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SUMMARY

I OBJECTIVE

To investigate the production of disinfection by-products during the
treatment of coloured water using suitable, cost effective, methods,
for their removal or control with due regard to other water quality
determinands, such as colour, iron, manganese and aluminium.

I1I REASONS

The presence of disinfection by-products in drinking water derived from
coloured sources may pose a health risk to the consumer and exceed
requlated water quality criteria. Dissolved air flotation and 2 stage
filtration has been identified as the most likely process to be used for
treatment of upland coloured water; this process requires investigation
and optimisation with respect to the control of the trace organics of
concern,

111 CONCIUSIONS

(1) iron, manganese, aluminium and turbidity can be successfully
removed by rapid gravity filters where GAC is used as the media.

{1i) " GAC reduces the production of disinfection by-products by
removing precursor molecules. The ability of a GAC to remove
organics is not affected by solids deposition when used as a
primary filter, nor by manganese deposition when used as a
secondary filter. Bed life is dependent on empty bed contact time
(EBCT) and carbon type. '

(iii) Bed life can be extended by the use of ozdne to reduce the load
of precursors prior to the GAC.

(1)




(iv) Of the three carbons investigated coal based (Chemviron F400)
performed better than peat based (Norit PK) which performed
better than wood based (Pica Biol)} for the removal of colour,
TOC, THMs, AOX and mutagenic activity precursors.

{(v) Powdered activated carbon (PAC) increases the solids load on the
primary filters, when dosed to the flocculators.

RECOMMENDATIONS

Where it is not possible to reduce disinfection by-products by ceasing
pre-chlorination and by optimising coagulation conditions, activated
carbon can be considered as a viable means for further reducing the
production of disinfection by-products. Where further reductions are
required, ozone can be considered for use in conjunction with GAC.

RESUME

A pilot plant investigation, examining the application of activated
carbon at various points within a three stage treatment stream, has been
carried out as the third phase of a 3 phase experimental programme. The

details and results of that investigation are presented in this report.
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SECTION 1 — INTRODUCTION

This report details the results obtained from running a three stage dissolved
air flotation (DAF) water treatment pilot plant for the removal of organics from
upland water. It contains all the results obtained from the third phase of a
three phase experimental programme. A full description of the pilot plant, its
operation, and the three phases of the experimental programme are given in the
Interim Progress Report No. 1 {(1). The results obtained from the first two
phases of the experimental programme are detailed in the Phase 1 Report (2), and
the Phase 2 Report (3). An overview of all three phases of the experimental
work is given in the Overview Report (4).




2.1

2.1.1

SECTION 2 - EXPERIMENTAL PROGRAMME
PROGRAMME OBJECTIVES

The principal objective of Phase 3 of the experimental programme was to
investigate the use of granular activated carbon (GAC) for the removal of
organic compounds and thereby the control of disinfection by-products.
The main variables addressed were: GAC location in the process stream,
GAC type, and the effect of ozone.on the performance of GAC,

Location of GAC in the treatment process

GAC can be used as a filtration medium replacing sand in either a primary
RGF or a secondary RGF;- in both locations the GAC will have a dual role.
In the primary filter the roles will be: particulate removal (DAF
carry-over) and organics adsorption, whilst in a secondary filter they
will be: manganese removal and organics adsorption. The questions to be

answered are:

- will the attachment of particulate material to the outer surface of the
GAC or the deposition of manganese reduce the ability of the GAC to
adsorb organics?

- will GAC be as effective as sand at rémoving particulates?

- and will the catalytic removal of free chlorine by GAC prevent
manganese oxidation? ’

The contact time available in rapid filters is limited by the size of
existing tanks and filtration rates, this is not the case for a third
possible location for GAC, which is as a final (fourth) stage of
treatment as an adsorption column. GAC in this position would be expected
to be unaffected by particulate attachment or manganese deposition and
could be installed with a longer contact time to reduce regeneration

frequency.




2.1.2

2.1.3

By comparing the performance of GAC in the different locations, the
effects of contact time, particulate removal, manganese deposition and
backwashing can be established.

Use of GAC after ozonation

Oione is a potent oxidant and will break down large refractory ﬁolecules
into smaller entities which may have different adsorptive properties to .
the parent molecule. Combining ozone and GAC may, therefore, affect the
amount of organic material adsorbed, and the composition of the organic
material breaking through. '

The smaller molecules may also be assimilated by micro-organisms and the
entry of such material into the distribution network could have an impact
on the level of regrowth and, therefore, bacterial numbers at the
consumer’s tap. It is currently recommended that to prevent this from
becoming a problem, ozonation is followed by some form of potentially
biologically active process {such as a filter). It is common practice in
France to follow ozonation with GAC adsorption; such a combination is
claimed to remove more organic material tham either process on its own.
This is usually attributed to the development of biological activity
within the pores of the GAC which breaks down the assimilable compounds,
thus regenerating the GAC's capacity for these compounds.

Types of GAC

The source material for GAC can have a significant effect on its physical
character and adsorptive abilities. GAC is usually manufactured from
coal, peat, coconut shells, or wood. The first is recognised as being one
of the best all-round adsorbers whilst the last is often recommended for
use as a "biologically-active-carbon" (BAC) because its macroporous
structure encourages the growth of bacteria and protects the growth
during'backwash. In this programme coal-based, peat-based, and
wood-based, GACs were examined. Coal based (Chemviron F400) was used to
examine the effect of location; the other GACs, wood-based (PICA-BIOL)
and peat-based (Norit PK) were used as final stage adsorbers, with the




2.2

2.2.1

2.2.2

wood based being preceded by ozonation, to allow direct comparisons
between different carbon types. Coconut based GAC was not assessed in
this programme. '

ADDITIONS AND ALTERATIONS TO THE PILOT PLANT

On completion of phase 2 of the experimental programme, the following
additions and alterations were made to the pilot plant.

Post adsorbers

Five adsorbers were added to the pilot plant. These were 3.5m tall,
150mm bore stainless steel columns, containing a 0.71m bed of_carbon,
giving an give an empty bed contact time (ebct) of 10 minutes at a

superficial velocity of 4.3 m/hr., Figure 1 shows a drawing of one of the
adsorbers,

Streaming current detector and solenoid valve

During the first two phases of the experimental programme, an

intermittent nuisance tripping of the residual current detector which

protected the power supply to the DAF had been experienced. During
phases 1 and 2, this problem was only an operational nuisance, with no
adverse effect on the experimental results. However, during phase 3,
this nuisance tripping would have resulted in uncoagulated water being
fed to the carbon filters and adsorbers, thus overloading the carbon with
organics, and causing premature breakthrough. It .was, therefore, decided
to install a solenoid valve after the DAF, which would close in the event
of the power supply to the DAF failing, thus protecting the carbon
filters and adsorbers. ‘

.It was decided to take advantage of the solenoid valve and interlock it

with the alarms on the streaming current detector used to control the
coagulant dose to the DAF. Thus in the event of a failure of the
coagulant or coagulation pH correction caustic dosing pumps, the alarm on
the streaming current detector would operate, and the supply of

uncoagulated or poorly coagulated water to the carbon filters and
adsorbers would cease.
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2.2.3 Ozone alarms

2.3

For safety reasons, two ozone sensors were installed. One was installed
close to the ozone generator, and the other close to the ozone
destructor. In the event of an ozone leak at either of these places, the
sensors would have operated an alarm and a relay which in turn wounld have
stopped the supply of ozone.

PILOT PLANT OPERATION

The position, operating conditions, and characteristics of the GACs used
in the programme are summarised in Table 1. The overall flow scheme is
provided in Figure 2,

Proper assessment of the breakthrough of organics from GAC required that
the water quality was maintained at a consistent level. The pilot plant
was therefore operated under fixed conditions for the duration of

phase 3.

' Only one DAF was operated during phase 3, with the coagulant dose

controlled by the streaming current detector, and the PH controlled to
4.6. For the majority of the programme the streaming current detector-
was allowed to control the coagulant dose but, however, on some
occasions, the zero for the streaming current detector was adjusted in an
attempt to provide a constant quality of sand filtered water with respect
to uv absorbance. ' '

After flotation, the water was dosed with caustic to give a pH of 6.5
before being split to feed the two primary RGFs; one containing F400
carbon, the other sand. The filtrate from each primary RGF was then
dosed with caustic and hypochlorite before being split to feed one F400
carbon secondary RGF and one sand secondary RGF. For each stream, the
caustic dose was controlled manually to give a pH of 9.0. The
hypochlorite doses were set manually such that the free chlorine residual

.after the sand secondary filter was 0.1 rg/l; the GAC secondary filter
had an identical dose but there was no residual due to the action of the
GAC.




Water from the stream with a primary GAC RGF followed by a secondary sand
_RGF was fed to an adsorber containing F400 GAC.

Water from the stream with primary and secondary sand RGFs, was split and
fed either directly to two adsorbers (one containing F400 and one
containing Norit PK), or via an ozone contactor to two further adsorbers
{one containing F400 and one containing PICA-BIOL). The ozone contactor

provided a contact time of 15 minutes with an applied dose of 2 mg/l.

Table 1 - GAC parameters

1°RGF 1°RGF
JGAC Position |1°RGF + 2°RGF + 3° 3° .32 | Qzone
2°RGF 3° +3°
GAC Type w400 | F400 | F400 | F400 | F400 | NORIT| F400 | PICA
PK BIOL-
Pensity g/1 425 425 425 425 425 _260' 425 310
EBCT mins 6.33 |10.07 3.73 116.33 |10.060 |10.00 |10.00 10.00
Depth cm 63 63 71 71 '} 71 71
Diameter cm 40 21 15 15 15 15
Flowrate 1/hrl| 750 350 75 75 75 75
Bed Weight kg| 31.7 8.7 ' 5.0 3.1 5.0 3.1
Sample No. 5 6 7 10 11 12 13 14

1° : Primary 2° : Secondary 3° Post Treatment Adsorber.

2.4 SAMPLING AND ANALYSIS

The following analyses were made throughout the duration of the

experimental programme.

pH Daily
turbidity Daily
colour Daily
uv absorbance Daily

free and total chlorine residual
after sand 2° RGF Daily
ozone residual after contactor Weekly




iron Weekly

manganese Weekly
aluminium Weekly

TOC Weekly
bacteriological quality Weekly
chlorine demand Weekly

THMs Weekly

AOX - Fortnightly
mutagenic activity Monthly

During most of phase 3, sampling and analysis were as described in the
Interim Progress Repért (1). However, for the first 7 weeks of phase 3,
"steadifac’ tablets were used to compensate for manganese interference in
the measurement of chlorine residuals. After 7 weeks of using
‘steadifac’ tablets, it became apparent that this was not necessary, as
none of the samples produced a manganese interference greater than 0.05
mg/1 of chlorine equivalent. The reason for this was that water was only

ozonated after manganese removal had been achieved.
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SECTION 3 - RESULTS AND DISCUSSION

In the following text samples may be described by reference to their number,
this has been done because of the complexity that would be required to describe
the process combinations that were examined. The sample numbers are shown in
figure 2 which can be folded out for ease of use.

Because most of the results relate to the performance the GAC during the run the
majority of the graphical presentations are plotted against time; this is
expressed as days run since the beginning of phase 3; appendix A, Table al,
gives dates for days run. For brevity the terms 1°, 2° and 3° are used to
denote primary, secondary, and post treatment filters.

-

3.1 pH i

Figure 3 shows a plot of pH against time. The pH is plotted for raw
water, DAF effluent, 1° sand filtered water and, 2° sand filtered water.

at the beginning of the trial the raw water pH increased gradually from
5.5 to 6.0, then, from day 60 (October), the raw water pH decreased
rapidly to below 5.0; this was also seen during the previocus two years
(see phase 2 report (3)). This phenomenon is caused by heavy autumn
rains falling onto decaying Summer vegetation, and is generally known as
the "Autumn Flush®". From day 100 (November) the raw water pH remained
constant at around 5.0.

DAF, 1° RGF and 2° RGF pH indicate the effectiveness of pH control on the
pilot plant; target pHs are shown. It can be seen that DAF pH control was
consistently good, reflecting the automatic control system and the
relatively high buffering capacity of the water at this pH. 1% RGF pH
shows generally good control, but with occasional high peaks; these peaks
were caused by the very low vuffering capacity of the water between pHs
of just under 7 to just over 8, making the setting of the caustic dose
critical. The plot of the 2° RGF pH also shows problems caused by this
low buffer capacity region, although some of these peaks were caused by
failure of the caustic dosing pump.

- 10 -
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3.2

During the last month of the trial, the 2° RGF pH was allowed to drop
gradually from 9.0 to 6.5 to investigate the influence of pH on
manganese removal,

Virgin F400 GAC increased the pH of water passing through it; for the
first 5 days the pH of sample 3 (1° GAC RGF) was much higher than sample
4 (1° sand RGF) (see Table A2 Appendix A). Samples 10 and 11 (both F400
post adsorbers), also increased pH for the first two days. However, the
Norit PK carbon, sample 12, showed little initial effect on pH. After
these initial effects on pH, each of the three unozonated port adsorbers
reduced pH by an average of 0.3 pH units.

Ozonation reduced pH by up an average of 0.8 units, probably due to the
introduction of nitric‘acid and CO, into a poorly buffered water. The
port ozonation adsorbers further reduced pH by averages of 0.7 (F400) and
0.8 (Pica Biol) units.

TURBIDITY

Figure 4 shows a plot of turbidity against time. The plot of the raw
water turbidity shows an increase during October and November,
corresponding to the Autumn Flush. Other peaks which can be observed
coincide with periods of heavy rain.

The turbidity of the DAF overflow was generally about 1 NTU, this showed
a slight increase with increases in raw water turbidity. The plots for
the RGFs show that turbidity was successfully removed by the first stage
of filtration. The high turbidities on day 99 were caused by a
mechanical failure of the DAF.

By comparing the results for samples 3 (1° GAC RGF) and 4 (1° sand RGF)
{see Table A3 Appendix A), it can be seen that, in terms of turbidity,

GAC and sand performed equally well in a 1° filter.
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3.3

3.3.1

'October), &s a result of the Autumn Flush and then decreased slowly

METALS
Iron

Figure 5 is a plot of iron concentration against time. The raw water iron
concentration increased from day 34 to day 69 {(September and early

during the rest of the trial. The coagulant carry-over from the DAF
consistently resulted in a higher concentration of iron in the DAF

treated water than in the raw water, but this carry-over was always

removed by the first stage of filtration. It appears that there may have
been a very slight increase in DAF iron as a result of the Autumn Flush,
but the final water iron concentration was independent of seasonal
factors, |

Table 2 gives summary iron statistics for the raw water, DAF treated
water and the two 1° RGFs and shows that the mean iron concentration for
both of the primary filtrates was equal to or less than the EC guide
level of 0.05 mg/l, and that none of the samples had an iron
concentration greater than the prescribed concentration or value (PCV) of
0.2 mg/1.

Table 2 - Summary iron statistics for sample numbers 1 to 4

Sample No. 1 2 3 4

Mean 0.46| 6.77] 0.05| 0.04
Std.Dev. 0.08} 0.11] 0.04] 0.03
No.Points 29 30 30 30
Maximum 0.62| 1.09] 0.17] 0.17
Minimum 0.31| 0.59¢ 0.01] 0.01

A two sided 't' test at the 95% significance level (Table A5 appendix A)
showed that the iron concentration in sample 4 (sand RGF) was

statistically lower than the iron concentration in sample 3 (GAC RGF),
indicating that sand performed slightly better than F400 GAC in a 1°
RGF, but the results in Table 2 show that both types of 1° RGF performed
satisfactorily.
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3.3.2 Manganese

Figure 6 shows a plot of manganese concentration after various stages of
three stage treatment. There was little variation in raw water manganese |
concentration during the trial. Two sided 't’ tests at the 95% |
significance level were carried out on a number of pairs of samples (see
Table A7, appendix A). There was a small, statistically significant,
increase in manganese concentration in the DAF which can be attributed to
manganese contamination of the ferric sulphate coagulant (E&A West grade
W ferric sulphate is quoted as having 700ppm manganese (7), which would
produce an increase in manganese concentration of about 0.012mg/1 for a
ferric dose of 3 mg Fe/l). There were also occasional small increases in
manganese concentration through the 1° sand filter, which has been
observed in previous trials. One possible explanation for this is that
just after backwéshing (with works treated water at pH 9.0), the pH of
the filter was temporarily high enough to achieve manganese removal, but
when the filter pH dropped back to normal,this manganese was leached off

the filter. There was a statistically significant (although small)
removal of manganese by the 1° GAC RGF.

Table 3 gives summary manganese statistics for sample numbers 1 to 8 and
shows that the mean manganese concentration for all 2° filtered samples
was less than the EC guide level of 0.02 mg/l. Only one of the samples
during the whole trial (sample 6 on 13-Nov-91) exceeded the PCV of

0.05 mg/1, which was the result of a failure of the caustic dosing pump;

Table 3 - Summary manganese statistics for sample numbers 1to 8

Sample No. 1 2 3 4 5 6 7 8

Mean 0.17} 0.18( 0.18] 0.19{ 0.01| 0.01| ©6.01) 0.01
Std.Dev. 0.01] 0.01] 0.02} 0.01| 0.01] 0.01{ 0.01] 0.01
No.Points 29 30 30 30 29 28 28 30
Maximum 0.201 0.21| 0.23] 0.23[ 0.03] 0.06| 0.02) 0.02
Minimom 0.15| 0.15] 0.13} 0.17| 0.00} 0.00f 0.00} 0.00




During.the last month of the trial a study of the effect of pH and
available free chlorine was carried out and so the 2° RGF pHs were
gradually lowered and the chlorine dose to one pair of the 2° RGFs was
stopped. The effect on manganese removal was monitored daily (high
manganese results obtained during this trial are not included in
Tables 3, or A7, or in any of the manganese statistics quoted above).
Figure 7 shows the results.

Without chlorine, manganese was only completely removed by both sand and
GAC at pHs above 8.5; partial manganese removal required a higher pH
(>8.0) for GAC than for sand (>7.5). If a reasonable (i.e. >0.1 mg/1)
free chlorine residual is maintained then'manganese can be removed on
sand at any pH between 6.4 and 9.0.

Tt can also be seen that by dosinj chlorine before the GAC the minimum pH
for manganese removal reduced from 8.5 to 7.0, despite the absence of a
free chlorine residual in the filtrate. This surprising result was
thained from a GAC filter which had been removing manganese at high pH
for 7 months, and it is therefore possible that an active surface of
manganese dioxide had pbuilt up on the surface of the carbon. This surface
could be capable of effecting manganese removal at a pH of 7 in the
presence of free chlorine which would be subsequently removed by 'clean’
GAC deeper in the bed.

Samples of GAC were taken from the 2° filters at the end of the trial and

were washed with water Lo remove "1oose" deposits. The samples were then

acid washed and the washings were analysed for manganese. The results

- 17 -




C12 [ A— -

| +90°0
498 o7 ———+ - TL0°0
+80°0
W +60°0

| +0T°0
+TT°0
| +21°0
Y0 ————x | - TET0
TYT'0
+ST°0
+91°0
+LT°0
+8T°0
-6T°0
- 020
- 1270
- 2270

-€2°0

abe
15 +¥%Z2°'0

(pues utejuo] sJys3|Ld yjog)
jusuwiesads) 8beys g 4o sabels snoLJep 3e assuebuep "9 B4

E O~ r—

= O COOoCCow o

_18_



H d
G 6 om G 8 0°8 S L 0L . 0°9
KR ?fridl%]a,_ LG iy

| J+PUES a ~. O ¥ ¥
: * ¥ O

- 09

+ 00T
+ 0¢T
+ O0v1
+ 091
\ + 08T
Y9 - —— -x X0 L 00z
4 _ + 0¢¢
| -+ 0ve
oo T + 097
\ + 08¢

+ 00¢€
ﬂ + OCE
189014 *¥ -+ 0vE
Hd 494 AJepu0d8s °"sA asauebuey £ 8Jnbi4

{IFIV — +

a0~ —

- 19 -

=
a
= o CcCOho C O w o




3.3.3

indicated that the manganese deposit decreased down the bed from 57.7mg/g
at the top to 20.7mg/g at the bottom.

Aluminium

Figure 8 shows a plot of aluminium concentration after various stages of
three stage treatment. There was a large increase in aluminium during
days 60 to 90 (October) as a result of the Autumn Flush. Only a small
amount of the aluminium in the raw water was removed by the DAF, due to
the low coagulation pH (4.6) but it was successfully removed by the

1° RGF.

Table 4 gives summary aluminium statistics for the raw water, the DAF
treated water, and the tﬁo 1° RGFs and shows that the mean aluminium
concentration for both RGF filtered samples was less than the EC guide
level of 0.05 mg/1, and that none of the samples was in excess of the PVC
of 0.2 mg/1.

Table 4 - Summary aluminium statistics for sample numbers 1 to 4

Sample No. 1 2 3 4

Mean 0.30| 0.2¢| 0.027 0.02
Std.Dev, 0.15| 0.12] ©6.02y 0.01
No.Points 2% 28 28 28
Maximum 0.521 6.38] 0.07| 0.05
Minimum 0.03] 0.00] 0.00| 0.00

A two sided 't’ test at the 95% significance level {Table Al0,
Appendix A) showed that there was no significant difference in aluminium
concentration between the sand 1° RGF and the GAC 1° RGF.
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3.4 BACTERIOLOGICAL QUALITY

Throughout the trial, weekly samples of hand chlorinated final waters
together with an unchlorinated, ozonated, sample {sample 9), were taken
and assayed for bacteriological quality.

No coliforms were detected in any of the samples; Tables 5 and 6 give
summary statistics for 1 Day (37°C) and 3 Day (22°C) colony counts

respectively.

Table 5 - Summary statistics for 1 day-(37°C) colony counts

Sample No. 5 6 7 8 9 10 11 12 13 14
Mean 3 2 2 1 2 3 2 3 2 2
Std.Dev, 6 4 3 2 2 5 2 5 2 2
No.Points 30 30 29 30 23 30 30 30 | 28 29
Maximum 29 22 14 9 10 27 10 26 10 8
Minimum 0 0 0 0 0 0 0 0 0 0

Table 6 - Summary statistics for 3 day (22°C) colony counts

Sample No. 5 6 7 8 9 10 11 12 13 14
Mean 19 12 6 13 87 18 18 23 14 10
Std.Dev. 34 15 6 25 | 157 43 40 41 11 13
No.Points 30 30 29 30 28 30 30 30 28 29
Maximum 157 69 23 § 131 | 722 | 227 | 207 | 196 51 51
Minimum 0 0 0 0 0 0 0 0 0 0

Tables 5 and 6 show that the mean colony counts were less than the EC
guide level values (10 for 1 day colonies and 100 for 3 day colonies),
although the maximums for several of the samples are in excess of those
EC guide levels, in particular the ozonated water and the water from
unozonated post treatment GAC adsorbers.

With the exception of sample 9, none of the samples had colony counts

that were statistically greater than sample 8 (two sided paired 't’ test




at 95% significance level), .indicating that the ozonation system used was
not as effective as the hand chlorination. (However, none of the sample
points could be flamed prior to sampling for bacteriological quality). A
limited number (4 weeks) of ozonated samples were hand chlorinated and
this reduced the 3 day counts to less than 12/100ml.

GAC adsorbers have the potential to release bacteria laden particles of
carbon ,which would afford some protection against chlorination, and this
may have been the cause of higher maximum 3 day counts in the samples
from the post-treatment adsorbers. However, as there was no overall
statistically significant difference between the GAC and sand filtered
watexr, it can be assumed that release of particles of carbon was not
generally a problem. '

1f bacteriological activity had developed on the carbon then this might
be expected to result in higher bacterial numbers in the filtrate prior

to hand chlorination; un-chlorinated filtrates were therefore examined
weekly for four weeks petween days 132 and 167. The results are shown in
Tables 7 and 8. '

Table 7 — 1 day colony counts (37°C), unchlorinated

sample No.>| O 6 7 gl 1011 ] 12|13} 14

date

11-DEC-1990| 3 1 2 3 0 2 7 2 -
18-DEC-19%0| O 0 1 3 0 2 2 0 0
§-JaN-1991] O 5 3 0 1 0 1 6 | 10
15-Ja8-1991| 1 1 1 0 310 0 5 0

Table 8 — 3 day colony counts {(22°C), unchlorinated

sample No.>! 3 6 7 g | 1011121 13| 14
date '

11-DEC-1990! 55 } 59 2 1| 23] 98} 79 {182 | -
18-DEC-1990}F 1 | 29 j 14 | 11 g | 16 | 14 {760 |330
8-JAN-1991] 6 | 26 10 | 41 |146 1163 | 74
15-JaN-1991) 16 | 11 53 | 41 | 55 [107 | 42

~J
OO
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The 3 day colony counts in the unchlorinated post adsorber samples were
greater than those in the feed water (sample 5), suggesting that
bacterial growth had occurred within the GACs, but the differences were
not statistically significant at the 95% confidence level (Table Al7
Appendix A). If there had been more samples collected the differences may
have become more significant. The adsorbers receiving ozonated water did
not produce higher counts than those receiving unozonated water.

3.5 ORGANICS
3.5.1 uv absorbance

(a) Effect of 3 stage treatment {control)
Figure 9 shows uv absorbance at various stages of three stage
treatment (using sand at both filtration stages) plotted agalnst
time. The raw water apparent-uv and true-uv absorbances increased
greatly during October (days 61 to 91) due to the Autumn Flush;
this was also observed in the previous year (3). The apparent-uv
absorbance of the DAF overflow appears to have been affected by
the seasonal changes but this was more an indication of increased

turbidity (figure 4) and not of increased organic content.
True-uv absorbance of the overflow and the uv absorbances of the

sand RGF filtrates did not change and this consistency in treated
water quality is a reflection of the effectiveness of the SCD
coagulant dose control system (which changed the coagulant dose
in response to raw water quality changes (Figure 10)). Table 9
shows summary statistics for the results plotted in Figure 9.




Table 9 - Summary uv statistics at various stages of 3 stage treatment

Treatment [RAW WATER : DAF SAND SAND

Stage > - 1¢ RGF| 2° RGF
Appar True | Appar | True

Mean 21.3 | 17.0 1¢.1 4.3 3.9 3.9

Std. Dev. 4.8 3.5 1.6 0.5 0.6 0.5

No. Points| 147 146 147 147 147 147

Maximum ! 27.3 | 22.1 20.7 6.6 8.2 5.7

Minimum 13.0 § 10.7 7.6 3.0 2.5 2.7

The DAF removed, on average, 75% of the organic material
responsible for true-uv absorbance but there was still a
significant amount of uv absorbing material in the floc

carry-over.

The uv absorbance of the 1°RGF filtrate was less than that of the
DAF clarified water which indicates that there was further
precipitation of organic material in the 1° RGF, presumably
resuliing from the pH correction prior to primary filtration.

The equality of the means for the 1° and 2° RGF filtrates
indicates that there was no further organics removal after the
first stage of filtration. '

(b} Location of GAC

Figure 11 shows apparent-uv absorbance levels in the water after
treatment by F400 GAC at different locations in the treatment

. process plotted against days of operation."The water treated by
two stages of sand filtration is shown as a control. A principal
difference between the locations is the-available empty bed
contact time (EBCT) as summarised below (Table 10).

- 25 -~




Table 10 ~ EBCTs of different carbon combinations

LOCATION ’ EBCT
2° RGF: 3.73 mins
1° RGF: 6.33 mins
1°+2°: 10.07 mins
3%adsorber: 10.00 mins
1°+3°adsorber: : 16.33 mins

The breakthrough curves shown in Figure 11 indicate that the GACs
with the longer EBCTs removed more apparent-uv absorbance and for
a longer period of time than the GACs with the shorter EBCTs.
Where the total EBCT was the same but the GAC location was
different (1°+2°RGF and.3°adsorber), the breakthrough curves were
essentially identical for the first 100 days. After this the 3°
adscrber performed slightly better but this difference can be
attributed to-a loss of arocund 17% of the GAC from the 1°and 2°
RGFs during backwashing. It can, therefore, be concluded that uv
absorbance removal was not hindered by floc carry-over onto the
1° RGF nor by manganese deposition in the 2° RGF., It can also be
concluded that there was no great difference in carbon
performance for uv absorbance removal between a pH of 6.5 and
9.0, since the 1° RGF pH was 6.5 and that of the 2° RGFs and post
adsorbers was 9.0.

To investigate further if operating environment (pH, manganese
depoéition, floc removal, backwashing etc.) had any effect on
performance, the measured breakthrough curves were compared to a
computer-based mathematical-model prediction. The model was
developed by WRc and has been extensively used to predict bed
life for a range of GACs and contaminants (6). The equilibrium
constants used in the model were obtained by reiteratively
adjusting them td obtain the best fit to the data from the 2° RGF
(with an EBCT of 3.73 mins). Once chosen, these constants were
used to predict breakthrough for longer EBCTs, corresponding to

those used at the other locations on the pilot plant.




If location within the treatment stream has a significant effect
on GAC performance then the predictions of 1° or 3° breakthrough
curves (based on 2° derived constants) should not match the
measured curves. Figure 12 shows the predicted breakthrough

curves together with the measured data points.

For the first 180 days there is very good agreement between the
experimental data and all of the model predictions, which
confirms that the operating enviromment was not having a great
effect on GAC performance. However for the 3° (and to a lesser
extent for the 1°+2°) adsorbers there is divergence from the

predicted after 180 days when removal appears to have increased.

One possible explanation for this is that the very low
temperature experienced between days 160 and 210 (Figure 13)
could have increased the equilibrium capacity of the carbon (this
is why laboratory tests are done at a fixed temperature to
produce isotherms); the effect of such an increase would be more
apparent at a longer EBCT. Alternatively it is possible that some
biological activity had begun to build up, but the low
temperatures and the relatively large difference that was
observed in removal would mitigate against this. An additional
factor contributing to this effect could have been differences in
actual flowrate caused by varying water viscosity. At lower
temperatures, water viscosity increases, and a greater viécosity
causes a greater apparent flowrate to be indicated by a
rotameter. Since flowrate was controlled by rotameter readings,
without temperature correctiom, it is estimated that the flowrate
of the hottest time of the year could have been 5 - 10% greater
than at the coldest time of the year. This would have resulted in
a greater EBCT during the cold spell, with consequent improved
GAC performance. Again, the observed effect on breakthrough would
have been greatest for the longer EBCTs.

- 27 -




(c} Carbon type and ozone

Figure 14 shows a comparison between the Norit PK and the F400
post adsorbers, which had the same EBCT; the unozonated sand
filtered water, which was the feed for both is also shown. The
figure clearly shows that the coal based F400 was more effective
at removing uv absorbance for a longer period than the peat based
Norit PK. This is reflected by the mean values for uv absorbance,
given in Table 11 which lists summary statistics of uv absorbance
for the sand filtered water, and all post treatments; ozone dose
- is also given.

Table 11 - Summary uv statistics for final waters, and ozone doses

SAND QZONE | OZONE
SAND | NORIT | F400 Qzone Ozone |2° RGF + +
2° RGF| PK Dose | Resid + PICA F400
mg/l | mg/l | OZONE | BIOL

Mean 3.9 3.0 1.7 2.0 | 0.13 - 1.8 1.4 0.7
Std., bDev.| 0.5 0.9 1.0 0.6 { 0.18 0.6 0.5 0.5
No.Points| 147 147 147 141 32 141 141 141
Maximum 5.7 5.2 3.6 4.2 | 0.62 5.1 4.3 2.6
Minimum 2.7 | -0.6 -0.8 0.0 | 0.60 0.8 -0.4 0.7

An ozone dose of 2 mg/l reduced uv absorbance in the 2° sand
filtered water by about 50%; this ozone dose was enough to give
a small ozone residual after the contactor. The level of uv in
the ozonated water is plotted in Figure 15 which compares the
performance of the wood based Pica Biol and the coal based F400
when treating the ozonated water; both GACs had the same EBCT of
10 minutes. The coal based F400 clearly removed more uv
absorbance, and for a longer period, than the Pica Biol.

It is worth noting that although the Pica Biol was 80% saturated
after just 3 weeks, it continued to remove around 15-20% of the
uv absorbance and within the trial period it never became

- saturated. This suggests that adsorption onto Pica Biol may be
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highly compound specific with about 80% of the organics being unsuitable
for adsorption by Pica Biol. 1In contrast, F400 was capable of adsorbing

a far greater proportion of the organic material in the water.
3.5.2 Colour
{a) Effect of 3 stage treatment
Figure 16 shows colour at various stages of three stage treatment
{using sand filters at both filtration stages) plotted against
time. Summary statistics for the data plotted in Figure 16 are

given in Table 12.

Table 12 - Summary colour statistics at various stages of 3 stage treatment
- {(all values in Hazen)

Treatment [RAW WATER DAF :
Stage 1° RGF} 2° RGF
Appar True | Appar | True '
Mean 37.8 21.6 16.5 2.9 2.2 2.2
Std. Dev. 10.5 5.4 4.8 1.2 1.7 1.3 :
No. Points|147 147 147 147 147 147
Maximum 51 32 50 9 17 7
Minimum 18 12 11 0 -1 -1

The seasonal trends in colour were the same as the seasonal
trends in uv absorbance and it can be seen that colour removal
paralleled uv absorbance removal (i.e. some removal in the DAF,
and the remainder in the first filtration stage).

(b Location of GAC

Figure 17 shows cumulative colour removal by F400 carbon at
different locations in the treatment process plotted against days

run. The same trend can be seen in Figure 17 as was seen for uv

absorbance in Figure 11 : increasing EBCT resulted in more colour




removal for a longer period of time. The cumulative plot is shown
due to the high degree of scatter in the actual breakthrough
curves {colour was measured to the nearest 1° Hazen, which was a

significant proportion of the values being measured).
{c) Carbon type and ozone

Figure 18 shows a comparison of colour removal by F400 and Norit
PK, and Figure 19 shows a comparison of colour removal after
ozonation by Pica Biol and F400 BACs. F400 performed better for
colour removal than Norit PK, and F400 BAC performed better than
Pica Biol. Summary statistics for the data in figures 18 and 19.
are given in Table 13.

Table 13 - Summary colour statistics for treated waters

SAND QZONE | OZONE

Post SAND NORIT F400 2° RGF + +

Treatment |2° RGF PK + PICA F400
QZONE BIOL

Mean 2.2 1 1.6 1.0 0.5 0.5 0.2
$td. Dev, 1.3 1.2 1.1 1.2 1.2 1.0
No.Points!| 147 147 147 147 147 147
Maxzimum 7 3 6 6 6 3
Minimum -1 -1 -3 -3 -2 -2

Table 14 compares the mean percentage reduction in colour with
that for uv for the various post treatments and, with the
exception of ozone dose, the same proportion of colour as of uv
absorbance was removed by each treatment.

Table 14 - Comparison of the effect of post treatment on colour and uv

% Reduction in
Carbon

Colour uv
F4090 57 55
Norit PK 28 22
Qzone 71 53
Qzone +F400 89 82
Qzone +Pica 77 64

- 37 -
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The good correlation between colour and uv absorbance is
demonstrated further by Figure 20 which plots mean coiour for
each sample point against uv absorbance. The figure shows that
there is a good correlation between colour and uv absorbance, but

that the correlation appears to be non-linear.
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3.5.3 Total organic carbon
(a} Effect of 3 stage treatment

Figure 21 shows TOC in the raw water and in the sand filterxed
‘final water plotted against time. The plot shows that TOC
increased as a result of the Autumn Flush, and that this was
reflected by an increase in final water TOC. Since sand filtered
water colour and uv absorbance did not respond to changes in raw
water colour quality there must be a proportion of the TOC that
is non-coloured and uv inactive and resistant to removal by
coagulation. Summary statistics of the data plotted in Figure 21
are given in Table 15.

Table 15 - Summary TOC statistics for raw and sand filtered water

RAW |TREATED
WATER | WATER

Mean 5.25 2.68

Std. Dev. 1.48 0.80

No. Points| 28 30

Maximum 7.80 4,80

Minimum 2.54 1.26
{b) Location of GAC

Figure 22 shows cumulative colour removal by F400 carbon at
different locations in the treatment process plotted against days
run. As was seen for colour (Figure 17) and uv absorbance

(Figure 11), increasing EBCT resulted in more TOC removal for a
longer period of time. The cumulative plot is shown due to the
high degree of scatter in the actual breakthrough curves.

Summary statistics of the TOC results are given in Table 16.




Table 16 — Summary TOC statistics for effect of EBCT using F400

CARBON NONE 29 RGF}] 1° RGF{1°+2° POST 1° RGF
POSITION RGFs + POST
Mean 1 2.68 | 2.5 929 1 1.082.03 | 1.74

0
std. Dev. | 0.80 | 1.05 | 1.07 [ 1.09 | 1.19 | 1.09
No. Points| 30 30 30 30 30 30
Maximum 4.80 | 4.73 4.15 4,30 j 5.05 4.50
Minimum 1.26 | 0.51 0.23 0.00 | 0.13 0.15

(c) Carbon type and ozone

Figure 23 shows a comparison between Norit PK and F400 used in
post adsorbers, Figure 24 shows a comparison between Pica Biol
and F400 treating ozonated water. F400 removed more TOC for a
longer period of time than Norit PK, and Pica Biol. Summary
statistics for the data plotted are given in Table 17.

Table 17 - Summary TOC statistics for effect of post treatment

POST NONE NORIT F400 QZONE {0QZONE QZCONE

TREATMENT PK PICA F400
Mean 2.68 2.66 2.03 2.60 2.57 1.76
5td. Dev. 0.80 1.07 1.18 0.86 1.29 1.11
No. Points 30 30 30 29 29 29
Maximum 4.80 | 4.60 5.05 4,90 6.18 5.25
Minimum 1.26 | 0.43 0.13 1.19 | 1.10 0.16

A comparison of the effect of using ozone and/or GAC on TOC is
provided in Table 18, which gives the results of student’s paired
Tt’ test statistics for a number of paired samples.
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Table 18 ~ Paired ‘t’ tests for TOC

Mean Std.Dev. |No,Points

Difference|of Diff t' |Significant
Sand Only -~ Ozonated| 0.06 0.48 29 0.68 NO (1)
Dual GAC = Post =-0.05 : 0.44 .30 .| -0.63 NO (2)
OZONE/F460-F400 -0.23 0.40 29 -3.04 YES (2)
Pica Biol - Ozonated| ~-0.04 0.80 29 -0.24 NO (1)

(1)
(2)

one sided 95% significance level
two sided 95% significance level

Statistically, ozonation had no effect on TOC concentration and
there was no difference in the TOC removal between the two stage
(1° + 2° RGF) carbon and the post adsorber when both contained

F400 GAC. There was significantly greater removal of TOC, after
ozonation, by the F400" but not by the Pica Biol. It is possible

that ozonation altered the nature of the TOC by, for example,
breaking down large molecules and altering pdlarity (the observed
reduction in uv absorbance supports this) making it more readily
adsorbed by F400, but the improvement was not very great.

Figure 25 shows a plot of mean TOC for each'sample point against
mean uv absorbance. From this figure, it can be seen that there
is a good correlation between TOC and uv absorbance, but that it
is not linear, and that there is still a significant TOC
concentration (1 - 3 mg/1l) at zero uv absorbance.

It can also be seen that ozonation tended to reduce uv absorbance
more than TOC (the ozonated points lie above and to the left of

the unozonated points).
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3.0

3.6.1

DISINFECTION BY-~PRODUCTS
Chlorine demand

Figure 26 shows chlorine demand at various stages of three stage
treatment plotted against time. The raw water chlorine demand increased
gradually during the Autumn Flush, but there was a large increase in raw
water chlorine demand after about day 200. This is thought to have been
caused by high ammonia in the raw water which is often present after the
thawing of heavy snowfalls. |

The plot for the 1° RGF filtered water does not to follow the same
seasonal trend, but is consistent throughout the period of the trial,
éxcepting the increase after day 200 as a result of the suspected high
raw water ammonia concentration. The 2° RGF filtered water showed very
little response to variations in raw water chlorine demand, since most of
the chlorine demand was met by the chlorine dosed before the filter for

manganese removal.

Figure 27 is a plot of chlorine demand satisfied by the 2° RGF (i.e.
chlorine dosed for manganese removal less free residual after filter)
against time for the sand 2° RGFs in streams A and B; stream A iﬁcluded a
GAC 1°RGF whereas stream B included a sand 1°RGF. Stream B shows a weak
seasonal trend and a very clear increase in chlorine demand due to the
suspected increase in raw water ammonia. Initially the carbon reduced the
chlorine demand but as the carbon became saturated the difference between
the two streams reduced.

During the last four weeks of the trial, no chlorine was dosed to stream
Afs 2°RGF because of the investigation into manganese removal. Summary

statistics of the data shown in figures 26 and 27 are given in Table 19.




Table 19 - Summary chlorine demand statistics, excluding last 4 weeks of trial,
at different treatment stages

Treatment| RAW 1° RGF 2°RGF/filter 2°RGF/lab
Stage

WATER | Str A| Str Bl Str A| Str B| Str A Str B
GAC sand | sand | sand

Mean 1.05 | 0.30 | 0.46 | 0.40 [ 0.54 | 0.06 | 0.12
Std. Dev.| 0.15 0.12 } 0,07 | 0.10 j 0.07 j 0.09 | 0.05
No.Pointsy 27 27 26 27 27 27 27

Maximum 1.29 0.56 | 0.59 | 0.57 | 0.72 | 0.43 | 0.27
Minimum 0.72 0.01 §{ 0.37 | 0.24 | 0.40 {-0.02 | 0.03

Table 19 shows that the reduction in chlorine demand of the primary
filtrate as a result of the carbon was reflected by the reduction in

the chlorine demand for the subsequent sand filter. It also shows that
the overall chlorine demand of 2° RGF water (i.e. the demand in the
filter added to the demand in the laboratory) was much greater than the
1° RGF filtrate’s chlorine demand. This agrees with the results presented
in the phase 2 report (3), where it was suggested that the difference was
abtributable to a catalytic action of the sand surface in the 2° RGFs.

Table 20 shows summary statistics for chlorine demands of final waters
(excluding the last four weeks of the trial), including all ozone and GAC
post-treatments.

Table 20 - Summary chlorine demand statistics (all hand chlorinated final
waters) showing the effects of carbon position and post treatment

None|1°RGF|2°RGF[1°+2°| 3° [1°+3°| 3° |OZONE|OZONE|OZONE
' F400 |F400 (F400 |F400 jF400 |[NORIT +F4Q0 |+PICA

Mean 0.12| 0.06| 0.20| 0.15| 0.19| 0.15| 0.17] 0.13} 0.127 0.17
std. Dev.| 0.05} 0.09| 0.06] 0.06| 0.09} 0.09| 0.08; 0.06| 0.07( 0.05
No.Points| 27 -27 27 27 27 27 27 26 26 26

Maximum 0.27| 0.43| 0.34} 0.30| 0.36} 0.32| 0.36| 0.24{ 0.22} 0.27
Minimum 0.031-0.02| 0.07{-0.02{-0.03{-0.03| 0.07|-0.03|-0.05| 0.06
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None of the post adsorbers nor ozonation had a great effect on final
chlorine demand when compared to the final, sand filtered, water but the
demand was generally low. The chlorine demand after 2° sand filtration
was less than that after 2° GAC filtration which suggests that chlorine
demand was better satisfied in a sand filter than in a carbon filter, due
to the removal of éhlorine by the carbon.

3.6.2 Trihalomethanes
(a) Hand chlorination and THM development

Throughout the three phases of the experimental work, the 30
minute hand chlorination method was always used to produce THMs.
The method is based on the WHO recommendations for disinfection
(5}, whereby chlorine is dosed to give a free residual
concentration, ¢ (mg/1l), after time ,t (minutes), of disinfection
such that the product c*t = 15, Thus for 30 minutes disinfection
time, a free residual of 0.5 mg/l is required. The advantages of
using the 30 minutes hand chlorination method in the laboratory
are that the conditions are fixed, and it is reproducible, so
that different waters can be compared. It is also quick, and easy
to carry out. However, under operational conditions disinfection

contact times range from 30 minutes to several hours, and a free

chlorine residual is usually maintained up to the consumer’s tap.
The total available contact time for THM generation could,
therefore, be up to 7 days and the levels-of THMs would be
gréater than those produced after only 30 minutes. Experiments
were, therefore, undertaken to determine the relationship between
THMs produced by the 30 minute hand chlorination procedure, and
THMs produced under extended contact times,

(i) Development of THMs without excess free residual

In these experiments, samples of water were taken from
different points in the treatment stream and were hand

chlorinated to give a free residual of 0.5 mg/l after 30




(ii)

minutes. The formation of THMs and the decay of the free
chlorine in these samples was then monitored over an
extended period (the results are tabulated in Tables A24
to A28, Appendix A).

Figure 28 shows a plot of free residual against time for
raw and treated water samples. This plot shows that the
free residual in the raw water decayed more rapidly
(reaching 0 in about 5 hours) than the treated water
sample (reaching 0 in about 10 hours).

Figure 29 shows a plot of total THMs against time for the
raw water and the treated water samples. The figure
shows that as long as there was a free residual, THMs
continved to form, but that once the free residual had
decayed, THM formation ceased. There was also a
significant increase in bromonated THMs over the
development time (Tables A24 to A27, Appendizx A).

Two samples were booster chlorinated to restore the
residual to 0.5 mg/l and they show very little increase
in total THMs, possibly because the booster dose was only
given 30 minutes before the sample for THMs was taken,

Figure 30 shows a plot of total THMs against chlorine
demand for raw and treated water samples 2, This figure
shows a linear relationship between chlorine demand and
total THMs formed. However, the relationship for the two
samples is not the same.

THM development with excess chlorine
In this experiment, samples of final water were taken and
given large enough chlorine doses to leave a free

residual after the specified extended contact time. This
method of assessment of thm potential was intended to
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model the situation where enough chlorine is dosed at the
works to leave a free residual at the consumers tap
(results are tabulated in Table A28, Appendix A},

Figure 31 is a plot of THM formation against contact time
where there was a free chlorine residual throughout. The
results for two samples are shown, both have been treated
by DAF and two stage sand treatment, with one subject to
post-treatment by ozone and F400. The figure shows that .
‘over the first 20 hours the total THMs increased in both
samples, reaching a peak after about 50 to 70 hours (i.e.
2 to 3 days), followed by a decrease. It should also be
noted that although the 30 minute THMs were less than the
peak value, the higher 30 minute THMs produced the higher
peak THMs,

The results were obtained on the 21 Jan 19%1, and the
peak total THM concentrations coincided with the
development of brominated THMs. Brominated THMs accounted
for 26% of the total in the sand treatéd water, and 47%
in the ozone/F400 treated water; by comparison 30 minute
THMs were <4% brominated in the sand treated and <7%
brominated in the ozone/F400 treated waters.

Figure 32 shows the values for THMs developed after 16 to
24 hours plotted against 30 minute THMs, and figure 33
shows the same plot with expanded scales (i.e. excluding
the raw water sample). From these figures it can be seen
that there is a good positive correlation between long
term (16 to 24 hours)THMs and 30 minute THMs. The
relationship is not the same for each data set, although
the gradients of three of the data sets in figure 33
appear to be very similar.

For any set of samples hand chlorinated at the same time,

there is a relationship between THMs formed after 30
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minutes and THMs formed after extended periods of time but there
is no simple way of establishing maximum potential THM
concentrations from the 30 minute hand chlorination results. An
alternative treatment process that reduces the level of THMs
produced after 30 minutes should alsc reduce THMs produced after
extended periods of chlorination.

(b) Effect of 3 stage treatment

Figure 34 shows total THMs formed during hand chlorination in
samples of water taken at various stages of three stage treatment
plotted against time. There appears to be a weak trend in raw
water total THM precursors, similar to the trend seen with uv
absorbance. However, the total THM precursors in the sand
filtered waters appear to-follow a totally different trend,

decreasing during the Autumn Flush, and starting to increase
again as uv absorbance started to decrease. This may have been
caused by temperature variations (since THM formation is slower
at lower temperatures), or by the higher coagulant doses employed
during the Autumn Flush. BAs was observed during the previous two
phases (2,3), the THMs formed during passage through the 2° RGF
and subsequent hand chlorination of the filtrate were
consistently greater than those formed during hand chlorination
of the 1° RGF filtrate (Table 21).

Table 21 - Summary total THM (30 minutes) statistics for treatment stage

Treatment RAW 1° RGF {2° RGF
Stage WATER

Mean 21.83 | 5.9¢6 8.26

Std. Dev. 5.16 | 2.23 3.29

No. Points 31 30 31

Maximum 32.99 ] 2.73 [16.65

Minimum 10.33 | 2.41 3.61
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{c)

Location of GAC

Figure 35 shows THM precursors after treatment by carbon at
different treatment stages plotted against time. For the first
104 days, there was little scatter in the data, and it is clear
that increasing the EBCT resulted in more THM precursors being
removed for a longer period of time. From day 111 to day 139,

there is much more scatter, although the trend is consistent.

Figure 36 shows computer model predictions for THM precursor
breakthrough with EBCTs of 3.75 minutes (2° RGF), and 10 minutes
(1°+ 2° RGF or Post), as well as the experimental points. The
model’s constants (equilibrium and kinetic) were selected by
reiterative calculation to give the best visual fit to the 2° GAC
RGF data. These were then used to predict performance of the
carbon in all positions based on the THM precursors measured in
1° sand RGF. From the figure, it can be seen that all three sels

of experimental data are modelled fairly well.

Figure 37 shows the model predictions for EBCTs of 6.3 minutes
(1° RGF) and 16.3 minutes (1° RGF. + Post), using the same feed
and model constants as in figure 31, It can be seen that the
model also predicts these data reasonable well. '

since the same model constants were capable of accurately
predicting preakthrough profiles for all the experimental data,
this shows that the carbon position was not an important factor

in carbon performance, but that EBCT was.

Table 22 gives summary statistics for the effect of carbon
position on total THM precursors. The table shows that hand
chlorinated filtrates from both sand 2° RGFs contained more THMs
than their corresponding 1° RGF. This is the result of THM
formation within the sand 2° RGF as a result of the chlorine

dosed for manganese removal.
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Table 22 - Summary total THM (30 minutes) statistics for effect of
' carbon position

Primary Final Filtrates.
Filtrates

1° J1e42° 2° 2° 1°RGF| 3°
RGF { RGF RGF RGF + 3°
F400 | SAND | F400 | F400 | F400 | sand | F400 | F400

Mean 3.29 | 5.96 | 4.38 | 3.31 | 5.57 | 8.26 | 1.83 | 3.06
Std.Dev 2.38 | 2.23 | 2,65 | 2.80 | 2.60 | 3.29 | 2.09 | 2.98
No.Pointsj 31 30 31 30 | 31 31 3 31
Maximum 9.29 112.73 |10.61 | 9.76 {10.57 [16.65 | 6.68 [10.20
Minimum 0.22 | 2.41 §{ 0.22 | 0.22 | 0.51 ] 3.61 ] 0.18 | 0.22

The post adsorber (3°) and two stage (1°+2° RGF) carbon produced
similar total THM precursors, although the two stage carbon, on
average, removed slightly less THM precursors than the post

adsorber, probably as a result of carbon loss towards the end of
the trial,
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(d) Carbon type and ozone

Figure 38 shows a comparison of F400 and Norit PK for THM
precursor reducticn. The figure clearly shows that F400 removed
more THM precursors than Norit PK.

Table 23 gives summary statistics for the effect of post
treatment on total THM precursors. The table shows that THM
precursors were reduced 31% by ozonation, 63% by F400, and 75% by
combined ozonation and F400.

Table 23 - Summary THM (30 minutes) statistics for post treated waters

control Post Treatment |

SAND NORIT | F400 OZONE | OZONE | OZONE

2° RGF PK + +

PICA F400
Mean 8.2¢6 5.01 3.06 5.72 4.98 2.04
Std. Dev.| 3.29 2.85 2.98 2.99 2.52 2.36
No.Points 31 31 31 30 30 30

Maximum |16.65 12,77 110.20 [10.97 |10.01 8.71
Minimum 3.61 <0.22 [|<0.22 0.37 | 0.36 [<0.22

Ozone and Pica Biol only reduced total THM precursors by 40%,
which was little improvement on ozone alone. Figure 39 compares
F400 and Pica Biol treating ozonated water and clearly shows that
F400 performed better than Pica Biol.

Comparing the two carbon 2° RGFs with their respective 1° RGFs,
it can be seen that there is far less difference in total THMs

(an increase of 0.02 ng/l for the carbon 1° RGF, and a decrease
of only 0.39 pg/l for the sand 1° RGF) than would be expected (a
reduction of from 1 to 2 pg/l would be expected taking the two 1°
RGFs as guides}). 'It~wou1d, therefore, appear that there is some
formation of THMs within the carbon 2° RGFs, as a result of
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chlorine dosed for manganese oxidation, despite the absence of a free
chlorine residual in the filtrates.

THMs formed within the treatment stream as a result of chlorination were
removed by F400 in the 3° adsorber. However the capacity for such THMs
was low and when, at the end of the trial, chlorine dosing to the 2° RGF
was stopped for four weeks, THMs at low concentrations (2-6 pg/l1)
desorbed from the carbon. None of the other post adsorbers, or ozonation,
removed THMs from the 2° RGF filtrate.

3.6.3 Adsorbable Organic Halide

(&) Effect of 3 stage treatment

Figure 40 shows AOX, resulting from chlorination, at various
stages of three stage treatment plotted against time. The figure
shows that AOX precursors in the raw water increased from days 60
to 90 as a result of the Autumn Flush, and then gradually |
decreased. The high raw water AOX on day 216 coincides with high
raw water chlorine demand, which has been assumed to be the
result of high raw water ammonia. The AOX precursors after each
stage of sand filtration were fairly constant throughout the
duration of the trial, as a result of effective coagulation dose
control. The difference between the 1° and 2° RGFs was less than
that seen with THMs, which supports observations made during
phase 2 (3) that AOX formation is less sensitive to chlorine dose
than is THM formation. Table 24 presents summary statistics of
the data plotted in figure 40.

Table 24 — Summary AOX statistics at different treatment stages

Treatment RAW {1° RGF [2° RGF
Stage WATER :
Mean 74,4 30.0 33.1
Std. Dev. 15.4 6.9 13.3
No. Points 16 16 16
Maximum 107.9 50.7 74.9
Minimum 50.5 18.3 8.0
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}b)

Location of GAC

Figure 41 shows AOX after carbon at different places in the
treatment process plotted against time.

The same trend can be seen in figure 41 as was seen for THMs,
with increasing EBCT resulting in more AOX precursors being
removed for a longer period of time. A comparison of figure 41
and figure 34 shows that AOX precursor breakthroughs started at
about the same time as THM precursor breakthroughs. Summary
statistics for the points plotted in figure 41, as well as for
the primary RGFs, are given in Table 25. The similar values
obtained in the hand chlorinated 1° and 2° sand RGF filtrates
indicates that the chlorine dosed for manganese coxidation made no

_statistical difference to ACX ({(at 95% confidence level).

Table 25 — Summary AOX statistics for effect of carbon position

Primary Final Filtrates
Filtrates

1° 1°+2° 2° 2° 1°RGF| 3°
RGF | RGF RGF RGF + 3°
F400 | SAND | F400 | F400 [ F400 | sand | F400 | F400

Mean 19.9 | 30.0 | 20.4 | 17.5 | 23.9 | 33.1 | 11.8 | 19.9
Std.Dev 10.1 6.9 7.3 7.3 8.9 | 13.3 5.3 | 12.8
No.Points| 15 | 16 16 16 16 16 16 16

Maximum 44,5 } 50.7 | 30.7 | 28.6 | 36.2 | 74.9 | 24.8 | 59.1
Minimum 8.0 { 18.3 8.0 8.0 8.0 8.0 8.0 8.0

{c)

Carbon type and ozone

Figure 42 shows a comparison of F400 and Norit PK for AQX

precursor removal; F400 removed more AOX precursor for longer
than Norit PK.




Figure 43 shows a comparison of F400 and Pica Biol, both after
ozonation, for AOX precursor removal. Ozonation alone greatly
reduced ROX precursor, and F400 removed much more of the
remaining AOX precursor for longer than Pica Biol. Summary
statistics of the data in figures 42 and 43 are shown in

Table 26.

Table 26 - Summary AOX statistics for post treated waters

Control Post Treatment

SAND NORIT | F400 |OZONE | OZONE | OZONE
2° RGF PK + +
- F400 PICA

Mean 33.1 27.7 | 19.9 14.4 8.9 1 12.8
Std.Dev 13.3 7.7 12.8 6.1 2.4 3.1
No.Point 16 16 16 16 16 16
Maximur 74.9 40.4 | 59.1 35.3 17.2 | 17.5
Minimum . B.0 8.0 8.0 8.0 8.0 8.0
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3.6.4 Mutagenic activity

Figures 44 and 45 show total (pH2 + pH7) TA 98 and TA 100 mutagenic
activity precursors respectively after treatment by carbon at different
stages of the treatment process. The trends which were seen for uv
absorbance, THMs and AOX can also be seen in figures 44 and 45.
Increasing EBCT iesulted in lower mutagenic activity precurscr for a
longer period of time. Comparing the two figures, it can be seen that
carbon removed a greater proportion of TA 98 precursor than TA 100
precursor, and that the initial breakthroughs for TA 98 percursor
occurred at about the same time as the initial breakthroughs for total
THMs and AOX. TA 100 precursor appears to have broken through before the
other disinfection by-products (but at about the same time as uv

absorbance) .

Tables 27 to 30 give summary statistics for TA 98 and TA 100 mutagenic
activity extracted at pHs of 2 and 7.

Table 27 - Summary statistics for TA 98 mutagenic activity (at pH 2)

1° 1e+2°| 2° i°+3°| 3¢ 3° OZONE
RGF | RGF | RGF
CONTROL|F400 |F400 {F400 |[F400 |F400 {NORIT|only [+F400|+PICA

Mean 2.84 1.35] 1.19) 1.88} 0.60| 0.83] 1.47) 0.75| 0.34{ 0.37
Std.Dev | 0.66 0.74] 0.71| 0.55} 0.41} 0.60| 0.41{ 0.34| 0.16] 0.33
No.Point T 7 7 7 7 7 7 7 1 1

Maximum | 3.95 2.47( 2.09| 2.76| 1.06| 1.61| 1.92| 1.15| 0.50; 0.93
Minium 2.09 0.50f 0.47| 1.07[-0.03| 0.17]| 0.91} 0.13] 0.05|{-0.08

Table 28 - Summary statistics for TA 98 mutagenic activity {(at pH 7)

1e ple+2¢| 2° |1°+43°| 3° 3° QZONE
RGF | RGF | RGF :
CONTROL|F400 [F400 {F400 {F400 {F400 {NORIT|only |+F400|+PICA

‘[Mean 3.89| 1.36| 0.89| 1.94| 0.61| 0.42] 0.62] 1.59( 0.27| 0.52
Std.Dev 0.89] 0.64| 0.66| 0.89) 0.27] 0.34( 0.37{ 0.38]| 0.37] 0.27
No.Points 7 7 7 7 7 7 7 7 7 7
Maximum 5.331 2.14] 1.76] 2.%1) 1.00] 0.79( 1.16| 1.95] 0.84] 0.98
Minium 2.731 0.531 0.00| 0.43| 0.27|-0.16] 0.08] 0.94}{-0.23} 0.17
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Table 29 - Summary statistics for TA 100 mutagenic activity (at pH 2)

1°  [1°+42°} 2° [1°43°]| 3° 3¢ OZONE
RGF | RGF | RGF
CONTROL|F400 |[F400 |F400 |[F400 |F400 [NORIT|only |+F400[+PICA

Mean 11.25| 7.59| 6.55} 9.11| 5.22| 3.19]| 5.93| 8.31f 3.17} 5.05
Std.Dev 4.28! 3.22] 3.70| 2.39] 2.17{ 2.53} 3.82] 3.60| 1.41| 1.56
No.Foints 7 7 7 1 7 7 T 7 7 7 7

Maximum 15.99{10.41(10.41|12.51| 7.58] 6.07|11.76]12.98] 4.29] 7.81
Minium 4.96| 2.69} 1.50| 5.66{ 2.57| 0.27| 1.01} 2.92j 0.38] 3.33

Table 30 - Summary statistics for TA 106 mutagenic activity (at pH 7)

1°  [1°42°| 2° |1°+3°] 3° 3¢ QZONE
RGF | RGF | RGF ,
CONTROLIF400 |F400 [F400 |[F400 [F400 |NORIT|only |[+F400(+PICA

Mean 9.60] 4.15| 3.95 6.58- 2.99]| 2.32| 2.74| 5.65| 0.98] 2.23
Std.Dev 4.25| 2.05( 1.38] 3.13; 1.59; 1.76 1.36} 2.67| 0.77] 1.92
No.Points 7 7 7 7 7 7 7 7 7 7

Max imum 17.97! 7.15| 5.56| 9.93| 6.30| 5.50) 5.38| 9.40| 2.04} 6.27
Minium 4.96| 1.94| 2.03} 0.69| 1.73| 0.96| 1.82] 2.69| 0.08| 0.28

Figures 46 and 47 show comparisons of F400 and Norit PK for total TA 98
and total TA 100 precursor reduction respectively. F400 produced a’
greater reduction in both types of precursor than Norit PK. Both carbons
were far more effective at reducing T2 98 precursor than TA 100

precursor.

Figures 48 and 49 show comparisons of F400 after ozone and Pica Biol for
total TA 98 and total TA 100 precursor reduction respectively. Ozonation
alone greatly reduced both types of precursor, and F400 removed more
remaining TA 100 precursor than Pica Biol. However, there is very little
difference between the two GACs for TA 98 removal, mainly due to the very

low level of TR 98 precursor after ozonation.

- 83 -

J\



SN
b g

-~ / o -
‘

0ltg T ———— -

uot3isod

~ “~
e VAI.!... _—
‘ N

. 5

-
-\!.\l.d ~

- Wlh@./.f —_—
T~ -]
-
M Y =

- 050
-00° T
+06°T
+00°2
+0¢°2

+00°€

1o0s°¢€
1007
105y
+-00°¢
105°g
1009
+0s°9

+06° L
+00°8
+06°8
+00°6

cm:oLcuxmmLm SJ0SJN0dJdd A3tLAL3oy otuabelny 86 V1 Le3O0L -

awt]l 30ejU0) pag Aizdw3l Jo 3084473

vy OL4

+00° 4

> ©— D O

V— O oo

_84_



000

0m+0 T ————5

A -

Jy3idesJdg SJ40SJ4Nn08Jd A3LAL3oy otuabeinW 00T vl LElOl
swl | 3oeju0)] psg Ajdw3 jo 309443 gy BLd

ybn

+00°2
+00°¥
009
+00°8
L 00°0T
L 00°2T
L 00" 7T
L 00° 9T
400°8T
10002
- 00°22
L 00" ¥Z
L 0092
L 00" 82
- 00°0€
L 00" Z€
+00°vE

1

1

1

!

> @ e~— I 0

Vi— O 0O W

- 85 -




JLION —

00Vd ————=x%

JvI
ybnodyixeasg sJosunoadd A3LAL3O0yY oLuabeinw 86 YL Le30L -

-00°'6

00¥3d PuU® Xd 3LJ4ON 4o uosisedwo]d 9y B4




(sAep) suwl ]

002 01 00T 0g 0
| “ | " 00°0

1002

100V
+00°9

1008

4 00°0T
{0021
400" ¥T
L 00° 9T
L 00° 8T
100°02Z
10022
10072
{0092 |
- 00" 82
L 00 0€
L 00" Z€

ILJON ———

=0

Q0vd ————-%

— !
> o — 3J o
- 87 -

vye— O QO ©

[

i
!
/

-
-

b

Jva | -r00"vE A
ybnoJyixesadg sJosunoadd A3LAL3oy orusbejny 00T VL Le3joL -
004 PUB 3d ILJON 40 uosisedwol "Ly BLd




002 DMH 001 0¢ 0
|

¥ +0Z2°0-
BOld ——— gt | )\ +0T7T 0~
00°0
+—0T°0
+02°'0
+0€°0
+0¥'0
+06°0
+09°0
—+0.°0
+08°0
+06°0
+00°'T
+0T°1T
+02°'T1
+0€°T
+0V'T
—~06°T
+09°'T
. +04°T
\..\ //H__ T 08°'T
/ & + 06T
.\\ . T 00°¢
/ +0T°2

00¥Vd ——~———x

> O — W

- 88 -

=~ 00 o

V9 g | +0Z°2
LBAOWRY su0osunOdJdd AJLAL30y oLuabeinw 86 ¥l Le10L -
(2uo0zQ Jo34y) 00OV4 Pue (0Lg BOLd 40 uosLJedwo) "8y Ot 4




00z 0sT - 00T 0% 0 !
| |

BOld ———+ - / +00°'T
+00°2
+00°¢

+00°¥F

00V4 —————x T00s

> O — 3J W

+00°9

- 89 -~

+00° ¢

+00°8

e— O Q o

+00°6

-00°0T

-00° 1T

]
// hﬁ
o +00°zT

~
wJ

V9 |
ybnouyixesadg sdsosdanoadd A3LAL10y otuabeanw 00T Y1 [B210L -
(auozp Ja3ljy) 00v4 pue LOLg BOLd 40 uosiJedwod "6 DL4




3.7

USE OF POWDERED ACTIVATED CARBON (PAC)

At the end of the main trial a short investigation into the use of PAC
was undertaken. Only the DAF and 1° RGF were operated on one stream
using ferric as the coagulant.

PAC was added to the dosed raw water prior at the beginning of the
flocculation tanks at doses up to 40mg/l. No water quality measurements
were made to assess the performance of the carbon but its effects on the

physical behaviour of the process were recorded.

The major effect was to increase the solids loading on to the primary
filters resulting in an increase in the headloss development (Figure 50).
such that at a'dose of 40mg/1 the run length was only 6 hours compared
with 12-18 hours without PAC dosing. The increased carry-over appeared
to be due to the presence of heavier floc.

The addition of a polyelectrolyte (LT25) alleviated the headloss build-up
somewhat (Figure 50) which may have been the result of greater removal by
the DAF.
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(1)

(i1)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

SECTION 4 - CONCLUSIONS

Sclids, iron and aluminium carried over from the clarification stage

can be removed as effectively by filtration through GAC as by filtration
through sand. This removal does not adversely affect the performance of
GAC for organicé removal. (Sections 3.2 and 3.3).

Given the correct conditions, manganese can be removed on GAC and the
accumulation of manganese on the GAC does not adversely affect the
performance of the GAC for organics removal. (Sections 3.3.2 and
3.5.1(b}}.

The removal of organics by carbon was the same at pH 6.5 and.ét pH 9.
(Section 3.5.1(b)). '

The carbon bed life is dependent on the empty bed contact time for the
carbon; doubling the empty bed contact time of carbon doubles the bed
life. (Section 3.5.1(b}, 3.5.2(b), 3.5.3(b)}.

Coal based carbon (F400) performed better than peat based carbon (Norit
PK) for colour, TOC, THMs, AOX and mutagenic activity reduction.
{Section 3.5.2(c), 3.5.3(c), 3.6.2(d), 3.6.3(c), 3.6.4).

Ozonation of water after 3 stages of treatment had no effect on TOC but
reduced, colour by 77%, THM precursors by approximately 30%, AOX by 56%,
and mutagenic activity by 70%. (Section 3.5.3(c), 3.5.2(c), 3.6.2(d),
3.6.3(c), 3.6.4).

Coal based F400 after czonation performed much better than wood based
Pica Biol after ozonation for TOC, THMs, AOX and mutagenic activity
reduction. (Section 3.5.3(c), 3.6.2(d), 3.6.3{(c), 3.6.4).

There was no synergistic effect from using ozone and GAC, but the
improvement in water quality from ozonation resulted in improved

performance of the subsequent carbon adsorber. (Section 3.5.3(c),
3.6.2(d)).




(ix) During the 8 months of the trial there were very few indications of

bacteriological activity within the carbon. (Section 3.4, 3.5.3(c)).

{x) Powdered activated carbon can be added prior to the DAF but it increases
solids carry-over onto the 1° filter and reduces filter run length.

(Section 3.7).
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SECTION 5 — RECOMMENDATIONS

Activated carbon can be used to reduce disinfection by-products by removing
precursor molecules. The most effective carbon is likely to be coal based. It
can be used in a granular form as a media replacement in primary or secondary
filters but its effective bed life will be dependent on the available contact
time. Economic evaluation will be needed to decide on the best location. Bed
life can be increased by using the GAC in conjunction with ozone. If used as a
powder, dosed prior to the dissolved air flotation stage, shorter filter runs

may have to be accepted.




(1)

(2)

(3)

(4)

(5)

(6)
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al

A2

A3

Ad

A5

Ab

A7

Ag

A9

Al0
All
al12
Al3
Al4
Alb
Al6
Al7
Al8
ALY
220
A21
A22
AZ3
A24
AZ5
26
AZ7
A28
A29
A30
A3l
A32
A33
A34

APPENDIX — TABLES OF RESULTS

Days Run, Chemical Doses, Residuals and Temperatures

pH

Turbidity

Iren

Paired Iron ‘t' Tests, with respect to Sample 4

Manganese

Paired Manganese ’'t’ Tests, with respect to Sample 4

Effect of 2° RGF pH on Manganese Removal

Aluminium

Paired Aluminium ‘t’ Tests, with respect to Sample 4

Total Coliforms (per 100ml)

Total Coliforms (per 100ml) - Non-Chlorinated

E-Coli (per 100ml)

E-Coli (per 100ml) - Non-Chlorinated

i-Day Colony Counts (at 22°C})

Paired 1 Day Colony Count 't’ Test Data with respect to sample 8
rt’ values for Unchlorinated Colony Counts with respect to sample 5
3-Day Colony Counts (at 22°C)

Paired 3 Day Colony Count ’'t" Test Data with respect to sample 8
uv Absorbance

Colour

Total Organic Carbon

Chlorine Demand

THM development/chlorine residual decay in Raw Water Test 1
THM development/chlorine residual decay in Treated Water Test 1
THM development/chlorine residual decay in Raw Water Test 2
THM development/chlorine residual decay in Treated Water Test 2
THM development with Excess Chlorine

Chloroform

Bromodichloromethane

Dibromocloromethane

Bromoform

Total Trihalomethanes

Adsorbable Organic Halide




A35
A36
A37
A38

TA 98 Mutagenic Activity at pH.-2 (slope value)
TA 98 Mutagenic Activity at pH 7 (slope value)
TA 100 Mutagenic Activity at pH 2 (slope value)

TA 100 Mutagenic Activity at pH 7 (slope value)




Table Al - Days Rumn,

Chemical Doses, Residuals and Temperature

DATE DAYS Fe 0ZONE OZONE str A Cl str B Cl C1 DOSES Temp
DOSE DOSE RESID| Residual Residual |Str A Str B
Free Total|Free Total
mg/l mg/l mg/l| mg/l mg/1| mg/1l mg/limg/1 mg/l |Deg C
2-AUG-1990 1 1.7 0.10 0.321 0.02 0.27 16.5
3-AUG-1990 2 2.0 0.13 0.37% 0.02 0.27 16.7
6-AUG-1990 5 2.0 0.03 0.331 0.04 0.34 16.4
7-AUG-1990 6 2.3 1.9 0.08 0.367 0.01 0.33| 0.52 0.53 16.7
8-AUG-1990 7 2.1 0.09 0.38] 0.04 0.38 16.8
9-AUG-1990 8 1.9 0.03 0.27} 0.06 0.37 16.8
10-AUG-1990 9 3.3 0.13 0.34] 0.09 0.34 17.0
13-AUG-1990 12 0.0 0.26 0.39] 0.19 0.34 17.0
14-AUG-1990 13 2.1 1.7 0.06] 0.27 0.38] 0.24 0.39 0.54 0.74] 17.0
15-AUG-1990 14 1.5 0.00} 0.18 0.29 0.12 0.26 16.5
16-AUG-1990 15 2.2 0.00| 0.02 0.1% 0.12 0.32 15.6
17-AUG-1990 16 2.2 0.06 0.21] 0.12 0.29 15.0
20-2UG-1990 19 3.4 0.00| 0.11 0.24f 0.10 0.23 15.0
21-AUG-199%0 290 2.1 1.9 0.02] 0.17 0.30] 0.13 0.26] 0.43 n.57] 14.5
22-AUG-1990 21 2.0 0.16 0.26] 0.10 0.25 14.8
23-AUG-1990 22 2.1 06.08 0.22] 0.05 0.21 14.9
24-BUG-1990 23 2.9 0.11 0.21) 0.07- 0.21 14.8
28-AUG-1990 27 1.5 0.07 0.26) 14.9
29-AUG-1990 28 2.4 1.5 0.00f 0.11 0.27 0.07 0.261 0.35 0.47 14.8
30-AUG-1999 29 2.7 0.11 0.30} 0.09 0.30 14.8
31-AUG-1990 30 2.0 0.10 0.27] 0.09 0.30 14.7
3-SEP-1990 33 1.7 0.09 0.07 15.5
§-SEP-1990 34 2.2 1.7 6.00| 0.10 0.24 0.10 0.25| 0.37 0.63 15.5
5-SEP-1990 35 2.5 0.10 0.22] 0.08 0.24 15.0
6-SEP-1990 306 1.7 0.20 0.24} 0.12 0.25 14.8
7-SEP-1990 37 1.6 0.05 0.26] 0.06 0.30 14.1
10-SEP-1990 40 1.6 0.02 0.24} 0.03 0.28 14.2
11-SEP-1990 41 2.5 3.6 0.00] 0.05 0.25 0.06 0.311 0.32 0.54 14.0
12-SEP-1990 42 1.2 0.04 0.25; 0.05 0.30 14.0
13-SEP-1990]| 43 1.8 0.04 0.28] 0.00 0.02 14.0
14-SEP-1990 44 1.9 0.05 0.29{ 0.07 0.35 14.0
17-SEP-1990 47 2.4 0.08 0.29| 0.10 0.36]. 13.8
18-SEP-1990 48 2.7 2.3 0.00} 0.05 0.32 0.09 0.38f 0.42 0.68 13.6
19-SEP-1990 49 1.6 0.04 0.27} 0.13 0.42 13.0
20~SEP-1990 50 1.6 0.37 0.731 0.53 0.83 12.0
21-SEP-1990 51 2.0 0.14 0.42) 0.22 0.53 11.8]
24-SEP-1990 54 2.2 0.11 0.37] 0.11 0.38 11.2
25-SEP-1990 55 2.6 1.9 0.00| 0.05 0.30 0.10 0.40} 0.36 0.63 11.0
27-SEP-198%0 57 1.7 0.04 0.32] 0.04 0.33 11.0
28-SEP-1990 58 2.6 0.03 0.29] 0.02 0.32 11.0
1-0CT-1990 61 1.3 0.03 0.30| 0.04 0.34 _ 11.0
2-0CT-1990 62 3.4 1.5 0.00f 0.07 0.34 0.08 0.37] 0.44 0.70 11.1
3-0CT-1990 63 2.0 0.10 0.36) 0.14 0.46 11.2
4-0CT-1990 64 2.1 0.15 0.44] 0.22 0.53 10.8




Table Al continued
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DATE DAYS Fe CZONE QZONE Str A C1 Str B C1 Cl1 DOSES Temp

DOSE DOSE RESID| Residual Residual [Str A Str B

Free Total{Free Total

mg/1 mg/l mg/l| mg/l mg/l| mg/1 mg/1 mg/l mg/l {Deg C
5-0CT-1990 65 1.8 0.10 0.35] 0.13 0.44 i10.8
8-0CT-1990 68 2.3 0.13 0.38] 0.24 0.54 10.5
9-0CT-1990 69 3.6 1.8 0.02| 0.14 0.40| 0.14 ©0.42 0.49 0.64] 10.3
10-0CT-1990 70 2.5 0.11 0.36} 0.10 0.37 1¢.3
12-0CT-1990 12 2.6 0.09 0.34| 0.06 0.33 10.6
15-0CT-1990 75 2.5 0.07 0.30]| 0.04 0.29 11.4
116=-0CT-1990 761 3.6 2.1 0.01| 0.10 0.33{ 0.12 0.37| 0.47 0.66 12.0
17-0CT-1990 77 2.8 0.15 0.53] 0.18 0.54 11.5
18-0CT-1990 78 1.6 0.18 0.41] 0.20 0.44 11.5
1%-0CT-15990 79 0.7 0.27 0.47] 0.21 0.52 11.0
22-0CT~1990 82 1.3 0.15 0.42] 0.10 0.37 10.5
23-0CT-1990 83 3.5 3.7 0.01] 0.18 0.42| 0.21 0.49! 0.57 0.73] 10.0
25-0CT-1990 85 1.4 0.00 0.24} 0.13 0.39 9.7
26-0CT-1990 Bé 2.3 0.04 0.27] 0.11 0.37 9.8
29-0CT-1990 89 1.8 0.02 0.21] 0.06 0.24 8.5
30-0CT-1990 a9 3.6 1.8 0.16] 0.06 0.33] 0.10 0.37] 0.43 0.66 8.2
31-0CT-1990 91 3.4 0.04 0.27] 0.11 0.38 8.0
1-NOV~-1890 92 1.6 0.05 0.28} 0.14 0.39 7.9
2=NOV-1990 93 2.0 0.10 0.33]| 0.18 ¢.44 7.7
5-NOV-199( 96 2.6 0.10 €.33] 0.16 0.41 7.0
6-NOV-1990 97 3.7 1.7 0.04) 0.13 0.35] 0.20 0.45| 0.47 o0.74 7.0
T-NOV-1990 98 2.0 0.10 0.32} 0.14 0.41 7.0
8-NCOV-1990 99 2.3 0.02 0.26] 0.12 0.39 6.8
9-NOV-1990 100 2.0 0.12 0.30] 0.13 0.37 6.4
12-NOvV-1990 103 1.8 ] 0.08 ¢.28] 0.12 0.35 7.0
13-NOV-1990 104 3.3 2.3 0.07] 0.01 0.23) 0.11 0.36[ 0.54 0.74 8.0
14-NOV-1990 105 2.5 0.05 0.28{ 0.01 0.27 7.4
15-N0OV=-1990 106 1.5 0.04 0.27| 0.14 0.39 7.4
16-NOV-1940 107 1.6 0.07 0.29{ 0.12 0.37 7.8
19-NOV-1990 110 1.7 0.08 0.35] 0.03 0.32 - 7.0
20-NOV-1930 111 3.6 2,3 0.54( 0.07 0.35] 0.07 0.32 0.58 0.79 7.0
22=N0Ov-199( 3.1 0.05 0.32] 0.11 0.38 6.7




Table Al continued

DATE DAYS Fe QZONE QZONE Str A C1 Str B Cl Cl DOSES Temp
DOSE DOSE RESID| Res dual Residual |Str A Str B
Free TotallFree Total
mg/l mg/l mg/l| mg/l mg/l| mg/l mg/l|mg/l mg/l |Deg C
23-NOv-199%01 114 0.6 ¢.15 0.37] 0.15 0.41 6.2
26-NOv-1980( 117 0.8 0.18 0.411 0.14 0.39 5.5
27-NOV-1990! 118! 3.5 2.1 0.11] 0.14 0.36| 0.20 0.45; 0.57 0.75] 5.5|
28~NOV-1990| 119 2.1 0.45 0.92] 0.63 0.96 5.5
29-NOV-1990| 120 2.1 0.25 0.45| 0.49 0.69 5.5
30-NOV-1990] 121 2.1 0.31 0.49] 0.40 0.60 5.1
3-DEC-1990 124 1.5 0.03 0.24] 0.16 0.38 . 5.0
4-DEC-1990! 125! 3.2 2.4 0.02] 0.11 0.32| 0.18 0.41 0.53 0.72] 5.0
5-DEC-1890| 126 1.5 0.10 0.327 0.13 0.36 4.6
7-DEC-1990| 128 2.0 0.12 0.35| 0.11 0.35 4.5
10-DEC-1990 131 2.5 0.04 0.28} 0.11 0.34 3.2
11-DEC-1990] 1321 2.9 4.2 0.09] 0.12 0.32] 0.14 0.37 0.59 0.68] 3.3
12-DEC-1980| 133 1.5 0.10 0.34] 0.11 0.37 3.2
13~-DEC-1990| 134 1.9 0.11 0.35] 0.12 0.39 3.0
14-DFEC-1990¢| 135 2.0 0.12 0.35] 0.14 0.38 3.0
17-DEC-1990| 138 2.0 0.09 0.34} 0.11 0.37 2.8
18-DEC-1900| 139 2.7 2.3 0.13] 0.12 0.35| 0.12 0.36 0.66 0.72] 2.5
19-DEC-1990; 140 1.5 0.10 0.34; 0.10 0.34 2.8
21-DEC=19901 142 1.8 0.09 0.331 0.07 0.31 3.0
27-DEC-1990| 148 2.0 0,07 0.36] 0.00 0.01 3.7
3-JBN-1991] 155 0.8 .07 0.38] 0.06 0.37 3.3
7-JBN-1991| 159 1.8 0.13 0.45| 0.10 0.45 2.8
§-JAN-1991 160 3.4 2.0 0.00] 0.13 0.45| 0.15 0.46] 0.54 0.59 2.5
9-JaN-1991] 161 1.8 0.53 0.70( 0.11 0.51 2.0
10-JAN-1991 162 1.8 0.34 0.66f 0.28 0.62 2.5
11-JAN-1991] 163 2.1 0.26 0.57] ¢.17 0.45 2.2
14-JAN-1991 166 1.5 0.08 0.45] 0.21 0.52 2.0
15-JAN-1991 167 2.8 2.1 0.10f 0.09 0.42} 0.17 0.507 0.49 0.60 1.9
16-JAN-1991 168 1.8 0.09 0.38] 0.12 0.43 1.9
17-JaN-1991]| 169 2.8 0.14 0.46] 0.14 0.46 1.8
18-JAN-16091 170 1.6 0.14 0.47| 0.14 0.47 1.7
21-JaN-1991] 173 1.1 0.12 0.45] 0.10 0.42 2.2
22-JAN-19911 174] 3.3 2.8 0.07| 0.14 0.48} 0.12 0.46| 0.55 0.60| 2.0
23-JAN-1991 175 1.6 0.12 0.44| 0.12 0.44 2.0
24-JAN-1991} 176 1.8 0.16 0.52{ 0.12 0.49 2.0
28-JAN-1991] 180 1.6 0.13 0.50] 0.12 0.48 2.0
29-JAN-1991| 181 2.9 1.7 0.15| 0.17 0.51} 0.13 0.48|( 0.72 0.70] 1.9
30-JAN-1991) 182 2.4 0.11 0.45| 0.10 0.46 2.0
31-JAN-1991| 183 1.7 0.13 0.47] 0.12 0.48 1.8
1-FEB-1991 184 1.8 0.12 0.47y 0.12 0.46 1.7
4-FFB-1991} 187 1.8 0.09 0.45) 0.08 0.4> 1.3
5-FEB-1991| 188 3.0 2.5 0.20] 0.12 0.47{ 0.12 0.48[ 0.63 0.68{ 1.3
6-FEB-1991| 189 2.0 0.08 0.44] 0.08 0.44 1.0
7-FEB-1991] 1990 0.10 0.45| 0.13 0.48 0.8
§-FEB-1991| 191 0.10 0.47} 0.13 0.49 0.6
11- EB-1991| 194 0.10 0.44| 0.11 0.46 0.5




Table Al continued

DATE DAYS Fe QZONE OZONE Str A Cl Str B C1 Cl DOSES Temp
DOSE DOSE RESID| Res dual Residual [Str A Str B
Free Total{Free Total
mg/l mg/l mg/l| mg/l mg/l{ mg/l mg/l|mg/l mg/l [Deg C
12-FEB-1991} 195y 2.7 0.12 0.46} 0.12 0.47| 0.63 0.70] 0.6
14-FEB-1991} 197 0.10 0.45] 0.10 0.46 0.7
15-FEB-1991; 198 0.10 0.45| 0.11 0.4¢ 0.8
18-FEB-1991] 201 2.2 0.10 0.08 1.0
19-FEB-1991y 202] 2.7 3.2 0.35| 0.10 0.47| 0.07 0.45 0.67 0.73] 1.0
20-FEB-1991] 203 2.8 0.11 0.47| 0.08 0.45 1.1
21-FEB-19911 204 1.5 0.00 0.01] 0.10 0.56 1.2
22-FEB-1991} 205 3.4 0.07 0.61 1.2
25-FEB-1991) 208 1.4 .02 0.55 3.0
26-FEB-1991| 209| 2.8 2.0 0.62 0.02 0.55{ 0.00 0.58] 3.2
27-FEB-1991! 2190 2.4 0.03 0.61 - 3.2{
28-FEB-1991) 211 1.8 0.05 0.64 3.3
1-MaR-1991] 212 1.5 0.08 0.67 3.4
4-MAR-1991} 215 1.5 0.13 0.73 3.2
5-MAR-1991; . 216 2.9 2.5 0.24 0.25 0.82] 0.00 1.18} 3.8
6=-MAR-1891 217 1.5 0.10 0.069 : 4.0
7-MAR-1891] 218 2.0 0.09 0.68 4.1
8§-MAR-1991 219 2.4 0.21 0.77 4.3
11-MAR-1991| 222 1.9 0.16 0.67 5.0
12-MAR-1991| 223 3.1 2.0 0.52 0.09 0.e0) 0.00 1.17| 5.3
13~-MAR-1991| 224 1.6 0.04 0.63 5.3
14-MAR-1991| 225 2.4 0.07 0.69 5.5
15-MAR-1991] 226 2.6 0.08 0.74 5.8
18-MAR~1691 229 2.4 0.14 0.79 6.4
19-MAR-1991| 230 2.7 2.4 0.55 0.12 0.77] 0.00 1.51| 6.8
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(Continued)

. pH

o~
<

(]
-
£
L]
2]

OFINQQQOQQNQFI‘\FOOOOQOOOOQFEU'OHDW‘DU\DﬂﬂQQOQOQOVQﬂOOONﬁ

--.'oun.c.----...o-..-------....oonn.o-------t.n--
- l’“l"‘l“l“'l“f‘-l‘"\ﬂ!"ﬁ@WW'ﬁl'"l""l“-l‘"thl"l"-l"-'ﬂ\ﬂ\ﬂ\ﬂUO\&WW\Q\DWE‘I“\DI‘I‘“PI’"‘I"‘FP‘FI’"I“
-

O MO O rr O O NN RN OO OO MO e YO YOO NO N O HNO OO S MNM

- L ) L . * - . . - - - . . L] - . * - - . * . . . - . » L . L] . . - + - . - + - . . - - L . * *
™ Lol el e el R ol o o o e k- R R R - N T A A N A
- . .

- .. . - . - L] L - . - . - . - . - - - - * . . * + . - L - . . . - - . - - + L] - * * * . - - L .
o~ uaoowc\mwwr-r-r-cncoawwaoeocoeowmwr-r-r-ﬁr-hhwewmnwwwawmmmmmua\e\
- .

Ve OO O O TN NN DT OGN IITETN I YO OO RORDRNMhONRNDO -

L T T T e T T
~ VGOV DR ORI OO ORI O OO0 DODORDODDDEG 0N
«

##wwm-—n—c«:hmnenvawwwoco:nummamaﬂoﬂomwowomammwmucwno\mm

T T T T T T T
(-] coeunaaoeuma\eawmmmhcamauacaauwwwﬂa\mmmuuahwwhwmwanaoumau
p

-1
u3 VWO NGO T N T OO O MM YA TO OO OUMUBEMNCSODINUMEBEMI O
L R T T T T T
-] wr'-ceeoeomeor-r-m\nmaaa\mcheeea!auawu\\omr-r-uhr'-r-eoeoeohr-uooena:mumeoaeoseo
. .
]
= Q‘G\NNNHNQO\DQQHN#F!O!QND\D\DOQQQ“U}HOOC’OOHNGIONOOOF!HONOHM
- - * +* . - . . - . 3 . * £ » . - - . . . - . - - - . - + - + - - - . . . . - L - L] + . + + L] - .
= b IR I R S S N R - R o O . - N . . . R
L]
MO NN NN ONANM A AN TOOMMMNOCON OO SOMNMOMN O O e &0 =
%] L T T T T T S T T
bl R R R R R R R N R R R R R R R -
1~ : .
B
COMNMNNY MDD GO N N OO O O DT M NNOCYT AN OO OO mMOE N
] L R R T T T T T T
L
v
O\ONNNMMDQ‘DQQ?‘O#ﬂo‘o—lﬁ@ﬂ!ﬂeer‘v—lﬁﬂﬂﬂo‘ﬂr"E‘ﬁ&\ooﬁOQNHOMOC‘H

L T I T T T

wammmmmr-r-%oaanmmmacmma.r-ooaoauchaommmaamwwnaﬁmmmmommammmm
@ >

NNQF"GWNMQMNMMQ‘Q‘Nﬂ\ﬂlﬂﬁ'Nlﬂ\D#‘PN#WQNI&Q“'U‘OM‘I‘#F‘MGNNNMﬁ‘l"ﬂ'

. . - » L] - LI ) - . . [ - - . . - - . L * L3 . . + L - . - . - . * * . - - - . - . - - - . - * +* e

- .
ONI"\Iﬂf"\HWQQMQQMNNQNHK}Q‘MQ‘QQH‘MTKH‘vavmhv!"ﬂ‘ﬂﬂﬂ‘ﬂﬂﬂﬂvmﬁ'
L T T T T T
wwwumew#mmwwwwwwmwwuwwwu\n\o\awwww\owuwu\ow\oo\owww\ewu\ne

. .
h\b\ﬂﬂﬂl"\b@‘ﬂ@“'&lﬂ\b@\ﬂlﬂ?‘biﬂW‘DlﬂwW!ﬂ‘D\QW\D\DN”‘DFFFP‘O"P‘FI‘-\D\DU‘OW“\

L L T T T T T S,
~

MrANANNANNANADD OO O wf wfre] 8l MooV OoOhOCO NNMNANOHMNNMNNMNO S D

LRI T T T T T S S

mmmmmmmmmv#mdvqmmu'nnmmmmu‘nnvq-vmmvmmmmmmmmmmmmmmmu-q-q'
i

QOOOOOQOOOQQEOQO'OOOOOQOOOO'OﬁQOOQOOOQOOQOQOQOOQﬂﬁFﬂ

mamaac‘owmao\cnc:cna\mo.a\mmommmmmmmmmammammmmmnmmmmmmamancn

ammmmmmmo\mmaa\amc\mammmmma\mo\mamamammmmmmmmanmoxmmmam

Hﬂﬂﬂﬁﬂﬁv—l-—'ﬁﬂﬂﬂﬂﬂﬁﬁ-—l‘-‘ﬂﬂP-I'-lFlFCHﬂﬂﬁﬂ-—lﬂv—lﬁ-—‘v—lv—l-—lﬂﬂﬂHHHﬂﬂﬁHﬂ

LN L T T O T T L L T L T O Y A Y Y B B T I O O T I R R I R R

!-lBBBHHHBHBHH»#bP?bbb?bbbi"'?bbbb‘b?’bﬂUUUUUUUUUUUUUZZ

VDU OOULUULDUUOO0CO00000000000O00CO00ODM DMK MEMAMMEIKMIMNSKIRGE<

] C OO O O O e D O O O E R R R R SN R R R E e EE R EEACARAROR AR AOA R
[ 2] IilllFilll[lllllIIII!IIIIIIIllillllllllllllllllll
o mwﬁﬂmﬂnm\omoﬂﬁﬂmohqumvmmmonmur-eoa\emvmhe-—qnmvr-ucn-—cr-nr-
=] Mt SN ™ SN NN NNNNM e ] e e e NN




MM NP MOO SN e et el et S~ e ed I~ DU ) "t
A Fol S S T I o o ol T B el VB WO OWOWWOWY WWOWoWw
-4
YOMTOUMO BN LN A NN - @ e e ™D \D LN P
" (2 -l a2 2l l el ol ol 2l ol a2l ol sl ol 2 VOWYWWYLOLVUOUOYWOLDWLWY WYY
-t
oocn-—cca.—cewnmmmwr-mwr-woamh\ovwwuvwwoouomr-aeoeau
~ mmammmaa\o‘aawwwnconcwaauaoaahr-r-r-r-r-te\or-v:wmso\om
-l
coonNooNomoa\oo\oao\mmmammmnhhmweowwnnmmmﬁcﬂo
-4 cnmmmmmammcuumwuwuuumnnwnmw@wnnaeer-r-r-r-r-r-r-r-r-hh
-
menmoom-—cmmomocoo-—ie\nmnaﬁwauwwwqco#vﬂwﬂﬂocam
- . L) - . L] - - - - . - - . L] 1] * . - .« - - - . * . - . . - . - - - . L} L] . P} . .
(=] wammmmwawnmumar.nanchmwwnuumomumwnuuhhhhhr-r-r-r-m
i
[
-1 SO oOOVAHMRNVUrRrOVMNNWYWHOO VoSO massmo™~mn
. m AN D OCHOOM DO DN o™ VOUWWWY DWW WL oW e W
‘ L-4)
|
; =
£ b N-—lcmNccmaoNﬂHN—lmmaﬁNcN«ooaﬁammthNwwvmmoq'm
= mascvmo\ma\c\c'mc\a\ammwmmmmmmammwmmooaoeoar‘-r-r-ennr-r-r-r-r-
(-
NNNmM-—IQq‘-—i-—iNN—lNNOﬂ—!NNN("IOHOQNQO\FO\D"Q‘QFI‘-NMM\DW
] --..-.--ao----o.-no-----.lou.-----noou.'--
mma-.chmameuascnmonchmnmmmmnmmaammmunwoaor-f-r-ueoenaar-r-r-
-~
%
Ol"lNMNG\QNm-—!QNNNMONHOﬁONOd\OwOQO\\DQOQWNM\BQQQ‘OWN
= e e m & ® ¥ % % 8 ® % + & & 8 % + ¥ s s & N B & %+ 4 4 P s o+ 3w ¥ s 4 o0
mmmameﬂa\mummmmammmmmmmaammmaawau»t‘-hhancor-r-r-r-r-l-
-0
w
MMNMNGONG\MNNNNMO\NHO\NGNOC\QMO&OW@@OQN!‘QOOWWI‘\Q
R mmmnmmname\mmmamucne\emo\o\mwmnmcmannur-ucoeoawr-hr-r-
n
l-vmﬂwq--c-evNNNnm-nnmm#quovu#wmﬂmnvvmmﬂﬂﬂﬂwvqmewv
\Blﬂ\nHD\DWW\D\O\DWIOI‘\\DWH‘I\D\DBWW\DU\OO\D\QWGWO\D‘OOW\O\DWWWlb\bla
h-
m'ﬁ'ﬂNmmNMNNNNNNwhﬂNvamvmmmnﬂﬂﬂﬂ'#Nﬂmmmﬂ'ﬂ'vmlﬂv
o emwwwwuwwwwmwwwmwuwwwww\omwoowwwwwtotato\ounu:\o\osolo
® - i
E]
[
-l mof-r-\or-mvmwl-humumr-u:\ohmhbhmuuuowmwmwmwwommuha
Ft) e s 5 & e % 4 8 4 8 ¥ 4 & 3 e s B B &+ % s o 3 & & & F 3 o T e F s 48w o0 .
[ -@m#vvvvv###v#vvvvv#vvquvvv###vvvvvvvﬁ#v#vv
o o~
17
—
hoowuo\meoamo\owoeceo—c-—ua-—cﬂaﬂ—l—eﬁﬂﬁo\w oo™ a0nli~a -] L]
qquvvq‘qu‘vvq-q-mu'nnnn|nmmmmm@mmmmmvvvvvvvveqvvv -- -
(o]
=
% - -
mmmammd\mmmmmmammmmmamc\maammmmmmmmmmmmmma\mmmmu\mao\o\
oummo‘amammmmammammmammnmmanmmom.mmmnmmmnmmc\mmmmnmmm
- —i-—lv-l—ldv-lo-!—lv-lv-(-i-!c-lMHﬂﬂ—!-—l-—lHﬂ—!-—!-—lv—Iv—iH'—Iﬂﬂﬂﬂﬂﬂﬁﬁ-—l—lv—!-—lﬂﬂv—l—lﬁﬁd—l
™ AR R R R RO R L L L AL L L A O O A A s R
o Ny T Y R A L L L L L L L L L L L L L
44444444#.-:-4-444dddmuﬂuuumnmuumuwuwuuu<<4<4444<<44<
e | w nnhnnnnhhnnnnhnnnhhhhhhhhhhhhhumhhhhlzzzz‘:}::::::z::z
- | e R I T T R T A T R T R R T R S A I T I T L I A L A N L I R N
o] I I)OiOH#U‘!\DI"‘“HNM‘QQQF&—lvm‘Dl‘"QdemwmeﬁNlﬂ\Dhmﬂﬂlﬂlﬂhﬁdﬂﬁﬂ'mQO\
- Q Al e NNMNNNNMM™M ol et v e = NN ANNNNSN =t v v e
& ;




3 *

c--o-n-.o-..-------..-.n-q.-o--o--n-.- L

GOQOOOOOOOOQQQGOOQOQQOOOOOQOGOOOOOOOOOOQQOQOOQQQO

14

-c-lo-ao‘-iooaoo-—e-—n—c-—c-—ceoccncooﬂoeooeoeeaoomcome—cooaoooe
.

o-n-oo.n--o-;n----o..o-n--o--o--o LI

OQOOOGQOQQOQOOQGOQOOOQQQOOOOOOﬁOQOOOOOQQOQOQQQQQO

.
.
.
.
.
.

13

OQOOOHOOFCHOOOOQOQDOQQOQOQOOQOQﬁﬂOQNOOOQOQOOO
. .

(=]
L A LI R R
o

OOQQOO&OOOOQOOGOOOOQOQEQQﬁOQQQOQOQQOQQQ°Q°°O

-a-..-o--.-n--..-o--..o--o-.

12

QHF‘QQOOOQOOQﬁOQOOOOQOOOQF!QONQOOQQODOO

.
.
.
.
.
.
0.0
.
.
.
.
.
.
B
.
.
.
.
.
.
.
.
.
.
.

11
0
0
0
0
0
0
0
0
0
0
0

oeaoencoccoooeoocooﬂoceoceooo

.-.o-...c--c.-..u

OOOOOOOQOOOQQQOGOOQOOQODQQQOO

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

10

OOQOOQO@OQQQOOOQHOOWOOQQQOQQO

QQOOGQOQOOQOOQOQOOQOQQQGOODOQ

OQOOOQOOOQOOOQOOOOOOOOOOOOOOO

.

.
.
.
.
.
-
.
-
.
-
.
.
.
.
.
.
-
.
-
-
.
.
.
.
.

0.0
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

OQQQOOGQOOOOQQOQOﬂOOGOOOOQOQGOQOOOQQQOQOOOOC’OOOQQ

e-lEOOOOQFIOQQOOOOQQOQOOOQQOOOQQQQOOQOQOOQO—IOQQQOQO
.

oo.u-o-.--.n-o-.u-

GQOOOQOOOOGOOQQOQOOQQQQOﬁQQQOOOOQOQOQOOOGOOOOﬂOQQ

.

(NTU)

Iﬂﬂﬂ”l“Q‘O\B\DO\G"-OF‘DFQFW\QUI“-Wﬁl“l"m\cr‘l“-l‘-ﬂw@G\QOMMOOO@OG\QQOQ

o T S A S T T

FIOQOOOQOOHOQQQQOQQOGDOOOOQOQOO'OOﬁOQQHOOHH—!-—!-—COOO!—'O

-
.
.
.
.
-
.
-
-
-
.
-
-
.
-
.
.
.
N
-
.

.
.

1.3
1.2
1.1
1.1
1.4

1.9

Turbidity
1.3
1
2
2.4
2
2
1
1
1
1
2
2
2
2
2
2
2.

2-AUG-1990
3-AUG-19990
6-AUG-1999¢
7-AUG-1990
9-AUG-1990
10-AUG-199¢
15-AUG-~1990
16-AUG~1990
17-AUG-19090
21-AUG-1990
22-AUG-1990
23-AUG-199¢
24-AUG-199¢
29-aUG-199¢
30-AUG-1989
31-AUG~-199¢
3-5SEP-1990
4-SEP-1990
5.-SEP-199¢
6-SEP-199¢
7-3EP-199¢-
10-SEP~-1990
11-SEP-1990
12-SEP-199¢0
13-SEP~-1990
14-SEP-1930
17~SEP-1990.
18-SEP-1390
20-SEP-1990.
21-SEP-199¢
24-SEP-1990
25-SEP-199¢
27-SEP-1990
28-SEP-199¢
i1-ocr-1890
2-0CcT-199¢
3-0C¢T-1990
4-0CT-1990
5-0CT-1990
8-0CT-1990
9-0cT-1990
10-0CT-1999
12-0CT-199¢

13-AUG-1990-
l14-AavUG-1930"
20~AUG-1990"
28-AUG-1990
19~3EP~-1990-

DATE

”
L
®
~
&
o
E




Sample 5 & 6 were on cont. B/W

OgeccﬂccaagecaooQﬂQQQcOOGOOOOOC‘QOQQQQ°°°°=°°°°=°°
..-.n...-..........-.-..-....-.....-.-......-.-.-
- eoecoeoooooecooeooooesoooeooooeoooeoocaeaoenoooou
-
c’o_oeoaoooaaoooeaaooceooecoccooaeeooooooooeooocoeo
.-.......-.....-.._.7..-...-.--.-.-.-..-.....-.....
L] Q:QOOGQQQQQQOQQQQOQQOQOQQQQOOO°°°°°°°°°°°OcQQQQQOO
- ‘L
OQQQQOOQQaOOQGQQOHOOQOOOOQOOOQQQQQQQOQOQOQOOQOOOO
....-.-..-.....-....-..............-.............
-l
QOQOQQOQOQQOOQOQQOQQGQOQQQOQQOOGQOQC’OOOQQﬂQQOQQOO
..-....-.-..........-.--....-....--....-.........
-l OOQOE’QQQQQDOOOQaoo@eea@o@ocﬂoﬂ@cQaﬂecﬁﬂoceeﬂao@co
-t
ﬂOQQOQQOQOOQQOQQOHOOQOQOOOQOC’OQQOQOc@ccccaﬂcﬁaoﬂo
....-.....-....-...........-....-.-..-.-.........
-
[
OcoaoﬁOOQNQQOQQQQFIOC’OﬂOOQOHQQQOOQOQQQQQ@OQOOOOOOO
%3 ...--...-....---o..-.---q.-.o-.-oc---oc---.c.-.o..
Oﬁ°°°°c°OQQOQOOOQO&QOOQOOOOQﬁQOOOQQOQQQQQQQQOQOOQ
Mo,
=
OOOOOQOOOQQOQOOQQHOOQOﬁQOQQOQQOQOC’QOQQOQOQQQOOOOQ
o .7-....-..r.-.....-..-.-...-....-.....-..........-
OQQQQQOQQOOOOQOOOOOQﬂOQQQOOQQﬂOOQQQC’OQQQQOOQOOQQO
=«
OOOQOQOOOOOQOQOOﬂﬂoa°°°°°°°Q°Q°°°°°°°°Q°OO°°°°°°°
-....-....-......-..-....-..........-.-........-.
-] QQOOQQOOOQQQQOQOaﬂoﬂﬂQOOOQaOOOOOGOOOOQQC’OOQQaQoOQ
™~
&
e OQQOQOQOOQQOQOaQOQ‘QQOQQQQQQ°°°Q°°°°Q°°°°°°O°°°°°Q
.......-..........-....-....-.o..-....-..........
= ao@gﬁﬂoOQGQOQQQQOQQGaaeaeoc’chocoQaaeoanﬂOOOQOQQ
L' -
L
4] OQQQQQQQ¢°O°°OQOQF‘QOOQOO@Q"QO@OQOOQQQOOQ°°°°Q°°°°
....-..............-....-....-....-....-.-..-....
QQoQ°°OoOOOQOQOOOOOGOQQQQOOGﬁOQQ°6°°°°°°°°°°°°°°°
- (2]
k-]
L]
= °°°OOQOQQOQOQQOQQF‘OQQQQOQQOQOQQOOQOOOQQOQOQOOOOQO
I .-....-._-..-....-.¢..-....-........-.-..........-
-~ OOOQGOOQQGQQQOQQO"‘OGOOQOOQQOOOOOQOOQQQOOQQOOOQaOO
- -
[~}
o
[V ] °°°°°°°°°°°°°°¢°OmO°O°OOoQGOQOQOQQQaQQQeQQQQOQQQQ
— -.-.-..-....o..-....-......-....-...-.-..-........
°°oGc°oOQc°°ﬂQcQOQQOQOQOQQOQOQQOOQQOOOOQQOQQQQQOQ
- o
-
|24
k- ﬂacﬂci"‘t‘ﬁﬂ°”°Q°°ﬂ°m°°a°°°m”°ﬁﬂ\r‘ON*O”QO'F‘O””NMNﬂNOMN
- o-.-.............-.....-...---..-.-..-.-...-....-
OF.QOQOQQQF'OlﬂﬂﬁﬂﬂﬂmﬁﬂlaHﬂﬂoaﬁoOQF‘ﬂdﬂcﬁ—‘ﬂﬂﬂﬁ—‘v—'lﬂﬁﬂlﬂdﬁ
™ ~ .
3
-
.y -nn----nuc--.u..n----n|o---oo.--o---oon--o.u-----
F-] NNNmMNNNN("Iﬂ'lNF’!NNMNNNNNNNNNNﬂ\NNNNMMNNNNNMNNNNNNNMMM
e -
-]
]
QQOQQQQOOQOOOOQQQ°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°Hﬂ
c\a\a\o\mo\mmammmmmc\G\mme\a\o\aic\a\e\mmma\mmmnmmdﬂmmmo\mmamad\mmm
. ﬂﬂﬂﬁﬂﬁﬁﬂﬂﬂﬁﬂﬁﬂ'ﬂﬂﬁﬂHF‘F‘Iﬂv"ﬂ!‘l!“ﬁﬂﬂﬂﬂﬂﬂ—lﬂv—lﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬁ
L] II1l|lllIIII1IIIIIIIIlll|IIIIIIIllIlIIIlIII'IlIIII
L HHHFBFFHBHHbebbDb‘bbb‘bbbb>>b>bb>>UUUUUUUUUUUUUUZB
UUUUUUUUUUUUOOQOOOODOOQOOOOOQOOOON&IH”NHHH“ﬂHMHH‘N’
o | M| oooooooooooozzzzzzzzzzzzzzzzzzzzzannnqnnnaanngnnn
-l IIIII!IIIIIIIIIIIlllllllll|l!l||lllililllillillll
E-) - Iﬂ@f‘”ﬁ”nlﬂ‘omcﬁﬂﬂlﬂ'ﬂr‘”ﬂlf‘lmﬁ'ln‘ﬂﬂiQﬂm\bﬁﬂaﬂm#ml"'aﬂﬂﬂvr‘ﬂﬁﬂhﬁf‘
L] a o e ek NN N MY el eSS NNNNNNNM bl NN
o]
= PR ———— —— — —




(NTU) (Continued)

Turbidity

L)
-
)
(]
&<
L]
&

OOOQOOOOOQOOEOQQOQOOO QQOOGOQQOQQQOGBOOQOBQO

t e e e bt e e s a e a e e a e e e e e e h 8 a e e s s oo eae e
- QOQQOOQOQOQOOOOQQOODG COOGOQOQQQOQOQOOOOQOGO
-y

OOQQQOQOQQOQOOQQOOOO@ OOOOOGQOQOQQOQOOOOOOQO

P b e e s r ke e s s a e e e e e L e
o~y QOQOOGOOOOOQQOOOQOOQO GQOQOQOQQOQOGQQOOQQQDO
- .

oooocococcaoococoooaooecooooccooococoecacaooaoaco

- 9 - . . - - - . w - . * + . . L) . - . - . - - . . - L] » . - L LI - " - L » . . . . * . -
o~ OOQQOOOQ&°°°°°O°600ﬂ50606OQOOOQSOOOGOQGOQOC!OOOOOC)Q
-

OOOQQOOOOOQOOOGHQOOQOOQOC’OOOGOQQOQOO&OQQOQOQOOQﬁO

N L L I N A N At S irdhetiet S At St i G dhad
- OOQOQOOQOOQOQOOGQQOOOG,OOOOQOOQOOOQQOOQGQOQQODQQOQ
-l

OQQOOOOQOOQQOOOOQQQOOQOOOOQQaQQOOOOOOQQOOOQOOﬁOOO

A L L AL L L N S L S Sttt ittt
< QQQQOQGOOGOOOOQQQOOﬂoQOQOOOQOOﬁoOQOOQOQOOQQQQOOGO
-t

~
OQ&OQOOQOOOQOQOF!OOQOO OOOOOOOOAQOOQﬁ&QQOQOOO

[ 5] T T e T
OQOOQQOOQOOGOQOOQOQOO QGOQQOOQOOOOQOOQOOOOQQ

mo

=
OOQQQOQOQGQOQOGFIOOQOOQOOOQQOQQODOQOOOQOQQOOOQQOGQ

D .........-...-............-....................-.

. OQOQOQOOOOOOQOOOQGOOOOOQOOOOGOOOOQDQQOOOOQOOOQOOQ

= o
GQOQO06000OQOOOv—lOQQQQOOQOQOOQQOQOOQQOQO&aQQOOGQQO
N L L L L S N R R St St i d At i

2] OQGG{:QOOQOQOQQQOQQQOOOQCDGOQOQQOQOQQOOQQQOQOOﬁQQOO

™~ .

]

-1 QOOOQOOQOQOQQOOQQOOQQOOOOQQOQOQOOOOQQQOCIQOQOQQQOQ
N L L L R L R R et St i d i dhad

= OOO&OQOOOOOQOQﬂQQOOﬁQOOQQQoOOQQQOOOOOOOOQOQOOQOQO

“w

-

L' OOOQQOQQOOOQQOOQQQOOOOOQOQOQOQOOOQOOOQOOﬁﬁOOO&QOO
N I L B N R N R S R A A Attt dhodho i dh et i
OOOOOQOQOOQGOOOQﬂOOOOﬁOQGQQaQOOOGoOOQOﬂQOOOﬁOQOO\:

[Ty ]
OOQOGOOOOQOQOQO—!OQOOQOQOQOQOGOQOQQOOQOQO#QOOOOQOG
L L S N L S R Sty Shddi gt Shvdi e d At A G dhthd
QOQQOOOOGQOQOQbQOOOQGQQOOﬁOOOOOQQOOQGQOQOOOOQDOﬁO
-p
OOOOOQOOOQOOOOﬂﬂOQOOGOOOOOBQOQOOQQOQOQOOOOOOQOOOO
L S I L I L N A R A A d et ddh th i s
QQOOOOOOOOOOOOOOQQOOOOQQOQOOOQOQOﬁOOQOOQOOQDOOOQQ
oy
le‘-wmﬂﬂ‘lmmNHNQ'NMmNmNNNQﬂNvMNNvaﬁﬁMMﬁHl"lQMDMQQOcmﬂiﬁ
.--.-c--.o.--.-..--.'co--...---u--_--...-...o.-.-.a
v-lv-l-lv-ﬁ-iﬁv—iwlv-lﬁ'-l'-lr-l-f-l-l'-lv-C-IH-l-cv-lv-l-lﬁHﬂH-—!v—l-—(-—lHHﬁ—lv—l-—(HH—lﬂHﬁﬂOOﬂ
~
Wt 0909 N -t N WA OO SO [T oo~ LT - NN -
M L L T T S S i i it b
MQ‘!“!‘I"‘MMMMNH‘IMMNNNNMNNMNNNNNNNNNNNﬁﬁMmMmmﬂﬁﬂmﬂmﬁﬂﬂﬂ
-
mmmmao\manmmmmmaa\e\mma\mo\amaname\mo\a\ammmmmmme-aaoncnmmamch
ammmma\aammo\nmmmmmmmmc\mmmac\mmmmmmmmmmmmmmaamao\mmmo\
HﬂﬁﬁﬂﬁﬁﬁﬂﬂﬂﬁﬂﬂﬁﬂﬁﬂﬂﬂﬂﬁﬁﬁMﬂﬂﬂﬁr—lﬂ—tﬂu—lﬂﬂ-—lF‘Fl!'lFIHv-IF!!-fI-lHHH
lllllllllllllllllfllIfllllIIIIIII!IIIIIIIIFIII!II
zzzzzzzzzzzzzzzzznmnnnmnmmmnnmmnmnmmmmmu%umxﬂﬁmﬁx
4444«44¢¢¢ﬂddddddmmﬂuwuumnwuumuuummw44<44<<<¢44¢¢

[0 hhunhhhhnnhhnnunhhhmhhhhhhhhhmhhhhhhzszzzzzzzzzzz

o llllllllll!IIIIIiIIJJIIIIIIIllltl1ll|ll||Illlllll

5 eoo;oﬁvmwﬁaﬁmmvmaoﬁﬂvmmhoﬂﬂq'lneoene—cﬂm_lor-m—evmwr-eoﬁﬂmvmwm

a A A A - N NNNNNM M H-—lﬁv—lv—iHNNNNNNN el B N R ]




¥9-c 9¢e°" T AN 1] 0% 0 LL°T 2970 8r" 0 ¥9°0 60°0 [1 3 S 4 oz*z-|l3s S.3uGPNLS
[ I ) £E0°0 I1°0 £0°0 FO"0—f[E0"O0~|SO"0—f90°0-]|E0 0O~ 2O 0-{0O0T" 0~ ERWTUTH | |
Z0°0 0o 90°0 ¥0°0 €0° 0 ¥0° 0 [ 2] ¥o" 0 | 2/ ) ¥0"0 00 EDNMTXCW
8¢ 8T 6C D€ 82 Lz (X4 9¢ 62 0¢ 67 BIUTOJ"ONR
t0°0 T0°0 £0° 0 [ ] 200 10°0 Zo-" o0 0" 0 I0°0 |10°0 T0° 0 ‘A0d°P3IS
T0°0 00°0 00°'0 00" 0 I6°0 00°0 00°0 00" 0 00°0 T0°¢ 10°0- uw ey '
vt £T T T1 01 6 8 L 9 s € roN etduws

v o7dwes o3 3sedsel yta ‘tgagel ,3, UOaAI peared c¥ eTqRl

zo'¢ T0°0 T0'0 T0°0 G0°¢ Z0'0 I0°0 T0°0 ZG°0 O00°0 TO'¢ EO'0 Z9°0 EETO TEGT~HYH-6T

zg'o 20°0 TO0'0 Te'0 T0°0 0“0 T0°O0 EOTO 100 Z0'0 TO'O0 2TO'O0 990 ZEQ T66T—4YH-ZT
200 IO0'G 00°0 G600 TO0O'O0 Z0°0 0070 00°6 TO0'0 TO'O TO'O TO0°0 €L70 SGE'O T66T—dYH-5
¥0°0 €0'0 <0°0 ¥0°0 TO"O0 E0°0 ¢O0°O Z0°0 200 f0°0 TO'O0 ZO0°0 ELO 6E°O 166T-834~97
To'o0 To0°¢ T06°0 TO"O0 o000 TO'G T6°0 £0°0 20°0 TO0'0 TO0'O0 1670 LETO 166T-8234-61
¥o0°'0 £€E0°0 €00 ¥0°0 E£0°0 6L°OC T66T~-9434~2%
90°0 60°0 T0°0 Z0°0 €0°C $0°0 €£0°0 €0°0 TO°Q G0°0 €E€°0 BE'O T661—-834-6
£0°0 €00 80°0 vO0°0 EO°O 80°0 TE6T-AVL~61
p06°0 %00 TO0°0C TO0°0 80°0 E£0°C €0°0 200 €0°0 TO°0 68°0 Zr 0 |T66T-NVL-ZT
L0°0 ®¥0°0 GO0"0 £0°0 20°0 %00 £0°0 100 ®0°0 ZT0'0 €0°0 60°T V¥E¥°O T66T~RVYL-ST
Lo*o €00 T0°0 €0°0 900 ¥O0°O €00 20°0 €0°0 06°0 6%°'0 [T66T—NYCL-8
¥0°0 F0*0 E€0°0 LO'G ¥0°0 €00 £0°0 £0°¢ £0°Q0 &0'0 ¥p'0 OO0 9870 S¥°'0 066T-D03a-81
zo°0 T0°0 Zo'0 T0O°0 ZO"O Y0'O0 EZ0°0 10°0 zo-0 ¢0°'0 Z0o'0 Z0"0 S8°0 1970 066T~230-11
€0°0 00°0 ¥0°0 ©¢0°0 TO'0 10°0 TOO0 00°0 100 To°0 T6°0 OL*0 ¥F-0 |066T-DHA-F¥
¥o'0 %0°0 G0°0 €0°0 200 (fO°O0 GO0 TO°O Z6'0 TO0'0 90°0 G0°0 €EL'O E5°0 066T—AON-LE
160 T0'0C TI0°0 TOO0 TO0'O 070 T0°0 10°0 T0°0 TO0°'0 TO0°0 TO0°0 S9L70 9I¥TO 066T—AOHN-01
Zo‘0 20°0 T0°0 ¥0°0 Z0°0 T0*0 T0°0 Z0°0 z0"9 T0°0 TO'0 €0°0 T80 IS°O0 066 T-AON~-ET
z0°0 ZO0°9 ¢Z0°0 To0"0 ZO°O0 o0 20°0 0O €0°0 €0°0 ZO0°0 ZO0'0 6°0 TS0 066T—ADH—9
z0'0 T0'0 00°0 TO0'O0 0070 Z0°0 Z0'0 T0°0 zo"0 T0°0 TO°O0 90°0 ZTL'O 0970 066T~L20~-0¢F
£6°0¢ bFO'O0 €T'0 Z6'0 T0*¢ 100 ZO°O0 T0'0 Zo*0 00 TO'O0 €06°0 WL'O 2570 066 T-LDO0-EX
¥0°0 G&0°0 G0°0 E0°0 ZO0O°0 €0°0 €0°0 €070 90°0 Z0*0 €0°0 TO°O0 EL'O LSO 066T-1LD0-91
LT°0 LI'0 S9T°0 LI°0 6TI°0 LT°0 (LI°0 G170 6T°0 LT°0 LI*O0 LTI"0 0670 970 0661-LDO~6
§0°0 LO°0 €0°0 G0°0 %¥0°0 90°0 30°0 070 90°¢ 90°0 60°0 FI'0 SL°0 IS0 066T-1D0-C
G0°'0 £0°0 200 €0°0 TO0'O G0°@¢ S0O°0 G0°0 V®0°0C €0°0 FO-O 900 ZL'O £S°0 066T~a85-62
90°'6 S0'0 £0°0 ¥0'0 S0°0 G0°0 LO°O0 ¥O0°O 90°0 FPO'O0 S0°0 99°0 €90 TS0 0661~d435-871
z6'0 OO 260 TO'0 TO¢ T0"e OO0 6070 z0'0 200 €0°D ZO0°0 $9°0 I¥'O 0661—d35-TT
90°0 b0°0 €0°'0 €00 €0°0G 90°0 90°0 9070 ¥0°'0 €09 90°0 90°0 VL°O0 TE'O0 066T—-d3S~-¥
90°0 90°0 LO'0 €0°0 FO°O0 S0°0 S0°0 S0°0 S0°0 &0°'0 S€°0 LO0°0 9L°0 EVTO° 066T-oAV—-6C
$0°0 €0°0 OTO0 ZT°0 OT"0 L0°0 S0°0 8070 0T"0 LO'C 60°0 60°'0C $9°0 SGV'O 066T-9AV-TT
F0°6 V0'0 €0°0 ¥0°0 ZO0"O0 Zo0°6 ZTO'O ze"0 <T0°0 Z0°0 €£0°0 €T'0 6S°0 6E°O 066T~DAV~FT
€0°0 ®O'0 00 TO'C ZO0°O0 T0°0 Y0°0 2070 Z0*0 00 ZO0°0 TOTO0 L9'O0 STO 066T—O0V-L
vi €T i1 T1 01 6 8 L 9 Hl 14 3 4 I
¥ 3 9 WwanH 4T d WY S aLva

{1/buw) uoax ‘Y e1qel




Ls™Ti 9€°T1 6p-0| 89°T| L2-0f .0€°2 [00°T [65°1T |ec o |ee z |pT'e-[91°01|3. s,3uepnas
To"0f TO'0} 20°0f To"0| T0°0| To'0~[t0-0-]|t0o 0o~[T0-0-|z0o 0-]c0 0-]|T0"0- CnKYUTH
£E0°0) €0%0f 20 0| €0°0f z0"0}] Zo"0 jT0'c |so 0 [zo o vo'o |zo'o |co-o WOMTXYH
Lz Lz 62 6z 9z Lz Le Lz g2 ot 6% 62 S3UT0d " oK
10°0 10°01 10°0f T0"0]| 10°0f To'o [10°0 |to-0 |10'0 |T0°0 [T0°0 [To‘® *aeg-pas
00°0) 00°0| e0°0| 00°0] 00°0} 0070 Joo'o |oo‘o [o00-¢ [10°0 |To-o-|To6-9 ueek
s-vr|e-¢1 [g-21 [8-1T |s-01 8-6 | 8-t -9 | g-¢ T-v z-€ 1~z *soN erdumvsg
*8380y ,3, esouvbuwy peateq LY eTqey
T0°0 T0°0 TO0°0 E0°0 00°0 00°0 81°0 9T°0 6T°0 8T°0 |[T66T~UVH-6T
00°0 00°0 00°0 00°C T0°0C 006°0 06°0 00°0 8T°0 LT'0 BT°0 LTI°0 [T66T-UVW-ZT
0070 0070 00°0 ©00°0 0070 00°0 00°0 00°0 ZO°O0 T0°0 LT'0 LTI'0 6T°0 LI-0 T66T~HYH~-5
1070 00°0 00°0 00°0 00°0 00°0 00°0 T0°0 T0°0 00°0 LT°0 8E'0 8T°0 LI'0 166T-a34-97
080 TO0°0 0806 00°C O00°0 00°0 00°'0 00°0 00°0 L£T°0 9T'0 BT"0 LTI°0 |I66T~83d-5T
00°0 00°0 00°0 LTI°0 9Y°0 LI*O T66T-934-21
00°0 00°0 00°0 00°0 0O'0 I0°C 00°G 00°0 6T°0 9T°0 8T°0 LI°0 |{T66T~8Hd-C
00°0 00°0 Y0°0 100 000 L1°0 T66T-NVL-62
00°0 00°0 00°0 00°'0 00°0 00°0 ©0°0 00°0 6T°0 LT'0 8T°0 LT'0 |I66T1-N¥r-zz
0070 T0°0 00°0 00°0 00°0 00°C 00°0 00°0 00°0 00°0 ST'0 6T'0 8TI'0 LI°0 T66T-HYL-5T
Z0°0 20°0 T0°0 T0T0 ZO0'O0 TO'OD TO'0 T0'0 TIO0°0 G6Z-0 LT'0 S1°0 [T66T-NVCL-g
Tote 1070 000 ¥%0°0 €0°0 E0'0 20°6 Z0'0 Z0'0 T0°0 LT°0 LI'0 8T°0 9T°0 066T-0%a-g1
80°0 00°0° 00°0 ©00°0 0070 00°6 T0°0 006 00°0 00°C 6T°0 61°6 §T°0 6T-0 0661-23a~TT
2070 0070 10°0 TO0'0 T0'0 T0'O0 TI0°0 T0°0 T0°0 8I'0 8T°0 6T°0 LT'0 |066T-53Q-
E070 Zo"0 T0°0 Z0'0 TO'O0 T0°0 T0°0 00°0 €0°0 £0°0 0Z'0 LI'0 610 LI-0 066T-AON-LZ
1070 T80 00°0 TO°0 TO°0 Z0°C T0°0 T0°0 TO'O0 T0°0 0Z°0 LTI'0 61°0 ST°0 066 T-AOR-0T
0070 0070 060 00°0 0070 T0'0 T0°0 T0°0 90°0 T0°0 6T°0 LEI'0 8T'0 970 066T~AON~ET
go’0 0070 00°0 T0°0 T0°0 ©00°0 00°0 00°0 00°0 00°0 0Z°0 G61'0 02°'0 810 066T-AON-9
070 Zo"0 T0°0 Z0O'0D T0TO0 TO'0 TO0 000 00°0 TO'0 GT°0 LT'0 BT‘0 9T'0 0661-1D0~-0¢
0070 0070 00°0 00°0 00°0 00°0 00°0 00°0C 00°C 00°0 8T'0 LT°0 LI'0 <ET°0 066T-LDO-EZ
£070 €070 20°0 Z0O"0 ZO'O ZO'O0 00°0 T0°0 T0°0 T0°0 6T°0 ST°0 LTI'0 9T°0 0661~120=-97
¢o70 ZO'0 Z0°0 200 ZO'0 Z0°0 Z0'O ZO'O 20°0 Z0°0 6T'0 8I'0 ET'0 ST-0 066T-120~6
1070 0070 000 00°0 00°0 TI0°0 00°0 00°0 00°0 00°0 6T°0 6T‘0 8I'0 LI"0 066T-1D0-2
0070 0070 ©00°0 00°0 00°0 T0°0 00°0 00°0 00°0 00°0 TZ°0 LI'0 610 LI'0 0661-d95-67
T0°0 T6°0 00°0 00°0 ©00°0 Z0°0 00°0 T0'0 00°0 00°0 BT°0 ST°0 6T°0 LTI'0 0667T-d35-37
9670 0070 006°0 00°0 00°0 00°0 00°0 00°C 00°0 00°0C BF0 8I'G LT'0 LT°0 066T-dES~TT
1070 1070 T0°0 T10°0 00°0 I0°0 T0'0 Z0'® 00°0 00°0 £2°0 6T°0 02°0 SI-0 066T-43S—F
070 1070 00°0 00°0 00°0 T0°0 T6'0 TO'O0 TO°O0 T0°0 6T°0 6T°0 6T°0 LI-0 066T-90V~62
1070 Te'0 TG0 TO°0 00°0 T0°0 T0'0 T0°0 00°0 TO'0 6T'0 €TI0 ST°0 ST-0 066T-DAV-TZ
0070 T0°0 T0°0 T0°0 TO'0 0070 00°0 T0°0 TO°0 00°0 0Z°0 61°0 8T°0 LI‘0 066T-95nV-F1
00°0 00°0 ©00°0 00°0 00°0 00°0 00°0 00°0 T0°0 00°0 TZ°0 £2°0 TZ'0 0Z'0 066T~DAV~{
124 £1 zt 11 (3 1 6 g ] 9 g 1 £ z 1
4 98 WHN0N aTdUHVS srva

(1/6u) eseuvbuey -9y ejqeg



Table A8 - Effect of 2° RGF pH on Manganese Removal

p H MANGANESE (pg/l)
DATE SAMPLE NUMBER SAMPLE NUMBER
5 6 7 8 5 6 7 8
19-FEB-1991 ) 8.9 8.9 8.9 4 0 3
20-FEB-1991 8.6 8.6 8.7 8.5 0 0 0 0
21-FEB-1991 8.6 8.4 8.8 8.7 0 0 3 1
22-FEB-1991 8.4 8 8.6 8.3 0 0 0
25-FEB-1991 8 7.8 7.4 7.2 0 0 3 0
26-FEB-1991 7.8 7.6 7.4 7.2 1 8 7 3
27-FEB-1961 8.2 7.8 7.8 7.6 3 9
28-FEB-1991 8.7 8.3 8.7 8.6 22 4
1-MAR-1991 8.8 8.6 8.7 8.4 2
4-MAR-1991 8 7.8 8.2 7.5 23 18
5-MAR-1991 8 7.8 8.3 7.8 10 24 2 0
6-MAR-1991 7.6 7.8 7.3 7 24 59 0 0
7-MAR-1991 7.6 7.6 7.6 7.4 36 80 10 11
8-MAR-1991 7.5 7.6 7.6 7.3 41 93 2 0
11-MAR-1991 7 7.2 7.2 6.8 113 17% 0 0
12-MAR-1991 6.9 7.2 7 6.8 171 196 4 3
13-MAR-1991 6.8 7 6.8 6.7 211 239 7 114
14-MAR-1991 6.8 6.8 6.7 6.8 230 255 20 0
15-MAR-1991 6.6 6.8 6.7 6.6 272 340 78 1
18-MAR-1991 6.6 6.7 6.5 6.4 230 321 138 3
19-MAR-1991 6.6 6.8 6.6 6.5 207 303 143 2
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Table All - Total Coliforms (per 100 mi)

(A1l Samples Except No. 9 Hand Chlorinated)

DATE

NUMBER
10 11

12

13

14

7-AUG-1990
14-AUG-1990
21-AUG-1990
29-AUG-1990

4-SEP-1990
11-SEP-1990
18-SEP-1990
25-SEP-1990

2-0CT-1990

9-0CT-1990
16-0CT-1920
23-0CT-1990
30-0CT-1990

6-NOV-19%0
13-NOV-1990
20=-NOV-1990
27-NOV-1990

4-DEC~1990
11-DEC-1990
18-DEC-1990

8-JAN-1991
15-JAN-1991
22-JAN-1991
29-JAN-1991

5-FEB-1991
12-FEB-1991
19-FEB-1991
26-FEB-1991

5-MAR-1991
12-MAR-1991
19-MAR-1991
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Fable Al2 - Total Coliforms (per 100 mi): Non-Chlorinated

(Only Sample No. 9 Hand Chlorinated)

DATE SAMPLE NUMBER
5 6 7 8 9 10 11 12 13 14
11-DEC-1990 0 0 0 0 0 0 0 0 0 0
18-DEC-1990 0 0 0 0 0 0 0 0 -0 0
8-JAN-1991 0 0 0 0 0 0 0 ¢ 0 0
15-JAaN-1991 0 0 0 0 0 0 0 0 4 0




(A1l Samples Except No. 9 Hand Chlorinated)

Table A13 - E-Coli (per 100 ml): Non-Chlorinated

DATE

SAMPLE
7 8

9

NUMBER
10 11

12

13

14

7-AUG-1990
14-AUG-1990
21-AUG-1990
29-AUG-1990

4-SEP-1990
11-SEP-1990
18-SEP-1990
25-SEP-1990

2-0CT-1990

9-0CT~1990
16-0CT-1990
23-0CT-1990
30-0CT-1990

6-NOV-1990
13-NOV-1990
20-NOV-1990
27-NOV-1990

4-DEC-1990
11-DEC-1990
18-DEC-1990

8-JAN-1991
15-JAN-1991
22-JAN-1991
29-JAN-1991

5-FEB-1991
12-FEB-1991
19-FEB-1991
26-FEB-1991

5-MAR-1991
12-MAR-1991
19-MAR-1991
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Table Al4 - E-Coli (per 100 ml)

(Only Sample No. 9 Hand Chlorinated)

DATE SAMPLE NUMBER
5 6 7 8 9 10 11 12 13 14
11-DEC-1990 0 0 0 0 0 0 0 0 0 0
18~DEC-1990 0 0 0 0 0 0 0 0 0 0
8-JAN-1991 0 0 0 0 0 0 0 0 0 0
15-JAN-1991 0 0 0 0 0 0 0 0 0 0




Table Al5 - 1 bay Colony Counts {at 22° C)

(211 Samples Except No. 9 Hand Chlorinated)

DATE SAMPLE NUMBER
5 6 7 8 9 10 11 12

13

14

7-RAUG~1990 6
| 14-AUG-1990
| 21-AUG-1990 1
| 29~AUG-1990 1
4-SEP-1990 12
0
3

<
w
Lo ]
[\
o

11-SEP-1990
18-SEP-1990
25-SEP=-1990
2-0CT-1990
_ 9-0CT-1990 1
| - |16-0CT-1990
23-0CT=1990
30-0CT-1990
6~NOV-1990
13-NOV-1990
20-NOV-1990
27-NOV-1990 1
4-DEC-1990
11-DEC-1990
18-DEC-1990
8-JAN-1991
15-JAN-1991
22-JAN-1991
29-JAN-1991
5=-FEB-1991
12-FEB-1991
19-FEB-1991
26-FEB-1991| 2
5-MAR-1991
12-MAR-1991
19-MAR-1991
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Table Al6 - Paired 1 Day Colony Count ‘t’ Test Data wrt Sample 8

(Al1 Samples Except No. 9 Hand Chlorinated)

Sample No. 5 6 7 9 10 11 12 13 i4
Mean -2 -1 0 0 -1 0 -1 0 -1
Std.Dev. 6 5 3 3 5 3 5 3 3
No.Points 30 30 29 28 30 30 30 281 - 29
Maximum 5 8 9 9 4 8 8 9 8
Minimum -26} =227 =13 -9y =271 =10 =26 -9 -7
Student’s [-1.78}-0.84}{-0.60|=-0.84}{-1.40(-0.56{-1.49]|-0.80|-1.69

Table Al7 -~ 't' values for unchlorinated colony counts w.r.t. sample 5

{only sample 9 hand chlorinated)

Sample 7 8 9. 10 11 12 13 14
1 bay {0.50 0.88 0,00 0.58 0.00 0.00 1.44 1.36 0.85
3 bay {1.57 -0.86 0.81 -0.99 0.30 1.73-1.85 1.78 1.49




(A1l Samples Except No. 9 Hand Chlorinated)

Table Al8 - 3 Day Colony Counts (at 22°C)

DATE SAMPLE NUMBER
5 1 10 11 12 13 14
7-2UG-1990 4 3 5 4 1 1 1 21 9
14-AUG-1990
21-AUG-1990 17 15 12 4 228 14 50 19 10 19
29-AUG-1990 8 4 1 10 392 10 51 51 51 51
4-SEP-1990 4 30 6 6 122 72 15 196 9 19
11-SEP-1990 13 1 1 3 130 10 1 1 5 3
18-SEP-1990 8 17 23 22 35 1 18 66 17 33
25-SEP-1990 18 5 131 109 6 63 18 4 1
2-0CT-1990 8 0 4 5 187 4 1 6 17 3
9-0CT-1990 49 8 5 4 60 10 3 10 21 5
16-0CT-1990 10 5 15 4 . 28 22 44 8 18 8
23-0CT-1990 28 44 1 50 53 12 1 15 9 5
30-0CT-1990 5 20 15 6 1 3 5 0 33 3
6-NOV-1990 1 5 0 32 257 0 3 12 4 30
13-NOV-1990 53 3 9 12 57 3 26 19 3 3
20-NOV-16901 157 4 19 1 3 8 g 117 5 2
27-NOV-1990 9 7 2 15 3 3 2 5 15 43
4-DEC-1920 5 14 2 3 9 6 207 2 217 5
11-DEC-1990}" 2 29 3 0 2 67 6 64 21 3
18-DEC-1990 0 69 11 32 2 221 2 18 14 0
8-JAN-1991 20 0 2 1 21 0 2 2 18 12
15-JAN-1981 0 6 2 20 28 2 3 12 6 0
22-JAN-1921 2 1 1 1 0 2 1 11 7 1
29-JAN-1991 2 1 1 3 3 6 3 5 2
5-FEB-1991 2 3 0 3 3 11 0 3 16 10
12-FEB-1991 1 10 0 2z 0 8 6
19-FEB-1991 18 S 1 0 1 7 6 1 0 1
26-FEBR-1991] 109 3 6 9 1 9 1 12 10 14
5-MAR-1991 5 5 1 11 5 2 8 11 5 6
12-MAR-1991 5 15 5 6 5 14 3 8 2 2
19-MAR-1991 5 3 2 0 78 2 1 1 14 1




Table A19 - Paired 3 Day Colony Count ‘t’ Test Data wrt Sample 8

(A1l Samples Except No. 9 Hand Chlorinated)

Sample No. 5 6 7 9 10 i1 12 13 14
Mean -6 2 4i -72 -4 -5 =10 0 4
Std.Dev, 43 27 13| 158 48 44 49 30 29
No.Points 301 30 29 28 30 30 30 28 29
Maximum 113] 126 49 307 125 68 113} 127 130
Minimum -156 =-37{ -18| -716| -195| -204| -190| -41! -11
Student’s [-0.73| 0.38| 1.55}-2.42]-0.51(-0.59|-1.12 0.08| 0.67
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Table A22 - Total Organic Carbon (mg/l)

NUMBER

DATE SAMPLE
1 5 6 i 8 9 10 11 12 13 14
7-AUG-1990| 3.03 0.38 0.24 0.51 1.57 1.64 0.22 0.33 0.43 0.16 1.10
14-AUG-1990| 2.54 0.23 0.00 0.51 1.26 1.19 0.95 0.13 1.01 0.28 1.33
21-AUG-1990| 3.80 0.65 0.35 1.05 1.60 1.45 0.15 0.25 1.45 0.20 1.10
29-AUG-1990| 3.65 1.54 1.28 1.90 2.37 2.99 0.90 1.02 1.93 0.93 .18
4-SEP-1990| 2.96 0.67 0.37 1.68 1.62 1.69 0.29 0.5%9 1.50 0.41 1.19
11-SEP-1990 1.07 0.85 1.45 2,10 1.98 0.45 0.97 1.60 1.01 1.45
18-SEP-1990
25-SEP-1990| 3.23 1.07 0.74 1.53 1.83 1.75 0.5 1.05 1.76 0.93 1.55
2-0CT-1595%0 2.35 2.01 2.81 3.47 3.19 1.74 2.15 3.92 1,92 2.91
9-0CT-1990{ 6.26 1.86 1.33 2.20 2.60 2.45 1.27 1.75 3.19 1.69 2.40
16-0CT-1990| 4.89 2,34 2.15 2.69 3.12 2.93 1.66 2.06 3.03 1.80 2.97
23-0CT-1990( 3.33 1.52 1.26 1,90 1.82 1.73 0.90 1.22 1.63 1.12 1.49
30-0CT-1990| 6.30 2.20 2.00 2.10 3.90 2.9 1.00 2.00 2.50 1.50 2.90
6-NOV-1990] 5,70 1.90 1.40 2.20 2.60 2.30 0.80 1.80 2.20 1.20 1.80
13-NOV-1990} 5.50 2.40 1,80 2.40 2.50 1.90 1.50 1.50 2.90 1.10 1.90
20-NOV-1990| 6.20 2.10 2.30 2.70 2.80 2,90 1.70 1.50 2.40 1.50 2.30
27-NOV-1990| 7.80¢ 4.15 3.30 3.70 3.75 3.65 2.90 3.00 4.20 2.70 3.90
4-DEC-1990} 7.80 3.75 4.30 4.15 4.80 4.00 4.50 5.05 4.45 5.25 6.15
11-DEC-1990| 5.15 2.80 2.10 2.90 2.70 2.90 2.45 2.60 3.85 2.60 2.60
18-DEC-1990| 6.35 3.50 3.10 4.05 3.60 3.60 2.80 2.55 3.80 2.55 3.30
8-JAN-1991| 6.73 3.95 3.90 4.73 3.18 4.90 3.45 4.10 4.60 3.73 3.90
15-JAN-1991| 6.83 3.53 3.65 4.65 3.35 4.00 3.83 4.55 4.50 3.08 4.08
22-JAN-1991| 6.00 3.05 2.60 2.65 2.88 2.60 2.38 2.48 2.88 2,33 2.45
29-JAN-1991f 6.15 3.45 2.43 2.58 3.00 2.63 2.13 2.02 2.63 2.28 2.43
5-FEB-1991| 7.18 3.48 3.05 3.38 3.25 3.10 2.75 2.75 3.13 3.00 2.90
12-FEB-1991| 5.58 3.10 2.80 3.13 3.03 2.58 3.28 3.13
19-FER-1991] 4.90 2.30 2.10 2.20 2.35 2.25 1.85 1.85 2.30 3.00 2.05.
26~FEB-1991| 5.05 2.38 2,20 2,43 2.70 2.35 1.98 2.08 2.35 1.78 2.20
5-MAR-1991| 5.40 2.30 2.20 2.50 2.60 2.50 1.90 2.00 2.30 1.30 Z2.10
12-MAR-1991| 4.20 2.60 1.70 2.50 1.%0 2.10 1.40 2.%0 2.20 1.50 2.10
19-MAR-1991} 4.40 2.10 1.90 1.90 2.00 1.90 1.30 1.40 2.00 1.40 1.70
— — il = =
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Table A24 - THM development/Chlorine Residual Decay in Raw Water sample 1

TIME | €13 |C12Br|ClBr2| Br3 |Total
(hrs)! ug/1l} ug/l} ug/l ug/1l|ug/1

0.5 |24.92| 0.88]| 0.25(<0.03 26.08

3 126.14f 1.01] 0.33|<0.03]27.51
25 133.871 0.73] 0.537<0.03|35.16
48 |30.31| 0.70| 0.42{<0.03|31.46

Table A25 - THM development/Chlorine Residual Decay in Treated Water sample 1

TIME | C13 |Cl2Br|ClBr2| Br3 |[Total
(hrs) | uvg/1| ug/1l| wg/1l| wg/liug/l

0.5 | 8.13] 0.94} 0.15<0.03] 9.25
5 |27.67] 2.30] 0.44(<0.03}30.44
25 |23.56| 1.45| 0.26(<0.03}25.30
48 [13.62| 2.60f 0.57]<0.03116.82

Table A26 - THM development/Chlorine Residual Decay in Raw Water sample 2

TIME [RESID| C1l3 |[Cl12Br|ClBr2 Br3 |Total
(hrs)| mg/1| ug/1] ug/l ug/1| ug/ljug/l
0.5 | 0.53118.8 | 0.3 |<0.1 [<0.2 }19.1
1 0.29]122.3 0.4 |<0.1 |<0.2 [22.7

2 0.09129.3 | 0.5 {<0.1 |<0.2 |29.8

4 0.04126.3 | 0.5 |<0.1 1<0.2 [26.8

7 0.03]25.6 0.5 [<0.1 [<0.2 [26.1
24 0.03[26.5 | 0.5 {<0.1 |<0.2 |27.0
168%* 0.05(26.2 0.5 1<0.1 <0.2 |26.7

*This sample was given a booster chiorine
dose of 0.5 mg/1 half an hour before sampling.




Table A27 - THM development/Chiorine Residual Decay in Treated Water sample 2

TIME jRESID| C13 {Cl2Br|Cl1Br2| Br3 |[Total
(hrs)}{ mg/1l} ug/1l| ug/1l| ug/l| ug/l{ug/1
0.1 0.65| 5.9 | 0.3 [<0.1 |<0.2 6.2
0.5 | 0.52] 9.7 0.6 |<0.1 {<0.2 |10.3
1 0.44110,2 0.8 0.2 |<0.2 [11.2
2 0.33111.8 1.2 0.3 |<0.2 ]11.8
4 0.17(15.2 2.1 0.5 [<0.2 }17.3
24 0.01;17.8 3.2 0.9 |<0.2 }21.0
168 .| 0.00]17.1 | 2.5 0.8 {<0.2 (20.4
168+ 0.26(17.8 3.6 1.1 i<0.2 |22.5

*This sample was given a booster chlorine
dose of 0.5 mg/l half an hour before sampling.




Table A28 - THM Development with Excess Chiorine

Date Sample Chlorination T H M s
Chlorine
Added |{Number| Time Demand Resid| Cl3 C12Br ClBr2 Br3 Total
hrs mg/l mg/l ug/l ug/l ug/l ug/l ug/l
5 Jun 90f{ 8 0.5 0.10 0.62 5.33 0.44 <0.05 <0.03 5.85
5 Jun %0 8 16.3 0.72 0,50 | 30.71 8.04 2.68 <0.03 41.4%6
5 Jun 90| * 0.5 0.38 0.69 | <0.13 0.70 0.39 <0.03 1.25
5 Jun 90| =* 16.3 0.79 0.51 | 15.10 7.88 4.54 <0.03 27.55
21 Jan 81| 1 6.5 1,10 0.57 | 23.34 0.42 <0.05 <0.03 23.84
21 Jan 91| 1 16.3 5.87 1.13 1210.78 13.38 0.63 <0.03 224.80
21 Jan 91 8 0.5 0.10 0.47 4.03 0.09 <0.05 <0.03 4,20
21 Jan 91| 8 16.5 0.95 0.65 | 30.21 9.91 3.50 0.34 43.96
21 Jan 91 8 40.8 1.14 (.46 46.26 12.19 3.87 0.21 62.53
21 Jan 91| 8 64.7 1.19 0.41 | 47.73 12.92 4.03 0.24 64.92
21 Jan 91 8 161.0 1.47 0.13 38.72 9.13 2.64 <0.03 50.52
21 Jan 91| 13 0.5 0.22 0.50 1.17 <0.01 <0.05 <0.03 1,26
21 Jan 91| 13 16.5 0.82 0.78  17.55 10.00 6.94 0.72 35.21
21 Jan 91| 13 41.0 0.94 0.66 | 19.54 11.76 7.85 0.70 39.85
21 Jan 91| 13 64.8 0.94 0.66 23.54 12.5¢ 7.95 0.74 44.79
21 Jan 91| 13 161.5 1.03 0.47 22.91 B8.19 5.42 0.64 37.16
19 Feb 91| 4 0.5 0.62 0.39 6.04 0.21 <0.05 <0.03 6.33
19 Feb 91 4 22.7 1.70 0.27 19,92 7.26 2.16 <0.03 29.40
19 Feb 91 6 0.5 0.19 0.53 6.32 0.26 <0.05 <0.03 6.66
19 Feb 91 6 23.5 1.12 0.45 18.56 8.06 3.22 0.26 30.10
19 Feb 91| 8 0.5 0.1% 0.43 3.45 0.23 <0.05 <0.03 3.76
19 Feb 91| 8 21.0 1.24 0.23 | 24.44 8.81 2.80 <0.03 36,08
19 Feb 91| 10 0.5 0.32 0.53 1.12 0.17 <0.05 <0.03  1.37
19 Feb 91| 10 23.3 1.06 0.64 | 13.15 8.0% 4.19 0.23 25.58
19 Feb 91| 11 0.5 0.36 0.49 3.50 0.21 <0.05 <0.03 3.79
19 Feb 91} 11 22.0 1.15 0.55 | 15.78 7.72 3.48 0.08 27.06
12 Mar 91} 5 0.5 0.64 0.51 4.79 0.49 <0.05 <0.03 5.36
12 Mar 91{ 5 24.0 .1.79% 0.16 | 20.00 8.80 3.93 (.30 33.03
12 Mar 91} 8 0.5 0.11 0.54 9.40 1.95 0.33 <0.03 11.71
12 Mar 91} 8 24.0 1.16 0.29 | 23.00 12.10 3.82 ©0.28 39.20
12 Mar 91 9 0.5 0.12 0.52 5.22 1.19 0.22 <0.03 6.96
12 Mar 91 9 24,0 1.00 0.44 | 10.50 5.30 2.80 0.44 19.04




Table A28 continued

Date Sample Chlorination T H M s
Chlorine
added |Number| Time Demand Resid| Cl3 Cl2Br ClBrZz Br3 Total
hrs mg/l mg/l ug/l ug/l ug/l ug/l ug/l
12 Mar 91| 10 0.5 0.51 0.49 | 4.16 0.39 <0.05 <0.03  4.63
12 Mar 911 10 24.0 1.44 0.36 ] 5.17 5.70 2.85 0.62 14.34
12 Mar 91} 11 0.5 0.37 0.53 | 6.30 0.68 <0.05 <0.03 7.06
12 Mar 91| 11 24.0 1.25 0.45 | 9.81 4.60 4.10 0.33 18.84
12 Mar 91| 13 0.5 0.26 0.49 | 4.55 0.49 <0.05 <0.05 5.12
12 Mar 91| 13 24.0 0.89 0.66 | 5.92 5.30 3.30 <0.03 14.55
12 Mar 91| 14 0.5 0.26 0.49 | 5.81 0.75 <0.05 <0.03  6.64
12 Mar 91| 14 24.0 1.22 0.33 | 10.64 5.20 4.95 0.41 21.20

-

th o

sample treated by

pre and interfiltration ozonation
see figure 2 for a description of sample numbers
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Table A35 - TA 98 Mutagenic Activity At pH 2 {Slope Value)

DATE

LE

NUMBER
107 11

12

13

14

7-RAUG-1990
21-AUG~1990
4-SEP-1990
18-SEP-1990
2~0CT-1990
16-0CT-1990
30-0CT~1990
13-NOvV-1990
27-NOV-1990
11-DEC-1990
8-JAN-1991
22-JAN-1991
5-FEB-1991
19~FEB-1991

0.62
1.10
1.04

1.63

0.57
0.47
0.55
2.09

.33
.51
.08
2.16 3.95
1.95 2.4¢
.15

2.06 2.78

-0.03 0.

.13

0.25 0

.66

0.77 0,

.85

0.43 0.

.57

0.68 1.

.03

1.06 1.

.87

1.04 1

.15

61

.21

17
50
61
48

.25

1,92
1.10

1.76

0.40
0.18
0.41
0.05
0.40
0.50
0.42

0.23
0.31
0.42
0.12
~-0.08
0.93 .
0.62

Table

A36 -

TA 98

Mutagenic Activity At pH 7 (Slope Value)

DATE

SAMPLE
7 8

9

NUMBER
10 11

13

14

7-AUG-1999
21-AUG-1990
4-SEP-1990
18-SEP-1999
2-0CT-1990
16-0CT-1990
30-0CT~1990
13-NOV~1990
27-NOV~1990
11-DEC~1990
8-JAN-1991
22-JAN-1991
5-FEB-1991
19-FEB-1991

0.75
1.37
2.14

0.94

0.00
0.51
0.63
1.22

.13
.33
2.15 4.14
1.60 2.87
2.91 4.30
.00

.88

0.79 0.

.41

0.38 0

.75

0.20 ¢

.41

-0.16 0.

27

0.29 0.

.87

0.74 1.

.58

0.69 1.

.00

52

.41

.52

08
62
16
08

1.71
0.94
1.95
1.20
1.61
1.79

1,94

~0.05
0.30
0.17
-0.23
0.26

6.84

0.63

0.17
0.36
0.38




Table A37 - TA

100 Mutagenic Activity At pH 2

(Slope Value)

DATE

SAMPLE
7 8

NUMBER
10 11

12 13

14

7-AUG-1990
21-A0G-1990
4-SEP-1990
18-SEP-1990
2-0CT-1990
16-0CT-1990
30-0CT-1990
13-NOV-1990
27-NOV-1990
11-DEC-1990
§-JAN-1991
22-JAN-1991
5-FEB-1991
19-FEB-1901

10.

10.

.69
.03
.23

.54

41

.95

10.

10

.50
.99
.07

.04

41

.23

.59

8.34 6.82

7.09 14.91
9.67 9.64
11.54 15.99
5.66 11.77
§.97 4.96

12.51 14.69

3.

6.

0.75

.57

1.25

.63

0.27

.53

2.81

.58

5.25

.15

6.07
35

5.95
73

1.01
3.46
3.15
5.13
7.52

11.76

4,23

0.38
7.73

2.83
2.92

2.58
10.04

3.99
10.28 .

3.88
12.98

4.29

9,47 10.01

4.28

4.81
3.52
6.20
7.81
3.33
5.20

4.47

Table A38 -

TA

100 Motagenic Act

ivity At pH 7 (Slope Value)

DATE

SAMPLE
7 8

NUMBER
10 11

13

14

7-A0G~1990
21-AUG-1990
4-SEP-1990
18-SEP-1990
2-0CT-19990
16-0CT-1990
30-0CT-1990
13-NOV-1990
27-NOV-1990
11-DEC-1990
§-JAN-1991
22-JAN-1991
5-FEB-1991
19-FEB-1991

.02
.69
.22
.88
.94
.15

.16

.03
.85
.13
.56
.49
.96

.04

4.96
17.97
7.51 8.11
4,76 5.90
10.32
10.08

9.93 9.90

1.28

73

2.63

.30

0.96

.00

1.08

.75

0.97

.37

5.50

.95

3.80

.85

1.82
2.17
1.98
2.14
1.83
5.38
3.84

3.65
0.29

6.47
1.11

2.69
0.40

8.12
0.08

6.51
1.07

9.40
2.04

2.72
1.88

1.74
6.27
2.18
1.03
1.78
0.28

2.35




