of
the dosing rate of sodium hypochlorite added to the
wastewater and reduction of TRO in the boil. One possible
explanation for this is that the method of colorimetric
determination with the use of DPD may have been giving
slightly misleading results. Among the species expected
to be formed by chlorination are organo-chloramines and
monochloramirie. Although the rate of formation of organo-
chloramines is much faster than that of monochloramine,
the high level of ammoniacal N compared with organic N in
sewage results 1In the actual amounts of each species
formed being similar (Jolley, R.L. & Carpenter, J., 1981).

Monochloramine 1is more acutely toxic and therefore less
persistent than organo-chloramines. Therefore, with time
the relative amount of organo-chloramine will increase,
and it may be this species of relatively low toxicity
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that 1is causing the consent to be breached in terms of
TRO. It may be thought that as this species 1is of low
toxicity it should not be included under the terms of the
consent.

However, there are two points of concern following on
from this. Firstly, there is no currently available field
method of determining between the two species and samples
. brought back to the laboratory are of no use Dbecause
further reactions during transit and analysis. Secondly,
although organo-chloramine is of low acute toxicity
compared to monochloramine, Its reaction with DPD
obviously shows an oxidative capacity. Little 1s known
about any chronic toxicity affects.

Another possible contributing factor to the TRO found may
be due to the method by which chlorination was achieved.
The outfall pipe, which effectively served as the mixing
chamber, may not have been always enabling the completion
of the chemical reactions before the wastewater reached
the marine environment.

Chloroform values found were below the proposed EQS of
12/39/1.  Tetrachloroethylene and Trichloroethane were
found once, on separate occasions. Both of these are
declared as priority hazardous substances under the Hague
Convention.

Positive microtox results were found by  Acer
Environmental on several occasions. This test determines
the toxicity of aquatic contaminants to the marine
bacterium Photobacterium Phosphoreum. Toxicity occurred
most frequently during the period of Jlowest chlorine
dose. No evidence of toxicity was found during the 1992
baseline survey; . .
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5,3 THE EFFECTIVENESS OF CHLORINATION

The Acer Environmental data does have the advantage of
regular data at consistent points and,, with data from the
influents, a “"before and after® -einsight can .also be
gained. It can be seen in figures 9 and 10 that the
faecal indicator counts 1increase over the course of the
bathing season both at the boil and, more obviously, at
the edge of the mixing zone, and that this coincides with
reductions in the dosage rate of chlorine."

If you -consider the geometric means found by Acer
Environmental under each dosing regime (table 7), at the
boil and at the edge of the mixing zone, it seems that
decreasing the dose rate to 10.5mg/l has led to no
readily apparent rise in the faecal indicator levels, but
that they have risen significantly with the further
reduction to 8.75mg/l.

TABLE 7  GEOMETRIC MEANS OF ACER DATA UNDER DIFFERENT
DOSAGE RATES

Total Coliforms

Dose Combined Boil Edge of Mixing
Influents Zone
«55,329,557 11,168 623
61,380,916 5,304 1,157
129,785,511 117,085 36,899
1 6,765,868 2,354 140
2 20,124,980 960 131
3 17,665,878 6,715 6,225
Faecal Streptococci
1,877,783 569 35
3,017,p41 896 59
4,038,188 5,736 4,048

However, the data also indicate that the faecal indicator
counts in the low level and high level influents also
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reduction

%

% reduction

increase, as shown in figures 11 and 12. This would
account for some of the increase in the seawater. If you
consider the geometrical means of total coliforms under
dose rate 1 and dose rate 3 as shown in table 7, then the
concentrations in the influents approximately doubles,
but the level at the edge of the mixing zone increases hy
approximately a factor of 60.

However, by looking at individual data points on an un-
averaged basis, a different view can be seen. Figures 14
and 15 show % reductions 1in faecal indicators from the
influents to the boil, and from the influents to the edge
of the mixing zone respectively. The % reduction value 1is
derived by dividing the appropriate seawater value by the
corresponding combined influent value.

Figure 11 ; % Reduction In Faecal Indicators at the Boil

Total Coliforms

combined influent

M Dose Rate a Do*e Rate a Dote Rate

Figure 12 : % Reductions in Faecal Indicators at the Edge
of the Mixing Zone

. Faecal Streptococci

>
<

. 4

cotntnncd influent

, Dose Rate . Dose Rate
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ITf a reduction in the chlorine dose rate was having a
consistent effect on the level of faecal indicators, then
it would be expected that the % -reduction in faecal
indicators would be consistently reduced for the lower
dose rate.

It can be seen in figures 14 and 15 that oh approximately
five out of the eight occasions that Acer Environmental
sampled unJér the third dosing®regime (depending on which
faecal 1indicator and on whether the boil or the mixing
zone is considered), there was no vreadily apparent
difference in % reduction of faecal indicators as
compared to dose rate 1.

5.4 TIDAL BEACH SURVEY

The tidal beach survey showed the catastrophic effect on
water quality of the storm sewage overflow operating. On
the day of the survey gross sewage solids were clearly
and readily visible. Prompt public warning if the beach
has, or 1is expected to become, grossly polluted would not
necessarily have a damaging effect on the public view of
the water quality at Blackpool. |Indeed, 1if 1t was known
that severe weather conditions had caused the type of
situation apparent on the day of the survey, and that
this was not representative of the normal situation, the
view of the water quality may be 1improved. At present,
records are not kept of when the sewer overflows.

5.5 FUTURE SURVEY WORK
It is felt that if chlorination does proceed at Blackpool
then the role of the NRA should be extended from solely

verifying that the conditions of the consent are met to
include an investigation of the whole process. This would
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involve sampling before the sewage is chlorinated as well
as after the chlorinated sewage has reached the sea.

Replicate samples, with a more systematic spatial
sampling pattern may well reduce the apparent
"randomness® of some of the data.

Given that Acer Environmental found positive microtox
results, it 1is proposed that these tests.will also be

carried out by the NRA.
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6 CONCLUSIONS

The outfall .failed the consent 1in terms of the Total
Residual Oxidant on many occasions over the course of the
bathing season.

All four designated bathing beaches failed to meet the
mandatory standards of the EC Bathing Water Directive

(76/160/EEC).

Chlorination did reduce the level of faecal indicators,
but the exact details of the effect are unclear.

There was an environmental impact outside the mixing zone
of the outfall, but again the exact details are unclear.

The operation of the storm sewage overflow had a
catastrophic effect on water quality.

ITf chlorination proceeds at Blackpool, more rigourous
survey work will be needed.
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APPENDIX A : CONSENT TO DISCHARGE AT MANCHESTER
SQUARE



N R A

NATIONAL RIVERS AUTHORITY « NORTH WEST REGION «L naitmaiK ur, Autkon
tfortb Weil Ktgion

WATER RESOURCES ACT 1991

.CONSENT TO DISCHARGE
CONSENT HO. 017160287

Consent of Ihe National Rjvcrs Authority (hereinafter called *ihe Authority*) U hereby granted to!

North West Water Limited
\ House

Liverpool Road

Great Sankey

Warrington

Wkb 3LW

to discharge screened sewage effluent (including storm water) from
Manchester Square Sewage Puniping Station to the Irish Sea (being
3controlled waters™* within the area of the Authority), subject to the
following conditions:

le Kature and Composition
The effluent discharged to Controlled waters* shall consist solely of

screened sewage effluent, including storm water, to which, for the
periods and conditions specified below may be Added a disinfecting

agent.
2e Conditions applicabJe throughout the veari

(@ Flows discharged up to a rate of 15,000 litres per second shall
pass through a 6 mm mesh drum screen.

(b> Flows in excess of 15,000 litres per second sh™ll pass through
bar screens of 12,5 mm apertures.

©) All screenings shall be collected and removed from the site.
()] The discharge shall be made through as outfall Extending 375

metres beyond Mean Low Water Springs to 60 2957 3507,
ter/ninating in a single riser with 6 discharge ports.



Conditions -Bpplic&ble during the period 10th April to 30th Sgftffrmber
{inclusive) la any year

@ In dry weather conditions, the discharge of effluent shall only
take place for a period of 2 hours 30 minutes commencing 30
minutes before Jlocal high water on -each tide. Under wet

weather conditions, when the storage facilities have been fully
utilised, a. discharge may be made outside this "tidal window"
as necessary.

(b) In the years 1003, 1694 and 1995 bniy, a disinfecting agent may
be added to the -*wage. discharge*

(e) The disinfecting agent shall be sodium hypochlorite and this
consent does not grant or imply approval for any other
disinfection process.

(d) Disinfectant shall only be added to the discharges from:

1. The high level pump rated at 15,200 cubic metres per hour,
2. The low level pump rated at 7,700 cubic metres per hour.
(e The discharges from the additional storm -pumps shall not be

disinfected.

) When the discharges are within the Mtidal window"™ the
application of disinfectant shall be controlled so that the
concentration of available chlorine in the pumped flow at the
above rates does not exceed 17,5 milligrams per litre.

<Q) If* as a result of wet weather, the storage .capacity i”"
exceeded and the pumps activate outside the "tidal window”” the
application of disinfectant shall be controlled so that the
concentration of available chlorine in the pumped flow at the
above rates does not exceed:-

For the flood tide period - 35 mg/1
For the ebb tide period - 9 mg/1

Envi-ronTnentBl Quality"Standards applicable durlno disinfection periods

At or beyond the mixing sone defined as 100 metre radius of the
outfall the following standards apply:

Total Residual Oxidant shall not exceed 10 micrograms per litre.
Chloroform shall not exceed 12 micrograms per litre.



5. Cessation of Disinfection:

1f, as a result of analytical or survey work undertaken by either the
Company or the Authority, there 1ia evidence of environmental damage
caused by the disinfection process, the use of disinfectant shall
cease immediately upon vreceipt of written notification from the
Authority to the Quality Director of North West Water Ltd*

6. gullet

(@) The outlet shall be located at national Grid Reference S¢ 2957
3507 at the position indicated on the plan submitted with the
application.

(b) The outlet shall only be used for the discharge of screened
sevsge effluent (including storm water) from Manchester Sguare
Sewage Pumping Station, Blackpool.

i
7. Samples_of_the receiving water

Samples of the receiving water will be obtained by the Authority®s
officers from time to time at or beyond the nixing sone defined above
and by the Consent Holder as per the attached Schedule 1.

The Conditions attached to the Consent hereby given will be subject to
review from time to time but will not without the Consent in writing of the
person to whom this Consent is given (or his successor) be altered before
the expiration of the period ending with 30 September 1994.

Your attention 1is drawn to the statutory right of appeal to the Secretary
of State for the Environment should it be considered that the conditions
attached to the consent are unreasonable.

This Consent 1ia granted solely under and for the purpose of the Water
Resources Act, 1991 and is without prejudice to the operation of any other
legal provisions now or at any other time hereinafter applicable to the
aforesaid matter.

This Consent supersedes Deemed Consent Ho DA96 and shall remain in -force
until the commissioning of the works connected with the Tylde Coast
Improvement Scheme, when the conditions contained 1in the Consent of the
saro® number issued on 17 July 1992 shall come into force. *

Dated this 1.0th day of September 1992

DR, C. HARPLEY
Regional General Manager



COMSENT WO 017160287

SCHEDULE 1

Monitoring Reoulremeats to bfl undoftfcltan bv the Coitmftnvi
Sampling frequency! Weekly
Sampling Pointsi X. At the surface at the point of discharge.

Analysis Total residual oxidant.
Monochloramine
Diehloramine
Chloroform
Bromoform
3-chloro-4-(dichlorom«thyl)-5- hydroxy-2 (5H)
- furanone “"MX*
"Microtox** toxicity
faecal coliforms
Salmonellae
faecal streptococci
F* phage assay
Absorbable organic Halogen (AOX)

2. At 100 metre radius of the discharge.

Analysisi Total residual oxidant
Monochloramine
Dichloramine -
Chloroform
Bromoform -
3-cbloro-4-(diehloromethyl)-5- hydroxy-2 (5H)
- furanone “MX* m
"Microtox** toxicity
faecal coliforms
Salmonellae
faecal streptococci
F+ phage assay

3. High level influent to the plant.
4. Low Level influent, to the plant,
Analysis: faecal coliforms
Salmonellae “
faecal streptococci
REPORTING; The Company shall supply the result* of all

analyses carried out to the Authority within ten
working days of the completion of the analysis.



Survey
1

APPENDIX B : SUMMARY OF NRA BOAT SURVEYS

Date
4/5/93

12/5/93

28/5/93

8/6/93

15/7/93

.29/7/93

19/8/93

1/9/93

Vessel Comments

Coastal Before chlorination had
Guardian commenced.

(Acer Only 2 TRO measurements.
Env tal) Met Consent.

Coastal Survey overnight. )
Guardian Samples taken only from boil

Coastal Sampled in and away from
Guardian boil. Failed Consent.,

Sea Mew Sampled in and away from
boil. Failed Consent.

Coastal Sampled in and away from
Guardian boil. Failed Consent.

Coastal Sampled in and away from
Guardian -boil. Failed Consent.

(Acer Sampled in and away from
Env*tal) boil. Met Consent.




APPENDIX C : TIDAL BEACH SURVEY SAMPLING POINTS



SHU -1on

SITE1-95D

I 9TS5*9n

SIE6*85a

mr

sSm? -«o0

fflu -75a

(SITE9-7a

SIED-65a

smite-6a

SHLil -5.5n

@ larked on seavard side of sea-wall.
Opposite cates froi Rossall School.
Steps doin onto shore at Short
bresater.

B mvall. At gates leading off sain
proleece.  Last of houses before
Rossall Sdool.

Opposite Durten hotel . Stall type
slipray (o aooess).  Last laip post
on seanard sice of prolenece.

Large delisk, Jubilee gardens, Royal
Axess 1o beach via slip near
Fb)al-

First house hotel (Morvern).  Just
sath of ™o doelisks.

™o red lights an beach

Secord drelter on proierece, south of
autfall.

Swith of little Bitai slip. 1500 i
larked on vell.  Gap in vall © shore.

1170 i larked an vall rext to steb.
North of Norbreck Castles.  Just south
of siall red roofed shelter on pro*.

510 i larked on tre vall.  Four
detached houses between red brick
cogloieration © North and yellow
blok to Suth. First slip to South
of Norbreck Castle.



SIElla-5D

SITE12-45D

SITE 12a - 4D

SITE13-3.50

SIE 13 - 30

SITE14 -25D

SITE 142 - 1.5Q

SITEX’S -1.5n

SIE 1% *0.9a

SITE16 -0.20

Two southerly recuned bredweteras at
HW. 0 i on sea vail.

Opposite southerly recuned groyre.
Grael patch on beach, pool area
closer insore.  Borth of Miners
hostel (red bridk with ayola).

La@ slipray with gates, north of
boating pool.  Series of descending

footpaths froi prosenece.

Boating pool.  Doric Hotel.

Sqare autfall onto beach at HM.
Two pillars each with a stone um.

liperial hotel.  Large red brick
building with veathervare ad
Tlagole.

Netrgole hotel (Butlins), large red
brick building north of doelisk.

Beach patrol Hut on loser Proi.  Just
north of north pier (Gan gain entry to
loer Pror).  Beach aocess.

Lems™s large square building,
honeyooike pattem.  Morth of toser.

Coral island passenger gantry on Proi.

Fodall hotel, black ad white Tudor
style.

Ladies and Gerts on Proi.  Qutfall,
black and white toner.



F-0K

SITE 16a - 0.5 KS

SITE17 -091s

SITE 17a - 1.5KS

SITE 18 - 2KS

SITE 18a ~ 2.5 KS

SITE 19 - 3KS

SITE 19a - 34 KS

Holiday z /-

\ SIEZD -3.45

SITE 208 - 45 KS

& SIEZ2L -5K5

Ladies ad Gaits on Proi.  Qutfall,
black ad vhite tower.

Flagstaft.

Wirchill.

Sadcsstle, lassive building on Proi.,
south of South Pier.

Big dipper.  Tall white toner with

yellov tp, red and white cagoegoes W
ad don 1 Slipnay.

Mocel boat pool with 4 toners.  Lemnox
cate SI0.  Slipray.

New Meyfair, blue sigh on siall hotel.

Syuires gate slip.  Bd of Proi.
Boating pool.

Middle Rotans, yellow building red
roof. Two posts HH.  Ggp in dures.

Two covellesoantt hoies, 1 white Tudor
looding, otrer red.  Ggp on shoreline
where \ehicles gain access to beach.

Fylce Intermational Sad Yadt Club,
white building. Coastouard building,
red brick.



APPENDIX D : DETAILS OF NRA BOAT SURVEYS



Survey 1:4 May 1993

Time TRO Free Total e.coli Chloro- Bromo
Oxidant Coliforms form form

mg/1 mg/l /100mls  /100mls fig/5 yg'l

09.49 < 0.02 < 0.02 520 200 <1 <1

09.51 < 0.02 < 0.02 500 180

10.00 < 0,02 < 0.02 300 250 <1 <1

10.05 < 0.02 < 0.02 1100 280

10.05 < 0.02 < 0.02 > 10000 > 2000

10.10 < 0.02 '< 0.02 > 10000 > 2000

10.15 < 0.02 < 0.02 > 10000 > 2000

10.20 < 0.02 < 0.02 > 10000 > 2000 <1 <1

10.25 < 0.02 < 0.02 > 10000 > 2000

1030 < 0.02 < 0.02 > 10000 > 2000

10.35 < 0.02 < 0.02 > 10000 > 2000

10.40 < 0.02 < 0.02 > 10000 > 2000 <1 <1

10.45 < 0.02 < 0.02 > 10000 > 2000

10.50 < 0.02 < 0.02 > m 10000 > 2000

10.55 < 0.02 < 0.02 > 10000 > 2000

11.00 < 0.02 < 0.02 > 10000 > 2000 <1 <1

11.10 < 0.02 < 0.02 > 10000 > 2000

11.15 < 0.02 < 0.02 9400 > 2000

11.20 < 002 < 0.02 7600 > 2000 <1 <1

11.25 < 0.02 < 0.02 > 10000 > 2000

11.30 < 0.02 < 0.02 8200 > 2000

11.35 < 0.02 < 0.02 > 10000 > 2000

11.40 < 0.02 < 0.02 4600 > 2000 <1 <1

11.45 < 0.02 < 0.02 5800 > 2000

11.50 < 0.02 < 002 4500 > 2000

11.55 < 0.02 < 002 3700 > 2000

12.00 < 0.02 < 002 6000 > 2000 <1 <1

12.05 < 0.02 < 0.02 2800 > 2000

1210 '< 0.02 < 0.02 1200 1120

12 15 < 0.02 < 0.02 2000 1280

12.20 < 0.02 < 0.02 4700 1320 <1 <1

12.25 < 0.02 =« < 0.02 2100 1040

12.30 < 0.02 < 0.02 2200 600

Survey 2:12 May 1993

Time Outfall TRO Free Total E.coli faecal Chloro- Brom<
Distance Coliforms streps. form form
(metres) mg') mgl/l /10Omis /I00OmIs  «/I00miIs POl pg'l

16.20 0>05 0.3 3200 640 > 200 2 <1

1625 0 3600 700 > 200 <1 <1

16.30 100 2200 400 > 200 1 <1

16.35 200 < 20 <. 5 2

16.40 300 < 20 < 5 4 <1 <1

16 45 350 <0.02 <0.02 < .20 < 5 4



Survey 3:28 May 1993

tme TRO Free Total E.coli taecai Chloro-
Oxidant Coliforms streps.  form
mg/l  mg.-l /100ml$ .'100mlIs /100m!s yg;l
0400 0.02 0.02 560 80 680 <1
0410 0.02 0.02 310 eo 1020
0415 290 90 1100
0420 > 05 0.35 -0 0 310 4.9
0425 160 e 850
0430 > 05 0.15 10 6 220
0435 1290 210 2320
0440 0.4 0.4 480 80 1400 1.8
0445 1360 270 2140
0450 0.25 0.12 1540 410 2480
0455 640 180 970
0500 0.02 0.02 720 310 1230 <1
0505 650 290 1310
0510 0.1 0.04 1880 640 1880
0515 > 05 0.4 830 480 1270
0520 05 0.2 420 160 1480 <1
0525 2150 490 3170
0530 > 05 0.35 2080 510 2140
0535 1760 320 1790
0540 0.3 0.0e 350 90 680 12
0545 > 05 0.35 1020 360 2010
0550 0.5 0.25 270 80 1060
0555 310 60 1090
0600 0.35 0.35 330 50 1320 <1
0605 540 130 1160
0610 0.5 0.12 1120 560 2040
0615 650 300 1190
0620 0.5 0.25 1490 510 2310
0625 90 20 680
0630 > 05 04 570 100 1080
0635 360 20 940
0640 0.35 0.1 2850 180 4120 1.7

Survey 4 : 6 June 1993

ime Outfall TRO Free Total E.coli  faecal
Distance Oxidant Coliforms streps.
(Metres® mg/l mg/1 /100mJs /100mfs /100mJs
1425 0 0.14 0.06 150 21 74
1438 0 0.3 0.12 140 27 9
1S50 0< 002 < 0.02 1250 0 139
1432 0 0.12 0.02 1060 2 2
1503 0 0.2 0.06 150 65 56
1435 0 0.12 0.06 8680 245 21
1530 0 0.08 0.02 1090 0 9
1535 0 0.14 0.04 4160 0 48
1600 20 3730 0 422
1452 70 0.04 002 120 = 36 4
1543 100 0.02 0.02 6680 7 i
1508 100 0.12 004 3280 2 176
1456 150 0.04 0.02 50 22 46
1514 200 0.02 0.02 970 3 4
1522 400 0.02 0.02 3720 0 3
1418 800 < 0.02 < 0.02 30 2 0
1415 1600 < 0.02 < 0.02 10 1 1

Carb
tetra

yfll

<1

<1

<1

<1

<1

<1-

<1

<1
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Survey 5:15 July 1993

time Distance TRO

Free Total

E.coli

Qutfadl Oxidant Coliforms

(Metres) /10Gmls /1OOmls /100ml
0944 0 0.12 0.05 256
0901 0 0:5 .04 204
0604 0 0.5 014 . 204
0625 0 0.5 04 ' 360
1017 0 > 0.5 0.5
0835 100 0.04 0.04 400
0815 100 < 0.02 < 0.02 32
0951 100 < 0.02 < 0.02
0915 500 < 0.08 0.07 164
0848 600 < 0.02 < 0.02 56
0959 1000 < 0.02 < 0.02

Survey 6 : 29 July 1993

Time Distance TRO Free

10.33
10.26
10.00
06.40
08.54
10.10
08 47
09.46
10.20
09.40
08.59
0920
09.05

Survey 7:

9

Qutfall

Time Distance TRO

OQutlall

12.50
1269

12.29
12.38
13.08
13.19
13.39

13.581

0
0

20 <

30

130

130

330
360

tme Distance TRO Free

12.58
13:50
14:05
12:50
13:05
13:35
14:30

Qutfall

laecal

'78 16

11 7

0 1

17 15

5 26

8 1

23 1

39 2
laecal Chloro

streps -term

27
18 <1
41
12 1
34
31
20
10 1.9
28
18
30
6
15 <1

cal Chioto Bromo Catbon letTetracho

eps. -fornm

om

-form

MSI

18
<1
<1
<1
<1
<1
<1

PS'l

<1
<1
<1l
<1
<1
<1l
<1

flg/1

<1
<1
<1
<1

<1

6.5

15
<1
<1

<1
<1

Bromo Carbontet Tetrachio
rachloride

-term

<1

o« <1

<1

<1

MQ*1 pg/1 PQ/1

1620 2.1 <1
1290 2.2 <1
510 cl <1
450 <1

430 <1

06 1760 <1

660 <1 <1

520 <1 <1

faecal Chloro
streps. -form

/100ml /100ml /100ml  y/j

960
1470
2010 <1
1620 <1

1400

Total e.coli
Oxidant Coliforms
(Metres) (mg/l) (mgl)  /100ml /100ml /100ml
0.04 < 0.02 990 392
830 253
0 014 0.08 2160 212
0 0.2 0.2 668 512
0 664 318
« 0 025 0.16 900 365
0 0.25 0.2 970 392
20 0.12 0.03 1920 308
'100 0.1 0.03 1170 205
100 1650 388
100 0.02 < 0.02 1020 288
150 910 204
210 900 296
19 august 1993
Free Total E.coli tae
Oxidant Coliforms str
(Wetres) (mat-)  (mg-+u zioomi /100m1  °
0.35 0.2 62000 610
0.25 0.1 65000 420
0.01 < 0.01 25200 720
< 0.01 < 0.01 39000 1270
0 .03 < 0.01 3500 312
0.04 < 0.01 6200 3
0.03 < 0.01 4200 660
0.02 < 0.01 2580 194
Survey 8 -1 September 1993
Total  E.coli
Oxidant Coliforms
(Metres) (mg/L) (mg/L)
0 <0.01 <0.01
0 <0.01 <0.01 2930 1740
0 <0.01 <0.01 3720 1800
10 <0.01 <0.01 15600 2110
100 <0.01 <0.01 8X0 2400
100 <0.01 <0.01
100 <0.01 <0.01 1840 J4
500 <0.01 <0.01 1210 1180

13:20

1200 <1

<1

<1
1

<1
<1
<1

<1

<1

<1

<1

<1

i’g

<1
<1
<1

<1

<1
<1

<1

rachloride roethylene

/1

<1

<1

<1

<1.

j/g/i

<
<

A A A

[ S U =S SRR N

<1

<1

<1

<1

i79/73

<i
<1
<1
<1
<i
<i
<i

<1

<1l
<1
<l
<1
<1
<1
<1
<1l

TrtcNoto OteNoro

£3QF1

<1

<1

<1

<1

Trichioro Trichioro

379/

<1
<1
<1
<1
<1
<1
<1

<1

w/

<1

<1
<1
<1
<1
<1
<1
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APPENDIX E : ACER ENVIRONMENTAL SURVEY RESULTS



Above Outfall (WQI)

Date Free Chlorine Free Chlorine/  Total Residual Trichloromethane Tribromomethane MX AOX
Monochlornminc Oxidants
my/1 mg/l mg/l Mg/l Mg/1 Mg/1 mg/|
06/05/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.03
12/05/93 0.3 >0.5 >0.5 <3.0 <2.80 <0.01 0.06
20/05/93. <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 3.22
25/05/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01
03/06/93 0.5 >0.5 >0.5 <3.0 <2.80 <0.01 <0.0f
09/06/93 0.04 0.2 0.2 <3.0 <2.80 <0.01 0.04
17/06/93 <0.02 0.04 0.04 <3.0 <2.80 <0.01 <0.10
24/06/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01
02/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 <0.01
13/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.32
16/07/93 0.06 0.3 0.3 <3.0 <2.80 <0.01 121 .
22/07/93 0.06 . 0.4 0.4 <3.0 <2.80 <0.01 . 0.40
30/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.50 :
13/08/93 014 0.25 0.3 <3.0 <2.80 <0.01 1.79
17/08/93 . 0.04 . 0.04 0.06 33 <2.80 <0.01 0.76
19/08/93 0.16. 0.2 0.2 <3.0 <2.80 <0.01 0.23
24/08/93 <0.02 <0.02 . <0.02 <3.0 <2.80 <0.01 0.75
01/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 . 0.58
06/09/93 <0.02 <0.02 <0.02 3.7 <2.80 <0.01 0.61
16/09/93 <0.02 0.1 0.12 <3.0 <2.80 <0.01 0.56
22/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.58
30/09/93 <0.02 <0.02 <0.02 49 <2.80 <0.01
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Dnlc

06/05/93
12/05/9.3
20/05/93
25/05/93
03/06/93
09/06/93
17/06/93
24/06/93
02/07/93
13/07/93
16/07/93
22/07/93
30/07/93
13/08/93
17/08/93
19/08/93
24/08/93
01/09/93
06/09/93
16/09/93
22/09/93
30/09/93

Above Oulfnll (WQ!)

Tolal coliforms Faecal coliforms

per 100 ml

MI
72 000
467
3 582
2472
191 150
194
1963 500
450 500
<500
1409
6 036
279 500
9 000
119 400
172 000
138 700
382 000
1632 000
3 182
| 182 000
81 500-

per 100 ml

15
7 950
140
136
557
137 400
' 57
606 000
35630
<500
243
914
Il 486
<500
501
6 364
38 200
272 000
225 000
136
194 000
2045

Appendix

Faecal

strcplococci
per 100 ml

10
3200
21
163
27
63 000
8
130 000
1136
<500

100 -
1557
12477
<500
3909
15 450
6 909
43 364
82 700
100
85 900
1892

Salmonellae

MPN per litre

<1
<1
<1

BAAAAGGANAA
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F+ phage
per mi

3
113
429

9
<1
64

76
6
2

87

159

516

187

241

95

48

77

468
269
139

36

Microtox

5-min

15-min

LC50 (% volivol)

NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
26.9
NT
20.3
2.6
NT
32.7
23.2
NT
NT
NT

NT
NT
NT
NT
NT
20.2
NT
NT
NT
NT
NT
NT
41.9
NT
20.7
13
NT
43.8

26.9.

NT
NT
NT

Enlcroviruses

pfu pier 10 litres

228

105

ND



105 M Downstream of Outfall (WQ2)

Dntc Free Chlorine Free Chlorine/  Total Residual Trichloromcthanc Tribromomcthanc MX AOX
Monochlornminu Oxidants
mg/l mg/l mg/I Mg/1 My1 Mg/l mg/I

06/05/93 0.04 0.04 0.04 <3.0 <2.80 <0.01 0.20
12/05/93 <0.02 <0.02 <0.02 <3.0 e <280 <0.01 0.12
20/05/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.17
25/05/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01
03/06/93 0.5 >0.5 >0.5 <3.0 <2.80 <0.01 <0.0!
09/06/93 0.06 0.4 0.4 <3.0 <2.80 <0.01 0.06
17/06/93 <002 <0.02 <0.02 <3.0 <2.80 . <0.01 0.06
24/06/93 <0.02 <0.02 <0.02 <3.0 <2.80 . <0.01
02/07/93 <0.02 <0.02 <0.02 <3,0 <2.80 <0.01 0.02
13/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.23
16/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.76
22/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 . 050
30/07/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 1.10
13/08/93 <0.02 0.06 0.08 <3.0 <2.80 <0.01 0.43
17/0R/93 <0.02 <0.02 <0.02 . <3.0 <2.80 <0.01 0.25
19/08/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.30
24/08/93 <0.02 <0.02. <0.02 <3.0 <2.80 <0.01 0.03
01/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.18.
06/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.60
16/09/93 0.08 0.08 0.08 <3.0 <2.80 <0.01 0.35
22/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01 0.74
30/09/93 <0.02 <0.02 <0.02 <3.0 <2.80 <0.01
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Date

06/05/93
12/05/93
20/05/93
25/05/93
03/06/93
09/06/93
17/06/93
24/06/93
02/07/93
13/07/93
16/07/93
22/07/93
30/07/93
13/08/93
17/08/93
19/08/93

24/08/93
01/09/93

06/09/93
16/09/93
22/09/93
30/09/93

105 M Downstream of Outfall (WQ2)

Total coliforms Faecal coliforms

per 100 ml

32-
| 582
552
2482
23
1287
138
4 095
359
176
2318
14
22 636
2 189
12 455
51 182
950
486 000
404 000
1477
386 000
22 000

per 100 mi

15
486
161
318

150
33
1059
15
99
90
10
3 347
305
1000

3374
277

334 000
155 000
182
156 000
1491

Appendix

Faecal
streptococci
per 100 ml

<10
436
24
39
<1
1132
4
55
<5
15
50
15
1081
995
2604

6 545
10
52 091
33 273
41

36 318
1649

Salmonellae

MPN per litre

<1
<1
I
<1
<1

<1
<1

R e

A&%HWHEAHA

Page 4 of 7

F+ phage

per mi

7
40
<1
<1

3

4
<1
<1
<1

19

10

4 m
28
95
36
<1
5
1
137
42
12

Microtox
5-min  15-min
LCH0 (%6volivart)
NT NT .
NT NT-
NT NT
NT NT
NT NT
54.2 34.2
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT
51.6 25.2
NT NT
NT NT
NT NT
NT NT
NT NT
NT NT

Enteroviruses

pfu per 10 litres

ND

ND

N)m

ND



Dntc

06/05/93
12/05/93
20/05/93
25/05/93
03/06/93
09/06/93
17/06/93
24/06/93
02/07/93
13/07/93
16/07/93
22/07/93
30/07/93
13/08/93
17/0R/93
19/08/93
24/08/93
01/09/93
06/09/93
16/09/93
22/09/93
30/09/93

Influent (Low Level)

per 100 ml

15 364 000
28 919 000
32 568 000
16 532 000
14 775 000
41 982 000
44 550 000
33 514 000
756 667 000
26 802 000
27 727 000
44 009 000
27 973 000
47 727 000
39 009 000
95 000 000
NS

205 455 000
69 090 000
123 636 000
170 909 000
123 636 000

Total coliforms Faecal coliforms

per 100 ml

5773 000
3 682 000
2 091 000
2 000 000
11 802 000
10 360 000
9 318 000
6 136 000
31 4K2 000
17 072 000

. 11 aisooo

11 216 000
7 387 000
6 847 000
7 591000
9 775 000
NS
29 279 000
10 991 000
21 126 000
24 775 000
17 477 000

Appendix

Faccal
streptococci
per 100 ml

1 176 000
1909 000
636 000
1 100 000
2773 000
4 505 000
954 500
1081 000
2613 000'
2 364 000
4 144 000
1667 000
2 091 000
590 900
1036 000
863 600
NS
5676 000
2 182 000
5 000 000
3378 000
7 74R000

Salmonellae

MPN per litre

NofTrRER

>180

430
540
350
56
540
1600

920
350

NS
540

32

38
39
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F+ phage
per ml

7 040
1389
429
920
3920
795
676
1165
575
4 320
604
716
2301
451
4 960
1080

NS
6 091
2518
7 300
2782

60

Enteroviruses

pfu per litre

259

1461

388

50

620



Date

06/05/93
12/05/93
20/05/93
25/05/93
03/06/93
09/06/93
17/06/93
24/06/93
02/07/93
13/07/93
16/07/93
22/07/93
30/07/93
13/08/93
17/08/93

19/08/93
24/08/93

01/09/93
06/09/93

. 16/09/93

22/09/93
30/09/93

Influent (High Level)

Total coliforms Faecal coliforms

per 100 ml

NS
155 000 000
207 727 000
7 838 000
10 946 000
267 727 000
138 000 000
35 541 000
NS

25 360 000
109 545 000
268 636 000
37 703 000
61 863 000
142 273 000
108 182 000
48 514 000
290 455 000
194 545 000
248 636 000
106 818 000
115 909 000

per 100 mi

NS
11 036 000
6 261 000
400 000

7 162 000

19 009 000
16 532 000
9 505 000

NS

10 901 000
20 455 000
106 818 000
10 721 000
15 541 000
15 135 000
10 856 000
14 279 000
35 856 000
20 676 000
26 667 000
18 468 000
19 595 000

Appendix

Faecal

streptococci

per 100 ml

NS

3 636 000

863 600
<50 000
2 591 000
6 261 000
4 730 000
1982 000

NS

272 700
3 694 000
11667 000
2 955 000
2455 000
2 455 000
1409 000
2 909 000
4318 000
6 261 000
8 784 000
3773 000
5 766 000

Salmonellae

MPN per litre

NS
54

>180
NS

69

280
41

430

150
1600

>1 800
47
47

19
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F+ phage
per ml

NS
12 800
1142

394
3600
1542
3680
1629

7 040
1880
971
2 345
1465
[l 300
2400
8 800
8 836
10 691
11 400
9 200
96

Enteroviruses

pfu per litre

40

140

875

ND

775

210



MPN Most probabte number

ND  None detected

PFU Plaque forming units

EC50 The concentration of test sample that inhibited light output by 50%

NT  No evidence of toxicity at the highest dose tested {507c volume/volume)
NS Not sampled
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