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Introduction

Through the studies published in Drinking Water and Health
(1977) the nation has become more aware of the carcinogenic nature
of the byproducts of disinfection such as trihalomethanes.
Trihalomethanes are formed when the disinfectant chlorine reacts
with the precursors, humic and fluvic acids that are naturally
occuring in all surface water. The Environmental Protection Agency
(EPA) has set a minimum contaminent level of 100 ppb on THM's that
many in the health agencies feel need to be lowered. The problem
is that when the MCL's are lowered utilities will be enclined to
chlorimines and chloride dioxide which have been found to be
mutagenic. Drinking Water and Health (1987) found the Suggested
No- Adverse Response Levels (SNARLs) for chioramines for a child is
0.166 ppm, for an adult it is 0.581. The SNARL for chlorine
dioxide is 0.06 ppm for a child and 0.210 ppm for an adult. These
levels for utilities are virtually impossible to maintain and still
have a residual at the end of the system.

It is very difficult to remove a significant amount of THM
precursors with conventional treatment. Activated charcoal can be
used but is expensive, particularly with water containing large
amounts of dissolved organics. It is for these reasons that the
University of Arizona began in 1987 to investigate nanofiltration
as a suitable system for treatment of surface water that would
remove significant amounts of dissolved organics in addition to
inorganics. By 1987 nanofiltration technology was already being
used in Florida. Large projects were being planned including a 20
MGD nanofiltration of groundwater in Ft. Myers. The interesting
thing about this project is that according to the Boyle Engineers
report (1977) there was no significant difference in total cost of
water produced as compared with three other types of conventional
treatment. Boyle Engineering recommended the project after pilot
testing showed that the quality of water was superior to other
types of conventional treatment. The Ft. Myers Plant is scheduled
to come on line during the summer of 1991.

*paper presented at "Membranes For Drinking Water Treatment
Conference ", Environmental Protection Agency, Cincinnati, OH,
August 6, 1990.



Phoenix Bench Tests

The results of these bench tests in Phoenix have been
documented in two project reports available from the John F. Long
Foundation (fluff et al, 1989a) (fluff et al, 1989b). The organic
removal of the nanofiltration projects have been documented here
today by Dr. Gary Amy. Organic removal in these projects has also
previously been reported in the Civil Engineering Environmental
Journal (Amy et al, 1989). A television documentary was completed
and shown on Channel 5 in Phoenix in April 1989 on the recharged
wastewater nanofiltration pilot treatment plant. Copies of this
documentary can also be obtained through the John F. Long
Foundation.

In addition to organic removal, the nanofiltered wastewater
was also in compliance with all of the 1986 EPA Drinking Was as the
raw water storage, sedimentation and flocculation chambers in
addition to the filtration beds. Furthermore sedimentation drying
beds are not needed (Huisman, 1974). The filtration rate of a slow
sand filter is generally between 2 to 10 million gallons per day
(MGD) /acre.

Cleaning slow sand filters is generally done by removing the
top 1/4 to 1/2 inch of sand. This cleaning of slow sand filters,
particularly in large systems, can be quite easily mechanized
(Huisman, 1974). In London an la man crew operates a 400 -500 MGD
slow sand filter plant. In smaller systems the use of a fabric
matting developed in London appears to reduce the cleaning time.
The matting is dried out, swept off and put back into service. If
two sets of matts are used the slow sand filter can be placed back
in service within an hour or so.

Construction costs of slow sand filters can be significantly
reduced by using modern techniques of basins lined with gunite
coated plastic rather than poured concrete basins. Modern
techniques of suspended fabric can also be used to cover the slow
sand filters. This covering has been shown to be very effective
in reducing cleaning frequency primarily by eliminating algae
growth in the water above the sand beds (Huisman,1974).

The slow sand filtration has many advantages as a pretreatment
for nanofiltration. It removes turbidity down to less than that
normally obtained in rapid sand filters. In the cleaning process
only the surface is disturbed so there is not increased turbidity
when the filters are put back into service. If operated properly
and the beds are kept completely saturated then there is a
significant reduction in dissolved organics. In the London slow
sand filtration systems using Thames River water this reduction is
about 25 %. Perhaps even more significant there is generally a
99.9% removal of micro -organisms that greatly inhibits biological
fouling without the use of disinfectants. Disinfectants such as



chlorine and ozone attack the thin film membranes used in
nanofiltration.

A patent has been applied for the combination of slow sand
filtration with reverse osmosis treatment including nanofiltration
and ultrafiltration. As far as can be determined, the University
of Arizona was the first to use this unique combined technology for
the treatment of surface water.

Apache Junction Pilot Plant Description

The pilot plant facility is shown in Figure 1. It is located
next to the CAP canal east of Mesa. Water is obtained from the
canal with a submersible pump. The water goes through a totalizing
meter and then directly into the slow sand filters. The slow sand
filter is constructed out of a plastic -lined redwood box that is
10x10x8 feet. It has 3 feet of mortar sand on top of 7 inches of
gravel separated with plastic window screen. This type of
construction very effectively keeps the sand out of the gravel so
that expensive layering of gravel is avoided.

The effluent is pumped out of a collection well using a
submersible pump. The use of the low pressure nanofilters allows
the use of inexpensive submersible pumps. These pumps are readily
available in many different sizes which makes it possible to
optimize the selection.

After the water coming from the slow sand filter is
pressurized it is piped into a small building where the nanofilters
are located. The shed also houses a chemical feed pump and an
ozonator. The ozonator is used in connection with a water
dispenser which is a part of the public acceptance part of the
project. Consolidated Water's customers will be allowed to come
and obtain nanofiltered water in their own containers from the
pilot plant. The ozonator was installed not to purify the
nanofiltered water but to purify the customers containers in case
they are contaminated. This part of the project has not been
started yet. The plant has been operating successfully since
April, 1989. The nanofilter train has been expanded in addition
to the original three 8 -inch elements it now includes a 4 -inch and
a 2.5 inch element. This train is shown in Figure 2.

The critics to nanofiltration in Arizona were concerned that
20 percent of the water would be wasted in the reject stream. By
adding the 4 -inch and 2.5 inch elements a "cascading array" was
created whereby the recovery was increased to 95 %. The last two
elements were tighter membranes, both SH and SG elements, from
Desal have been used. Presently SG elements are being used. Both
SH and SG elements have a higher salt rejection than the original
Filmtec NF70 or Desal DK 8 -inch elements being used. Using tighter



elements as the concentration of the feed water increases is a very
important concept in areas where salinity removal is important.

We have been operating at the 95% level at the Apache Junction
Pilot Plant for the past four months and with no significant change
in fouling. Consolidated Water Utilities have been satisfied
enough with the results to start developing plans for their MGD
plant. They have recieved a preliminary bid on a turnkey plant to
be built by wastewater Resources, Inc. in Scottsdale for
approximately $900,000. This cost includes rapid sand filters,
covered slow sand filters and the nanofilter treatment train
including a 1 million gallon covered storage reservoir for the
product water. Although the rated design of the plant in the
winter time is i MGD it will be able to produce twice that in the
summer. In a typical water utility the demand would peak in the
summer when the nanofilters production due to higher temperature
would also peak. However in Apache Junction the peak demand is in
the winter time due to high influx of winter visitors.

Within the larger i MGD plant it was discovered that the 95%
recovery based on the same type of staging in the pilot plant would
have one important improvement. Instead of a flux rate of 1.66 to
2 GPM that is coming out of the third 8 -inch element in the pilot
plant (see figure 2) there would be 37 GPM coming out the last
element in the 1 MGD plant. Most nanofilter experts we have talked
to, including Larry Lien of Membrane Development Systems (MDS) who
is here today have been impressed that there has been so little
fouling with such a low flux rate in the 8 -inch elements that has
been used. The elements have only to be cleaned every 4 to 5 weeks
at the pilot plant. If there is ten times as much flux going
through the elements the cleaning problems would be much less than
they are in the pilot plant. The nanofilter experts that know of
our results attribute our success to the use of the slow sand
filter. It is working very effectively.

Pathogen Removal

The project has been a team effort. Dr. Gary Amy is a part
of the team that has been taking care of the dissolved organics.
Another important member of our team has been Dr. Charles Gerba.
He has been doing the micro -organism analysis for the project.
Seeding studies of viruses, Bacteriophage PRD -1, on June 21, 1990
are shown in Figure 3. The seeding level we were trying to achieve
was 7 log pfu /mL. This goal was not quite achieved as shown by the
top line of Figure 3. The difference between the sand filter "out"
and nanofilter "in" was that the water passed through a 5 micron
filter. The virus levels however are very similar indicating that
the 5 micron filter had little effect. However the slow sand
filter had a very great effect reducing the virus level from 100000
pfu /mL down to 100 pfu /mL. The nanofilter system removed the rest
of the viruses.

Not content with the above findings Dr. Gerba, being the good
scientist that he is, wanted to give the nanofilters a greater



challenge. the stilling well after the slow sand filters was
seeded with an even greater loading of 100,000,000 pfu /mL on July
3, 1990. See Figure 4. These results also showed no significant
change while passing through the 5 micron filter. There was a
reduction down to 100,000 pfu /mL from the first nanofilter which
was a NF70 and a significant reduction down to less tha 10 from the
Desal SH membrane. The final product is a composite from the 5
nanofilters showed a reduction down to 10,000. This product was
heavily influenced from the results coming from the first large
nanofilter. Without some leakage in this test there shpuld not be
any viruses in the product water even if it is seeded at a very
high level. The filters were checked for leakage and there was
none detected. The conductivity in the first nanofilter, also
measured on July 3, was 150 ppm dropping from a raw water
conductivity of 600 ppm. This is about the same reduction we have
gotten since the test started and so their does not appear to be
any leakage. the test will be repeated and reported in the
literature.

Pine Water Association Slow Sand /Nanofiltration Plant

The pilot plant at Apache Junction attracted the interest of
the Pine Water Association in Arizona. This resulted in the
University of Arizona receiving a contract to install a 40,000 GPD
system at Pine Arizona located at 5000 feet elevation using surface
water. At this site, located at the base of the Mogollon Rim in
Central Arizona, there is cold temperature and snow considerations.
Figure 5 shows the design that has been approved for use at this
location which will be constructed this fall.

As shown in Figure 5 a fabric covered slow sand system
developed in London will be used. It is an easy way to clean slow
sand filters for small systems. At Pine there is going to be a
cascading array of 8 -inch and 4 -inch vessels. In the winter time
all will be operated with a 150 psi pump in order to meet the
demand during cold weather. In the summer time the lower pressure
pump will be used on half of the array to meet the demand in the
warmer weather when the nanofilter production rate is higher due
to warmer temperatures.

An automatic inline electric heater will be used in the winter
time to make sure the temperature of the water never drops below
40 degrees fahrenheit. This heater will not have to be used very
often but is an essential element in the treatment train. this
same type of design would be appropriate for treating surface water
in most of the colder climates in the United States. If
groundwater is used then the wintertime temperature of the water
would not differ greatly from the summer. The entire University
budget for the Pine project is approximately $26,000 showing that
the cost os the system is quite reasonable. there will be a labor
contribution from the utility in addition to supplying the metal
building. At the present time the utility has no filtration, just
a sedimentation chamber and chlorination. At Pine there is no
salinity or hardness problems but the utility is concerned about



the taste of the water, dissloved organics and THM's. These are
the reasons they are using nanofiltration.

Summary

the research on recharged municipal /nanofiltration and slow
sand /nanofiltration systems have shown that these treatment methods
will meet the present 1986 drinking water standards and should also
meet future regulations that may be applied. It appears to be the
best available technology for use with marginal quality water to
improve taste, reduce hardness, reduce salinity, reduce pollutants
in addition to reducing the health hazards of disinfectant
biproducts.
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