
CRYPTOSPORIDIUM – A NEW THREAT IN WATER TREATMENT
Executive Summary

The presence of Cryptosporidium oocysts in municipal water supplies is a concern to water authorities worldwide.  At present there are no guidelines that these water authorities can follow to ensure the safety of the drinking water.  This is due to the lack of global knowledge in this arena.  At present it is not possible to distinguish the difference between live or dead oocysts, and if they are infectious.  There also needs to be a fast and accurate method of identifying Cryptosporidium.

This report discusses the issue of Cryptosporidium in water supplies and the current treatment methods available.  A case study, Sydney 1998, is investigated.  The report concludes that it is necessary for a multiple barrier approach to inactivate/remove Cryptosporidium oocysts.  It is also vital to monitor the treatment process to check that the treatment barriers are working effectively.  If Cryptosporidium oocysts are discovered in the drinking water, the relevant health department should be informed immediately.

1.0 Introduction

Cryptosporidium is from the protozoan genera in the phylum Apicomplexa.  The species, Cryptosporidium parvum, has been known to produce infection and disease in humans.  Cryptosporidial infections result from oral ingestion of oocysts which may be encountered in contaminated drinking water.  The symptoms in normally healthy people include diarrhoea that can last for up to a month or more.  However, in immunocompromised people the infection could be life threatening.

This report discusses the issue of Cryptosporidium oocysts in drinking water and what can be done to inactivate them.  International research findings and a case study is also included in the report.

2.0 Cryptosporidium – What is it?
Cryptosporidium is from the protozoan genera in the phylum Apicomplexa.  It is found in the stools of infected warm-blooded animals and sometimes in humans.  Figure 1 shows Cryptosporidium oocysts in the human intestine.  An oocyst is a dormant form of the organism about two to six microns in diameter (Department of Natural Resources, 1998).

Cryptosporidium is commonly found in rivers, lakes and streams contaminated with animal faeces or which receive wastewater from sewage treatment plants.  Cattle, especially calves, seem to be a major source of Cryptosporidium (Department of Natural Resources, 1998).  These rivers, lakes and streams often drain into a municipal’s water supply.  The treatment plant then has the hard task of removing these oocysts from the drinking water.
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Figure 1. Cryptosporidium oocysts in the human intestine

3.0 History of the Cryptosporidium oocyst

To fully understand the functioning of a Cryptosporidium oocyst it is necessary to understand the history behind it.

In 1907 Ernest Edward Tyzzer was conducting experiments with laboratory mice when he identified a sporozoan of uncertain taxonomic status.  This sporozoan was found frequently in the gastric glands of the mice.  He described asexual and sexual stages and spores (oocysts), each with a specialised attachment organelle, and remarked that spores were excreted in the faeces (Tyzzer 1907).  Tyzzer named the parasite Cryptosporidium muris.  In 1910, he proposed Cryptosporidium as a new genus.

Tyzzer continued his research and made additional findings noted below (Fayer (1997).

1912

Cryptosporidium parvum was described.  It was found that C. parvum only developed in the small intestine and that its oocysts were smaller than those of C. muris.

1929
Tyzzer illustrated the developmental stages of Cryptosporidium
For many years these discoveries did not play an important role in the scientific, medical and economic world.  Fortunately other scientists continued the research into Cryptosporidium.

1955
Cryptosporidium meleagridis was discovered and it was found to be associated with illness and death in young turkeys.

1971
Cryptosporidium was found to be associated with bovine diarrhoea (Panciera et al. 1971).

1976
Cryptosporidiosis was first identified in humans.

1982
Twenty one males from six large cities in the U.S. had sever diarrhoea caused by Cryptosporidium in association with Acquired Immune Deficiency Syndrome (AIDS) (Anon. 1982).

1982
The above outbreak increased the worldwide interest in Cryptosporidium.

1993
A massive waterborne outbreak occurred in Milwaukee.  This outbreak involved approximately 403,000 persons and killed over 100 people.  These fatalities further prompted an increase in research into the protozoan including the development of methods for recovery, detection, prevention and treatment.

1994
Forty three people were infected and killed in Las Vegas, Nevada.

1994 onwards.  Continued outbreaks across the world.
4.0 Water Treatment Methods

In recent years the removal of Cryptosporidium oocysts from drinking water has been a challenge that many water treatment facilities around the globe has been faced with.  On many occasions, it has been after a large Cryptosporidium outbreak when the water authorities have paid particular attention to the problem.  This was recently seen in the Cryptosporidium scare of 1998 in Sydney.

The greatest treatment problem faced by authorities is the resistance that the Cryptosporidium oocysts have to many disinfectants, including the standard chlorine disinfection used by many water treatment plants.  When the environment around the Cryptosporidium  parasite becomes inhospitable (like the presence of chlorine), the parasite can go into the cystic form (like a hard, round, impermeable microscopic egg).  The cyst form is resistant to chlorine and very hard to kill.

Ongoing research across the world is occurring to find the ultimate treatment method that will guarantee 100 percent removal at a cost effective rate.  

Bouchier (1998) states that there is a key element in providing appropriate treatment.  The key element is that a risk assessment should be conducted on:

(a) The degree of exposure of the catchment to oocysts;

(b) The treatment processes currently in place; and

(c) The history of cryptosporidiosis in the community.

The monitoring systems and water treatment requirements should be reviewed against the level of risk.  This statement is very accurate.  If the catchment has a very low exposure to oocysts then the water treatment requirements would be different to if the catchment had a high risk of exposure.  This has been found in the United States of America.  

The Mount Pleasant Waterworks (1998) conducted a risk assessment to find out the likelihood of Cryptosporidium in its water supply.  It was discovered that the risk was zero. This was due to Mount Pleasant’s water coming from an underground aquifer that is protected from surficial contamination.

On the other hand, it can be stated that Milwaukee, Winconsin has a high risk of contamination.  In 1993, Milwaukee’s water supply was contaminated and infected over 400,000 people and killed over 100 people.  Obviously, the required treatment practices at Milwaukee and Mount Pleasant Waterworks are vastly different.

It has been discovered that there is a strong correlation between Cryptosporidium outbreaks and inadequacies in drinking water treatment (Fayer, 1997 and Bouchier, 1998).  Operators of water treatment plants need to ensure that the proper procedures are followed and appropriate monitoring occurs.

4.1 Coagulation / Sedimentation / Filtration

The primary treatment for the removal of Cryptosporidium begins with the raw water.  Properly operated conventional treatment (coagulation, sedimentation, filtration) can remove 99 percent or more of oocysts (Nieminski (1994), Hall et al. (1994), West et. al. (1994) and Nieminski (1992)). Microfiltration and ultrafiltration membrane processes can remove all oocysts (Adham et.al. (1994)).  Other methods that would remove the oocysts include direct filtration, high-rate filtration, dissolved air flotation and slow sand filtration.

There are added procedures that can be conducted to improve the treatment of Cryptosporidium.  These include:

· Addition of a polymer along with the metal salt.

· Enhanced coagulation for optimum removal of total organic carbon.

· Addition of a coagulant to the final portion of the backwash water.  This is important as one of the critical times when oocysts can breach the filtration barrier is following backwash of the filter.

· Monitoring the filtration by using on-line turbidimeters and particle counters.

The 99 percent or more (3 to 4 log) removal rate stated above occurs during optimal conditions.  Unfortunately, when a problem occurs with any one of the processes the removal rate is reduced substantially.  It is also reduced when variations occur in the conditions ie.an increase in turbidity.  This is why water authorities recommend that an additional treatment process occurs – disinfection.
4.2 Disinfection

Oppenheimer et. al. (1997) states that the 2- to 4-logs of oocyst removal that has been demonstrated by conventional treatment is not sufficient.  This was shown by the outbreak in Las Vegas, Nevada where conventional treatment was used.  There needs to be a multiple treatment barrier to ensure the effective removal of the oocysts.  Disinfection of the drinking water would provide this multiple treatment barrier.  Unfortunately, due to the characteristics of the Cryptosporidium oocysts,  not all disinfectants are effective.

Crozes et al (1997) recommends that an overall treatment goal of 5-log Cryptosporidium removal should occur.  Considering that conventional treatment at optimal conditions only achieves 4- log physical removal at best, another treatment barrier is essential.  This barrier is particularly important when optimal conditions are not present and only 2- log removal is possible.

The two treatment barriers should overlap by at least 1- log.  One possible treatment would be through ozonation.  Ozonation would contribute to an additional 2- log activation.  In optimal conditions the inactivation of Cryptosporidium would therefore range from 5 to 6 logs after multiple treatments.  If optimal conditions do not exist then at least ozonation provides another potent barrier with an additional 2- log inactivation.

Recent and ongoing research has shown that ozone is the most effective disinfectant for Cryptosporidium inactivation (Crozes et. al. , 1997). However, ozonation is not the only disinfectant that has been trialed across the globe to inactivate Cryptosporidium.  These disinfectants are discussed in section 4.3 -  International Research.

4.3 International Research

In recent years there has been many trials conducted across the globe to find a better method of inactivating/removing Cryptosporidium oocysts from drinking water.  Just a few of these trials are discussed below.

4.3.1 Optimizing Coagulation / Filtration Processes

Pilot scale studies were conducted to optimise the coagulation and filtration processes for the removal of Cryptosporidium.  The studies were conducted in the La Verne Pilot Plant with influent from the East Branch of the California State Water Project.

Parameters that were studied include optimal metal coagulant / organic polymer combinations and doses, coagulation pH depression, pre-oxidation with either chlorine or ozone and comparisons of dual – and tri – media filtration.  Yates et. al. (1997) also evaluated possible surrogate measures such as turbidity, particle and aerobic spore removal.

During the testing liquid aluminium sulfate (alum) and ferric chloride (FeCl3) were compared.  It was found that the (FeCl3) (> 3 log) provided greater Cryptosporidium oocyst removal than alum (2 log) at ambient pH values.  These coagulants were used in conjunction with pre-chlorination, polyDADMAC, and filter aid.  Without the filter aid, oocyst removal decreased by approximately 1 log for both coagulants.

FeCl3- treated water provides greater removal of aerobic spores.  However, alum- treated water provided greater particle removal during the test period.

Other results from the pilot study include:

· Preoxidation with either chlorine or ozone improves particle and spore removal.

· Tri-media filtration (anthracite/silica sand/ilmenite) performed better at removing oocysts than the dual media (anthracite/silica sand).

· When combined with FeCl3 – treated water, tri-media filtration removed a greater number of aerobic spores.

· When combined with alum – treated water, dual-media filters removed slightly more aerobic spores.

· Filter aids were found to increase turbidity and particle removal and delay turbidity and particle breakthrough.

· The removal of naturally occurring aerobic spores during filtration was found to be an indicator of oocyst removal.  This however could primarily be due to the small size of the aerobic spores.

· Turbidity is another surrogate measure of monitoring oocyst removal when using alum – treated water.

· The use of particle counters in conjunction with turbidimeters, were more effective than turbidimeters alone for optimising coagulation conditions and controlling filter operation.

· When coagulation pH is decreased, it appears to further reduce filter effluent turbidities and particles when coagulation with FeCl3.

· When coagulation pH is decreased, it appears to decrease particle removal when coagulating with alum.

These results will be used to further optimise coagulation/filtration processes and establish performance criteria at full-scale treatment plants (Yates et al. 1997).

4.3.2 Ultra-violet Irradiation

Clancy et al. (1997) tested ultra-violet irradiation at full scale for its ability to inactivate Cryptosporidium oocysts.  The American Water Works Association Research Foundation (AWWARF) and the Electric Power Research Institute (EPRI) funded this study.

A Cryptosporidium Inactivation Device (CID) was designed for the study.  Clancy et al. (1997) describes the device as a unit that consists of two treatment chambers each containing a 2 (m porosity filter.  Each side of the filter has three 85 W LP Mercury lamps focused on it, for a total of six lamps per filter.  The theoretical minimum radiation intensity is approximately 14.58 mWcm-2 at the germicidal wavelength of 253.7 nm.

The following steps describe how the oocysts become captured and exposed to the U.V. irradiation.

· The oocysts are originally captured on the first filter.

· The U.V. dose is established during the first cycle.

· The oocysts are back flushed onto the second filter when the flow within the filter is reversed.

· They are then trapped until the preset U.V. dose is reached.

· Valves are used to determine the pattern of the water flow.  This ensures that the oocysts are temporarily captured on both filters with no build up of debris in the system.

· The captured oocysts are exposed to the preset U.V. dose.  This dose is independent of the flow rate.

Animal infectivity studies were conducted to assess the inactivation of Cryptosporidium. There were three different trials.  The first trial was conducted on 2 October 1995.  This test was performed using formalin preserved oocysts to determine the effectiveness of the spiking procedure and membrane capture technique at high flow rates.  The results of the trial showed that the filter collection system exceeded the requirements of handling high flows, trapping oocysts, and permitting recovery of sufficient numbers of the oocysts for validation of the process.

The second trial was conducted on 6 November 1995.  There were 5.0 x 108 live oocysts were used in this trial.  Two flowrates were used in this study (125 gpm and 62 gpm).

The recovery of oocysts from treatment one (125 gpm) was 46.2 percent and 44.1 percent for treatment two (62 gpm).  Greater than 2.0 x 108 oocysts were used for the animal infectivity studies.  It was shown that no mice became infected from this trial.  The results indicate a greater than 3 – log inactivation of oocysts in this trial.

The third trial occurred on 22 – 23 October 1996.  Three experiments were set up using the following flowrates – 100 gpm, 400 gpm, 100 gpm.  The second 100 gpm flowrate was used as an experimental control.  In the infectivity  study, four groups of mice were dosed with levels ranging from 100 to 105 oocysts.

The results from the trial were as follows:

400 gpm treatment – 1/42 mice were infected.

100 gpm treatment – 4/42 mice were infected.

As there is no statistical difference between the two treatments, the calculated log inactivated was > 4.0.

Clancy et al. (1997) concludes that the study confirms that flow rates do not affect the inactivation rate achievable in the CID.  Results also showed that the CID is a very effective treatment for the inactivation of Cryptosporidium oocysts.

4.3.3 Point-of-Use Water Treatment Systems

In came to the attention of Johnson et. al. (1997) that there was a market for a Point-of-Use (POU) water treatment system.  Therefore, Johnson et. al. (1997) conducted a study to demonstrate that a properly designed POU water treatment system is a practical and effective approach to remove pathogenic parasites from tap water.

The POU water treatment system that was used in this study consisted of a granular activated pressed carbon block followed by a UV light subassembly.  Flow rates during the testing ranged from 0.70 – 0.78 gpm.

Two identical POU water treatment systems were tested over a 16-20 day period under various water quality conditions.  Cryptosporidium oocysts were spiked into plastic containers consisting of 20 gallons of test water.  The water and oocysts were then mixed using an electric pump.  This water was used to challenge the treatment systems.  The units were challenged by both general case and “worst” case water.  Table 1 shows the removal/inactivation rates during the trial.

Table 1.  Removal/Inactivation of Microorganisms by POU water treatment systems

	Gallons Passed through Unit
	0
	500
	1000
	1500

	Lifetime
	0 %
	40 %
	80 %
	120%

	
	Influent
	Effluent
	Influent
	Effluent
	Influent
	Effluent
	Influent
	Effluent

	C. parvum

Oocysts/mL
	2.0 x 104
	0
	1.4 x 104
	0
	1.8 x 104
	0
	1.5 x 104
	0

	C. parvum

Oocysts/mL
	1.5 x 104
	0
	1.5 x 104
	0
	2.0 x 104
	0
	1.8 x 104
	0


Source: Johnson et al. (1997)

These results indicate that the POU water treatment system effectively removed greater than 99.99 percent (4 log) of Cryptosporidium oocysts at 120 percent of the rated carbon block filter capacity.  They also demonstrate that a properly designed POU water treatment system is a practical and effective approach to remove pathogenic parasites from tap water.

5.0 Case Study – Sydney 1998

Unfortunately, sometimes it takes a large Cryptosporidium scare to make water authorities understand the importance of Cryptosporidium research.  A lot of things can be learnt from these scares, especially from the exponential growth of knowledge that is obtained throughout the event.  In 1998, three such events occurred in Sydney, Australia.

Sydney 1998

Sydney’s water supply was contaminated by Cryptosporidium and Giardia during three events between late July and mid September 1998.  The initial contamination was discovered during the routine monitoring of the drinking water.  Previously the regular monitoring had only shown the occasional presence of the oocysts in the raw water at low levels.  The regular monitoring had never previously shown concentrations of Cryptosporidium  and Giardia at the high levels that occurred during July.  As Cryptosporidium and Giardia can be harmful to the health of those who consume them, precautionary boil alerts were issued.

There were many problems faced by Sydney Water. The lack of specific knowledge on many of the issues surrounding Cryptosporidium and Giardia in drinking water was a large problem.  There were (and still are) no national or international guidelines regarding safe numbers of these parasites in drinking water.

Detection methods are slow and expensive.  There were no readily available methods to determine whether the oocysts found were dead or alive, infectious or harmless.  The transportation of the oocysts through catchments, lakes, filtration plants and distribution pipelines was also very poorly understood.

There were distinct differences between the first and the following two events.

The First Event

During the incidents, the NSW Government established a Sydney Water Inquiry.  Peter McClellan QC chaired this inquiry and set out to identify the causes and effects of the contamination and to make recommendations to protect the quality of Sydney’s drinking water. 

The exact source of contamination could not be established for certain.  There were three possibilities.  The first possibility was that it could have come from the Warragamba catchment following widespread rain in late June.  Alternatively, it could have come from the unprotected Upper Canal that delivers water from the southern dams to Prospect.

However, due to such high levels, it is thought that the third possibility is the most likely.  This possibility is the accumulation of Cryptosporidium and Giardia at a point within the water system.  Sydney Water (1998) states that Cryptosporidium and Giardia originating in the catchments could have been transferred over time through the raw water supply and built up in sediments at the inlet channel to the water treatment plant.  This accumulation may have been compounded by the return of backwash filter water, untreated to the inlet channel.

Other activities that were occurring at the treatment plant in July include:

· The plant was undergoing its first maintenance program since opening two years earlier.  At the same time, there were intermittent problems with the plant’s coagulation process causing it to perform sub-optimally.

· The deposited sediments may have been disturbed when the water inflow to the plant rose sharply during the maintenance program.  This increase in inflow was due to the opening of a control valve at the end of the Warragamba pipeline.  This was done to increase the water level in the clear water tanks at the Prospect Plant.  Sydney Water (1998) states that if this action did not occur then the water supply to more than 80 percent of Sydney may have been interrupted.

A combination of circumstances in the catchment and treatment plant may have caused the plant to allow a large volume of contaminated water to pass into the water distribution system.  Ironically, the filtered water from the Prospect treatment plant was continuously monitored throughout the event and fully met all agreed water quality requirements.

The research conducted by NSW Health showed that there were no health effects in the general community during this event.

The Second and Third Events – August-September

In August and September 1998, another two precautionary boil alerts were issued for the Sydney water supply.  These events followed two major rainfall events which effectively broke a six year drought.  The second and third contamination events occurred approximately two weeks after each of the two major rainfall events which is consistent with the time for contaminants from the outer perimeter of the lake to travel to the dam wall at that time of year.

The August rains caused Warragamba Dam to rise from 58 percent to full in two large but brief duration steps in just over two weeks (Sydney Water, 1998).  The first rainfall event (7 – 9 August) raised the dam storage from 58 percent to 83 percent.  The second rain event (16 – 18 August) took the dam to capacity with a small event.  These wet weather periods caused heavily contaminated run-off from streams and exposed foreshores to enter Sydney’s water supply.

The exposed foreshores behind Warragamba Dam had been estimated at 1900 hectares.  This was due to the water level being at its lowest since the 1973-83 drought.  The water level had fallen over twelve metres below the high water mark.

The August rainfall events caused a very unusual occurrence in the layering of Warragamba Dam.  Typically, in August, Warragamba Dam has been uniform throughout it’s depth.  However, during August – September, there were three layers.

The layering commenced when the runoff/streamflows from the first rainfall event settled on the bottom of the dam pushing stored good quality warmer water to the top.  Similarly, the resultant streamflows from the second rains entered the dam as cold water, mixing with the first cold layer.  This pushed the warmer water closer to the top of the dam.  Some good water probably spilled as the dam reached and exceeded its capacity.

The warmer clean surface layer was 25 metres deep, the mixed middle layer was 10 – 15 metres deep and the cold, dense and contaminated bottom layer was 50 metres deep.  This layering and the effects of wind on the lake’s surface made it a challenge for Sydney Water to decide at which level the off-take point should be.

At first the off-take point moved several times upwards but the combined effects of wind and rapid filling caused a submerged, slow wave-like action to begin moving in the bottom, contaminated layers.  The cold layer began to oscillate like a see-saw (Sydney Water 1998).  The height of the oscillation was measured at up to 25 metres.

This oscillation pattern explains one of the most puzzling aspects of the August-September events.  That was the sudden high reading of oocysts that were followed by days of clear readings.

Similar to the first event, NSW Health research showed that there was no increase in illness due to these two contamination scares.  The boil alert was lifted on 19 September 1998.

Lessons Learnt 

Sydney Water learnt a lot from the events of 1998.  It has been identified that there needs to be an increase in Cryptosporidium and Giardia Research.  There needs to be research in developing a fast and accurate method of identifying Cryptosporidium and Giardia.  After identification has occurred it is necessary to identify whether they are alive or dead, and if they are infectious.  When this is possible, a guideline value should be derived.

Appropriate treatment methods also need to be investigated.  As well as their movement through the natural environment and the water supply system.

Sydney Water has introduced a program to improve treatment and monitoring at the filtration plant.  Particle counters, which allow real time monitoring of performance, are being installed.  Better management and monitoring of storages will allow better selection of raw water off-take points (Sydney Water , 1998).  At Prospect water filtration plant, the backwash water (supernatant) is now being filtered.

Sydney Catchment Authority has been set up to provide the long term management of the catchment area.  Protocols for the early warnings of potential contamination in the outer catchments have now been developed.

Although Sydney Water has realised that there is a need for substantial research into this area, the company’s understanding has increased exponentially.  This knowledge can now been taken across the globe where other water companies can benefit from it.

6.0 Conclusion / Discussion

This report has shown a challenge that water authorities worldwide must face.  The challenge is the removal/inactivation of Cryptosporidium oocysts from drinking water.  As there is currently no cure for cryptosporidiosis (Bouchier et. al. 1998), it is essential that the water authorities conduct practices that reduce / eliminate Cryptosporidium oocysts within drinking water.

This can be effectively done by properly operated coagulation / sedimentation / filtration systems in optimal conditions.  It is necessary for operators of the treatment plants to realise the importance of their jobs.  If one of the above processes is not performed properly, then the risk of contamination increases.

Unfortunately, these processes do fail.  That is why multiple barrier treatment approaches are now very popular worldwide.  The added treatment is disinfection.  This report concludes that ozonation is the best disinfectant for inactivating oocysts.  If consumers prefer even more treatment, it is now possible to install treatment units at the point of use in the household.

The Sydney Water case study shows that continued research is essential.  It is critical that a guideline is developed.  This will only be possible when water authorities are able to distinguish the difference between live and dead oocysts, and if they are infectious.
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