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ABSTRACT

The predominant sourcé of water for residents of the
United Stateé Virgin Islands is'cisternestéréd water. Iin

"~ this study-of cisterns:sérving resiﬁehts of public housing,
it was found that}onlyfabout énehhalf of the samples
collected over time'from ten study sites were in compliance
.vwith the mandates of the Safe Drinkin§ Water>Act of 1974 &$
amended in 1986. éontamination was correlated with absence
of:free residual chlorine in‘cisterﬁs@ Chlorination
practices were irregﬁlarly applied by,public housing staff

during the study period. The presence of pathogenic

Pseudomonas_aeruginosa is not well-correlated to the
standard total coliform indicator suggesting that standard
mandates of the Safe Water Drinking Act do not adequately

protect human health when applied to cistern-stored water.
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INTRODUCTION

Only about one-third of the residents in the U.8.
Virgin Islands are served by a potapie water distribution
8ystem‘ ~Almost 80% of Virgin Island r@sidents r@1y't0 samé
extent on rainfall harvestlnq technlque with cistern
.storage (22 40,41 . All bUlldlﬂgﬁf 1nciuding houéing
projects admlnlsterea by the Virgin Is Jaw@» Public HOuSing
Authority, are required under the Virqin Island$ Code to
havé cisterns. Most Public Housing projects are not served
by the potable Wdter dlstrlbutlon Systame Cisterns in those
projects are filled w1th wat@r from a variety of sources
including rain water, water. transpor%@d in LLuck from
»desalination plants, and water transported in trucks from
wells. TYpically, wétef that ié transported to public
housing is ratiOned by Public Housing cfficials with_setVica
vrestricted to early morning and‘niqhumb¢me hours. In
cisterns supplied by pdtable water and supplemente& by rain
water, rationing is less frequent.

Public Housing cisterns are covered by the mandates bf

the safe Drinking Water Act of 1974 as amended in 1986

f’ﬁ
1)
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£
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because they serve more than 25 residents on a year round
lbasis and/cr have more than 15 seryice connections.
Consequently, they mﬁét contain < 1 total coliform per 100mL
of sample (2,4,5). Studies of the qualiiy'mf cistern-

"stored water show that such water fre@ucntlv fails»tm

conform to the established Staﬂdards 22,29,39,41) . Since



véisterns are systemé'which arevapen to‘the envirénmentvit
is nqt surprising that they are subject to contamination.
In a previous study of Ciéternsvin‘priv&te residences
in the U.S.'Virgin Islands'(él),iwe dacuménied the follqwing:
| _obSetvations: ‘

1. Most 01sterns would not comply with the mandates
of the Safe Drinking Water Act.

. 2. Major sources of contamination include tree leaves,

. dust, and animal dropplngs.

‘3. Tree leaves are major reservoirs for organlsms
leading to high heterotrophic plate counts, total
coliform, fecal coliform fecal streptccocci, and

- Pseudomonas aeruginosa (Ps. aeruginosa).

4. Chlorination is highly effective at reducing
microbial contaminants for 3 to 5 days, but must
then be replenished.

5. Cistern sediments provided CthLlDe“rGS

-~ reservoirs for recontamination of cister

Both the quallty and quantlty of water supplied to’
'tenants of publlc hOUSlng is a frequenf matter of public
concern in the Vlrgln Islands,' While conce*n paakcd
follow1ng ‘an outbreak of typhold at a Public Housing progect»
on St. Cr01x 1n 1985 in which 66 cases were diagnosed (40),
 the issue is freguently raised in less’dramaﬁic ways. In
this'study,-we attempt.to asSessvthe qﬁality,of water
supplied to Pubiic Housing. Spééifically we wish to:

1. Assess ‘the degree to which Public Housing

: sterns are in compﬁlance with Safe Drinking Water

standards. '
2. Aséess health risks touPublic Housing tenants

~from other pathogenic contaminants such as Ps.
aeruginosa and Salmonella spp.

3. Develop'further information upon which to base
changes in water guality standards for cistern-
stored water.
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MATERIALS AND METHODS

Site Seléction: A total of 10 ciéterns'from‘s Public
Housing projecﬁs locatéd on the island of St. Thomas were
sampled between September 198?'and June 1988. The ¢is£erns
”chosén served’large-numbers of residents. Two of the
projects were served by potable watér distributioﬁ'system
while thé.éthers-were not. Two of the pfojects appeared to
be well niaintaineqlwmle the other three did not appear to
be so. One housing unit or office was picked as the sampling

- peoint. for each study cistern.

Sample Collection Procedures: Sample sites were divided into

- two groﬁpsbof five. An'attempt was made to cdlléct from each

. group'bn'aiternatinngoﬁdays. In practice, while we e

attempted to édhere'td this scﬁe&ule, we sometimes ended up

vcéllecting“samples.from thé'otﬁer group due to Water

- shortages. | | | |

Samﬁlés}were collected in stérile‘l liter clear

" borosilicate glaés wide mouth bottles with’qréund glass

stoppers contéihing 0.8 hL of 10% sodium thiosulfate (2,4).
Samples were collected from faucaté after‘the water was

’ allowéd to flow for two minutesv{2,4).' They were transported

to the laboratory in light protécted cdntainérs.

Samples were not chilled on collection bécause analysis

generally commenced within 2.5 hours of sampling. While die

off does occur even after only short intervals (31,32,) the



.‘die off would be ihsignificant‘for the times involved (45).

'thsical—Chemical analysis: MeaSurements of pH,

conductivity, turbidity, and freé and total residual

chlorine were conducted'by standard methods (2).

Microbioloqical analysis. Total coliform, fecal coliform,
 fecal streptococdus; Pseudomonas aeruginosa,and

heterotrbphic»plate count.analysés were performedvonieéch

sample; Salmonella typhi and spp analysis were done in
~addition on’eachvsémplebdurihg the firsﬁihalf of the study.
All analyses with the exceptlon of the heterotrophic plate
count were done via the membrane filter (MF) technlque The
heterotrophic plate'¢ount was-done ‘using the spread plate
fechnique (2){

Total‘coliform,>fécal coliférm, and fecal streptococcus
Were‘isolated onvm4ﬁndo Agar (Difco Laboratories, Detroit,
VMI) (2,4), m-FC Agar (Difco) (2,3;4), and KF Streptococcus
Agar (Difcoc) (2 3,4), respectively, The heterotrophic plate
count (2) was performed u51ng Standard Plate Ccunt Agar .

(Difco). All media were prepared in accordance with the

manufacturer’s instructions. Analysis for Ps. aeruginosa

and Salmonella typhi and Salmonella spp were performed by

‘non-standard methods described below.

Sanple volumes of 100, 50, 25, and 10 nL were filtered.

Total coliform, fecal streptococcus, and Ps. aeruginosa

samples were filtered ﬁhrough Q.45m,filters'(GN“6, 66068 ;



Gelﬁan Sciepcesvlnc., Ann Arbor, MI.) {2,3,4,): Fecai
coliform samples were filtered thtough 0.7 filters
(Millipore Corporatioh, Bedford, Masswﬁv(Z), 0.1 and 1 mL
volumes of 3-dilutions.ranginq'fr5m 1 to 10-°® were run in
duplicate for the.heterotfophic plate counts.

Total éoliforms, fecal-streﬁtococcus, and the
heterotrophic platé coﬁnts Weré incubated at 35 + 0.5°C
(2,4). Fecal collform plates were 1ncubated at 44 5 + 0. 2%¢
(2,4). Total collforms and fecal collformg were lncubated |

for 24 hours; fecal streptqcoccus, and heterotrophic plate

counts were incubated for 48 hours (2,4).

Pseudomonas aerudinosa analysis: Ps. aeruginosa was isolated

on a new medium, m-CX agar,; developed in this laboratGry

' (41). The P. aeruginosa plates were preincubated at 30 + 0.5
Oc for 3-4 hours and then incubated at 41.5 + 0.5

(2,6,11,14,28) for the remaining 44 hours.

Salmonella spp. analvsisf‘ZOO and 100 mL samples were

filtered through 0. 45 mm fllters (Gelman Sciences) which
were placed filter face up on pads saturated w1th m-
Tetrathlonate Broth base (leco) with added iodine solutlon
and l:S0,000'Br;lllant Green dye - both are used tQ inhibit
non—pathogenic organisms (2} Thé'brOth also containe& 1-
cystine (3 mg /L) to 1mprove the sensitivity (2).

After 3 hours on thls pre- enrlchment media, the fllter
was transferred to a pad saturated with m~-Brilliant Green

vBroth (Difco) for 21 hours. oth 1ncubat10ns wcre at 35°C.



Salmonella typhi analysis: 200 and 100 nL samples were
filtered through the 0.45 mm filter, the filter was placed
on a pad saturated with m~Bismuth Sulfite Broth (Difco) and

incubated for 48 hours.

Verifiéatioh of isolates. Up to five typical and, if
preéent, fivé atYpical co1Qnies‘were pickéd from each medium
for each sample, and subjectéd to verification (4).
Colonies were counted with the aid of a vériable
;magnification dissecting scopevwith a minimum magnification
of 10x»(ParCO EMZ745 10L withﬁannular,fluorescent
illuﬁination; Parco Scientific’Co., Bienna, OH) (2,4). The
heterotrophic piate_counts-weté coﬁnted with thé aid of a

' Quebec Colony‘Couhtér (2,4). | 'v

Typical green sheen, and atypical red éolanies were
plcked from the m-Endoc Agar plates and ‘verified in Lauryl
Tryptose Broth (Difco) and Brllllant Green Bile 2/ (leco)
(2,4,)- | |

Typiéal blue and afypiéal'qray or blue-gray colonies
frbm the m-FC Agar ylates weré‘vérified?invLauryl Tryptose
Broth and EC Medium (Difco) (2, 3,A;~6)

Typical red-pink to red colonies from the KF
vStreptoccccus Agar plates were verified for qrowth in Braln
Heart Infusion Broth (Difco) 35 and 44.5 + 0.2° C; for
growth.in.Brain Heart Infuéicn‘Broth with 40% Bile, and by

the Catalase test (2,4).



- Typical fluérescent yvellow to yéllow greeh or blue
green; mucoid colonies; and‘atypicai sméll,vclear,'flat,
non-mucoid colohies were picked from the mFCX Agar plateé
and Verified on Skim Milk Agar (Brown and Foster)
(2,6,11,13,14,28), Pseudomonas Isclation Agar (Difco)(12),
’King’s B‘medium (same as Difco’s Pséudpmonés F Agar) (12), |

Acetemide Broth, and Gluconate Broth on a routine basis.



RESULTS

Samples Were collected oh a}rotating basis from ten
‘cisterns in five public housing projects‘over a ?eriod of
nine months from Septembér 1987 through June 1988. A
" summary of the bacteriological determinéticns appears in
‘Table I.

The number of samplés’collectéd frmﬁ each site varied
from five to ten, Water was supplied tb'somélof the study
YSites intermittently. If no water was available from a siteﬂ
~on a‘scheduled sampling day, éamples were picked up the
vfollowing weék where‘possible;‘ Some‘sitesv(é.g, 6 and 8)
were.frequehtly without,watér;’

| Bacterial contents of each study site véried
» considerably between sampiings. Table I repoits the numbef
- of samples collected at éach location,’ﬁﬁe averages ovef

time of the total coliform, fecal coliform, fecal

streptécoccus, Ps. aeruqinosa( andistandard Plate count
anélysis for each samble éite;‘ The.ranges:éf values found
are also reported. If drihking water contains more that one
total coliform per 100 mL, it violates the mandates of the
| Safé Drinking Water‘Act.. Avérages over time of the'totél
coliform count aré présented_in Table I. v

' Table I does not report results‘of tests that were made

for Salmonella typhi.or'spp. Since'SalmOnella'was not

detected in any of the first 64 sémples taken, a decision
was made to discontinue testing for this organism in the

remaining samples.



i

MWﬁmmw:mum

- xad muczou se :w>wm mnm,mumsoo ajet *q
squ 00T Iod S3UNOCO Se USATH aae mmoaﬂvsumm Seuouopnasd. pue
mjooooopmwmum Teosd 'WIOJTTOD Teddd \gﬁowﬂﬁou 1e30% uﬁw sS3UNCY e
moowwnoﬂmv oot (zz-0) S (zr6-0) 91 ﬁmaav_ ¢ (ez-0) ¢ 6 01
Mooaemuoo¢onGOH_APON«ﬁvow (sLy-0)T1Z  (89G~-€)L0¢€ (059T-0) ¥19 6 6
AoOomsomvv,oomH {L19-0)102 (0¥%P-0) IT Aomwov 9 | (€01-0) o0¢ | S 8
&@ooomsomnvoanw Mﬁmeoy,mﬁ. (ztv-0)zo (Lz-0) 8 Aomm«ov %7 0T L
(059-T)  0s2 (0-0) © (0-0) © (t-0) o© (0-0) 0 9 9
{o0Gz~9) 0S¥ (t-0) o (0-0) o0 (6-0) T (00T-0) T 8 S
(0002T-2) 0061 (66L-0)99T (0v9-0)86 (g-0) 1 (tt-0) z 6 4
(0007T-0) 007z (211-0) 6T . AvHaov 4 (o-0) o (v-0) T 8 €
 Aoomm|oHv,oo¢ﬁ hwmaov.OHv (09T-0)€z  (8-0) T (ge€-0) 8Y 8 z
goowmlﬂav 06g (15T-0) 22 (z-0) o (e-0) 1 Aommov € 6 T
v.wcﬁou muMam - @soutbanse “dax3s WIOJTTOD EMOWﬂmOU . .wuﬂmmnmm
Quumﬁcmpm *sd Teosd 1e034 plB30I soTdwes 9318
. . , , Jo °ON

.vﬁmwmcmmy pue mmﬁﬂm>_mwmmm><

suxe3sTD buTrsnol OWHsz usJ Wwoxj
- suotjeuTwIala(g Tetisjioeg JO AJeuwng

I FIdVL



10

It is interesting to exémine the fraction of samples
collected from particulaf cisterné over-time'that are in
“compliance. This‘ihformation is repprtéd in Table II. It
vshauld be noted that the number of samples reported in this
‘table is fewer for some éites than reported in Table I |
because the coliform analeis fof‘scme of the samples was
not considered to be reliable. 6n1y 56%‘0f the samples
‘collected from public housing cistefns were in compliance
with the total coliform standard. While all sites were out
- of compliance at least once, some sites such as Sites
7,8,and 9 were frequently out of compiiance on sanpling
dates.

Fecal coliform has been proposed as an alternative
standard to total coliform for some water supplies
(34,35,41). If samples_are judged on this proposed standard
(< 1 fecal coliform per 100 mL), they are judged to be in
compliance slightly more frequently than based on the total
coliform standard (Table II). Even using this standafd,
water is often of dubious quality.

Ps. aeruginosa is an opportunistic pathogen that is

known to occur in potable water supplies, as well as in
cistern water supplies in the Virgin Islands (41). As

indicated in Table I, Ps. aeruginosa was found at least once

in each cistern studied with one exception. Table III

compares the occurrence of total coliforms with that of Ps.

aeruginosa. Ps. aeruginosa was found in 52% of the samples

tested. Of the samples containing this organism, 69% (27 out.
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Table II

Percent of Samples In Compllance With
Total Coliform Standards or Proposed Fecal Coliform Standards

Sample Times }Total Colifbrm , Fecal Coliform> _
Site Sampled. Standard (Proposed) Standard
‘ ‘ : % in Compliance ‘ % in CQmpliance
1 9 REEER o RS 67
2 8 75 | 75
3 T 71 | | 100
4 s ;-"» 62 . gs
S | 8 | 62 88
G ; by i
7 X 9 o K 22 . , | 44
8 | | 5 | 20 60
9 8 12 -0-

10 8 o 75 . 62

Average % Compliance. 56% ' ‘ 66%
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Table III

Joint Contamination of Cisterns

by
Coliform Bacteria and Ps.aeurginosa

- The number and percentages of samples having any ‘
Ps.aeurginosa and/or vioclating the total coliform standard
are shown: L

Ps.,Positive Ps. Negative

Celiform Positive 27 (36%) ' 6 (8%)
Coliform Negative' 12 (16%). . 32 (40%)

Total No. of samples: 76

of 39.samples)IWere found to violate the total coliform
standard.

‘To assess the origin of tofal‘coliform'contamination,
the ratio of fecal coliform to fecél Streptoccadus was
determined for éach sample. Fecal coliform to fecal
streptococcus ratios.for those‘samples that wereb
contaminated by colifofm_baéteria are shown in Table IV.

The normal habitat of fecal streptococci is the
intestines of humans and aniﬁals; ﬁhus these organisms are
indicators of fecal pollutién. In combinatioh‘With fecal
coliform data, data on fecal streptococci may provide more.

specific information about pollution sources because certain
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ufécal.streptococci are host specific; however, the fecal

streptococcus subspecies_S. faecalis subsp. liguefaciens is

not restricted to the intestines of‘humans and animals. It
‘has been fdund associated with Vegetatién;‘insects, and
certain types of soils. This may‘be detrimental, especially
for indicatingﬁlow density‘fecal cdntaﬁination, because when
the count is below iOO fecai stréptoéocci / 100 mL this
organism generally predominates, and ratiocs should not be
uséd. In general, however, ratios in excess of 4.1 are taken
to indicate a predominantly human oriéih of the coliform
~bacteria. Ratios less than 0.7 are taken to indicate
 po1lution from non-human sources. Ratios between 0.7 and 4.1
usually indicate wastes of mixed human and animal sources
(2) . Normally fecal coliform / fecal streptococcus ratios
are applied to water gquality studies of lakes, streams, and
estuaries; our purpose for doing these ratios is one of a
qualitative and nqt guantitative néturee The use of these
ratios is not intended té pinpoint an exact source or point
of contamination, but rather to aid in determiniﬁq whether
any observable contamination is essehtially due to
environmentalvcontaminatidn, or whether there might be
septic tank infuéionuvThere is no fixed pattern observable
among study sites orvwithin any one study site. In most
samples it would appear that the source of the contamination

is from the environment; at study site 9 however there are
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Table IV

Fecal Coliform/Fecal Strepteococcus Ratios
For Determining coliform Crigins

‘Sample Sample Total ‘ Fecal | Fecal FC/FS
Site bate Coliform . Coliform Strep. ~ Ratio

10/26/87 58

1 2 0 Large
1 12/07/87 0 0 2 0
1 03/14/88 : 34 5 427 0.01
1 04/04/88 0 0 2 0
2 11/09/87 338 & 160 0.05
2 03/14/88 ' 37 3 394 6.01
4 11/09/87 _ 11 8 43 0.19
4 04/04/88 7 1 47 0.02
5 10/19/87 7 Q. 0 Large
5 04/04/88 24 0 7 0
6 04/11/88 0 4 0 Large
7 09/21/87 21 4 18 - 0.22
7 10/26/87 42 14 412 0,03
7 11/30/87 220 27 0 Large
7 12/14/87 10 4 4 1
7 01/11/88 27 4 0 Large
7 03/07/88 26 0 20 0
7 04/11/88 20 0 12 0
8 10/12/87 5 2 2 1
8 10/26/87 103 20 40 0.50
8 04/11/88 3 0 3 0
g9 09/28/87 0 3 0 Large
9 10/05/87 876 257 461 0.56
9 10/26/87 940 554 196 2.83
9 11/23/87 1650 568 : 152 3.74
9 12/07/87 152 ' 6 2 3.00
9 01/11/88 65 451 475 0.95
9 02/29/88 349 108 284 0.38
Q , 03/28/88 350 369 580 0.64
10 . 10/26/87 29 8 ’ 972 0.01
10 ' 12/07/87 1 0 14 0
10 01/11/88 0 : 0 15 0
10 . 02/29/88 0 3 30 0.10
- 10 ’ 03/28/88 180 477 ’ 71 0.66

Only samples containing more than one FC or more than one FS are
reported. :
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frequently high numbers of'both fécal'COliform and feéall
streptococqi, this suggests that there might be a sepﬁic
infusion into the cistern; however thié data is deerated‘by
other data froﬁ the same site whicﬁvéuggestS,that‘the
céntamination may be ofvenvironmeﬁtal origin.

All samples were tested for free residual chlorine.
~Chlorination practices at each of the study‘sites varied
.considérably. Free residual chlerine values in excess oflb.z
'mg/L (the minimum advisable concentration) were'hever
detected in two of the ten’siteé (Siﬁes 7 & 10). In two
others (Sites 8 & 9), it was detected only once..There were
‘no sites where chlorine was déteCted in more than half the.
‘samples taken. The free residual chlorine levels and
bacterial levels from a typical sample site (Site 2) are
reported in Table V.‘Half of the samples from this cistern
contained free residual chlorine;vnone of these were
cohtaminated. In 76 samples taken froﬁ the ten study sites,
only two samples that contained free residual‘chlorine in
excess of Q.Z mg/L had coliform levels in excess of

standards; only one sample with that much free residual

chlorine contained Ps. aeruginosa.
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Table V

Dependence of Bacterial Populations*
On Free Residual Chlorine

Free Total , ~Fecal | Fecal Ps. Standard
Chlorine Coliform Coliform. Strep. aeurginosa Plate Coun
0.00 338 8 -160 72 5300
0.00 37 ‘3 394 41 ND
0.00 0] 0 8] 0 0
0.00 0 0 0 0 10
0.10 0 0 0 0 0
0.20 0 0 0 0 10
0.20 0 0 0 o 150
0.25 0 0 0 0 15
0.30 0 0 0 0 0

*This data represents samples taken from a single cistern (Cistern
over the period from September, 1987 through March, 1988. Samples
from other cisterns show similar patterns. ‘ :
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DISCUSBION

Water is supplied to the study cisterns in several
ways. Two of the hbusing units studiéd (Sites 1-5 and 6-7)
~are connected to potable Water lines bﬁt Seldom'reéeivev
water from those lines. During the course of‘this study,
the cisterns in these units were supplied both by truck and
f:om rain catchments. Each of these éisterns was empty on
at least one occasion during regular water sampling Visifs”
One ¢omplex (Site 8) is not connected to potable water and
must rely on trucked water. This cistern was frequenﬁly
without waterion sampling visits. The remaining two
complexes‘(sites 9 and 10) receiVe‘the bulk of their water
from the potable water distributioﬁ system.

Water supplied by cisterns in public housing units in
the U.S. Virgin Islands is of extremely variable quality.
Even though the qﬁality of water in Public Housing cisterns
is not uniformly good, it is generally better than that of
water foﬁnd in many private residential cisterns (41),
presumably because of.better chlorination practices. It
should be noted, though, that there are enhanced risks in
public housing units becaﬁse of irregular water supplies.
Water in complekes not served by the potable distribution
system wés usually rationed. In‘those complexes, residents
£fill containers and bath tubs when water is available and

store it for variable lengths of time under conditions that
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may increése the risk of contaﬁinati@n.

Those handling»water supplies in pubiic housing are not
doing a1l they can to enhance and protéct water quality.
None of the sites studied could be totally schréd from
casual access, though Public Housing cfficials do maké a
constant effoﬁt, Chlorination; while éttempted in most (but
not all) cisterns studied, seems to be carried o&t on éﬁ‘
‘irregplar basis. Nche of the cisterns studied contained free
residual chlorine in more than half of the samples
fcollected. In two sitéé;vna evidence of chlorination at any

 time was observed. | | |

The erratic nature of chlorinatian is consistent with
batch chlorination:procédures that are carried out on an

‘irregular basis. In housing projects with many Qiétérns;
considerable variability in chlorination practice was
obserVéd among those cisterns sampled. For éxample, water -
from sitei6 was chlorinaﬁed on half the sampling visits
While water from site 7'in the same hbusing project was
never cbserved to be‘chlorinated, The data suggestvthat
maintenance workers are not successful inbcarryinq out
chlorination in a routine”fashiqn. “Since all samples were
collected Monday'mdrniﬁg before the arrival of maintenance
workers, it is possible that chloeorination of watervdelivered
.QVer the weekend was not always carried ont until after
samples were collécted. Tt was not determined if water was
more regularly Chlorinéted during the period from Monday to

‘Friday. It is alsoiiikely that the shortage of water



1¢e

coupled‘with.irreqular_delivery'and almost immediate usage
makes it difficult to,chlorinaté'w§ter in any systematic
e . . ,

in'one haﬁsinq unit studied which had a‘continuous
injection éhlorinatdr (Site 9), no-residﬁal chlorine was
" detected in any of the samples. The sample.éollector'
observed that ﬁhe chlorinator was turned on, so that if
seems clear that it was not being proberly méintained by
maintenance workers.

Human health risks associated with most of the samples
observed to be contaminated were miﬁigated somewhat by
indications that the sources of contamination were of non-
human origin (Table IV). There»were‘instances however where
high fecal coliform / fecal streptococcﬁs ratios indicate
that the source of the contamihation might be aue to human
contributions. These high ratios suggest a possible septic
infusion into the water, either befqre or after delivery;
or, via direct human contact. Tﬁese high ratios genetally
occurréd in sam?le cisterns supplied by potable water. It is
‘difficult to know whether confamihation‘arises in the
original source of the water, during transport through the
pipes, or while the water is resident in the cistefn.

The fecal coliform test has been proposed as.an
alterﬁative standard for drinking‘water (34,35,41) . In many
European countries, this test is run in parallel with the
total coliform test and calls for zero (0) fecal coliform

per 100 mL of sample. With cisterns, however, since fecal
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collforms océur naturally 1n the enVLrQ@msnt flS 19,21,
“22 29,41), a standard < 1 fecal COllfOVW / 100 nL is a.
reasonable one. This standard in some ways compares
favorably w1th some European stand d féf treated water.vIn
the United Klngdom for example, it is permissible to have
< 2 E. coli per 100 mL in 5% of the uaPQL@ collected eachb
year (8).

In this stuay bn public housing:cisterns,vand in the
previous one on private residential.cisterns (41); nmost
instances of high total colifofm levels afé assbciatéd with
non-human soﬁrces of contamination. Of the 76 samples
édllected we found that 44% violated the Safe Drinking Water
Standard of < 1 total coliform per 100 mL.

In all cases where either the total coliform and/or
1the proposed fecal coliform standard was violated, we found
that one-quarter of the samples that violated the total
coliform standard did not havevlevels of fecal coliform in
excess of the proposed standard.‘G.S percent of the fécal
coliform violétions were total coliform negative. As a
result, a fecal coiiform,standard wouldvresult in fewer
samples being judged as violating safe water standards.‘It
must be emphasized} however, that this standard would do no

better at indicating the presence of Ps. serugingsa than the

total coliform standard, since coliforms are indicators of

enteric contamination, and Ps. aeruginosa iz not an enteric

pathogen. From this standpoint, the water could prove to be

bacterlologlcally safe from entertc patbwu ns, yet still
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prove to be unsafe for drinking. Apprbximately one-third

of all Pseudomonas occurrehces (12 out of 39} did not test
positively for total coliform (Table III),»Indeed other

studies,(9;25,29,34) have shown similar results.
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SUMMARY

Residents of public housing units in St. Thomas, U.S.
Virgin Islands are at least periodically exposed to health
risks‘frbm drinking their cistern étored water. These risks
can be traced back‘td‘the naintenance and'distributioh of
cistern water. Inconsistent chlorinationvcoupled With water
“that is apparently supplied to cisterns from sources that
‘are sometimes contaminated‘afé tﬁe direct causes of this
risk.

In this study, ten cisterns in five public housing
facilities were regularly sampled over a ten month period.
Three interacting baéic problems with water quality are
evident. Water is supplied to public housing cisterns in an
irregular fashion.‘The water contained in the cisterns is
frequently out of compliance with thé mandates of the Safe
Drinking Watér Act (4). Maintenance practices, including
chlorination and protecting waﬁer suppliés from tamperinq,'
are not thorough. |

About half of the water samples (44%) collected over
the course of this study violated the accepted standard of <

1 total coliform per 100 mL. Certain cisterns appear to

pose greater risks than other (Sites 7-9). While Salmonella
SppR. was not detected in any sample where tests for those

organisms were done (testing was discontinued half way

through the study in the absence of any positive tests), Ps.
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“ aeruqinosa, an oppoftﬁni#tic pathogen assoéiated with ear
infecticns' diarrheal disease, urlnary tract 1uhg, and
wound 1nfectlons (16,24 46), was found in about half (52%)
of the samples. Even though the quality of,water in publlc
vhousiﬁg cisferns is not uniformly gbod it is generally
_better than that of water found in many prlvate residential
c1sterns (41) .

It is clear that, where applied,YChlorination is
effective in lowering health risks (10,17,23,26;30;35). Only:
two of the 24 éamples»that contained free residual chlorine
ievels in excess of 0.2 mg/L ( the U.S.E.P.A. standard) wére
found to violate total coliform standard. Only one of the

same samples contained Ps. aeruginosa. On the other hand,

~those 24 chlorinated samples represented only 30% of the
samples collected. 60% of the unchlorinated samples (those
in which no chlorine residual could be found) were
contaminated.

AppllcatlonvoL the total coliform standard of <1 total‘
coliform per 100 ml to judge water quality is not sufficient
in the case of cistern water. To the extent that Ps.

aeruginosa is a threat to human health (and housing units in-

this study include units with high populations of the very
youndg and very old), the total coliform standard does not
adequately delineate that threat (41,46,47), and as such, it

is felt that supplemental Pseudomonas testing should be done:

on cistern water samples.
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"RECOMMENDATIONS

Based upon the results of our research the_fcliowing

- recommendations are made:

Chlorination is essential. Although housing

projects areichlorinating their supplies, 1t 1s not
being done with uniformity. To remedy this problem‘
Housing should chlorinate each cistern urder their

controlvreqularly, so that a small mount (0.2

mg/L) of residual chlorine is always preseht in the

water.

Inspect and clean all cisterns every octher year,

pfeferably each year.

Inspect all access points leading into and from the

cisterns to check for vandalism and cleanliness.

Repair promptly all leaking pipes, faucets, and

toilets.

 Educate residents of Public Housing Projects in the

area of water conservation and water guality

mainter ince.
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Long term goals should also be established by Housing.

Some of these goals should be:

Extending the potable water distribution system to
the outlyinq~projectsvtd provide them with water on

a 24 hour basis.

- Proper planning in the future to prevent the

problems now being experienced. vThis plan should

include preventive maintenance and regular

~disinfection procedures.
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