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 ABSTRACT

‘The ;puBlié:’distribﬁtién~$ystéms of'thg‘viggin Islaﬁés
were :ifst’instaxled'in 1949 through the mid-1950's, »vThe
,cést iroﬁ pipes ﬁhich‘compﬁiSe the sjstem _aré subjec% tb;'

'sévéré‘cprrosion, . Thoughlfhg systemé‘héve'dndeigqne several
g majof:repairs’:qugstiong’ﬁavé_arisén aboutvfﬁe qua1i£y bf tﬁe
Wéter being diStributed vgs a-di£ect fesult of a ty?hoid

epidemic at a public houSing complex on St. Croix in .which

potable water was,thé.suspected‘carfier. These fears are
understandable in as much_ as the systems can . become
contaminated by several different‘pathways. A study of the

distribution systems of all three islands was conducted. The
principal findings were  that with the exception of diron,

probébly »due' to,résidual rust in the lines.' all sys

.ot

easily met fhe‘U.S. _E;P.A; phySical and chemiéallparaméters
.for drinkihg wa#ér,lvThe real threat to public health ho%eVer'
~is idue to‘inadequate .or improfér bchlorinatidn. Without .
_proper ;hlbringti@n,ﬁ then the Qutﬁreak of sbme othet. water

‘borne enteric disease is highly likely.
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 INTROD

Thel_public ‘distribution
were first inétalled in-i949
sYéteﬁf on St.. quix sefves;a
3,000 ;énhections;» in Sf;' T
with 2,150 connections}‘éﬁd;fo
sérvéduthroﬁgh 10'c0nneqtions.
systems,oh St; »fhbmasvénd St.

while the St.Croix systém i

Maintenance of the distribution

UCTION.

‘systeés of:thévVirgin ,Isiénds
thrgugh theg'mid~1950’s., The
n érea.of_r4 sqﬁéré miles vwith
hbmas it éervesTZ:sqﬁare miles

n St. John 0.3 square miles are

" The necessary pressure in the
John is maintained by pumping
s mainly a gravity operation,

lineé is difficult; ‘,Through.

the years these systems have undergone several major repairs

~due’ to corrosive soils and th

in areas in close proximity to
. Water in’fhe_éubiic diStf
vIslaﬁds can most
into the lines, bcross conﬁéct
'_of;negafive_pressure,'andfinsg
QueStioné have . been vréiséd
»ﬁuality §f_'the-watgf 5eing’d
:pérfiéuiariy :a concerﬁ whéﬂ 6
nqsedvand‘confirméd at a HOuéi
 frbm‘ the publig distribution
rief,. |
Theﬁimmédiafe»benefitféf

sis  of water at several point

readily becom

e”présence of'most_ofvthe lines
sea water. | o

ibﬁtion_‘systems inbthe,(Virgip
é contaminafed dﬁe fob 1gakage
ioﬁs, siphonage‘during pefiods

ffiéient'diéinféction. ‘Several

by the public . concerning the

istributed. In 1985 this was
6 cases of typhoid were diag~
ng complex in St.  Croix. Water

system was the suspected  car-

the project is obvious. Analy-

s in the distribution systems
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ﬂwiilk_aséigt.iﬁ the ideﬁtifi¢ati6n Qf‘areas whérejyéterj1éon;
'témihétiOnfis’mofé 1ike1y>fQ'§ccﬁr.' This ﬁésiﬁeeﬁ'.hihdérEd
in. thé_pasf'wpen aﬁalysis withany'similérityzwasl‘performed'
on 'aﬁ  eﬁgrgenéy'basis ahdtﬁften’bj_groﬁps  with parfichiar
seif~intgrests; | | | ‘

',This: inVestigation is;féspeciallyftimeiy in ‘that thé
'distribution system in'St;.'Thomas iS"curfently undérgoing
‘major’.renbvatioﬁs; »This“.pféjec£ pfovides both before 'gnd
after looks atucbntamination‘in thié sysfem. " The inVesti~
gétion piovi&es infprﬁéfibn thét’can be be use&'in ‘planning
similar renovations on'thevSt. TJohn_and Sf; Croix systeﬁs.
Determihétionioquuélity profiles of tﬁé Sf,'.Thomaé diSﬁrih— 
ution . system will also déVéiop baééliﬁe data for monitoring
the integrity of.thé éystem.  For thesevreaéons there is é
need' for a comprehensiVe sysfematicvSurvéy of water quéiity

in the public.distribution systéms of the Virgin islands.



 MATERIALS AND METHODS

Siféhselectibﬁiv

: To help 1dent1fy the sample pelnt locatlons, va'mep of"
the petable water dlstrlbutlon system was obtalned theh_with
the_a;d of the-Departmenthoi.Conservation ahd Cutural.Affairshh
persenneib fesponéiblehfef’hehitbfing‘the‘qeaiityhof’ﬁate# inv
hhe bdiStrihution Sjsteﬁs; ‘fiel& tfiﬁe:we:ejmadev to locate
.useehieeeaﬁpie_pqihfsQ_,h |

‘In'St,b_Thoﬁae,u";here efe'foef‘main lineévwhiéh eOnsti_
htﬁtet'thef&ietfibuhioh‘systemitﬁigure hl)’hh Ffom.fheee_'hein

lines extend the 1atera1s whlch serves the homes'_ahd- busi~-

hneeées. The heart of the water supply system is .a 2 5 mi;%-'hv

’,1ieh egallqn per day desallnatlon fac111ty 1ocated at 'Krumj
.Bay, .Sf, Thomas. The desallnated Water is pumped‘fi£3tvtq
storage tenks; entere 1n£o fllter.tanks then passes throuah afi
'chlprlnaelon"chambef.‘: Eroh‘the chamber 1t.enters dlrectly’
.’infq thehéisthibutiqh‘éyefeqf‘”“'
'Thé’,firgtv;méin_Iiné is a ten inch line laid in 1975,
'.ﬁhich:'ﬁraﬁels 'ffoﬁ»Krum‘hEyfweét fo’fhe‘Uﬁiversif& ,?f"ihej'
FViréih islaﬁderibThe second main. line is a‘S1x 1nch 11ne laid
o iﬁ }195ﬁ that runs‘east from Krum Bay along Harwood nghway"
veﬁtheih.Street;:Thls is the line whlch was belng relald w1th

new eight inch,Ductile_Steel; ;to:replaCe the ;original cast
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iron‘bpipe} “Thé ﬁﬁird.main‘Ii£é is‘é‘tén inqh-iing iaid- iﬁ
1963  which-serviﬁe%>thé Ereﬁch ATQQn fishmarket, ,éohtinues 
uhder» the waﬁérfront apron, éérvicesvthe ﬁain fire station;
and B:ahéhes‘ into a-dead end'at fh¢ B§y‘Sc§uté 'pf‘ Aiéiica
_Headquarters. The other’brénéh of £hié liné runs north,_then
,eést‘as far as stéld-Hafris Couff;FThé foﬁrtﬁ.éﬁd fina1 main_
line i;'a'24‘i5¢b line laid in 1976 which~¥uns-diré¢tiyitov a
Tsﬁorage‘tank ét fheft§? of Réphuﬁé,ﬂill;  Tﬁis téﬁk.féeds:thé,
Estate 'thu.;area fb”thé eést;ﬁ'_At thé-tiMé Qf‘.£hi$v stuéyv"
 ;thére'_was' no Watervflowingvin fhisvline which is actiﬁatéd
_bﬁiy'as“needéd. -Thefofhér three lines are in,COntinuousvuéef
o ‘Sampling ?bin£§ which.Qoﬁld_peride‘samplgé  tﬁaf' wére
tfuély, repreégntati&gifof:the oferallAﬁgtef qualify ‘6f. tﬁév
“entire'distfibution.systm wer¢ ée1edtéd.f Saépléé ﬁer¢vtakén v”
1f;om 'phe vthfeé ééfivexﬁaiﬁAlihés,.>and  from brancﬁes and -

laterals Qriginafing'off_thé main'linés., 'Samples'wére Sob-

"tainedbaS-far*away from thevsdurCe‘as possible as well as the =

'Source‘ itéélf;:'Nipé .sampling pointsvwére Seledtéd on the
"oldﬁ?aiétfibutiqn s§ét¢m and thrée Oﬁ tﬁe ﬁnew"isystéﬁ.- 'Qf 
v:that tweive; two were cqnﬁfbls. -Oné?ﬁas di£ect1§’frbm Fiitér

‘Tank»#i; the "pQéitive"_éQﬁEr61; énd fhevofher was:frbm a tép’
at the'Pﬁblic ﬁork§ ﬁépértﬁent Motorp9o1,‘a pbiﬁf right‘affer
»tﬁe water haS‘beeniChloripéfed,‘gnd thé'“negativé"'cont?ol. v

| 'Going,.wéS£;"samfies were taken.frbm'tﬁé.Ki£Wan Tefrécé"

’_Fire'Department,‘ which is abothSOIft;vbff of the'main,line,"



fa§d  élsoivatlla'téf1atmfhé:KirQéﬁ' Terfaée ;hpusing>vprbjéét
'ﬁaintenanée buildiﬁg._ ‘Going éast; three samples were pqiie&
diréctly Joff-kofl‘the newvliné on Harwood Highwéy  and‘_Main
Sp;eet;' Threé other‘sampléé were pulléd from 1aterals'off'of
this main line. 7 Oﬁé éample,wgsbtéken éadhlﬁf”thé'thfee from
stahdpifes‘vin the Savan'aréa'bf'CHariéffé Aﬁalie; Efomtthe'
third @ain‘line,:alsQ goipg east; two sémpleé Qere fakéﬁ, one
"at the French'Town fiéhﬁérkét,v'aﬁd tﬁe‘s§c0nd at ‘fhev~Boy
Séqutsvpf America'Headquérters.

‘One " of  the prpblemé encountered waévvlbcafing éoints
direét1y  off.gf the distribution system.“Invmany cases, a.
desirablé ,poinf:wquldAbe eliminated becausé fhe‘water wouid
_fifSt  f1ow;vinto é cisterHIWhich'aisp Stored roof - top Thar-
veStéd rain ﬁater-which made the samplévh0£ repfesentative3of.
‘the water.qualitY{in the'liﬁes,»

During this initial.phésé of‘iocating ~sample poiﬁts,'
when a poiht.was.fgund that mef the_criteribn.of a)‘ ébming
‘off‘tﬁg disfribﬁtion'éysteﬁ _b)vﬁdt firsf_enterihg_a"ciétern
c) beihg ih én»apprbpriate_area;v a:samplebwas fhen éollQCtéd_
,for"rough ba¢teriological béckgroﬁnd data. = Total coiiform;
 fe¢a1 colifo;m,; andvfécal str@ptotocéﬁs ana1ysi$‘ ﬁefe ruﬁ
“from each _acéeptable pointfté'déﬁerﬁihe-ifvdilufions ‘wouig__
have to be made on&éxrégular séﬁpiiqg began. ‘Aléo frée and

' total'residualﬂthcrine levels were taken at this time.



A 51m11ar trlp wae mede to the 1sland.of St; Johnev Thee
’St.‘Joﬁn dlstrlbutlon system is very.small belng ebout 0. 3Hof 
a mile 1oeg. Only'three sampling pdinté Were-selected,_ TheyA
were the malnvstorage tank at the southern end of . the system,
Fhe'Agrichtural Stapipn; Just north of the midp01nt,vand the
kEfoicebrofe.ehe’ Adﬁihisfrator, whleh is thev northern .most
accessaﬁle point. Sampllng 51tee are shown 1n.F1gure Zav

St Cr01x was also.sampled However, due to tlme 11m1ta—:
.tidesg7‘enlygtwo‘mass‘sampling effefté eould~be done. During
“the 'inij'al'ﬁisit;' fifteeﬁ samples were eeliected;_ These
_,Weré taken from.points extendlng from the vPeerl"B,'-Laréen
‘,Schodl east of Chfxstlansted. to La Grange wh1ch is. west of -
Frederlksted At each sample p01ntkfree and total re31dual
bchlorlne levels were made and a sample collected stored,‘and.
ereturned ‘to St. Thomes fer total collferm,: fecal collform,'
';and fecal‘streptococces analys1s, with each sample.beiné'ruﬁ
ini'deplleate; Thel seeond v1s1t 1nv01ved the 'séﬁe ffifﬁeen
'sample 'éeiqts,b'fﬁe.'semebagalyeis, ‘but also‘ inelﬁded'_pﬁ;
tehpereeurev enev ¢enductiviey,meaeuremenes,1 ‘iﬁv Figure :3;

" sampling points are shown.

Collection Procedures

Samples wéfejeolleCted in aécofdance_to'Stahdard Methods -

for the EXaminationggﬁeWatef‘andlWastewater and Micfebielogiui

cal Methods for Monitoring the Environment.

-1
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Figure 3.



1 A11 chemical samples were chliéCtéd’in clean, thoroughly
washed and finsed borosilicate‘gléég‘bottles and ?reserveﬁ
\S O . )
2 4 3

the analysis to be done. The one exception Wasathebsamplevfor_

wifh_either H of HNO 'tqva'pﬂ‘legs-fhaﬁ ﬁwovdepeﬁding pﬁ_,-“
éilicg which Qés>collected-separatély insa clean, thoroughly
wasH§d andvrinéed polyprbpylene;bottlg; e e
k'The miér05i01ogica1 sémpies were”§11 éqllecfedfin ,qné
ilifer  borosilicate glass bottles ﬁithvgrouﬂd glass'stbppeig;
PriOr to'ép11ectioﬁ 0.8 mL of a 107 301ﬁtibn:of sodium' thio-
»snifafe was ‘édded_to éa¢h one,lifér‘bOttlé‘(giying“a.:fiﬁai
cbncéntfafion Qf’O.l mL é§r 125 mL:of-samPlé)vandvthé"bottié- 
_wﬁs‘auﬁoclavéd;v o | | | |
“dncevin.the'figld, :a11 §hé cblléc#ion taﬁé”wére f1ﬁShed
vfoi'at»ieasfztﬁree_ﬁinut§s bef6re the samples were col1é¢téd.
Once' q¢11e§ted;.‘the'saﬁéigs we£e iﬁﬁgdiateiy quheq'baék to
"'the“léboraﬁbry;' All micrébiolégiéalVanalyseé  weré"begﬁﬁ'

within four hours of the time of'cbllection;"

'Chemistrfiand:Physiégi Anaiyseé 
The.ghgﬁiéai p#rgheéers examiﬁed_were‘ﬁemperétﬁieg ffeevw
’{éhd fo;al_residﬁ31 chiinné,‘ apparéntfcb1o¥, dis?oivédLoxyf
-'géé. fﬁrbidity,: pH,_'éonductivity; foﬁal splids, :ni£rate,'
:calcium, chld¥idé; i%on;béiliCa; s§di§m.ignﬁ_maghésiums3
'Témﬁergﬁqfé:‘ éasb'>tékeni :usiﬁg  a' ‘celgius ‘iﬁégfee

. thermometer.

1l



Ffeebléh§  fotél'residué1 chldiiﬁe?5?eédings qwere 'done
‘using‘ thé.ﬁ,ﬁédiethylnp;pheﬁylenédiémine:KDPD):.coioiimetfic'
kmethod,- ;C§1§r :wés done as appé?ént:colof uging a~ spect;—
'phbtomet?ic mé%hod. a » o | |

Diséblved 6xygen was measﬁrédbusing fhe azidéb.modificaﬁ‘
fidﬁiof tﬁe Wiﬁklei‘titration method.. .  05lQrid§:ﬁé§‘ana1yzed
by the mercu:ic_nitfafe tit:ation_méthoa. |

‘Turbidity was measured bykhéphélometric using the HF, DRT

100 (HF'ins;fqment Co., Ereadna, NY),"' _

pH was done‘using the'potentiometric system. We‘used two
pﬁ"meters.in this stgdy’tﬁe.ﬁach 19,000 (HacﬁvChemic31  Co;;
'ibvéland, CO0)  and the Markson 90 (Mgfksoh instruments,' San
Diego, CA) with sealed éombination eiectfodes; ‘Conductivity
was run  using a Markson iS/iﬁ.coﬁduqfivity meter ‘(Mafkson'
Instruments). |

Tdtal’ golids were fuﬁ by evaporatingbggoﬁgh samplebvat
'103-105° C  sb‘that théreiﬁas a mihiﬁum diffefenée of 52 ng
befween the_initia1 weight‘and'the final weight. The amount

’of total sdlids were then Caléulated using the fofmula:

‘mg total solids/L = (A-B) x 1000
R Sample volume, ml

Finalfweighf (dish“+ rgsidue'

‘where A =
: in ‘mg)
B = Initial weight (dish in mg)

Magnesium, - sodium, calcium and total iron_weie‘analyzed»’
by atomic ~absorption.  With calcium the EDTA titrimetric

-12-



" method was used; with’tqfal iron the 1.10 bhenanﬁhroiine..
method using SPegtrophotomefry:was used.

“Nitrates and silicates beth were'done*by»using the- Hach.

DR~3' spectrophot0meter (Hach‘Chemical Co.) which is part of o

the Héch:DREL—S Fieid Labbratory Kif. 'Nitrateé'were_anélyzedﬂ
‘:by the Téadmiﬁm réduttibn methb& ~and  éi1ic§ne' by ) the
héterbpoly blue.mefﬁod.' |
| Except fo: th08é7analy9es_thatvused specific'instrﬁments
suchvﬁs atomié .absorpﬁion, ﬁemperature, conduétivity;' pH,
fesidgal chloring, turbidity vand tota1 soiids, all othef
analyses ere ‘done.uéing thebHaCh DRELf5  Field» Laboratoty
Kit. While all of these Ha¢h kits,ﬁséd prepackaged  "powder

pillows™ all " the .analyées are based on methods found ' in

Standard Methods for the Examination Qé_Water_and Wastewater.

Microbiological Analyses
Thé. miéﬁdbiological.paraméférs examined were'asv_stated
beforé;b toféi:qdliform; feéal_coiifér@;: feca1 stféptococcﬁs
‘énd -standard piéte count - heféf§trophic flate.‘count; ‘ Ali
are  sfénd§rd testsiin detérminihg watér duality{ in. éddi—
ti&n@_ bécéusé-of‘the fyphoid éutbreak.o£ St. ‘Cféixvinvi985,

vattehpts were méde‘ to,isolate‘§§li6nell " spp. from each
 Samp1e.v o | |

o Thé;é .fiVéftests fakéﬁ ééileétévély_yieid infbfﬂatibn
about the‘quality'of the water,  andehétHe; adeqﬁate disin-

" fection is’occurfing,"or if not, whether it might be prﬁdent

13-



tc.'use other.tests iniconjunction:withethehstandatd_analiségv
téiiﬁsufe a safebsepply;of‘drinkingdeater.:etAshwill he‘seeng
all'testS’usedeare‘thosevin'ese throughout'mostVWater»qna?ity
and publlc health 1aborator1es.' The'one exception is~‘our

procedure for the qualltatlve 1solat10n of Salmonella Sero—

:types. “Even here the procedure is but a modlflcation of two
'texlstlng methodologles combined 1nto one, and thls‘ls nothlng
‘mote;than an egtenslon;of the total coliform'procedure,b This

Ais‘,important;'becansevwith minimal additional training }and

supplles, the procedure'could be'readily.inco:porated"intov

the'ana1y81s of all major problem supplles. "In addition;‘it
has the potentlal for rapld 'w1de, acceptance because ~:withf
the exceptlon of the procedure ;fthe methodologies are"weilA

"kn0wngand uniVersallyvaccepted.#

The total-coliform has been the indicator organism . of

choice - for determlnlng _the " bacteriological quality of
drinking”fwater ‘gince- 1914-, The'reaeonjis,it"mest closely
approx1mates the 1dea1 1nd1cator organlsms. ‘In'recent yeare‘

however. the standard total collform analysas has come under
'1ncre351nély ‘heavy scrutlny because it has been‘jexten81ve1yj
‘reported iin the. 11terature that in many‘1nstancesv'Stressed
’collforms fa11 to be detected ’ Indeed stressed or 1njuredd
htotalu collforms have become the rule rather than the :eXCep“
tion; .and_'noe' many researchers have' proposed elther"new

procedures, or new medla,"whereby these stressed or. Lnjured

L



':eoliformer:Can jbefderecred.'»kir‘iepnotfrhe'iorept'-of this
peper however 'to.uee either ﬁe§~pf3¢édufeg; er new :ﬁedde?
.whlch are st111 in the experlmental phases of testlngg'rarherv
it ~is the 1ntent'to use estebllshed methodologles to _deterf'
mine-the:suirabiiity.of,tpe water, | | | | |

The. two uﬁiﬁereally,accepﬁed teehniques for.the Equenrifr
" rative isOletion of total collforms are the Moet “Propebie;
Nu¢b§£ (MPN):‘technlque- and the 'Membrane: F1ltrat10n F(MF)
technique._ jTﬁe“ MPN technlque 1s based upon the stat1st1ca1

»probab111ty of,vflndlng -X number‘of total col1formsr ifp‘Y

'number of tubes arevp051t1ve for the productlon of ec1d :and;
'..gas 1n both 1aury1 tryptose broth and brllllant green “bile .

- 2%. The prlmary use of thlS techn1que 1nvo1ves those samples'e~
p‘ﬁhich~-tend to‘heve_elther hlgh turbldlrles,f tox101ty,, or‘
consideredvto:oe chloriﬁated effleents,_ 'TheemaJor.drawbaoks
to thlS procedure are. - | .

1) The 5resu1ts are stat1st1cal values-gandf
not a dlrect count.kv -

.~ 2) The procedure tends , . yield higher

percentages of both false p051t1ves,'and

false negatives ‘than ‘does  the  MF
‘technlque._ : B

3) It ;g "both *more ‘costly ,andb“ time
consuming than.the-MF method{" B

4) It requlres “much more space. to do an
‘equivalent number of samples compared to
the MFE method : ‘

FIThe 'MF'technlque is the preferred method because?-

]1)kIt ylelds a quantltatlve dlrect 'count‘
of the: total collforms present. '
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2) It vyields_'fewer’.falée: positiveée'and
fewer false negatives. e

- 3) It is‘rapid'and'relatively'inexpensive.:-

: 4)'It"takes up very 11tt1e space to do a
: 1ot of samples. ‘

In as much as the samples belng anelyzed werebnot elther_
hlghly turb;d, 'tox1c or chlorlnated effluepts andv‘foi thet
_reasons; Steted above;'eail'Eampies were pioeeesedeﬁy tﬁe MF
techniqueQ | | |

”Thee:fqtelu'coliform"gfoﬁp ineludeS'elllthe’aefobic ahd
f&éﬂi#atiﬁe‘eneerbbic, gram negatlve.non spore formlng rod—"

‘shaped bacterla that ferment lactose in 24— 48 hours at 35*C

';'It'includes_the_genera Escherlchia-coll, Cltrobacter, Entero*"

vi bacter, Andf kiebsiella;_ Tn-perfbrmiﬁg the tdtalf'coiiformf
'Eﬁalyéis' all samples were run in dupllcate. Each repllcate-

1nv01ved f11ter1ng a 100 ml volume of water through a 0. 45 mm
type HA fllter (Mllllpore Corp;,' Bedford MA),,Jende thene.

iiplac1ng the filter  on‘ m—Endo agar -(Difco; ‘Deﬁroit,e ﬁI)} 

‘ whlchv ﬁeskcontalned 1n 50x9 mm - pre ster111zed plastlc,t'die—:
posable petri dlshes w1th tlght flttlng 11ds F(Gelman,v Annb

: Arbdr; Mi).’l’ These“plates were 'then 1ncubated at 35§Cei’

'_O.5°Cf‘ for 24,h6ur$; At the end of the 24 hour' 1ncubetion

“period‘the pietes wefe exammned and the typlcal golden green_’

vmetalllc sheen colofed colonles were. counted : These typ1c31  

1colonies‘ were then subjected to veriflcatlon.e All. colonles‘

F(Or"a maximum ofbten typlcal colonles) were. randomlyv plckede

-and placedlln 31ngle etreng;hvlggrylltryptose.brpth (leco)
, - - : ;16;'_." _ C »



and  single. st-rerj';_'gth"' brillisnt green iai:_ie. 27 (Difco) and
"incubéted_at 35°C>j OQSQC.‘fdr up ﬁoiés 5ou;§;v. All’sagﬁies
lﬁhiéh_ shoﬁed ﬁroduéticn 6flaéid and gas in.boéh: meﬁié; WQre
'_ cénsidere& tq.be'pOSitivé fof the fresenée of‘cdliférmée » Iﬁ“
thé event o%iyvthe,léuﬁylvtfyptose broth tubé.ﬁés ﬁositiﬁeaua
neQ tube of brillianﬁ»gréenvﬁile'zz was innoculated from the
"posifive-ﬁube aﬁd»then incubated f§r up-fo 48 hoﬁrs at 355C +
OfoC. If aftér this period of time tﬁé brilliantwgréen.bile‘
2% tube was still,ﬁegativé fof the pro&uctién of ‘acid>'ahd‘"
gas; the_colony Qas then iis@ed és negafive for theVpreseﬁéé 
of fotél.colifofms;v |

‘If’ no _;ypiééi céloniés vere sé;n then up to five non-
typical or afypical"red ¢§1onie$'Were pickedvand 'Subjected
“to theb.samé verification procédure. vThevvfinal reporfed 
CQionjvcounf Waé'adjﬁSte& acCordingly.

Analyses for fecal épliform wefé‘élsoutuﬂ. vFecal_éoii-
form afe part. of the,toﬁalbpoiiform.groupfﬁut these 'graﬁ.‘
fnegétiﬁe; .néﬁ;5poreb férming.rodSHWhicﬁ ferméﬁt 1acfosév_¢an
_giog at the elevated témperature Of 44;5?C‘i:b;é°C‘ﬁifh; thé
pfoduction df aéid'and‘ggs in 24 hours and"are fréquéﬁtly
ﬁéed  as ihdiéators of éeﬁége treafmgnt_ piant' efficienéy.
Altérnéfi?ely,'vthey' één béSUSea t§ indiéate‘ pontamihgfién

from -~ human ‘sources. The primary fecal coliform  is

Escherichia coli which is almost solely associated with man.

Their presence in potable water would indicate a supply that
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may ‘have been contamlnated by sewage‘seeplhg 1nto the 11nes5
of by back 51phonage frem a cross‘connectlone Because sewége
Séepag? and /o; crqss connectlon-are”thought to exiets \the.‘
fecal'eolifobm anaiygie was run.,

, Like‘the'tbtal cbiifdrm,‘ feealﬁcgliferm eaﬁfbe'ahaljzed
by elther MPN or MF methedalogies;.The MF procedurevwas‘agein'
“chosen, ~and vagain for'thehsaﬁe'besic.'feasons;, Again- eli
eamples werekruﬁ'eS,duplicates. e'Each repllcate con51stedvof
»fiitering a 100 mL volume of water. through a-0. 7um type - HC
filter (M1111pore Corpa) as hes.been reeommended for fecal‘
colifbrm‘ analyeis,-vand theh-placing'the fiitef on m—FC‘egar'
u(DifCo)' to Which ROSolic‘Acid has been added bThe platee
were then 1ncubated at 4y, 5 C + 0. 2°C for 24 hours in a ‘Blee'
”M waterbath ..At the end of the 24 hour 1ncubation period,
vall typidal blue colon;es>were counted;:v These hlue:cblohies'
were’bhen subgitted bo yerificetiehhprpeedures, All,__of.up
to ‘é' mékimﬁh;ioﬁ teﬁ} ‘blue'cdiohies..Wefeh*vefified hrhé
eoiohiee “wefe'first bickeﬁ band then 1noeulated into 1aury1
br&ptose broth (leco) and 1ncubated at 35 c + 0 5°C for ﬁpv
» tQ 48 hours.g _All‘p031t1ye-tubes whlch showedvthe productibh
of{eeid andhéasiwithin_that;beriod:bépe then fhanefeiredviﬂto
EC broth (Difco) and incubated atb44-5qc'i-‘o,zeci qu 24
hours,  All tubes which showed the,productioh of and gas at
~ the 'end of tﬁétvpefied were counted'ae:vefified feeal coli-
forms. - vThe'h final :#eberted' cbunﬁ - was. then_- adjusted

‘accordingly.

~18-



The»vfecal Streptoooc6us grpupuafé defiﬁed as thoSg gram
positiﬁe-oocci‘belonéing to the Lancefield's g#oopsbbnand‘.an 
" The vnormal'hooifatvofofhe-fécaljstreptoooccus iS‘%he intesg-"
tioal ’tract»,oﬁ_man;and otﬁer.Warm»Eloodedf‘ooi@éléal.‘fhese
_orgonisms foo ‘are 'good‘ indicgtors  of . %egall‘ ﬁoilutione
Howevér{ﬁﬁliie”the'féoal coiifo:m. which oomes ?fiﬁa%ilyofro@
man,fjfécalvgtréptoooooi come,pfiﬁafilyvfrom.'animals;  When
.theboﬁfecal‘ coliform_ couﬁt is  comparéd"v fotlthe‘>fecé1j
“strepfocooCus cdght, a.;étioois estaolished. kThis‘ratio‘oan
'theo bevused'to deto#mine'whethgrotﬁe soﬁrcé'of the poliution
is,primafily from mén:enhaocédfsourcéé ; suchﬂaé sewégé-'m or
.%from an1ma1 éourcesv~'such as runoff ffom animal feed 1ots or
.whether ‘it mlght be a mixture of both

| Aso w  the case w1th both the total collform  aﬁd: iﬁe
'fecal' collform,‘ the Lecal streptoooccus can bevanalyéed for.
'by elther the MPN or MF technlques, Also, asowere the_oases
o.for both the total collform, and feoai'coiiform;u‘tﬁooﬁfécai‘
..streptococcus” were analyzed‘by the MF techolque for the szame. -
reasons:asvthe totgl cgliform: nd fegal ool1form,‘. |

As  in  the periodS'case » each sample was' run as a8

=

'dﬁplicate, feachv’repliCatéi ¢ nsisted of fllterlng IOOmI of
'sample through a O 45 um Type 1A xllter (Wlillpore) whlch was.

thenv placed on KF streptococcus Agar (DlLCO) to whlch. one

Amllllllter of a- sterlle 17 solutlon of TTC (2 3 5 TriﬁhenylF'
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‘tetrazolium Chloride) 'ﬁas”added'for“each"lOO.mLf:of steriiei

medium. The cﬁlatesbweréethenhinCubated*atb355C4i.0a5°C

<‘r~
u

.481hours.

In an additionaibexpe;imeﬁt, anefhér e#aciiéet,ofbgupii»”
eeateuplates ﬁsiné.énl& loose-fitting lids wefe‘-run?- ~They
too were 1ncubated at 35°C +'0'5 °C, _bﬁﬁ:fhis time,uédef.a‘coz
atﬁOSPhere of 5 10% COz (Marion Scientific)ﬂ'e,This «;;=§gpa:s:ri*‘~
‘ment wasg run to see if COé 1ncubation’-WOui§ _sigﬁi£iéant1Y

‘increase the recovery of“fecal streptococcus., It is knowh

that many Streptococci_ngWfbetterﬁunder COZ;

'In’bofh”cases, after the 48 hour‘incubatiohiperiod;'the_f

pletesvwere“eXQmined and counted. .Only»the.?ink to dark red
colonies were counted, »,Up.te ten colonies were then picked
ahd'.subjected to verlflcatlon. The verifieation procedure

\C

censisted of plcklng the plnk to dark red colony .eo':braiﬁ
hearf"lnfu31on agar (leco) ‘slants and to braln heart »iﬁfue
:sioﬁ_broth'(pifco)r After 24- 48 hours of 1ncubat10n at 35°C
ﬁiv 0.5°C'.the,culture>Was tested,for‘ catalase _actlvlty, A

1oopfu1 of _fhé” growfh‘frém‘the brain héart‘ infusion._agaf

slant was transferred to a clean sllde and a few drops of 3%
hydrogen peroxide. (HZDZ) were added to the smear. if_ea-.

‘pos1t1ve reactlon oc curred (presence of bubbles) ‘the Lube was
’dlscarded as a non streptococcal spec1es.  If-a negatlve-test'
was recorded, a 1oopfu1 fLom the braln heart 1nfuslon .brbth

culture’ 'was transferred'to fresh brain”heart 1n;us1on "broth

. ;20*,



 and“ aiSOz'té a tube bf Brain‘heart\iﬁfﬁéio%lﬁfoﬁhi_?ius  é0% 
biié.ﬂ ‘ | |
o Thesg.ﬁﬁﬂes were then incuﬁated ét‘44,5;cbi O;ébc_and 35°i
<+ 0.5°C respéc-tivély:, ~ Growth in both tubes within 48 hours
vﬁas  qonsidéféd  P§Sitive verificatidﬁ.»‘ tike 'the‘ ”téﬁéi
éo%ifgrms and.feééifcoiiforms,,thevfiﬂai' fe§é1t§trép£§ch¢ué
'couﬁf was.adjﬁSté&‘éccqfdingiy..>

'Thé Egtandérd ﬁlate: coﬁn% félls sdmething_ éb6u#, Ehé
overall .treatmenf"gfficieﬁcy‘bf whateve# process ‘isi.beingg
uéea. HWhiie ;thére,atevno curréﬁt régﬁiatiﬁﬁs.in régéfd%‘t¢  
the fotal.ﬁumﬁér of orgéniéhé'per,ﬁilliliger'of saﬁplégf ﬁhé-
vlimit  9£ 560/mt‘dr'1ess-has_been Suggesfed_as a bénch“ mérk‘
_figuré. : Héwever tﬂisbfigure bf‘SOO/mL is baged upon ‘éiowth
'onjvau ﬁﬁtrienf  rich ﬁédi#m calléd_'plafé cﬁunt agar,- In
Janda?& fbf 1985 é-neﬁ mediﬁm7wa$ repoftéd in'fhé 1iterafuré
ﬁhitﬁ E yieidsv sigﬁifi¢antly  higher ‘¢Qﬁﬁt§ (Réaégner. and
vGel&féich,‘i§8$); The new: @édium-inéteéd of‘being é‘thrient;
afich;'médiQm_.is_a,ﬁihimal'nufrieﬁt1agaf ﬁalled .RZA; '.This 
Eﬁedium hé$_rafid1y géinéd ;cééﬁtance in th§.fie1d bf:EﬁVirdﬁQ
.ﬁen£515 MicroBioiogy .beQQPSe,léss than bhé 3Yéa: ‘after_ iﬁs
’£§rmu1avwés fu5lishe&;fit beéame_céﬁﬁércially avéilable. :Thef

Standard plété count has recently been chénged‘éqfthe hetero~.

trophic fplate cpuﬁt'in the“i6th'edition of Standérd_vMethodé

‘for the Examination of Water and Wastewater. Due to the flux
in this aréa, fboth media wefe‘used'ahd.run in parallel. For
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7pnrp05es> of this report .the stan&ara”piéfe count will  re
“to those results obtained using plate count agar., The hetero-

trophic plate count will refer to those ~ results = obtainad

using R2A. With both media, three dilutions wevre run on

sample, and each dilution was run in duplicate.

. .The.vstandard plate count using plate cOunt'agarv(ﬁiic@}

can'bé‘qbféinédfby ﬁsing_a ﬁour‘plété iechniqae,‘_qrwa~$péead
plate tééhniqué.f_bIt‘dbes;hbt.readily 1ehd’its¢1f.to é' memn-
‘Brane filtration (ME)~technique; |

The‘>poﬁf plate teéhniqﬁg'has severé1 diSadvéntages ﬁhat'

prevent the recovery of the maximum number of organisms by

W

whatever"méthodoioéy'fqr 'determiﬁatiénléf total"baét@fi .
The méjor drawbacks a;e 'theihéér of témpered 'meaium which
-ﬁayv gausevheéf—shock to streééed bagferiasv agd the,useléf‘a
'ﬁutritiopally :riéh _mediﬁm - éuch'as  piate " count »égér -
thchvmay likewise'céusé Shock to starved Bactefia,

The *sPtgad;‘plaﬁe'techniqué’has two -majdf' advantégésg
The primary édVantage i$_fo’elimiﬂat§ the heatfshock caﬁsé&
'vbyv the uéévof;temperea égar,‘ _The other méj@r.aévantage i
‘that"ali thévQOLOﬁiesbéfe_bnvﬁhe éurfaée @f.thé agar;'Whafé
they can be feadi1y seen énd ¢¢uhteﬁ,"aﬁq CQn‘ bé‘ éasi&y

'distinguished_ from particuiatés-énd_éir]bubbleé; " The .ons

h]

méjbr. disadvantage lies in the fact that . only vrelatively
small volumes (0.1 - 1.0 ml) of samples can be used with this

procedure depending on‘the'abSQrbancy of the agar. 'En épit@"
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tof fhi§ drawb&ck‘ :1t was felt thaf the adv;ﬁfages @utweigﬁeﬁ;
the dlsadvantages and the spread plate technlque was choéen;

| The heterotrophlc plate count us1ng R2A can bu uge&,as a
poﬁr plate, gspread plate, or as a membrane._fllﬁex’ {1??
‘metﬁod, Whlle: it‘has_been feborfed'that the épreaa.tpigﬁ%
vtééhniqﬁev glves betfer results‘than elther the pour p7& e ox
fMF'teéhniQQes, it suffers fr§m the threat of ?carrywaff“iwh&n
using thé"glgésv'rod‘qr: §h6cke§f 'stick"; :anﬁ ‘alsG 'fé@m.
spreader$"on'plates Qﬁich ére notgperféctiy dfy, ' The disad-
vantagé of using a pour plate Qas seen, so while counts may
not reach.'the. fhéoretical‘vmaximum. ﬁith“fhe MFlbmethci@

nqnetheless,'the.MFlmethod was chosen for,the reaéoms that it

is ‘relatively fast and inexpensive while,still yielding: v

good results,

o
ik

‘vThe:&ilﬁtioﬁsvwe.ﬁsea Wifh-both mediaiwere‘i ﬁi, O.iva
and‘.O{dl me '.  ﬁéte£ on Qheﬁ it became' obvious_'thatibih@‘
_heterotrépﬁié fiété. caﬁntS'ﬁe‘werebseéing were highér ‘ihaﬁ
the standard plate counts at’ fhe same dllutgons“ithe, i oml

dllutlon was dropped and a 0. 001 mL dllutlon added. The plat@
count‘agaf was 1ncubated at 35° c + O 5°C- for 48 houru,“while
 the R2A was 1ncubated at 30°C ; 0.5°C for seven‘dayse .Aftéé
'the_ approprlate 1ncubat10n ‘perlod,‘ 511 vthe plateg..ﬁé;g
e§ﬁnted;  Thé sténdatd plate~qount:p1até5_(10§ k:l5mm plaﬁégj
ﬁeré’ c§ﬁnted  w1th the' aid of a Quebec  Darkfie1dv_¢@1o§T

counter. "The heterotrophlﬂ plate count plates (DO x 9 mim}
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were counted with the aid of a 10-15 X binocul

As has been stated earlier, an attenmpt waa ¢

iéolate'Salmonella spp; from each pdtaﬁie water

was a direct response to the 66 cases of typhoid

St Croix in 1985, in which the potébie water

thought to be involved. ' The procedure iéiav;w3f ~ation o

one - listed in Standard Methods for the Examination Water

and Wastewater. The procedure followed is an exi

total Qoliform pfbceduie; ,‘After thé‘2& héur'iz
:tétél:coliforﬁ éiaﬁeé'were examined fdr‘typiéalvénd ,atypid&iv.
'totalzcoiifotms;'_A,éoqnt of.theftY§ical green metaliiﬁ.gheen 
.Héqioﬁigs,IQQSFmade,; aﬁd u§i£o ten ﬁplohié#wwére thém ’picx§§_ 
fOr‘ verificatioﬁ,:' Inv the e&en£ n§>£§piéai 'ﬁgléniesv'weré‘
‘Séeﬁ; bﬁp to'fiye étypi§é1 £ed cbionieS’wére'pi¢ke& end veri-
fied.§§ ensure tﬁat’nb.féisebnégéti§§s wé¥e:miss§d;:_‘Attthis
>;poiﬁf ‘the mémbréne filte% Was aSepiipaliy;reﬁoﬁe&  $rbmv the

" m-Endo agar, and transferred to a clean, sterile, empty 50 %

9 mm petri dish., To the petri dish which now

i membranef filter, 10 mL of medium ig  gdded. - The  ‘medium

consists of m-tetrathionate broth base (Difco) to
been added a 2% iodine soldtion, 1:50,000 brilliiant green dye
and 3  mg of l-cystine per liter of the tetrarhionate Dbroth

  base.. The plate was then gently agitatedsvlamﬁ loopfuls of

the ’mediafétréaked oﬁt“in'duélicateboﬁ"b,

“(Difco),’“Biilliant.green,agar‘{Diftq}'an&'ﬁLﬁf
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.Thesel‘pletes:=§ere fdesignéteﬂ AngTi (Iégééfhioﬁ;té)l>é£l'oe
lhours; Tﬂe'fet;afﬁionéte eultufes, ffilliantbgreeﬁ égér“ ana'
XLD agar plates were then 1ncubated for 24 hours, The blsmuth
sulflte agar plates however were 1ncubated at 35°C il 0;55Cf1
" for a total oﬁ 48 hpurs; |
After: thelZékhourlincuﬁefion'period,-lthe TTllecultures
&ere‘;emo&ea,.:eﬁd,l_mIIWae aseﬁtically transferredetq a‘fube B
cqntalniegl new .ﬁetrathleﬁafe vbroth., Thlelﬁube was vthenl
’designated ﬂae'TTZ, Platesu eflbismuthx sﬁlfite; ’ brillianﬁ
green, = and XLﬁ‘ﬁere agaln'streaked in‘duplicete, ae O;‘ 24;
‘ahd 48 hoﬁre; These»plefes‘thenvboreethe'deslgnafions TT2/0,
pT2/24, or TT2/48. |
.'After the.apéropfieie ineubation;time (24 houls for the
brilliant green agaf and- XLD agar plates, ‘and 48 hqursbbfot
lthe blsmuth sulflte agar plates) the plates‘wefe'examined fer
both typlcal and atyplcal colonles. |
Ah  agar slant is created by plpettlng'a given volume ef
a molten agar 1nto a test tube and t11t1ng:the fest tube"ee
'_;n‘ angle.to create an’obllque surface uppn' whlch organisms
L ceﬁ.grow- ALLl elaﬁts will”heve tﬁe pé;fs:‘ The,agaf:sﬁ;face
(air/agar interface) and the buft (solid agaf/anaerobic zqne)
located at the bottom of the test tube. |
» Two types of colonles on‘the blsmuth sulflte plates wefeP
picked to nutrlent agar (leco) slants."‘One of these colo;

nies werevtheﬂblack ahd’brbwnish—black coloniesl which were
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surroudded :byf.afbtoﬁhish~tleck'zbne:exﬁibitingdfav3metalidc
sheen. Q'Thé' other type of colonles élcked.were tne fiat ‘or
slightly 'reised ;green qnes,:d.The medla, plate and .coieny >w
cqlor,Were recorded,dn eéch'siaht.

On .the brillieﬁf»green-agar.plates;b pihk—ﬁhite ‘opeque
celonies. suttoundedvby'brilliant red media ortany'redd'ceicf_
nies: wete plcked to nutrdent agar slants.‘ anethe XLD agar
elehts, red colonles, or: red colonles with black centers were
picked td'nutrient egar“SLants7 As before;-media, plate and
eolony color were redorded‘ot each slant.

‘All nutrlent agar slente were then 1ncubated for 24 hours
»at. 35°C + 0 5 C for 24 hours, After the 24 hour -perlod a
'loopful _of _the orgenlsm'was streaked out on MacConkey agar
(Difco). dNén—lactose‘fermenting‘organisms (thoee‘thetvappeer
as colorless :and trénslutent) Qere thep éieked .to triple
.'sugar 1ronvagar (TSIA) slants (leco) Those TSiA slantst
vthat ‘gave an alkallne surfece and an‘ac1d or,‘ac1d  énd gas
butt along 'iwith thebprOduction, of hydrogen sulfide (st)'
Wefe then submitted_td the:oxideseatest,’ phenylalanlne test,
dreaee' d1test andi ONPG dteSt;e‘If‘thekreattioﬁs‘fof'these:
~four test wereiall ﬁegétiVé,‘ thevcdltdte wae then inocﬁlated
,intob en'API—ZOEdstrip; (Analytab Products Inc ) A1l ’etries
thch coded out as Salmonella were then reported out to . the

‘appropriate authorities as PRESUMPTIVE for the presence of

‘Salmonella SDPP . with a cultupe'submitted to ‘public health for

’conflrmatlon.v
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| VREsvthfAﬁb'coNcﬁusisz‘
The resﬁlis of #he‘cﬁemiéal and‘physical analfses for
St. Thomas van& St. ;ohﬁ‘aré summatized iﬁ.Téblesbllénd 2
while fﬂe microbiological results are éumﬁérized in Tablés- 3
and 4. The fiqdings for_si.'c¥oix are’ﬁresentéd in Tables:5
and 6. In Tébies 1;'3band' 5 the daté is”?reSentéd‘chronof
1ogically -ﬁhilé‘in Tablés 2, 4 and 6 the?daﬁa is listed ac-—
cording to>site, 'The Federal quality sfandards for dfinkiﬁg"”
water are listed in Table 7. | |
A1l .Qéter'samplés téken‘féii weil.ﬁithin the 1imits'_set
fof éolor, diséolved 6Xygen,>.tﬁfbiAity,‘ pH, éonducgivity,
'Sdlids, nitrates, vcalcium,b'thorideé,  silicé, sodium, and
magnesiumb iﬁ driﬁking  waf¢r, Iion did not fall _within:
arinking wate:xlimité.-This is not supfising giVen‘the condi—
tionbof thé,distfibution system;v vThus except for iron, from
the chemicalvétandpoinf, bﬁaferiaistributed‘by publié- pipe-
_iineg’_;ﬁ .the"vifgin Islands apéaréntly }éasilyi meetsv‘the '
Federal wétéf qualityvétahdards for}driﬁking waterf.

:The failinéé éf the dfinkiﬁgi&atef program lies not ' in
'thé chemical feélm,  butvfatheg_inTtﬁe ﬁicrobioiogical realm.
‘Thé miérobiolggiéal probiems‘stem from fhe aléoéf total lack
of"frée‘rééiduél éhloriﬁe_in'the'potable»water_‘diétributiOﬁ
:1iﬁés. - This is '§f  ﬁajor concérﬁ_because it is ‘the"free

residual - chlorine Whichvacts'tovcheck fhe spread of disease
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. Table 4. Results ofvMi.crobivologvi'cal",Analyses_» f“or St. Thomas
. and St. John Grouped According.to Site

SAMPLE DATE FREE TOTAL NON- FECAL . FECAL STANDARD - HETRO. SALMONELLA
SITE Cl- COLIFORM LACTOSE  COLIFORM  STREPT. PLATE COUNT' PLATE COUNT SP.

o : - mg/1. /100 ml /100 ml /1060 m1 /100 ml /ml /ml. :
‘Tl APR 28 N 252 - TNTC " 73 423 2,000 TNTC -
T1 JUN. 2 ND 0 ‘410 0 L0 N/A ¢ 540 . -

2 APR 28 ND 0 1 0 0 5,300 140,000

T2 JUN 2 ND 1 39 2 0 N/A 51,000
T .APR 21 ND 0 124 0 0 23,000 . 20,000,000 -
T3 _MAY 27 ND 0 19 0 0. 5,300 TNTC -
~ms . aPR-21 <0.2 0 0 0 0 5,300 - 120 -
T4 MAY 27 0.4 0 3 0 0 N/A : TNTC -
] MAY 13 <0.2. 0 3 0 0 4 ) 7100 -
5. JUN 17" ND 33 1 o 1 10 130 L=
T6. ‘APR 21 N .- 0 0 0 0 3,600 35,000 -
T6 . MAY 27 ND 12 120 1 1 22,4000 . TNTC -
v MAY 13 ND 0 5 0 1 100 © 17,000 -
7. JUN 17 <0.2 2 0 0 50 t 1,200 =
T8 MAY 2 N . 179 89" o 0 32,000 29,000 -
T8, JUN 9 ND T T 1 4 74,000 240,000 L
-4 T9  MAY 6 ¥ . 77 75 0- 1. 1,000 40,000 -
79 JUN 9 ND 0 .30 2 3. 66,000 © 610,000 . . -
Jpl0.  APR 28 .. .ND 0 18. 0 0 51,000 91,000 . -
T10 Juon 2 0.2 0 1 1 0 ND . . 59 R
11 . MAY 13 ND 0 8. ¢ 0 130 37,000 S
T11 JUN 17 <0.2 0. 0 0 <10 90. -

L4 .

. T12 - .. MAY 6 ND XV 328 : 1 1 32,000 - 40,000 . -
T12" JUN - 9 “MD 2 4 o .0 520 75,000 - -
g1 mMAY 19 . ND 51 51000 6" 82 43,000 49,000 ¢+
J1 JUN 17 3 0. - S 0 0 <10 140 -
J2 MAY 19 ° ND 1 >600 v 0 810 ©1,0000 +
32 JUN 23 0.6 - 1 0 0 0 10 160 -
33 5/19/86  ND 1 >600 2 S 2,000 410 C-
33 6/23/86 0.8 0. 2 0 0 90 . 60 -

SYMBOLS: {ND] -NOT PETFCTED: fTNTCY . TOO NvUMER(‘liS TO COUNT.
[<] LFESS THAN . » [>] GREATFER THAN . {+] PRESENT =1 -ABSFNT pmtj
-31-
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‘Table 7. U.S. E;P.A;.Ehysical-Chemicall
' Standards for Drinking Water

Ffee.Residual Chlbrine 
Coqu 

DiésblVed Oxygén
>Turbidity‘ |

pH

Céndﬁqtiﬁity.
'TOtal'Dissolveq_Solias: :
 Nitréﬁe_': |
Célciﬁm

Maénééium‘

‘Sodium. -

 ;Chlofide§ .

Iron | |

Silica

e

Maximqﬁ iegal cénéentration
v-vdlé_mg/L'

'15 éolor Qﬁiﬁs:
*3.mg/L‘
1 NTU |
6.5 - 8.5 ph units
50 AfMHOS '
500 mg/L
'lobmg/LL
250 mg/L
iOO mg/L
 250 mg/#<
ZSO,mg/LI‘
_0.3;mg/L:"

_UNK



»éausing'gS;ganismé;. It hés béén'ghbw51 that ‘withdutj ff§e-
”residdal_vchibriné;Q the  riski‘of“havingfa Aviébleﬁ:patﬁégép 
‘préséht is indreaéed'significantly, '(Khﬁcha;>_J. Mjléti a1;
1983; quké; V., et.»al;'1984;>Ké8wick,bBu H., et. al. 1985;
‘Celdreicﬁ; E.' E.,vet;'alQ:-1978} ctaﬁn;.c; F. et.'ai.'i97s;j
ﬁcCabe,' L. J;'1§78: Nafural Resourées C6unci1 197?* Amefiéén-
'ﬁublié. Health ‘Associéti§n 1935)'>lfThe;IféCt-"that élmost :
_w1thout exceptlon all the samples taken showed standard platevv
'counts in excess of 500 total organlsms per‘mllllliter provés 
beyond a doﬁbt thatvthefe is 1nadequate dlsinfectlon occurlng:
throughout the d1str1but10n llnes, even,though the majority
of the sgmplesvwere.negatlve{forvthe_presende“of fhe standard
ﬁ&tal_cOlifoiﬁ ahd.feéallc6lif§rm Sactéria.  Since" 1t éPPears
' thaf there 1s 1nadequate d1s1nfect10n occurrlng in: the llnes,b
‘;t és‘no real.surprxse-whenionvoqcaslon,: a totalzcollform~or':
twé‘ié féuﬁd;i>vNérxwaS it.sﬁrpfisingfté'find:éftet é iétéfal
,iihe. to 6ne;of the‘iécéi*hpﬁéing;prﬁjects_had;brpken in, £wo ‘
':ﬁiaées;  th;t,thé ﬁumBers of_tot&1 cpiif§fg; bfecal'célifb¥ﬁ;
,and‘ fecal"stféﬁtoﬁéééus;v”: had_iﬂéreaSéd,sig@ificahtly  aﬁd
|  vtha£  oﬁce ithe:lihé was‘fikéd'thé’qﬁmﬁéfs  dfobped’ibéck.,tp__
‘ndrmél levels. | |
The_'Vaiﬁé.ofkthé téfélvcolifdfmbéﬁélysiévhgé'bééh éhoﬁn"
"ﬁime and'timé again (Mquters.Gf"A;' ét; al 1978;:Créun,g¢}

F. 1978; Allen, M. J. and Geldreich, E. E. 1978; National

V:;35_



Rééearéhv,CEuﬁail_ 1977§ >Américap’éubliévﬂeéith vAséociaiion'
1985;  Bolt, T. L. 1973; LeChéva11iér. M. W. et. al. 1985;
McFeters, G. A. et. al. 1986) eveh:though'questioﬁs have
arisen aboﬁt.its use as the solé»source in détefmining water
quality. This étudy supports its vaiidati§n{t  In>short5vif
total 'goiiformsvare foﬁﬁd'in ény_éigpificant khumbérs bdfhér
potentiai ﬁathogens might'be found; This sfudy aiso Supporté
thel,cqnclusiéns foupd in other studies”which suggest that if
total'éoiiforms_a:e absent, the water is safe to drink when
in vrealify‘ it isvnot,b» Both 'situations were poignaﬁtly
realized dufing_the investigation of the St.'Jéhn‘ potable
water 1ines: Ag the main_sto;égévfank no free résidual'cﬁIOf‘
rine was detected, thus‘it was not sufprising fo find a tota1 
éqlifoim count ‘of 51 with more tHan 1600 qthérb nbﬁ—lactdée
fermehtihg organisms présept, ‘a'fecai coliform count of six,
‘a streptbcoccai.count of 91, ‘aﬁd,a stéﬁdard plaﬁe counf of
>4306. " Again, it wés alsp not a gréat.surprise,given these‘
numbers to end up isglafiﬁg}a Sélmonélla speéies.

Léés than a'quarter'milé-away at the Agriéultural ‘Staf
tion another sample wés téken, Heré, affer.a tbtal‘coliform
count of one vih thé préséﬁCe df:érdund.700 othe:_ﬁoh—lactoseﬁ
.ferﬁentingiorgénisms;'_a fecéi cﬁliform‘count of one, a fecéi
,strébtécochl count of 34, and a stahdard'plate coﬁnt’§f 810
‘wés vobtained.  ‘While céntaminated, _itbié notVOVérly‘so in
icompariSOn‘ to other samples; ”FrOm thié.pointvit bwas very
_surérising to:isélate a:Saimoneila sﬁecies,x

=36-"



5 fékén ‘ft¢m:individﬁa1 é?andpéints;“'assumlngb that"the 
Samplés h?é ﬁdt Bé?ntfékeﬁ‘tog:fher,v but alone, andithét.hadf‘
microbial 'aﬁ81§Sis'béen 1imit‘d‘£o the»standard total coli-
»form analys1s aléne to determlne thé su1tab111ty of the: wéter
fo; drlnklng purposes, .the main storage‘tank WhiCh shOwed‘Sl
total qoliformé &ouldfhaVé failéﬂ to péss.acégptable 1eﬁels,
Contrastly;' the’othef‘samplé £gkehvét»th¢ Agr1¢u1tu?a1 Sta; 
tion i@hich‘ shqﬁe&5 oniy_oné tétai coliférﬁ wpul&  have> met
1exi9ting -ﬁiﬁiﬁai water quélity sfandafds whén  in fact 1a
health hazard was éresent. | | |

Several _conc1u51onsvcan_be.drawnvfroﬁ this s;ﬂdy.  Thev
|  bééic»ponc1ﬁ$ibns'éré$ | o

" 1) If no free reS1dual chlorlne 1evels are found
‘ assume the probability of finding - high num-
bers of non-lactose fermenting organisms to
- be high, thusvdo,a standard plate count,

' 2)  Just because a water supply shows only one
o total collform,”or ‘no total collform, and
- the amount of background growth (the non-
~ lactose fermenting organisms) is high and
there dis an absence of any - free residual
chlorine, ’then_ the supply should “not.  be
';aSSuméd safe. ' ‘ o

. 3) Montlhy ana1y81s for fecal collform and fecal »
- streptococcus should be performed in addition
to the. total coliform and  standard plate
“count if the lack of the free residual
chlorine levels. are found on .a continuous -
basis from any given point. - Alternatlvely,‘
both analyses should be performed as part of.
‘the  check sample “if the prev1ous_'sample_
showed more than one total coliform.
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4) If the sample ShOWéd unﬁéﬁally'high ﬁumberé

of total coliforms - more than 16 - and an
unusually high standard plate count — greater
than 1000 - then in addition to the total

coliform, fecal coliform, fecal streptococ~—
cus, and standard plate count, do an analysis
for Salmonella.
The key to assumlﬁg a safe supply of drlnklng water is
to 1nsure that there is an‘adequate amount of free _re51dﬁal
chlorine available in,the lines at all times for disinfection"
purﬁosest
’If'freg fesidual chloriné 1ev¢ls cannot either bé méin-
~tained or assured onta-cbntinoﬁs basis,‘ then the alternative
is to ‘more closely monitorbthe.bactetiolégicai 'quallty of °
that Qate;.' But’vthis would both be more costly and time
consuming. _ Oniy in these ways can we be' relatively certéin
“that the water supply is safe to drlnk
From an unblased p01nt ‘of v1ew it would be a ' lot eaSier'
to properly chlorlnate the supply ‘in the flrst place, and if
necessary ;nstall supplemental automatic chlorine‘ injectﬁrs
vthroughdut the distribution network to preventhvéf'Chloriha-

tion in one particular area or under chlorination in another,
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