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The microbiological quality of seven large commercial
private water supplies in the United Kingdom
D. Kay, J. Watkins, C. A. Francis, A. P. Wyn-Jones, C. M. Stapleton,
L. Fewtrell, M. D. Wyer and D. Drury

ABSTRACT
Some 1% of the UK population derives their potable water from 140,000 private water supplies
(PWSs) regulated by Local Authorities. The overwhelming majority of these are very small domestic
supplies serving a single property or a small number of properties. Treatment for such supplies is
rudimentary or non-existent and their microbiological quality has been shown to be poor in every
published study to date. Private water supplies serving commercial enterprises such as hotels,
restaurants, food production premises and factories are more frequently treated and subject to
closer regulation in the United Kingdom. As a result, it has been assumed that these larger

D. Kay (corresponding author)
A. P. Wyn-Jones
C. M. Stapleton
L. Fewtrell
M. D. Wyer
River Basin Dynamics and Hydrology Research
Group,
University of Wales Aberystwyth,
Ceredigion, SY23 3DB,
UK
Tel, Fax: +44 (0)1570 422967
E-mail: dvk@aber.ac.uk

commercial supplies are less likely to experience elevated faecal indicator and pathogen
concentrations at the consumer tap which have been observed at small domestic supplies.
This paper reports on intensive monitoring at seven commercial private water supplies (six of
which were treated) spread throughout the UK serving hotels, holiday parks and food production
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enterprises. Daily sampling of ‘potable’ water, both at the consumer tap and using large volume
filtration for Giardia and Cryptosporidium spp. was conducted over two six week periods in the
spring and autumn of 2000. This allowed the effects of short term episodic peaks in faecal indicator
and pathogen concentration to be quantified. All the supplies experienced intermittent pathogen
presence and only one, a chlorinated deep borehole supply, fully complied with UK water quality
regulations during both periods of sampling.
Poor microbiological water quality typically followed periods of heavy rainfall. This suggests that
the design and installation of such systems should be undertaken only after the likely range of raw
water quality has been characterised, which requires a thorough understanding of the effects of
flow and seasonality on raw water quality. There is no reason to suspect that the monitored sites
are uncharacteristic of other commercial supplies and the results reinforce public health concerns
related to domestic supplies. Furthermore, the pattern of contamination is highly episodic,
commonly lasting only a few days. Thus, the relatively infrequent regulatory monitoring of such
supplies would be unlikely to identify the poor water quality episodes and does not provide the data
necessary for public health protection.
Although some statistical relationship was found between faecal indicator organisms and the
presence of pathogens, the use of FIOs in assessments of regulatory compliance may not always
provide a reliable measure of public health risk, i.e. indicator absence does not preclude pathogen
presence. The results of this study suggest that a risk assessment system similar to the WHO ‘Water
Safety Planning’ approach might offer a more appropriate regulatory paradigm for private water
supplies.
Key words
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INTRODUCTION
The 140,000 UK private water supplies (PWS) (Reid et al.

had been associated with the consumption of water from

2003) are regulated by the Private Water Supply Regulations

private supplies (Said et al. 2003). Campylobacter was the

(1991) (Anon 1991). These require Local Authorities to

principal aetiological agent in 52% of these outbreaks and

sample and analyse water with the sampling frequency

commercial (Category 2) supplies accounted for 88% of the

determined by the type of water supply. In the case of

reported illness. The authors suggest that outbreaks related

domestic supplies (Category 1) sampling frequency is based

to water from private supplies are characterised by: (i)

on the population served. For supplies used for commercial

transient populations, (ii) inadequate or ineffective treat-

purposes (Category 2), for example hotels and food

ment, (iii) animal presence in the area around the supply

preparation, sampling frequency is based on the volume

and (iv) rainfall events preceding consumption of polluted

supplied. A series of studies in Europe and North America

water. Similar factors have been associated with a major

have demonstrated consistent and wide scale failure of

E. coli O157 outbreak in Ontario affecting 2,300 people and

many small, principally rural, domestic private water

causing seven deaths, which serves to outline the potential

supplies against microbiological, chemical and radiological

for serious harm from polluted potable water even within

criteria (Conway 1981; Mathys & Soddemann 1988; Pollock

the most affluent and technologically advanced nations

1992; Whitten 1992; Kross et al. 1993; Petrie et al. 1994;

(Kondro 2000; Rose et al. 2000; Spurgeon 2000; Anon

Constantine et al. 1995; Humphrey & Cruikshank 1995;

2000b; Curriero et al. 2001). The UK PHLS-HPA study

Clapham & Horan 1996; Duke et al. 1996; Fewtrell & Kay

concluded that “the number of cases and outbreaks

1996; Clapham 1997; Shepherd & Wyn-Jones 1997; Fewtrell

associated with PWS and therefore the public health

et al. 1998; Chalmers et al. 2000; Dawson & Sartory 2000;

problem is probably underestimated. The commercial use

Harrison et al. 2000; Rutter et al. 2000; Licence et al. 2001;

of PWS potentially exposes larger populations to the risk of

Thompson 2001; Levin et al. 2002; Thompson 2003).

illness from contaminated water from PWS. Identification

The public health implications and resultant disease

of risk factors, proper protection of water sources, and

burden are less well documented and the Infectious

adequate treatment and maintenance are essential to

Intestinal Disease study in the UK (Anon 2000c) did not

protect these populations ” (Said et al. 2003).

identify private water supplies as a major cause of

This investigation focussed on commercial category 2

gastrointestinal illness, although precise surveillance and

supplies which had up until the time of the study received

subsequent recording of self-limiting gastrointestinal illness

little research attention. The supplies were anonoymised to

is notoriously difficult (Georgiou & Langford 2003). Case

maintain confidentiality.

control studies seeking to examine any health differences
between individuals consuming water from private supplies
and treated public supplies have also failed to confirm a
poorer health status in the former group (Meara 1989).
However, a review undertaken in 1987 suggested that in
the period 1937 to 1986 thirteen disease outbreaks invol-

METHODS AND MATERIALS
Site descriptions

ving 1,900 cases could be attributed to private water

Seven private water supply sites were selected across the

supplies (Galbraith et al. 1987). More recently, seven

UK; two in each of England, Scotland, and Wales and one

cryptosporidiosis outbreaks were attributed to the con-

in Northern Ireland (Table 1). The sites included holiday

sumption of water from private supplies (UKWIR 1998). The

camps, a hotel, a hospital, a farm and a small rural village

most recent and comprehensive assessment, led by staff of

with a resident population of approximately 500. Site 1 was

the UK Public Health Laboratory Service (PHLS) (now the

a chlorinated borehole source; site 2 a stream source with

UK Health Protection Agency (HPA)), concluded that, in

filtration and ultra-violet (UV) light disinfection; site 3 was

the UK, 57% of drinking water related disease outbreaks

a shallow well with filtration and UV disinfection; site 4 was
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packs and analysed within six hours of collection. Five

Details of private water supplies included within this study

laboratories participated in the analysis of the samples.
Site

Source

Treatment

Virus samples

1

Borehole

Chlorination

No

2

Stream

Filtration & UV
disinfection

No

Samples were also taken for virological analysis from sites
5 and 7.
Samples were acquired on a daily basis for Cryptosporidium and Giardia analyses using the UK regulatory
Cryptosporidium monitoring cabinets and Genera Filta-

3

Filtration & UV
disinfection

No

Filtration &
chlorination

No

Springs fed
stream

None

14 samples

6

Borehole

Filtration &
ozonation

No

7

Resurgent
underground
stream

Filtration &
chlorinationp

25 samples†

4

5

Well

Reservoir

MaxY filters and filter housings. The assembled housings
were pressure tested to 5 bar for 15 min before use to
ensure that they were leak-proof. Samples were transported overnight to the CREH Analytical laboratory in
Leeds, UK for analysis on the next working day or stored
by the sampling personnel at 48C over weekends before
being transported.
Samples for virological analysis were collected only
during the second of the two periods of fieldwork i.e.
autumn 2000 which included periods of heavy rainfall that
resulted in widespread flooding throughout the United
Kingdom. Thirty-nine samples were taken, of which 14 (20

p

Treatment installed between spring and autumn sampling phases.
20 untreated and 5 treated samples tested.

†

an open reservoir fed mainly by underground springs and
some surface water input with filtration and chlorination;

litres, all untreated) were from site 5 and 25 (50 litres, 20
untreated and five treated) were from site 7. Samples were
collected in sterile 10 litre bottles containing sodium
thiosulphate.

site 5 was an untreated spring-fed surface water source; site
6 was a borehole with filtration and ozonation; and site 7
was a resurgent underground stream from a karst groundwater system. This latter site had a filtration and chlorination treatment plant installed between the two sampling
periods in the study.

Laboratory analysis
Coliforms and E. coli were enumerated on membrane
lactose glucuronide agar (Anon 2000c, 2002c, d). Isolates
were confirmed by the oxidase test, fermentation of lactose
on MacConkey agar and indole production on 1% tryptone

Sampling techniques
The sites were sampled at the consumer tap at approxi-

nutrient agar using Kovacs’ reagent (Anon 2002d).
Enterococci were isolated by membrane filtration on
Slanetz and Bartley agar, with incubation for 4 hours at 378C

mately 08:00 and 10:00 GMT daily for a period of six weeks

and 44 hours at 448C followed by confirmation of aesculin

in the spring (May and June) and six weeks in the autumn

hydrolysis using kanamycin aesculin azide agar (Anon 2002c).

(end of September to mid-November) of 2000. Samples

Presumptive Clostridium perfringens were enumerated

were analysed for coliforms, Escherichia coli, enterococci,

on tryptone sulphite cycloserine agar, incubating at 448C for

presumptive Clostridium perfringens and Campylobacter.

24 hours (Anon 2002b).

Additional samples were taken for E. coli O157:H7 if other

Campylobacter were isolated by enrichment in brain

water quality parameters (e.g. turbidity) suggested the

heart infusion broth containing Butzler antibiotic (Anon

potential for its presence. Samples were taken in sterile

2002a). Enrichment broths were subcultured to columbia

plastic bacteriological bottles containing sodium thiosul-

agar base containing Preston antibiotics (Anon 2002a).

phate, transported to laboratories in cool boxes with ice

Suspect colonies were subcultured and confirmed by Gram
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stain. Isolates were typed by the Central Public Health

concentrations before and after installation of treatment

Laboratory, Colindale, London.

at site 7 were analysed using the Mann-Whitney (U) test.

Escherichia coli O157:H7 were isolated by membrane
filtration (Anon 2000a). Typical colonies were confirmed

All statistical test results were assessed at a ¼ 0.05 (i.e. 95%
confidence level or 5% significance level).

using latex agglutination (Oxoid DR0620M). Isolates were
confirmed at Sheffield (UK) Public Health Laboratory.
Cryptosporidium and Giardia samples were processed
by the standard operating protocol outlined in Anon (1999).

RESULTS

Samples were cleaned using immunomagnetic separation

A total of 1178 samples were analysed, mostly for bacteria

(Dynal GC Combo Kit, Dynal, UK). Slides were stained

and protozoan parasites. The results are summarised in

using two specific monoclonal antibodies (CelLabs, TCS

Tables 2 to 6. Each site was sampled on approximately 40

Biosciences Limited, Buckingham, UK) and 40 , 6-diami-

consecutive days over each of the two phases. Figures 1 to 6

dino-2-phenylindole (DAPI) (Sigma Aldrich, UK). Positive

show the daily faecal indicator and protozoan parasite

slides were examined using a 100x oil immersion to identify

concentrations in the six supplies which were positive for

characteristic

these organisms.

features.

Presumptive

Cryptosporidium

oocysts were confirmed by appropriate size and the
presence of sporozoite nuclei and presumptive Giardia
cysts by appropriate size and the presence of nuclear
material demonstrated by DAPI staining. Bodies in which

Table 2

no characteristic features were discernable with DAPI were
examined by differential interference contrast and counted
as empty parasites where morphology and morphometry
were typical. Spearman’s Rank Correlation Coefficient (rs)

Percentage of bacteriological failures for each site

Sampling

Coliforms

E. coli

Enterococci

Clostridia

Site

Phasep

(%)

(%)

(%)

(%)

1

Phase 1

0

0

0

0

Phase 2

0

0

0

0

Phase 1

65.0

65.0

25.5

51.0

Phase 2

47.0

47.0

14.3

16.6

Phase 1

0

0

0

0

Phase 2

0

0

0

2.4

Phase 1

4.8

0

0

2.4

Phase 2

0

0

7.0

76.6

Phase 1

90.6

90.6

51.2

9.3

100

69.7

14.0

was used to assess the relationships between the protozoan
parasite and bacteriological parameters.

|

2

Rainfall data
3

Daily rainfall (mm) data were obtained for the UK
Meteorological Office raingauge nearest to each site and
for which a complete record of rainfall was available for

4

both phases of the study. All gauges were within 15 km of
the sample sites. The daily rainfall data comprised the total
rainfall for the 24 hours prior to 09:00 GMT on any given

5

date. The statistical significance of relationships between
Phase 2

rainfall for the 24 hours prior to the collection of the sample
(coincidentally at approximately 09:00 GMT) was corre-

6

100

Phase 1

2.4

0

0

0

Phase 2

92.8

64.3

38.0

54.8

Phase 1

83.3

71.4

47.6

90.5

Phase 2

27.3

26.1

6.8

61.4

lated with the bacteriological and protozoan data using
Spearman’s Rank Correlation Coefficient (rs). Correlation
analyses were carried out for each phase (i.e. spring – phase

7

1 and autumn - phase 2) and for the combined data set, with
the exception of site 7 where installation of treatment
between the two phases of study precluded the combination
of the data from each phase. Differences in median
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Table 3

|

Maximum faecal indicator organism counts obtained from each site

Sampling

Coliforms

E. coli

Enterococci

Clostridia

Site

Phasep

cfu 100 ml21

cfu 100 ml21

cfu 100 ml21

cfu 100 ml21

1

Phase 1

0

0

0

0

Phase 2

0

0

0

0

Phase 1

82

82

3

11

Phase 2

90

90

38

7

Phase 1

0

0

0

0

Phase 2

0

0

0

1

Phase 1

10

0

0

1

2

3

4

5

6

7

Phase 2

0

0

2

Phase 1

30,000

15,000

2,400

3

Phase 2

1,600

1,600

114

6

Phase 1

4

0

0

0

Phase 2

. 3,000

. 3,000

Phase 1

6,300

6,300

. 300
470

Table 4

|
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Campylobacter types identified during the study

Site No.

Species

Serotype

Phage type

R-type

Site 5

Camp. jejuni

Untypable

73

Sensitive

Site 5

Camp. jejuni

HS8

Untypable

C‡

Site 5

Camp. jejuni

HS8

RDNCp

Sensitive

Site 5

Camp. jejuni

HS13

73

No data

Site 5

Camp. jejuni

HS13

73

No data

Site 7

Camp. coli

Untypable

Untypable

NxCp†

Site 7

Camp. lari

HS19

Untypable

Sensitive

Site 7

Camp. jejuni

Untypable

RDNCa

Sensitive

Site 7

Camp. lari

Untypable

1

NxCp†

Site 7

Camp. lari

HS19

Untypable

Sensitive

Site 7

Camp. lari

HS19

Untypable

Sensitive

Site 7

A. butzleri

Untypable

No data

No data

. 100

. 300
140

p

Reacted with the typing phages but did not conform to a designated type.
Resistant to naladixic acid and ciprofloxacin.
‡
Resistant to chloramphenicol.
†

Phase 2

175

71

9

81

presumptive Clostridium perfringens was a very poor indicator
p

Sampling Phase: Phase 1: May and June 2000; Phase 2: October to mid-November 2000.

of water quality in terms of numbers detected, both during
phase 1 and phase 2 (Figure 4). At sites 4 and 7 presumptive

Bacteriological results
The current standards for coliforms, E. coli, and enterococci in

Clostridium perfringens appeared to be a better indicator of
faecal contamination in terms of numbers detected, particularly during phase 2 (Figure 3 and Figure 6).

drinking water are zero in 100 ml of sampled water whilst for

Campylobacter spp. were isolated from site 5 on five

Clostridium perfringens the standard is ,1 cfu 20 ml21. Only

occasions and from site 7 on six occasions. Arcobacter

one site (site 1) met these standards throughout the study

butzleri (previously Campylobacter butzleri) was isolated

whilst site 3 met all but the Clostridium perfringens standard.

from site 7 on one occasion. The isolates, typed by the

Of the other five sites, the failure rate for coliforms and E. coli

Central Public Health Laboratory, Colindale, London, are

was between 2.4% and 100% (Table 2). The highest concen-

given in Table 4. Escherichia coli O157:H7 was isolated

trations observed were at site 5: 30,000 coliform 100 ml21 and

from site 7 on one occasion and this isolate was sub-

15,000 E. coli 100 ml21 (Table 3). Two sites had no failures for

sequently shown to possess VT2 and aeaeA genes but not

enterococci (again, sites 1 and 3). The failure rate for the other

VT1 using DNA probes (Chapman 2000).

five sites was between 6.8% and 69.7% with the highest count
being 2,400 enterococci 100 ml21 (site 5). Of the six sites
positive for presumptive Clostridium perfringens, the failure

Protozoan parasites and viruses

rate was between 2.4% and 90.2% with the maximum

Cryptosporidium was detected at all the sites. In Phase one the

concentration in excess of 300 cfu 100 ml21. At site 5,

minimum failure rate was 2.4% (one sample in phase 2 at site 4,
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Percentage positive and maximum counts obtained for Cryptosporidium and Giardia at each site
Counts 1,000 l21

Positive (%)
Site

Sampling Phasep

1

Phase 1

2.6

0

1

0

Phase 2

2.6

2.6

1

1

Phase 1

75.0

60.0

32

17

Phase 2

50.0

42.5

36

167

Phase 1

2.7

2.7

1

1

Phase 2

56.6

50.0

40

83

Phase 1

0

0

0

0

Phase 2

2.4

12.1

4

24

Phase 1

33.3

15.4

84

102

Phase 2

56.0

65.9

9

743

Phase 1

0

0

0

0

Phase 2

10.0

29.0

34

44

Phase 1

52.2

57.7

2,848

3,446

Phase 2

91.0

84.4

71

2,171

2

3

4

5

6

7

Cryptosporidium

Giardia

Cryptosporidium

Giardia

p

Sampling Phase: Phase 1: May and June 2000; Phase 2: October to mid-November 2000.

n ¼ 41) and the maximum failure rate was 91% (site 7, phase

being found in one 20 litre sample and two pfu in another.

2). The minimum count obtained was 1 in 1,000 litres of water

Cell suspensions were prepared from liquid cultures show-

and the maximum was 2,848 (Table 5). Giardia was also

ing cytopathic effects and tested for polioviruses and

detected at all sites. The minimum failure rate was 2.6% (one
sample in phase 1 at site 1, n ¼ 38) and the maximum was

Table 6

|

Viruses detection in samples from sites 5 and 7

84.4% (site 7 phase 2). The minimum count obtained was 1 in
No. of positive samples

1,000 litres and the maximum was 3,446 in 1,000 litres.
Viruses were detected in water samples from both sites
sampled for viruses (sites 5 and 7; see Table 6). Cytopathic

Cell culture

RT-PCR

Site

No. of samples

Liquid culturep

Plaque assay†

Entero

Noro

26 of the 39 samples tested by BGM liquid culture (Table 6).

5

14

10

0

1

0

However, the number of cultures showing plaques in the

7

25

16

2

1

0

effects (c.p.e.) characteristic of virus infection were seen in

monolayer plaque assay was much lower, only two samples
showed plaques characteristic of enterovirus infection, and
even here the count was low, one plaque forming unit (pfu)
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Rainfall (mm), bacterial faecal indicator organism (cfu 100 ml21) and protozoan parasite concentrations (cysts/oocysts 1000 l21) at site 2.

Coxsackieviruses B by immunofluorescence (IF), but none

often. Concentrates were also tested by RT-PCR for the

confirmed positive.

presence of noroviruses but none was detected.

Concentrates from two samples gave a positive c.p.e. in

Ten out of 14 samples from site 5 were positive in liquid

liquid culture and one initiated plaques in the plaque assay

culture, of which one was confirmed as enterovirus by

Thus the presence of enteroviruses suggested by the initial

RT-PCR. In site 7, 16 out of 25 samples were positive in

c.p.e. in liquid culture was confirmed in one sample by

liquid culture, again one being confirmed by RT-PCR. Two

plaque assay and in both samples by enterovirus-specific

produced plaques in the monolayer assay.

RT-PCR, and this serves to illustrate the importance of
confirmatory tests. Although both liquid culture-positive
concentrates were confirmed by enterovirus-specific RT-

Impact of rainfall

PCR only one produced plaques; this is not unusual,
echoviruses for example plaque only infrequently in BGM

Sufficient positive bacteriological and protozoan results

cell culture yet are found in environmental samples quite

exist for comparison with rainfall during both phases of the
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Rainfall (mm) and protozoan parasite concentrations (cysts/oocysts 1000 l2) at site 3. Note that there were no bacterial faecal indicator organisms in all samples.

study for sites 2, 5 and 7. Limited comparisons for phase 2

concentrations during each phase were associated with the

only were undertaken for Cryptosporidium and Giardia at

highest rainfall totals on 17/5/00 (phase 1, 27.3 mm) and

site 3, for clostridia and protozoan parasites at site 4, and all

25/10/00 (phase 2, 41.2 mm) (Figure 4). All faecal indicator

bacterial indicators and protozoan parasites at site 6. The

organism concentrations were significantly correlated with

results of this analysis are shown in Table 7.

rainfall ( p # 0.036) during both phases at site 7, whilst

At site 2, the faecal indicator organisms (i.e. coliforms,

Cryptosporidium and Giardia were also correlated with

E. coli, enterococci and Clostridium perfringens) were

rainfall during Phase 2 (Table 7). As with sites 2 and 5, the

significantly correlated ( p # 0.003) with rainfall during

highest concentrations of all parameters tested during phase

Phase 1 only (Table 7). However, inspection of the time-

1 and protozoan parasites during phase 2 coincide with

series plots for both phases (Figure 1) suggests that

periods of high rainfall (Figure 6).

there may be a threshold-effect with coliforms, E. coli,

No statistically significant relationships with rainfall

Clostridium perfringens, Cryptosporidium and Giardia

during phase 2 were evident for the protozoan parasites

increasing after the high rainfall (37.0 mm) on 17/5/00,

at sites 3 and 4 (also Clostridium perfringens at this site)

and again after 37.0 mm rainfall on 27/10/00 (enterococci

(Table 7). However, in the case of site 4, elevated concen-

also increased on this occasion). This hypothesised

trations do coincide with higher rainfall on occasion

threshold would clearly be catchment specific and vary

(Figure 3). At site 6, all FIOs and Giardia were significantly

with antecedent rainfall. At site 5 all faecal indicator

correlated with rainfall during phase 2 (Table 7).

organisms and protozoan parasite concentrations were
significantly correlated ( p # 0.005) for the combined data
from both periods, for coliforms, E. coli, enterococci and

DISCUSSION

Cryptosporidium during phase 1 and all bacteriological

Only site 1 (a chlorinated deep borehole supply) had no

parameters during phase 2 (Table 7). Again, the highest

bacteriological failures during both phases of sampling

Downloaded from https://iwaponline.com/jwh/article-pdf/5/4/523/396807/523.pdf
by guest

531

Figure 3

D. Kay et al. | Microbiological quality of commercial private water supplies in the United Kingdom

|

Journal of Water and Health | 05.4 | 2007

Rainfall (mm), Clostridia (cfu 100 ml21) and protozoan parasite concentrations (cysts/oocysts 1000 l21) at site 4.

although one Cryptosporidium oocyst was detected in phase

Here, one sample was also positive for Clostridium

2. Site 2 had a high percentage failure of indicator bacteria

perfringens but none of the regulatory ‘indicator’ species

during both phases 1 and 2 which indicated the inadequacy

produced a reliable measure of risk for this supply. Site 4

of the filtration and UV treatment of this surface stream

exhibited a low level of coliform and enterococci failures in

supply, particularly after rainfall (Figure 1). At site 2, the

both sampling periods but surprisingly high levels of

poor

was

clostridia in phase 2. Protozoan parasites were present in

reflected in the consistently high presence of the proto-

one and five samples tested during the autumn period

zoan pathogens and statistically significant correlations

for Cyptosporidium and Giardia respectively (Figure 3).

( p # 0.002) between the bacteriological parameters and

Giardia was significantly correlated with clostridia during

both Cryptosporidium and Giardia (Table 8).

phase 2 ( p ¼ 0.001) (Table 8).

compliance

against

the

faecal

indicators

More surprisingly, at site 3, a well supply with filtration

Site 5 was the only untreated surface water examined.

and UV disinfection, no coliform or enterococci failures

Unsurprisingly, this site had high rates of faecal indicator

were observed but over 50% of samples in the autumn survey

isolation and high rates of protozoan and bacterial

contained Cryptosporidium and/or Giardia (Figure 2).

(Campylobacter) pathogen presence in both the sampling
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Figure 4
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Rainfall (mm), bacterial faecal indicator organism (cfu 100 ml21) and protozoan parasite concentrations (cysts/oocysts 1000 l21) at site 5.

periods (Figure 4). Here, coliforms, E. coli and enterococci

and chlorination which was installed between the spring

were significantly correlated ( p # 0.01) with Cryptospor-

and autumn sampling phases. This clearly reduced

idium whilst coliforms, enterococci and clostridia were

concentrations and the percentage of faecal indicator

significantly correlated ( p # 0.046) with Giardia (Table 8).

failures but it appeared to have had no discernable impact

The ozone treated borehole supply serving site 6 produced

on the percentage of samples positive for the protozoan

only one faecal indicator failure in the spring sampling.

parasites, or indeed, the magnitude of Giardia concen-

However, this site exhibited a significant deterioration in

trations (Figure 6). This site had the highest concentration

the autumn phase when 10% and 29% of samples contained

of Giardia observed in both phases of sampling and the

Cryptosporidium and Giardia respectively (Figure 5), but in

highest number of samples positive for Campylobacter.

low to moderate concentrations compared to the more

During phase 1, Giardia was significantly correlated

polluted sites (i.e. sites 2, 5 and 7). Both Cryptosporidium

( p # 0.008) with all bacteriological parameters although

and Giardia were significantly correlated ( p # 0.042) with

Cryptosporidium was significantly correlated ( p ¼ 0.001)

the bacterial parameters during phase 2 (Table 8).

only with E. coli (Table 8). All bacteriological parameters

Site 7 offered an interesting opportunity to examine
the effects of a new treatment system employing filtration
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were

significantly

correlated

( p # 0.029)

with

both

Cryptosporidium and Giardia during phase 2 (Table 8)
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Figure 5
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Rainfall (mm), bacterial faecal indicator organism (cfu 100 ml21) and protozoan parasite concentrations (cysts/oocysts 1000 l21) at site 6.

despite their relatively low concentrations. The non-

phase 2 is perhaps surprising given that travel times

parametric Mann-Whitney (U) test indicated that the

between the surface and the groundwater are likely to be

median concentrations of all bacterial indicators were

longer than the maximum period of 24 hours inherent in the

significantly lower (all p , 0.003) during phase 2 after

rainfall data tested herein. This may also indicate by-pass

installation of the treatment system. However, similar

flow possibly produced by insufficient protection of the bore

tests for the protozoan parasites indicated that concen-

hole or an ineffective casing.

trations were significantly higher (both p # 0.001) during
phase 2.

Surface water supplies appeared to be more variable in
quality and are likely to be more susceptible to the impacts

Sites 2, 5 and 7 were the supplies most consistently

of rainfall. Increased runoff resulting from rainfall causes

contaminated with viral pathogens and Campylobacter was

saturated overland flow and stream level rise over bank

isolated in phase 2 samples from sites 5 and 7. The borehole

areas accessed by grazing livestock, providing a pathway

supplies tested during this study (sites 1 and 6) produced

for faecal indicator and protozoan parasite delivery to

better quality water compared with other sources. The

surface water courses, whilst increased velocities within

correlations with rainfall at the borehole supply of site 6 for

streams may re-entrain organisms present in bed sediments
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Figure 6
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Rainfall (mm), turbidity (NTU) bacterial faecal indicator organism (cfu 100 ml21) and protozoa concentrations (cysts/oocysts 1000 l21) at site 7.

(McDonald & Kay 1981; Jenkins et al. 1983; Wilkinson et al.

sources of contamination which may in themselves be

1995). Because of their hydrogeologic characteristics, karst

episodic (e.g. manure and slurry spreading, livestock

aquifer systems such as that at site 7, are also susceptible

access to watercourses, intermittent discharges from

to contamination from faecal indicator bacteria and

combined sewage overflows etc.); and (ii) differential

pathogens, particularly by sediment attached organisms

attenuation of faecal indicators and pathogens in soil and

which become resuspended during periods of high flow

hill slope through-flow systems Well grounded empirical

induced by rainfall (Kay & McDonald 1983). Indeed,

data on these processes is sparse and emerging research

turbidity concentrations (NTU) at site 7 during the autumn

agendas suggest a need for such information by water

period were generally greater during periods of higher

quality and environmental regulators in the USA and the

rainfall (Figure 6).

EU (Kay et al. 2006b, c, d). It is also notable that positive

The time series plots (Figures 1 to 6) also show that

samples, particularly for Cryptosporidium and Giardia,

the bacterial indicator and protozoan parasite response to

were observed at some sites only during phase 2 of the

rainfall is often variable in magnitude for a particular

study (i.e. the autumn). This may be due to the seasonal

level of rainfall. To determine further the causes of such

patterns

variation, it may be necessary to investigate: (i) potential

sources of faecal material directly voided from livestock
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management.

Thus,

additional
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Probabilities ( p) associated with Spearman Rank Correlation analysis of the relationship between rainfall and bacteriological indicators or protozoan parasites

Site

Phase

2

1

Coliforms

E. coli

0.003

0.003

Enterococci

Clostridia

0.027

,0.001

Cryptosporidium

Giardia

n.s.

n.s.

2

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

all data

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

3

2

–

–

–

–

n.s.

n.s.

4

2

–

–

n.s.

n.s.

n.s.

n.s.

5

1

, 0.001

, 0.001

0.002

n.s.

0.022

n.s.

2

, 0.001

, 0.001

,0.001

0.002

n.s.

n.s.

all data

, 0.001

, 0.001

,0.001

, 0.001

0.003

0.005
0.001

6

2

0.001

, 0.001

0.001

0.012

n.s.

7

1

, 0.001

, 0.001

0.001

0.002

n.s.

n.s.

2

0.001

, 0.001

0.036

, 0.001

0.001

,0.001

n.s. not significant (i.e. p . 0.05).

during the spring-summer-autumn period when livestock

waters such as streams and field drains. This strongly suggests

are grazing may be implicated in the greater number of

that the supplies were closely connected to their hydrological

positive results observed during phase 2. Higher geo-

catchments where episodic but normal events such as rain-

metric mean faecal indicator organism concentrations in

storms will dominate microbial movement and raw water

surface waters during the summer period, when the

concentrations. Thus, an understanding of the receiving

majority of livestock is out to pasture, compared to the

catchment is vital in siting and exploitation of a new private

winter periods when cattle are housed, have been

water supply. It is also vital that any treatment installed has

observed elsewhere (Rodgers et al. 2003; Dickson et al.

the capacity to treat the water during the episodes of poor

2005; Kay et al. 2006a).

water quality which will occur as part of the normal
catchment microbial dynamics. This highlights the need for
sampling raw water quality during events to inform the design

CONCLUSIONS

of an appropriate treatment capacity at each supply.
These empirical data add weight to the comments of the

The common assumption that treated commercial private

UK HPA researchers quoted above which note the potential

water supplies are less likely to be polluted than the more

for health risks to transient populations supplied by such

numerous small supplies serving domestic properties may

systems (Said et al. 2003).

be unfounded (Fewtrell & Kay 1996; Shepherd &

Although some statistical relationship was found

Wyn-Jones 1997; Fewtrell et al. 1998; Shepherd 2000;

between faecal indicator organisms and the presence of

Said et al. 2003).

other pathogens, the use of FIOs in assessments of

Indeed, the microbial concentrations of the supplies

regulatory compliance do not appear to provide a robust

examined responded to environmental drivers, such as

measure of public health risk, i.e. indicator absence does not

rainfall, in a very similar manner to other ‘environmental’

preclude pathogen presence.

Downloaded from https://iwaponline.com/jwh/article-pdf/5/4/523/396807/523.pdf
by guest

D. Kay et al. | Microbiological quality of commercial private water supplies in the United Kingdom

536

Table 8

|

Probabilities associated with Spearman Rank Correlation analysis of the
relationship between bacteriological indicators and protozoan parasites

Site

Enterococci

Clostridia

Journal of Water and Health | 05.4 | 2007

range of supplies should be considered to provide the
‘evidence base’ for the design of a risk assessment approach
(Reid et al. 2004; WHO 1999, 2003, 2004).

Phase

Coliforms

E. coli

2

All

,0.001

,0.001 0.002

, 0.001

4

2

–

–

n.s.

n.s.

5

All

0.009

0.010

0.005

n.s.

funded by the Department of the Environment, Transport and

6

2

0.024

0.042

0.004

0.014

the Regions and managed by the Drinking Water Inspectorate

7

1

n.s.

0.001

n.s.

n.s.

Environment for Northern Ireland. The opinions expressed in

2

,0.001

,0.001 0.029

, 0.001

this paper are those of the authors and not necessarily those of

Cryptosporidium

ACKNOWLEDGEMENTS
This work was undertaken as part of a research contract

(DWI), the Scottish Executive and the Department of the

the organisations that they represent, the DWI or those
Giardia

funding the project. We are greatly indebted to the owners of
the sites for permission for their use, the samplers who worked

2

All

,0.001

,0.001 , 0.001

, 0.001

4

2

–

–

n.s.

0.001

samples, Hydraulics Modelling Limited who supplied and

5

All

0.046

n.s.

0.003

0.008

installed the sample cabinets and to Mark Laverick who

6

2

,0.001

,0.001 , 0.001

, 0.001

A. Godfree, P. Hunter, H. Morgan, G. O’Neill, C. Ramsey,

7

1

,0.001

,0.001 , 0.001

0.008

D. Sartory, S. Taylor, D. Clapham, R. Scott, S. Mcquillan, T.

2

,0.001

,0.001 0.011

, 0.001

for local authorities, laboratories who analysed the water

performed the virus RT-PCR. Our thanks also go to C. Benton,

Keats, D. Corscadden, L. Rushby and H. Boynton for their
assistance.

n.s. not significant (i.e. p . 0.05).

REFERENCES
Pathogen contamination of these supplies was highly
episodic and the regulatory monitoring system employing
relatively infrequent faecal indicator enumeration (e.g. class
D Category 1 supplies (25 to 100 persons) sampled once per
year) would be unlikely to characterise risks from this
pattern of contamination. Thus, event-based monitoring of
water at the consumer tap is essential to successfully
characterise the potential risks associated with the contamination of private commercial supplies.
This adds weight to the call for a move to a ‘risk
assessment’ paradigm in the regulation of private water
supplies similar to that being proposed for regulated public
supplies and recreational waters by WHO. This study
provides the type of ‘ground truth’ microbiological data
required for the design of such a regulatory risk assessment
system and the acquisition of parallel data for a broader

Downloaded from https://iwaponline.com/jwh/article-pdf/5/4/523/396807/523.pdf
by guest

Anon 1991 Private Water Supply Regulations. HMSO, London.
Anon 1999 Drinking Water Inspectorate (1999) Standard Operating
Protocol for the Monitoring of Cryptosporidium Oocysts in
Treated Water Supplies to Satisfy Water Supply (Water
Quality) (amendment) Regulations 1999, SI No. 1524. Part 2 Laboratory and Analytical Procedures. Revision 2 - October
1999. Drinking Water Inspectorate, London.
Anon 2000a The Microbiology of Recreational and Environmental
Waters (2000) Methods for the Examination of Water and
Associated Materials. Environment Agency Publications,
Bristol.
Anon 2000b Waterborne outbreak of gastroenteritis associated with
a contaminated municipal water supply. Canadian
Communicable Disease Reports October, 20-26.
Anon 2000c A Report of the Study of Infectious Intestinal Disease
in England. Food Standards Agency, HMSO, London.
Anon 2002a The Microbiology of Drinking Water - Part 10 - Methods
for the Isolation of Yersinia, Vibrio and Campylobacter. Methods
for the Examination of Waters and Associated Materials.
Environment Agency Publications, Bristol.

537

D. Kay et al. | Microbiological quality of commercial private water supplies in the United Kingdom

Anon 2002b The Microbiology of Drinking Water - Part 6 - Methods
for the Isolation of and Enumeration of Sulphite-Reducing
Clostridia and Clostridium perfringens by membrane filtration.
Methods for the Examination of Waters and Associated
Materials. Environment Agency Publications, Bristol.
Anon 2002c The Microbiology of Drinking Water - Part 5 - A
Method for the Isolation of and Enumeration of Enterococci
using membrane filtration. Methods for the Examination of
Waters and Associated Materials. Environment Agency
Publications, Bristol.
Anon 2002d The Microbiology of Drinking Water - Part 4 - Methods
for the Isolation of and Enumeration of Coliform Bacteria and
Escherichia coli (Including E. coli O157:H7). Methods for the
Examination of Waters and Associated Materials.
Environment Agency Publications, Bristol.
Chalmers, R. M., Aird, H. & Bolton, F. J. 2000 Waterborne Escherichia
coli O157. Journal of Applied Microbiology 88, 124S–132S.
Chapman, P. A. 2000 Personal Communication.
Clapham, D. & Horan, N. J. 1996 Radon in private water supplies:
The unknown risk. Journal of the Chartered Institution of Water
and Environmental Management 10, 211–214.
Clapham, D. 1997 The incidence of Cryptosporidium and Giardia
in private water supplies, correlatory indicators and the
value of the coliforms standard in assessing water quality.
In Proceedings of the second symposium on health-related
water microbiology (ed. R. Morris & A. Gammie), pp. 50 –52.
University of Warwick, UK; Drinking Water Inspectorate.
University of Warwick DWI, UK.
Constantine, C. L., Hales, D. & Dawson, D. J. 1995 Outbreak of
giardiasis caused by a contaminated private water supply in
the Worcester area. In: Protozoan Parasites and Water
(ed. D. Casemore, C. Fricker, H. Smith & J. Watkins).
The Royal Society of Chemistry, Cambridge.
Conway, J. B. 1981 A Study of NO3-N in Private Water-Supplies in
Lincoln County. Washington. Journal of Environmental
Health 43, 257 –262.
Curriero, F. C., Patz, J. A., Rose, J. B. & Lele, S. 2001 The
Association between extreme precipitation and waterborne
disease outbreaks in the United States, 1948 –1994. American
Journal of Public Health 91, 1194 –1199.
Dawson, D. J. & Sartory, D. P. 2000 Microbiological safety of
water. British Medical Bulletin 56, 74 – 83.
Dickson, J. W., Edwards, A. C., Jeffrey, B. & Kay, D. 2005
Catchment scale appraisal of best management practices
(BMPs) for the improvement of bathing water – Brighouse
Bay. SAC Environmental, Auchincruive and Edinburgh, UK.
http://www1.sac.ac.uk/envsci/External/BrighouseBay/
BrighouseBay.htm.
Duke, L. A., Breathnach, A. S., Jenkins, D. R., Harkis, B. A. &
Codd, A. W. 1996 A mixed outbreak of Cryptosporidium and
Campylobacter infection associated with a private water
supply. Epidemiology and Infection 116, 303– 308.
Fewtrell, L. & Kay, D. 1996 Health risks from private water
supplies. Report prepared for the Drinking Water Inspectorate,
EPG 1/9/79. CREH, University of Wales, Aberystwyth.

Downloaded from https://iwaponline.com/jwh/article-pdf/5/4/523/396807/523.pdf
by guest

Journal of Water and Health | 05.4 | 2007

Fewtrell, L., Kay, D. & Godfree, A. 1998 The microbiological
quality of private water supplies. Journal of the Chartered
Institution of Water and Environmental Management 12,
98 –100.
Galbraith, N. S., Barrett, N. J. & Stanwell Smith, R. 1987 Water and
disease: A review of waterborne and water-associated disease
in the UK 1937 – 1986. Journal of the Chartered Institution of
Water and Environmental Management 1, 7–21.
Georgiou, S. & Langford, I. H. 2003 Coastal bathing water quality
and human health risks, Working Paper ECM 02-06.
University of East Anglia, Norwich, UK.
Harrison, W. N., Bradberry, S. M. & Vale, J. A. 2000 Chemical
contamination of private drinking water supplies in the West
Midlands. United Kingdom. Journal of Toxicology-Clinical
Toxicology 38, 137 –144.
Humphrey, T. J. & Cruikshank, J. G. 1995 The potability of rural
water supplies – a pilot study. Community Medicine 7,
43 –47.
Jenkins, A., Kay, D., Kirby, M., McDonald, A. & Naden, P. 1983 A
process based model of faecal bacteria in upland
catchments. Water Science and Technology 16, 453 –462.
Kay, D. & McDonald, A. T. 1983 Predicting coliform concentrations
in upland impoundments: the design and calibration of a
multivariate model. Applied and Environmental Microbiology
46(3), 611–618.
Kay, D., Aitken, M., Crowther, J., Dickson, I., Edwards, A. C.,
Francis, C., Hopkins, M., Jeffrey, W., Kay, C., McDonald, A. T.,
McDonald, D., Stapleton, C. M., Watkins, J., Wilkinson, J. &
Wyer, M. 2006a Reducing fluxes of faecal indicator
compliance parameters to bathing waters from diffuse
agricultural sources, the Brighouse Bay study, Scotland.
Environmental Pollution 147, 138–148.
Kay, D., Edwards, A. C., McDonald, A. T., Stapleton, C. M., Wyer,
M. D. & Crowther, J. 2006b Catchment microbial dynamics:
the emergence of a research agenda. Progress in Physical
Geography 31(1), 59 –76.
Kay, D., McDonald, A. T., Stapleton, C. M., Wyer, M. D. &
Fewtrell, L. 2006c The challenges of the Water Framework
Directive. Proceedings of the Institution of Civil Engineers,
Water Management 159, 58 –64.
Kay, D., Stapleton, C. M., Wyer, M. D., McDonald, A. T. & Crowther, J.
2006d Total Maximum Daily Loads (TMDL). The USEPA
approach to managing faecal indicator fluxes to receiving waters:
Lessons for UK environmental regulation? In: Agriculture and
the Environment VI; Managing Rural Diffuse Pollution.
Proceedings of the SAC/SEPA Biennial Conference,
(ed. L. Gairns, C. Crighton & B. Jeffrey), pp. 23–33. International
Water Association, Scottish Agricultural College, Scottish
Environmental Protection Agency, Edinburgh.
Kondro, W. 2000 Canada reacts to water contamination. Lancet
355, 2228.
Kross, B. C., Hallberg, G. R., Bruner, D. R., Cherryholmes, K. &
Johnson, J. K. 1993 The nitrate contamination of private well
water in Iowa. American Journal of Public Health 83,
270– 272.

538

D. Kay et al. | Microbiological quality of commercial private water supplies in the United Kingdom

Levin, R. B., Epstein, P. R., Ford, T. E., Harrington, W., Olson, E. &
Reichard, E. G. 2002 US drinking water challenges in the
twenty-first century. Environmental Health Perspectives 110,
43 –52.
Licence, K., Oates, K. R., Synge, B. A. & Reid, T. M. S. 2001
An outbreak of E. coli O157 infection with evidence of
spread from animals to man through contamination of a
private water supply. Epidemiology and Infection 126,
135– 138.
Mathys, W. & Soddemann, H. 1988 Experience gained with the
chemical and microbiological investigation of individual watersupplies (private wells) in a rural and urban area. Zentralblatt
Fur Bakteriologie Mikrobiologie Und Hygiene Serie
B-Umwelthygiene Krankenhaushygiene Arbeitshygiene
Praventive Medizin 186, 437 –437.
McDonald, A. T. & Kay, D. 1981 Enteric bacterial concentrations in
reservoir feeder streams: baseflow characteristics and response
to hydrograph events. Water Research 15, 861– 868.
Meara, J. R. 1989 An investigation of health and lifestyle in people
who have private water-supplies at home. Community
Medicine 11, 131–139.
Petrie, A. S., Horan, N. J., Clapham, D. B. & Cram, A. G. 1994
Seasonal variations in the quality of spring waters used as
private supplies. Journal of the Institution of Water and
Environmental Management 8, 320 –326.
Pollock, S. J. 1992 Remediating highway deicing salt contamination
of public and private water-supplies in Massachusetts.
Resources Conservation and Recycling 7, 7–24.
Reid, D., Lilly, A., Kay, D., Drury, D., O’Neill, D. 2004 Regulation
of private water supplies (small community supplies) in the
UK. In: 11th Canadian National Conference and 2nd Policy
Forum on Drinking Water.Ottawa, Canada.
Reid, D. C., Edwards, A. C., Cooper, D., Wilson, E. & McGaw, B. A.
2003 The quality of drinking water from private water supplies
in Aberdeenshire, UK. Water Research 37, 245 –254.
Rodgers, P., Soulsby, C., Hunter, C. & Petry, J. 2003 Spatial and
temporal bacterial quality of a lowland agricultural stream in
northeast Scotland. Science of the Total Environment
314– 316, 289 –302.
Rose, J. B., Scott, D., Easterling, D. R., Curriero, F., Lele, S. & Patz,
J. A. 2000 Climate and waterborne disease outbreaks. Journal
of the American Water Works Association 92, 78 –87.

Rutter, M., Nichols, G. L., Swan, A. & De Louvois, J. 2000 A
survey of the microbiological quality of private water
supplies in England. Epidemiology and Infection 124,
417 –425.
Said, B., Wright, F., Nichols, G. L., Reacher, M. & Rutter, M. 2003
Outbreaks of infectious disease associated with private
drinking water. Epidemiology and Infection 130, 469– 479.
Shepherd, K. M. & Wyn-Jones, A. P. 1997 Private water supplies
and the local authority role: results of a UK national survey.
Water Science and Technology 35(11), 41 –45.
Shepherd, K. M. 2000 Health Implications of Microbial
Contamination of Private Water Supplies. PhD Thesis.
University of Sunderland, UK.
Spurgeon, D. 2000 Budget cuts may have led to E. coli outbreak.
British Medical Journal 320, 1625.
Thompson, T. S. 2001 Nitrate concentrations in private rural
drinking water supplies in Saskatchewan, Canada. Bulletin of
Environmental Contamination and Toxicology 66, 64 –70.
Thompson, T. S. 2003 General chemical water quality of
private groundwater supplies in Saskatchewan, Canada.
Bulletin of Environmental Contamination and Toxicology
70, 447 –454.
UKWIR 1998 The Epidemiology of cryptosporidiosis in England and
Wales 1983 – 1997. Report for UK Water Industry Research
Ltd., London.
Whitten, B. J. E. 1992 Water for thought – private water-supplies
and the consumer factor. Journal of the Royal Society of
Health 112, 119 –121.
WHO 1999 Health based monitoring of recreational waters: The
Feasibility of a new approach (the “Annapolis Protocol”).
World Health Organisation, Geneva, Switzerland.
WHO 2003 Guidelines for Safe Recreational-Water Environments
Volume 1: Coastal and Fresh-Waters. World Health
Organisation, Geneva, Switzerland.
WHO 2004 DRAFT: Guidelines for drinking water quality,
Volume 2- Health criteria and other supporting information,
3rd edition. World Health Organisation, Geneva, Switzerland,
http://www.who.int/water_sanitation_health/dwq/
guidelines3rd/en/
Wilkinson, J., Jenkins, A., Wyer, M. D. & Kay, D. 1995 Modelling
faecal coliform dynamics in streams and rivers’ in. Water
Research 29(3), 847– 855.

Available online May 2007

Downloaded from https://iwaponline.com/jwh/article-pdf/5/4/523/396807/523.pdf
by guest

Journal of Water and Health | 05.4 | 2007

