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FOREWORD

Regulations require all surface water systans and ground water systans
under direct influence of surface waters must be provided with appropriate
conventional filtration treatment process.

The conventional filtration treatment process for a surfac~ water supply
sow::ce consists of two stages of treatment in series folloWed by filtra­
tion and disinf~tion. Each treatment stage shall canpose of a chanical
rapid mix, flocculation and sedimentation. For a groWld water sow::ce that
is under the direct ~fluence of surface water, the treatment shall con­
sist of a series of treatment processes including rapid mix, flocculation
and sedimentation followed by filtration and disinfection. Additional
treatment may be requiI:ed based on the quality and characteristics of the
raw water sow::ce. Design paraneters for the different treatment processes
can be found in the Design Guide For Ccmnunity Public Water Supplies dated
January, 1988. .

'!he main anphases for the surface water treatment requi.ratents are
tw:bidity raroval and inactivation and/or rem:wal of Giardia Lamblia cysts
and vi.nlses,. '!he tw:bidity of the water entering the distribution systan
must be equal or less than 0.5 tw:bidity unit in at least ninety five per­
cent· (95%) of the maasuranents taken each IlDnth. No tw:bidity maas~nt
must equal or exceed five (5) tw:bidity units.

Any surface water systen or ground water systan under direct influence of
surface water providing the requiI:ed treatment, and water systans practic­
ing conventional fiitration treatment on February 6, '1992, and neeting the
above tw:bidity requ.irements, will be credited with 99.68 percent (2.5
log) aild 99.0 percent (2.0 log) inactivation and/or raroval of Giardia
Lamblia cysts and vi.nlses respectively, excluding the inactivation and/or
rem:wal by the disinfection process. '!he disinfection process must pro­
vide a sufficient "CI''' (disinfection'S residual concentration nultiplied
by the adjusted contact time) value to ensure that the total treatment
process achieves the requiI:ed 99.9 percent (3.0 log) inactivation and/or
raroval of Giardia Lani>lia cysts,' and 99.99 pe:r:cent (4.0 log) inactivation
and/or raroval of vi.nlses. '!he disinfection contact time is adjusted by
conducting Tracer Studies or by nultiplying the theoretical contact time
by the "Rule of Thuni>" fraction as explained in this manual.

This manual includes the criteria in detenni.ni.ng if a g:round water is
under the d.iI:ect influence of surface water, the EPA Consensus Method for
Giardia cysts analysis, procedures in conducting tracer studies, and .
tables on "CI''' values that were abstracted fran the federal surface water
treatment nIle guidarK:e manual.
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PARl'-l

EPA <IH2&E METID>~ GIARDIA CYST ANALYSIS

TfS1'll(; FOR GIARDIA IN WAmR

To begin the TNOrkgroups on testing, Jay Basconcelos gave a slide presentation
about the testing rrethod used in the Region 10 laboratory. The following
pages and Appendix C sumnarize his talk. -

ME'.JHD) OF '1'ES'l':LR.; FCR GIARDIA IN WATER (George (Jay) Vasconcelos,
Regional Microbiologist, Region 10
laboratory, Manchester,
Washington)

Background:

Although recent developne~t of an excystation technique by Drs. Bingham,
Meyer, Rice and SChaefer could in future lead to developing cultural nethods,
at this time no reliable nethods exist for culturing Giardia cysts fnn water
samples. At present, the only practical nethod for dete1.111i.ning the presence
of cysts in water is by direct microscopic examination of sample concentrates.

Microscopic detection in water-sample concentrates isn't an ideal prcx:ess.
Finding and identifying the cysts relies alnDst entirely on the training,
skill, experience and persistence of the examiner. (And it is a skill not
widespread .aIlDng water-supply laOOratories.) But despite its limitations,
microscopic identification is currently the best nethod we have.

Years ago, the basic assumption was nade that in order to find Giardia cysts
in water, sare fonn of sample concentration was necessary~ As early as 1956,
labs were using nenbrane filters with a porosity of 0.45-~. With few .
exceptions, these attetpts were WlSUccessful. The center for Disease Control
has tried particulate filtration, with diatanaceous earth as the medium.
This remJVed the cysts fnn the water, tnt the· cysts couldn't.be separated
fnn the particles of diatanaceous earth. .

With the recent increase iI1 the incidence of wateJ:borne giardiasis, furthei
efforts have been made to improve the detection nethod. An ideal method
'NOUld be one that recovers all cysts in a water sample rapidly, cheaply-and
simply; allows rapid detection, identification and quantification; ~
provides infonnation on the viability of and/or infectivity potential of
cysts detected.

Unforttmately, no such mathod exists. The methods presently available can be
bl:Oadly separated into two general stages: primary concentration and prcx:es­
sing (see· Table 1 on next page), and detection and identific;ation (see Table
2 on next page).
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1. MelbraDe PiltratiQD

cellulosic (47.-0.4511I1 0IaDq , labler USPBS, 1956 GeIIera1ly llllSUCCessful

PolycarbiDate (29311-31 Pyper,~ , BeDry IDg 1982, Pass1Dg 1 gal/11Jl @10 PSI.
hqmbJtsbed) 15-1800 gal total.

2. Particulate·r1ltratiOD Sbalit il, 1m JurIIIek, 1979 GeDerI11y good naal but
(diatrIIIeeaUI earth, SIIIII, etc. I pooreluatiCll

3. Algae Ifoerstl centrifuge 1Io1llD It il, 1983 IllS, IashiDgttIl Good rapid recovery, but
11lited in field use.

4. ADiODic aDd eatiODic JJr:bm Res1DI BreIer, lrigbt state til. GeIIera1ly IlllSUCCessful
(.mI1sbed)

5. IpOI!=l1berqlass BalM T!!be l11ters Riggs, CIIS Lab, Berkley, Cl OVerall recovery 20-80\
(W-al (UIIPIIblisbed)

6. Microporous Iarn!oyeD Dept. filters JaiuboIski, lricisoD, 1979 , 1989, Recovery 3-25\
(7 &II1l orlan' polyprolylenel lPA-c1DciJmati !rtratilll ave. 58\

7. rellican cassette SYsteI Mil1ipore COrp. (lIIIPIIblishedl IIaY be useful for
processiDg filter wasbinqs

8. liltmu!ljpq Appartus DuIIlle, U. of Wash., 1982 C1aiu 75\ reeovery frtll
(\llPUblishedl orllll filters

WLI.li. nm<.m II!RS

mill IIDSTIaTO! (SI

1. Jpmpfluorescep
DR tiggs, CSIIIS Lab, Berkley, CA 1983

m sm:h, IPA-c1DciDDati Riggs, CSDS

II!gCllllA1 Antibodies Riggs, CSIIIS saucIl, IPA-c1DcimJati (lqIUbl1shedl

2. II.m !!ethod !blgIr, J. BopliDs 1lIl, 1983

3. Briqbtfie1d1Pbase CODtrast IPI ClllSeDSUllletbod
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In september, 1980, the EPA convened a TNOrkshop on Giardia methodolcxjy
in Cincinnati. Its main pttrp:>se wa~ to identify the best available
methodology, and to agree on a reference method. The five labs. in
attendance recognized that any proposed method would be based in large
part on opinions and personal preferences rather than on hard data, but
that agreeing on a consensus nethod would prcm:>te unifonnity and pro­
vide a basis for future canparisons. Our lab has IOOClified the EPA
consensus nethod slightly for our use. This nethOd is outlined below.

~
> 1 g.

Filter unwourd1into quartea;

Rinsed in distilled lSr with polyscn:ba.te 20

settled oveD1ight or centrifuged. . r
Collect _ am add 2% FoDIBldehyde in PBS

1
settled ovenlight, or centrifuged

CollectL

1-
1

< 1 g.

Sucl:ose or

Pe1:coll-StK:DJSe 1------ znso4 Flotationgradient

Mic:roscopic cilservation of the entire COIK:elILrate
(Brigbtfield/Phase-contrast)

3





Part-2

2.0 <a6AL

Evaluations must be conducted in surface water supply systems and
ground water supply systems that are Wlder the direct influence of
surface water as a basis for determining the "Cl''' values and degree
of Giardia Lamblia cystS and vinlses inactivation and/or raroval.

2 • 1 ME'IHD) OF TRACER STIDIES

A. Step-dose nethod Application of a tracer chemical at a
constant dosage until concentration at
the desired end point reaches a steady
- state level.

B. Slug-dose nethod A large instantaneous dose of tracer
chanical is added to the incaning water

. and samples are taken at the exit of
the unit over ti.m3 as the tracer passes
through the unit. Require intensive
mixing to minimize potential density ­
current effects and to obtain unifonn
distribution of the instantaneous trac­
er dose across the basin.

2.2 TR.I\CER SELEX:TICB AtI)~

A. Chloride - Applied at 10 to'20 ng/L

B. Fluoride - very ·convenient tracer chemical for clear­
well. For clarifiers, allowances should be made for
fluoride that will be absorbed on floes and settles out.
When using fluoride the following should be taken into
consideration:

1. Applied at 1 to 2 ng./L .

2. RecaiiiSlded in cases where fluoride feed equiptent is
a1l:eady in place.

3. Fluoride is difficult to detect at lew levels.

4. 'secor.::m:y and pri.mal:y maximum contaminant levels for
fluoride are 2.and 4 ng/L respectively.
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c. Rhodamine wr - can be used as fluorescent tracer in water
flow studies in accordance with the follorNing:

1. Raw water .concentration should be limited to a maxi­
mum of 10 mg/L.

2 • Drinking water concentration should not exceed O. 1
microgram per liter (ug/L).

3. Studies which result in human exposure to the dye
DUSt be brief and infrequent.

4 . Concentration as ICM as 2 ug/L can be used in tracer
studies because of the detection level in the range
of 0.1 to 0.2 ug/L. .

2.3 FIai CXH>ITI(H)

Ideally, tracer studies should be perfonned for at least four
(4) fl~ rates for the section being tested.

A. one near average flow,

B. two greater than average flow, and.

c.. one less than average flow

I f four (4) flow rates studies are not practical to conduct
due to site specific restrictions and limited resources:

A. conduct a minimum of one tracer test for each disinfec­
tant section at a flow rate of not less than 91 percent
of the highest flow rate experienced at that section.

B The detention tine fran one tracer test may be used to
provide a conservative estimate in the "CT" calculations
for that' section.

2.• 4 T&ST PR:XEXJRES

Back~ concentration of tracer chemical is determined at
the selected sanplinq point and at the point qf tracer appli­
cation' befoJ:e the beginning of the test. If a background .
tracer concentration is detected, continue to DDnitor at the
selected sanpling point until a constant concentration at or
below the raw water backgnxmd level is achieved~ This nea­
sured concentration is the baseline tracer' concentration. If
tracer chemical is nonnally used for treatment, discontinue
its .application to the water in sufficient tine to peDnit the·
~ concentration to recede to background ievel.
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Data fran the tracer studies should be stmmarized in tables
of time and residual concentration. These data are then
analyzed to detennine the detention time, TIO ' to be used
in calculating "cr". Tracer test data fran either of the
methcx:ls can be evaluated graphically, nmrerically, or by
ccmbination of these techniques.

2 .4 .1 Step - dose MErt:hod

2.4.1.1 Recamended Tracer Dosages

a. Chloride - 20 ng/L where backgJ:OUlld chloride
level is less than 10 ng/L.

b. Fluoride - As low as 1.0 to 1.5 mg/L when raw
water fluoride level is not signifi­
cant.

2.4.1.2 Procedure

a. At t = 0

b. At every
2 to 5
minutes
interval

Notes:

Apply tracer chaniGal at constant
rate for the duration of the test.

l-bnitor tracer residual at the sam­
pling points until a' residual
concentration is first observed.
Continue to nonitor the residual
concentration with respect .to tine
until the residual concentration
reaches a steady-state value.

less frequent residual IOOnitoring nay be per­
foJJned until a· change in residual concentration .
is first detected.

A reasonable time inte~al for sampling should
be chosen based on overall detention tine of the
unit being tested

If verification of test is desired, discontinue
the tracer feed. and and DDnitor the receding
tracer concentration at the same frequency, until
the concentration con:esp::>nds to the background
level.

As a guideline, 10 minutes interval nay be used
for the first 30 minutes if the theoretical deten­
tion time of the section being ·tested is greater
than 4 hours.
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2 .4 . 1. 3 . Tracer Test Data Evaluation

a. Graphical Method - Plot a graph of dimensionless'
concentration cleo ( where C-is the tracer concen­
tration at the point of sampling and Co-is the
concentration dosage applied) versus time and
reading the value for TIO directly fran the
graph c;lt the appropriate dimensionless concentra­
tion.

b. Nunerical Method - Develop a semi-logarithmic
plot of the cl.inensionless data loglO( l-C/Co)
versus tiT (elapsed time divided bY the theoreti­
cal detention time of the section ):)eing tested) .
Draw a straight line tin:ough the data points
(scattered data points are discredited by drawing
a SIIDOth straight line). The resulting equation
of the line is used to calculate the TIO value.

Equation 1

loglO(l-C/Co) = ~(t/T) + b

Where: m - slope of the line
b - intercept

Since the plot will not include the times when
. the tracer concentration is not above the base­
line level, Equation ·1 can ):)e rearranged by
substituting TIO for "t".

Equation 2

loglO(I-C/co) = m(TIO/T) + b

Solving for TIO

EqUation 3

TIO = T[loglO(I-C/Co) - b]/m

2.4.2 Slug - cb;e MetlDi

2 .4 02 •1 Reccmnended' DJsages and application of tracer
chemicals

As a guideline, the theoretical concentration should
):)e canparable to the constan~ dose applied in
step-dose tracer test. i.e. 10 to 20 mg/L for chlo­
ride, 1 to 2 mg/L for fluoride, and maximum of 10
mg/L of rhodamine.

7



a. The application should be instantaneouS and
provide unifoDnly mixed distribution of the
chemical.

b. Tracer addition is considered instantaneous if
~ dosing tine does not exceed 2 percent of the
basin's theoretical detention tine.

c . One l:eCarmended pi:ocedure for achieving instanta­
neous application is to apply the tracer chanical
by gravity th.I:ough a funnel and a hose apparatus.'

d. The ItlClSS tracer chemical is calculated by multi- .
plying the theoretical concentration by the total
volune of the section to be tested.

e. The quantity of tracer chanical is diluted to
apply instantaneous dose and minimize density
effects. .

2.4.2.2 Procedure

a. At t = 0 Large instantaneous dose of tracer
chemical is· added to the influent of
the section.

b. At· every
2 to 5
minutes
inteI:Val

l-bnitor the tracer concentration
residual at the point of sampling.
Continue to IOOnitor -the residual
concentration until it reaches the
peak and then drops back to the
original baseline level.

2.4 . 2•3. Tracer Test Data Evaluation

a. Subtract the baseline tracer level fran the
_ tracer concentration at each sampling
interval .

. b. Catplte the dimensionless CICo (C-the resulting
residual concentration in "a." divided by the
theoretical concentration Co) .

c. Plot the climensionless concentration CICo as a
function of time.

d. Calculate the total area under the slug-dose
curve graphically (using a planineter) or
nunerically (multiplying the tine elapsed by the
residual concentration in "a.").

8



Graphical method - using a planimeter,
deteDtli.ne the area under the'
curve.

Nunerical method - sum of the calculated
increm:mtal areas (residual
concentration in "a." at the
end of each interval multi­
plied by the time duration of

. the interval).

The area under the slug-dose data curve repre­
sents the total mass of the tracer that was
detected during the tracer test divided by the
average flow rate through the section being
tested.

e. Calculate the cumnulative area for each interval.

f . Divide the cumnulative area at each interval by
the total area under the slug-dose data curve.
The resulting quotient will be equivalent to the
dimensionless CICo in the step-dose tracer test
nethod.

g. Plot the above CICo as a function of time by
.drawing a snooth curve cormecting the points.
The tracer contact time TID can be deteD11.ined
similar to the graphical method in the step-dose
tracer test data evaluation

In a situation where conducting tracer studies is impractical
and/or prohibitively expensive, the "Rule of Thtmlb" fractions
representing ratio of'TIO to T may be used for calculating
the "er" values. This method for finding TlO involves
multiplying the theoretical detention time .lIl the basin by
the "Rule of Thmnb" fraction T10/T that is representative
of the particular basin configuration and baffling for which
TID is desired. The following table provides a rough esti­
mate of TIO and are recamended. only on a limited basis.
Conditions which are canbinations of variations of the follC1N­
ing examples may exist and warrant the use of inteIlll8d.iate
TIO values such as 0.2, 0.4, Or 0.6 ..

9



2.5.1 "Rule of '1hlI1t>" Fraction Table

"RULE OF 'IHUMB n

BAFFLIH:; CCHJITICN FRlCrICN T10/T BAF'F'L]N; DESCRIPI'ICN

Unbaffled
(mixed flow)

Poor

Average

SUl?Srior
(plug flO'N)

Perfect

0.1

0.3

0.5

0.7

1.0

None, agitated basin, very
low length to width ratio,
high inlet and outlet flow
velocities'

Single or multiple unbaffled
inlets and outlets, no intra­
basin.baffles

Baffled inlet or outlet with
sane intra-basin baffles

Perforated inlet. baffle,
serpentine or I?Srforated
intra- basin baffles, outlet
'Aeir or I?Srforated launders

Very high length to width
ratio (pil?Sline flow), perfo­
rated inlet, outlet, and
intra-basin baffles

2.5.2 "Rule' of '1hlI1t>" Fraction M:xIels

The folloWing pages show mxlels of the various configurations
and baffling of basins.
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PARl'-3

3.0 TABL.E5 RR Cl' VAUJES

The total inactivation ratio must be detennined based on cr99 .,99'
values in the following tables.

TABLE-I
Cl' VALUES (Cl'99.9) RR 99.9 PEICENr :nw:TIVATIQI OF 1

GIARDIA IAMBLIA CYSTS BY FREE anauNE AT o.SoC OR UJiER

pi
:Residual (Jig/I)

~6.0 6.5 7.0 7.5 8.0 8.5 9.0

~O.4.........•.....••.••• 137 163 195 237 277 326 390
o.6..................... 141 168 200 239 286 '342 407
o.8 ......' ...........•..• 145 172 205 246 295 354 422
1.0...........•..•••. '•.. 148 176 210 253 304, ,365 437
1.2 ..••.....•.••••.•'•••• 152 180 215 259 313 376 451
1.4 ..•........•.•••••... 155 184 221 266 321 387 464
1.6 ........•...•.•••••.• 157 189 226 273 329 397 477
1.8 ...•.....•.•..•.•••.. 162 193 231 279 338 407 489
2.0..................... 165 197 236 286 346 417 500
2.2 ..................... 169 201 242 297 353 426 511
2.4 .................•... 172 205 247 298 361 435 522
2.6 ..................... 175 209' 252 304 368 444 533
2.8 ..................... 178 213 257 310 375 452 543
3•O••••••••••••••••••••• 181 217 261 316 382 460 552

. TABl:E-2

Cl' VALUES~?:cX) FeR 99. 9 PEICENl' :nw:TIVATIQI fF
GIARDIA C!S'l'S BY FREE OIUIUNE AT 5.oOc

pi'
Fn!e :Residual (JIg/I)

~6.0 6.5 7.0 7.5 8.0 8.5 9.0

~O.4.•.......•......•..•• 97 117 139 166 198 236 279
0.6 .........••.•••••••.• 100 120 143 171 204 244 291
0.8 ..........•.•.••••••• 103 . 122 146 175 210 252 301
1.0 .•.....•••. '•.••.••••• 105 125 ' 149 179 216 260 312
1.2 .......••........• ,•.• 107 127 152 183 221 267 320
1.4 .....•.••••••.••••••• 109 130 155 187 227 274 329 ,
1.6 ... ~ .•••.....••'.••••• 111 132 158 192 232 281 337
1.8 .....••••.•. ~ ••.••••• 114 135 ·162 196 238 287 345
2.0 .......•...••••..••••. 116 138 165 200 243 294 353
2.2 ....•....••.••..••••• ·118 140 169 204 248 300 361
2.4 ...........'.......••.. 120 1143 172 209 253 306 368
2.6 .....•...•..••••••••• 122 146 175 213 258 312 375
2.8 ....... i ••••••••••••• 124 148 178 217 263 318 382

. 3.0 ..•..........•..•.•.. 126 151 182 221 268 324 389

1rhese cr values achieve greater than a 99.99 percent inactivation of
vi.n1ses. cr values bet\Een the indicated·pH values may be deteJ:mined
by linear interpolation. cr values bet\Een the indicated t~ratures

of diffe~t tables may be deteImined by linear interpolation. If no
interpolation is used, use the cr99. 9 value at the lower t~ature
and at the higher pH. .
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TABLE-3

CT VALUES (CT99. 9) PUR 99. 9 PEICENI' INPCl'IVATI~ ~
GIARDIA LAMBLIA CYSTS BY FREE cm.DRINE AT 10.oOe

PI
Free Residual (JIg/I)

~6~0 6.5 7.0 7.5 8.0 8.5 9.0

~o.4.•...•...•. · ••••.•••• 73 88 104 125 149 177 209
0.6 •••..•.•.. · • • • · • • • • • • 75 90 107 128 153 183 218
0.8 .•••••••.•'•.••••••••• 78 92 110 131 158 189 226
1.0•.••..... · .....••• '.••• 79 94 112 134 162 195 234
1.2 ••••• '•...••.•...•• ~ •• 80 95 114 137 166 200 240
1.4 ..................... 82 98 116 140 170 206 247
1.6 ....................• 83 99 119 144 174 211 253
1.8 ... '..........•..••••• 86 101 122 147 179 215 259
2.0 ...............•••••• 87 104 124 150 182 221 ' 265
2.2 ••.....•....•••.••••• 89 105 127 153 186 225 271
2.4 ....•..............•• 90 107 129 157 190 230 276
2.6 ...•..............•.. 92 ,110 131 160 194 234 281
2.8................••••.• 93 111 134 163 197 239 287
3.0 .......•..•. '...•..... 95 113 137 166 201 243 292

TABLE-4

CT VALuEs (CT99.9) PUR 99.9 PEICEM' INPCl'IVATI~~
GIARDIA LAMBLIA CYSTS BY FREE cm.DRINE AT 15. oOe

PI
Free Residual (JIg/I)

~6.0 6.5 7.0 7.5 8.0 8.5 9.0

~O.4•.. "........••..••••.• 49 59 70 83 99 118 140
o•6..................... 50 60 72 86 10·2 122 146

. 0.8 ..'.••..•........••... 52 61 73 88 105 126 151
1.0..••................. 53 63 75 90 108 130 156
1-.2 .........•.....•.•... 54 64 76 92 111 134 160
1.4 •..•.....•'........••. 55 65 78 94 114 137 165
1.6 ..'..............•.... 56 66 79 96 116 141 169
1.8 ................•.... 57 68 81 98' 119 144 173
2.0 .•.......••......•... 58 69 83 100 122 147 177
2.2 ••••••••••••••••••••• 59 70' 85 102 124 150 181
2,.4 ...•..•.....•...•.... ' 60 72 86 lOS 127 153 184
2.6 ..•.............•••.. 61 73 88 107 129 156 188
2 •8, ••••••••••••••••••••• 62 74 89 109 132 159 191
3.0 ..................... 63 76 91 III 134 162 195

1rhese cr values achieve greater than a 99.99 percent inactivation of
vinlses . cr values be'bveen the indicated pH values may be detennined
by linear interpolation. cr values be'bveen the indicated tanperatures
of different tables may be deteDnined by linear interpolation. If no
interpolation is used, ~e the cr99 . 9 value at the lower 'tanperature
and at the higher pH.
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TAmE-5·

Cl' VAUJES (Cl'gg. 9) PUR 99.9 PENCF.IN1' nPCrIVATI~ ~
GIARDIA IAMBLIA CYSTS BY FREE CHIDRINE AT 20. oOe

PI
Free Residual (ng/l)

~6.0 6.5 7.0 7.5 8.0 8.5 9.0

~o.4..................... 36 44 52 62 74 89 105
o.6 ............... · ..... 38 45 54 64 77 92 109
0.8 ..•.................. 39 46 55 66 79 9S 113
1.0...•...............••. 39 47 56 67 81 98 117
1.2•...........•.....•.. 40 48 57 69 83 100 120
1.4 ..................... 41 49 58 _ 70 85 103 123
1.6 ..................... 42 50 59 72 87 105 126
1.8 ..................•.. 43 51 61 74 89 108 129
2.0 ..................••. 44 52 62 75 91 110 132
2.2 •••.•.•...••••.•••..•. 44 53 63 77 93 113 135
2.4 ....................• 45 54 65 78 95 115 138
2.6 ...................•. 46 55 66 80 97 117 141
2.8 ..................... 47 56 67 81 99 119 143
3.o..................... 47 57 68 83 101 122 146

TAlU:-6

· Cl' VAUJES (Cl'99.9) PUR 99.9 PEFCENl' nPCrIVATI~ OF
GIARDIA LAMBLIA CYSTs BY FREE on.DRINE AT 25. ooc OR HIGIER!

PI
Free Residual (ng/I)

~6.0 6.5 7.0 7.5 8.0 8.5 9.0

~o.4•.••...•••••••••••••• 24 29 35 42 50 59 70
0.6 •.•.•...•.....••••.•. 25 30 36 43 51 61 73
o.8.••.................. 26 31 37 44 53 63 75
1.0 ..................... 26 31 37 45 54 65 78
1.2 ................••... 27 32 38 46 55 67 80
1.4 ... ~ ...........••...• 27 33 39 47 -57 69 82
1.6 •................•..• 28 33 40 48 58 70 84
1.8 ••.•..••..•...••••••. 29 34 41 49 60 72 86
2.0 ...•.....•..••..•..•• 29 35 41 50 61 74 88
2.2 .......•.•...•....... 30 35 42 51 62 75 90
2 .4 •..••...••..•••.•.••. 30 36 43 52 63 77 92
2 .6 •..•...............•. 31 37 44 53 65 78 94
2.8 •..................•. 31 37 45 54 66 80 96
3.0•........•...••.•.••. 32 38 46 55 67 81 97

1rhese cr values 'achieve greater than a 99.99 :P8rcent inactivation of
viruses. cr values between the indicated pH values may be detenn.ined by
linear interpolation. cr values between the indicated tanperatures of
different tables may be detenni.ned by linear interpolation. If no interpo­
lation is used, ~e the Cl'99. 9 value at the lower tanperature and at the
higher pH. .
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TABLE-7

CI' VALUES (CI'99.9) Fm 99.9 PEICEN1' ItW:TIVATICtl OF!
GIARDIA LAMBLIA CYS'l'S BY anamE DIOXlIE AR) ()'[,('R;

'D:IIp!rature

~loC 50 100 150 :
200 250C

Chlorine dioxide•.. 63- 26 23 19 15 11
0zc:JrE•.••••••••••••• 2.9 1.9 1.4 .0.95 0.72 0.48

1rhese cr values achieve greater than a 99.99 percent inactivation of
viruses. cr values between the indicated temperatures may be detenni.ned
by linear interpolation. If no interpolation is used, use the CT99 .9
value at the lower temperature for deteImi.ning CT99 . 9 values between
indicated temperatures.

'mBlB-8

CT VALUES (CI'99. 9) Fm 99.9 PEICEN1'
ItW:TIVATIQf CR GIARDIA~ C!Sl'S BY
~ \

Teup::rature

~loC 50 100 150 200 250C

3,800 2,200 1,850 1,500 1,100 750

1rhese CT values are for pH values of 6 to 9. These CT values may
be assunecl to achieve greater than 99.99 percent inactivation of
viruses only if chlorine is added and mixed in the water prior to the
addition of armonia. If this condition is not met, the systan nust
da'lOnstrate, based on on-site studies or other infonnation, as ap­
proved by the depart.nent, that the systan is achievin9 at least 99. 99
percent inactivation of viruses. CT values between the indicated
temperatures may be detennined by linear interpolation. If no inter­
polation is used, use the CT99. 9 value at the lower temperature for
dete:cnining CT99. 9 values between indicated temperatures.
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pH<=6

C12 roo llW::'rIVATlOOS
C~.

ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 23 46 69 91 114 137
0.6 24 47 71 94 118 141
0.8 24 48 73 97 121 145
1.0 25 49 74 99 123 148
1.2 25 51 76 101 127 152
1.4 . 26 52 ·78 103 129 155
1.6 26 52 79 105 131 157
1.8' 27 54 81 108 135 162
2.0 28 55 83 110 138 165
2.2 28 56 85 113 141 169
2.4 29 57 86 115 143 172
2.6 29 58 88 117 146 175
2.8 30 59 89 119 148 178
3.0 30 60 91 121 151 181

pH=8.0

C12 ux; nw:=TIVATlOOS
<.X:IC •
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 46 92 139 185 231 277
0.6 48 95 143 191 238 286
0.8 49 98 148 197 246 295
1.0 51 101 152 203 253 304
1.2 52 104 157 209 261 313
1.4 54 107 161 214 268 321
1.6 55 110 165 219 274 329
1.8 56 113 169 225 282 338
2.0 58 115 173 231 288 346
2.2 59 118 177 235 294 353
2.4 60 120 181 241 301 361
2.6 61 123 184 245 307 368
2.8 63 125 188 250 313 375
3.0 64 127 191 255 318 382

PH=6.5

r.m nw:=TIVATlOOS

0·.5 1.0 1.5 2.0 2.5 3.0

27 54 82 109 136 163
28 56 84 112 '140 168
29 57 86 115 143 172
29 59 88 117 147 176
30 60 90 120 150 180
31 61 92 123 153 184
32 63 95 126 158 189
32 64 97 129 161 193
33 66 99 131 164 197
34 67 101 134 168 201
34 68 103 137 171 205
35 70 105 139 174 209
36 71 107 142 178 213
36 72 109 145 181 217

pH=8.5

r.m INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

55 110 165 219 274 329
. 57 114 171 228 285 342

59 118 177 236 295 354
61 122 183 243 304 365
63 125 188 251 313 376
65 129· 194 258 323 387
66 132 199 265 331 397
68 136 204 271 339 407
70 139 209 278 348 417
71 142 213 284 355 426
73 145 218 290 363 435
74 148 222 296 370 444
75 151 226 301 377 452
77 153 230 307 383 460

pH=7.0

r.m ~IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

33 65 98 130 163 195
33 67 100 133 167 200
34 68 103 137 171 205
35 70 105 140 175 210
36 72 108 143 179 215
37 74 III 147 184 221
38 75 113 151 188 226
39 77 116 154 193 231
39 79 118 157 197 236
40 81 121 161 202 242
41 82 124 165 206 247
42 84 126 168 210 252
43 86 129 171 214 257
44 87 131 174 218 261

pH=9.0

r.m ~IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

65 130 195 260 325 390
68 136 204 271 339 407
70 141 211 281 352 422
73 146 219 291 364 437
75 150 226 301 376 451
77 155 232 309 387 464
80 159 239 318 398 477
82 163 245 326 408 489
83 167 250 333 417 500
85 170 256 341 426 511
87 174 261 348 435 522
89 178 267 355 444 533
91 181 272 362 453 543
92 184 276 368 460 552

pH==7.5

r.m INACl'IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

40 79 119 158 198 237
40 80 120 159 199 239
41 82 123 164 205 246
42 84 127 169 211 253
43 86 130 173 216 259
44 89 133 177 222 266
46 91 137 182 228 273
47 93 140 186 233 279
48 95 143 191 238 286
50 99 149 198 248 297
50 99 149 199 248 298
51 101 152 203 253 304
52 103 155 207 258 310
53 105 158 211 263 316

tUrn: cr99 •9=CT for

3-109 inactivation



pH<=6

el2 r.a; INACTIVATlOOS
CON:.
ng/L 0.5 1.0 1.5' 2.0 2.5 3.0

~0.4 16 32 49 65 81 97
0.6 17 33 50 67 83 100
0.8 17 34 52- 69 86 103
1.0 18 35 53 70 88 105
1.2 18 36 54 71 89 107
1.4 18 36 55 73 91 109
1.6 19 37 56 74 93 111
1.8 19 38 57 ·76 95 114
2.0 19 39 58 77 97 116
2.2 20 39 59 79 98 118
2.4 20 40 60 80 100 120
2.6 20 41 61 81 102 122
2.8 21 41 62 83 103 124
3.0 21 42 63 84 lOS 126

pH=8.0

C12 r.a; INACTIVATlOOS'
CON:.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 33 . 66 99 132 165 198
0.6 34 68 102 136 170 204
0.8 35 70 105 140 175 210
1.0 36 72 108 144 180 216
1.2 37 74 111 147 184 221
1.4 38 76 114 151 189 227
1.6 39 77 116 155 193 232
1.8 . 40 79 119 159 198 238
2.0 41 81 122 162 '203 243
2.2 41 83 124 165 207 248
2.4 42 84 127 169 211 253

. 2.6 43 86 129 172 215 258
2.8 44 88 132 175 219 263
3.0 45 89 134 179 223 268

PH=6.5

r.a; INACTIVATIOOS

0.5 1.0 1.5 2.0 2.5 3.0

20 39 59 78 98 117
20 40 60 80 100 120
20 41 61 81 102 122
21 42 63 83 104 125
21 42 64 85 106 127
22 '43 65 87 108 130
22 44 66 88 110 132
23 45 68 90· 113 135
23 46 69 92 115 138
23 47 70 93 117 140
24 48 72 95 119 143
24 49 73 97 122 146
25 49 74 99 123 \48
25 50 76 101 126 151

pH=8.5

r.a; INl-\CI'IVATIQNS

0.5 1.0 1.5 2.0 2.5 3.0

39 79 118 157 197 236
41 81 122 163 203 244
42 84 126 168 210 252
43 87 130 173 217 260
45 89 134 178 223 267
46 91 137 183 228 274
47 94 141 187 234 281
48 96 144 191 239 287
49 98 147 196 245 294
50 100 150 200 250 300
51 102 153 204 255 306
52 104 156 208 260 312
53 106 159 212 265 318
54' 108 162 216 270 324

pH=7.0

r.a; INACTIVATIOOS

0.5 1.0 1.5 2.0 2.5 3.0

23 46 70 93 116 139
24 48 72 95 119 143
24 49 73 97 122 146
25 50 75 99 124 149
25 51 76 101 127 152
26 52 78 103 129 155
26 53 79 105 132 158
27 54 81 108 135 162
28 55 83 110 138 165
28 56 85 113 141 169
29 57 86 115 143 172
29 58 88 117 146 175
30 59 89 119 148 178
30 61' 91 121 152 182

pH=9.0

r.a; INACTIVATICKS

0.5 1.0 1.5 2.0 2.5 3.0

47 93 140 186 233 279
49 97 146 194 243 291
50 100 151 201 251 301
52 104 156 208 260 312
53 107 160 213 267 320
55 110 165 219 274 329
56 112 169 225 281 337
58 115 173 230 288 345
59 118 177 235 294 353
60 120 181 241 301 361
61 123 184 245 307 368
63 125 188 250 313 375
64 127 191 255 318 382
65 130 195 259 324 389

pH=7.5

r.a; lNACTIVATIGIS

0.5 1.0 1.5 2.0 2.5 3.0

28 55 83 III 138 166
29 57 86 114 143 171
29 58 88 117 146 175
30 60 90 119 149 179
31 61 92 122 153 183
31 62 94 125 156 187
32 64 96 128 160 192
33 65 98 131 163 196
33 67 100 133 167 200
34 68 102 136 170 204
35 70 105 139 174 209
36 71 107 142 178 213
36 72 109 145 181 217
37 74 III 147 184 221

lUrE: cr99 •9=CT for

3-109 inactivation



Iif<=6

Cl . rro INACTIVATIOOS2
CCH:.
ng/L 0.5 1.0 1.5 2.0 2.5 3..0

~0.4 12 24 37 49 61 73
0.·6 13 25 38 50 63 75
0.8- 13 26 39 52 65 78
1.0 ' 13 26 40 53 66 79
1.2 13 27 40 53 67 80
1.4 14 27 41 55 68 82
1.6 14 28 42 55 69 83
1.8 14 29 43 57 72 ,86
2.0 15 29 44 58 73 87
2.2 15 30 45 59 74 89
2.4 15 30 45 60 75 90
2.6 15 31 46 61 77 92
2.8 16 31 47 62 78 93
3.0 16 32 48 63 79 95

Iif=8.0

C12 rro nw:TIVATlOOS
CCH:.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 25 50 75 99 124 149
0.6 26 51 77 102 128 153

. 0.8 26 53 79 105 132 158
1.0 27 54 81 108 135 162
1.2 28 55 83 111 138 166
1.4 28 57 85 113 142 170
1.6 29 58 87 116 145 174
1.8 30 60 90 119 149 179
2.0 30 61 91 121 '152 182
2.2 31 62 93 .124 155 186

'2.4 32 63 95 127 158 190
2.6 32 65 97 129 162 194
2.8 , 33 66 99 131 164 197
3.0 34 67 101 134 168 20~

PH==6.5

rro INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

15 29 44 59 73 88
15 30 45 60 75 90
15 31 46 61 77 92
16 31 47 63 78 94
16 32 48 63 79 95
16 33 49 65 82 98
17 33 50 66 83 99
17 34 51 67 84 101
17 35 52 69 fJ7 104
18 35 53 70 88 105
18 36 54 71 89 107
18 37 55 73 92 110
19 37 56 74 93 111
19 38 57 75 94 113

pH=8.5

rro INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

30 ·59 89 118 148 177
31 61 92 122 153 183
32 63 95 126 158 189
33 65 98 130 163 195
33 67 100 133 167 200
34 69 10'3 137 172 206
35 70 106 141 176 211
36 72 108 143 179 215
37 74 III 147 184 221
38 75 113 150 188 225
38 77 115 153 192 230
39 78 117 156 195 234
40 80 120 159 199 239
41 81 122 162 203 243

pH=7.0

rro INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

17 35 52 69 87 104
18 36 54 71 89 107
18 37 55 73 92 110
19 37 56 75 93 112
19 38 57 76 95 114
19 39 58 77 97 116
20 40 60 79 99 119
20 41 61 81 102 122
21 41 62 83 103 124
21 42 64 85 106 127
22 43 65 86 108 129
22 44 66 87 109 131
22 45 67 89 112 134
23 46 69 91 114 137

pH=9.0

rro INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

35 70 105 139 174 209
36 73 109 145 182 218
38 75 113 151 188 226
39 78 117 156 195 234
40 80 120 160 200 240
41 82 124 165 206 247
42 84 127 169 211 253
43 86 130 173 216 259
44 88 133 177 221 265
45 90 136 181 226 271
46 92 138 184 230 276
47 94 141 187 234 281
48 96 144 191 239 287
49 97 146 195 243 292

pH=7.5

UX; lNACI'IVATIONS

0.5 1.0 1.5 2.0 2.5 3.0

21 42 63 83 104 125
21 43 64 85 107 128
22 44 66 87 109 131
22 45 67 89 112 134
23 46 69 91 114 137
23 47 70 93 117 140
24 48 72 96 120 144
25 49 74 98 123 147 I

25 50 75 100 125 .150
26 51 77 102 128 153
26 52 79 105 131 157
27 53 80 107 133 160
27 54 82 109 136 163
28 55 83 III 138 166

tUl'E: cr99 •9=CT for

3-109 ~ctivation



pH<=6

C12 UX; ~IVATlOOS

C<H::.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 3 16 25 33 41 49
0.6 3 17 25 33 42 50
0.8 9 17 26 35 43 52
1.0 9 18 27 35 44 ·53
1.2 9 18 27 36 45 54
1.4 9 18 28 37 46 55
1.6 9 19 28 37 47 56
1.8 10 19 29 38 48 57
2.0 10 19 29 39 48 58
2.2 10 20 30 39 49 59
2.4 10 20 30 40 50 60
2.6 10 20 31 41 51 61
2.8 10 21 31 41 52 62
3.0 11 21 32 42 53 63

1

pH=8.0 'I

C182 " UX; nw:TIVATIOOS

ax:.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 17 33 50 66 83 99
0.6 .17 34 51 68 85 102
0.8 18 35 53 70 88 105
1.0 18 36 54 72 90 108
1.2 19 37 56 74 93 III
1.4 19 38 57 76 95 114
1.6 19 39 58 77 97 116
1.8 20 40 60 79 99 ·119
2.0 20 41 61 81 102 122
2.2 21' 41 62 83 103 124
2.4 21 42 64 85 106 127
2.6 22 43 65 86 108 129
2.8 22 44 66 88 110 132
3.0 22 45 67 89 112 134

PH=6.5

UX; INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

10 20 30 39 49 59
10 20 30 40 50 60
10 20 31 41 51 61
11 21 32 42 53 63
11 21 32 43 53 64
11 22 33 43 54 65
11 22 33 44 55 66
11 23 34 45 57 68
12 23 35 46 58 69
12 23 35 47 58 70
12 24 36 48 60 72
12 24 37 49 61 73
12 25 37 49 62 74
13 25 38 51 63 76

pH=8.5

roo INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

20 39 59 79 98 118
20 41 61 81 102 122
21 42 63 84 105 126
22 43 65 87 108 130
22 45 67 89 112 134
23 46 69 91 114 137
24 47 71 94 118 141
24 48 72 ·96 120 144
25 49 74 98 123 147
25 50 75 100 125 150
26 51 77 102 128 153
26 52 78 104 130 156
27 53 80 106 133 159
27 54 81 108 135 162

pH=7.0

UX; ~IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

12 23 35 47 58 70
12 24 36 48 60 72
12 24 37 49 61 73
13 25 38 50 63 75
13 25 38 51 63 76
13 26 39 52 65 .78
13 26 40 53 66 79
14 27 41 54 68 81
14 28 42 55 69 83
14 28 43 57 71 85
14 29 43 57 72 86
15 29 44 59 73 88
15 30 . 45 59 .74 89
15 30 46 61 76 91

pH=9.0

UX; INACTIVATIGIS

0.5 1.0 1.5 2.0 2.5 3.0

23 47 70 93 117 140
24 49 73 97 122 146
25 50 76 101 126 151
26 52 78 104 130 156
27 53 80 107 133 160
28 55 83 110 138 165
28 56 85 113 141 169
29 58 87 115 144 173
30 59 89 118 148 177
30 60 91 121 151 181
31 61 92 123 153 184
31 63 94 125 157 188
32 64 96 127 159 191
33 65 98 130 163 195

pH=7.5

UX; INACTIVATlOOS

0:5 1.0 1.5 2.0 2.5 3.0

14 28 42 55 69 83
14 29 43 57 72 86
15 29 44 59 73 88
15 30 45 60 75 90
15 31 46 61 77 92
16 31 47 63 78 94
16 32 48 64 80 96
16 33 49 65 82 98
17 33 50 67 83 100
17 34 51 68 85 102
18 35 53 70 88 105
18 36 54 71 89 107
18 36 55 73 91 109
19 37 56 74 93 111

tUrE: cr99 •9=Cl' for

3-109 inactivation



Iii<=6

C'12 roo INACTIVATICNS
C~.

IlVJ/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 6 12 18 24 30 36'
0.6 6 13 19 25 32 38
0.8 7 13 20 26 ~3 39
1.0 7 13 20 26 33 39
1.2 7 13 20 27 33 40
1.4 7 14 21 27 34 41
1.6 7 14 21 28 35 42
1.8 7 14 22 29 36 43
2.0 7 15 22 29 37 44
2.2 7 15 22 29 37 44
2.4 8 15 23 30 38 45
2.6 8 15 23 31 38 46
2.8 8 16 24 31 39 47
3.0 8 16 24 31 39 47

Iii=8.0

C12 roo INACTIVATICNS
CCH::.
ng/L O.S 1.0 1.S 2.0 2.S 3.0

~0.4 12 2S 37 49 62 74
0.6 13 26 39 51 64 77
0.8 13 26 40 S'3 66 79
1.0 14 27 41 54 68 81
1.2 14 28 42 S5 69 83
1.4 14 28 43 S7 71 85
1.6 IS' 29 44 58 73 87
1.8 15 30 45 59 ' 74 89
2.0 15 30 46 61 76· 91
2.2 16 31 47 62 79 93
2.4 16 32 48 63 79 95
2.6 16 32 49 65 81 ~7
2.8 17 33 50 66 83 . 99
3.0 17 34 51 67 84 10i

'PH=6.5

roo INACTIVATICNS

0.5 1.0 1.5 2.0 2.5 3.0

7 15 22 29 37 44
8 15 23 30 38 45
8 15 23 31 38 46
8 16 24 31 39 47
8 16 24 32 40 48
8 16 25 33 41 49
8 17 25 33 42 50
9 17 26 34 43 51
9 17 26 35 43 52
9 18 27 35 44 53
9 18 27 36 45 54
9 18 28 37 46 55
9 19 28 37 47 56

10 19 29 38 48 57

pH=8.5

roo INACTIVATICNS

0.5 1.0 1.5 2.0 2.5 3.0

15 30 45 59 74 89
15 31 46 61 77 92·
16 32 48 63 79 95
16 33 49 65 82 98
17 33 50 67 83 100
17 '34 52 69 86 103
18 35 53 70 88 105
18 36 '54 72 90 108
18 37 55 73 92 110
19 38 57 75 94 113
19 38 58 77 96 115
20 39 59 78 98 117
20 40 60 79 99 119
20 41 61 81 102 122

pH=7.0

roo INACTIVATICNS

0.5 1.0 1.5 2.0 2.5 3.0

9 17 26· 35 43 52
9 18 27 36 45 54
9 18 28 37 46 55
9 19 28 37 47 56

10 19 29 38 48 57
10 19 29 39 48 58
10. 20 30 39 49 59
10, 20 31 41 SI 61·
10 21 31 41 52 62
11 21 32 42 53 63
11 22 33 43 54 65
11 22 33 44 55 66
11 22 34 45 56 67
11 23 34 45 57 68

pI=9.0

roo INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

18 35 53 70 88 105
18 36 55 73 91 109
19 38 57 75 94 113
20 39 59 78 98 117
20 40 60 80 100 120
21 41 62 82 103 123
21 42 63 84 105 126
22 43 65 86 108 129
22 44 66 88 110 132
23 45 68 90 113 135
23 46 69 92 115 138
24 47 71 94 118 141
24 48 72 95 119 143
24 49 73 97 122 146

.. pH::7.5

roo lNACl'IVATIGIS

0.5· 1.0 1.5 2.0 2.5 3.0

10 21 31 41 52 62
11 21 32 43 53 64
11 22 33 44 55 66
11 22 34 45 56 67
12 23 35 46 58 69
12 23 35 47 58 70
12 24 36 48 60 72
12 25 37 49 62 74
13 25 38 50 63 75
13 26 39 51 64 77
13 26 39 52 65 78
13 27 40 53 67 80
14 27 41 54 68 81
14 28 42 55 69 83

tVI'E: CT99 .9~ for

3-109 inactivation



.pH<=6

C12 'UX; INACTIVATlOOS
CCH:.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~0.4 4 8 12 16 . 20 24
0.6 4 8 13 17 21 25
0.8 4 9 13 17 22 26
1.0 4 9 13 17 22 26
1.2 5 9 14 18 23 27
1.4. 5 9 14 18 23 27
1.6 5 9 14 19 23 28
1.8 5 10 15 19 24 29
2.0 5 10 15 19 24 29
2.2 5 10 15 20 25 30
2.4 5 10 15 20 25 30
2.6 5 10 16 21 26 31
2:8 5 10 16 21 26 31
3.0 5 11 16 21 27 32

pH=8.0

C12 UX; INACTIVATlOOS
CCH:.
ng/L 0.5 1.0 1.5 2.0 2.5 3.0

~O.4 8 17 25 33 42 50
0.6 9· 17 26 34 43 51
0.8 9 18 27 35 44 53
1.0 9 18 27 36 45 54
1.2 9 18 28 37 46 55
1.4 10 19 29 38 48 57
1.6 10 19 29 39 48 58
1.8 10 20 30 40 . 50 60
2.0 10 20 . 31 41 51 61
2.2 10 21 31 41 52 62
2.4 11 21 32 42 53 . 63
2.6 11 22 33 43 54 65
2.8 11 22 33 44 55 66
3.0 11 22 34 45 56 67

PH=6.5

UX; INACl'IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

5 10 15 19 24 29
5 10 15 20 25 30
5 10 16 21 26 31
5 10 16 21 26 31
5 11 16 21 27 32
6 11 17 22 28 33
6 11 17 22 28 33
6 11 17 23 28 34
6 12 18 23 29 35
6 12 18 23 29 35
6 12 18 24 30 36
6 12 19 25 31 37
6 12 19 25 31 37
6 13 19 25 32 38

pH=8.5

roo INACl'IVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

10 20 30 39 49 59
10 20 31 41 51 61
11 21 32 42 53 63

. 11 22 33 43 54 65
11 22 34 45 56 67
12 23 35 46 58 . 69
12 23 35 47 58 70
12 24 36 48 60 72
12 25 37 49 62 74
13 25 38 50 63 75
13 26 39 51 64 77
13 26 39 52 65 78
13 27 40 53 67 80
14 27 41 54 68 81

pH=7.0 ..

roo INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

6 12 18 23 29 35
6 12 18 24 30 36
6 12 19 25 31 37
6 12 19 25 31 37
6 13 19 25 32 38
7 13 20 26 33 39
7 13 20 27 33 40
7 14 21 27 34 41
7 14 21 27 34 41
7 14 21 28 35 42
7 14 22 29 36 43
7 15 22 29 37 44
8 15 23 30 38 45
8 15 23 31 38 46

pH<=9.0

roo INACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

12 23 35 47 58 70
12 24 37 49 61 73
13 25 38 50 63 75

. 13 26 39 52 65 78
13 .27 40 53 67 80
14 27 41 55 68 82
14 28 42 56 70 84
14 29 43 57 72 86
15 29 44 59 73 88
15 30 45 60 75 90
15 31 46 61 77 92
16 31 47 63 78 94
16 32 48 64 80 96
16 32 49 65 81 97

pH=7.5

roo lNACTIVATlOOS

0.5 1.0 1.5 2.0 2.5 3.0

7 14 21 28 35 42
7 14 22 29 ·36 43
7 15 22 29 37 44
8 15 23 30 38 45
8 15 23 31 38 46
8 16 24 31 39 47
8 16 24 32 40 48
8 16 25 33 41 49
8 17 25 33 42 50.
9 17 26 34 43 51
9 17 26 35 43 52
9 18 27 35 44 53
9 18 27 36 45 54
9 18 28 37 46 55

tVrE: cr99 . g=CT for

3-109 inactivation



TI\BLE-15

Cl' VALUES FUR nw::TIVATIOO Of" VIRUSES
BY FREE aD:DRINE( l,:l )

Log
Inactivation 2.0 3.0 4.0

:
6-9 10 6-9 10pH 6-9 10

Tenperature

O.soC 6 45 9 66 12 90

s.OoC 4 30 6 44 8 60

10.0oC 3 22 4 33 6 45

ls.0oC 2 15 3 22 4 30

20.0oC 1 11 2 16 3 22

2s,.OoC 1 7 1 11 2 15

Notes:
1. Data adapted. frem Sobsey (1988) for inactivation of Hepatitis A

virus (HAV) at pH = 6, 7, 8, 9, and 10 and temperature = 5°C.
CI' values include a safety factor of 3.

2. CI' values adjusted. to other temperatures by doubling CI' for each
100C drop in temperature.

'mBLE-16

Cl' VAUlES FCR nw::TIVATICIf OF GIARDIA CYSTS
BJ' aJU:IUlf£ DIOXIIE pi 6-9

~ature

Inactivation
~loC 5°C lOoC 15°C 20°C 25°C

0.5 log 10.0 4.3 4.0 3.2 ~.s 2~0

1.0 log 21.0 8.7 7.7 6.3 5.0 3.7

1.5 log 32.0 13.0 12.0 10.0 7.5 5.5

2.0 log 42.0 17.0 15.0 13.0 10.0 7.3

2.5 log 52.0 22.0 19.0 16.0 13.,0 9.0

3.0 log 63.0 26.0 23.0 19.0 15.0 11.0
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TABLE-17

. C'l' VALUES FOR nw:TIVATIC6 OF VImSES
BY CHI.aUNE DIOXIDE pi 6-9(.l,~)

Tanperature
Inactivation

~loC 5°C 100 e 15°C 20°C 25°C

2.0 log 9.4 5.6 4.2 2.8 2.1 1.4

3.0 log 25.6 17.1 12.8 8.6 6.4 4.3

4.0 log 50.1 33.4 25.1 16.7 12.5 8.4

Notes:
1. Data adapted fran Sobsey (198~) for inactivation of Hepatitis A

vinls (HAV) at pH = 6 and tanperature = SoC. C'l' values include
a safety factor of 2. .

2. C'l' values adjusted to other tanperatures by doubling C'l' for each
100e drop in tanperature.

TABLE-18

Cl' VAUJES P(R nw:'l'IVATICif (p GIARDIA C!S'I'S BY
QZ(BE PI 6-9

Temperature
Inactivation

~loC SoC 100e 1Soe 20°C 2Soe

0.5 log 0.48 0.32 0.23 0.16 0.12 0.08

1.0 log 0.97 0.63 0.48 0.32 0.24 0.16

1.5 log 1.50 0.95 0.72 0.48 0.36 0~.24

2.0 log 1.90 1.30 0.95 0.63 0.48 0.32

2.5 log 2.40 1.60 1.20 0.79 0.60 0.40

3.0 log 2.90 1.90 1.43 0-.95 0.72 0.48
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TABLE-19

CT VALUES FUR nw:TIVATI~ OF VIRlEES
BY ozcm:(1,2)

Tanperature
Inactivation

~loC 5°C 1DOe 15°C 20°C 25°C

2.0 log 0.90 0.60 0.50 0.30 0.25 0.15

3.0 log 1.40 0.90 0.80 0.50 0.40 0.25

4.0 log 1.80 1.20 1.00 0.60 0.50 0.30-

Notes:
1. Data adapted fran Sobsey (19886 for inactivation of poliovirus

for pH = 6 and tanperattire = 5 c. CT values include a safety
factor of 3.

2. CT values adjusted to other tanperatures by doubling CT for each
IOoe drop in tanperature.

TABLE-20

CT VALUES FUR nw:TIVATI~ OF GIARDIA CYSTS
BY OIUR\MDE pi 6-9

Temperature
Inactivation

~loe 5°C 10°C 15°C 20°C 250 e

0.5 log 635 365 310 250 185 125

1.0 log 1,270 735 615 500 370 250

1.5 log 1,900 1,100 930 750 550 375

2.0 log 2,535 1,470 1,230 1,000 735 500

2.5 log 3,170 1,830 1,540 1,250 915 625

3.0 log 3,800 2,200 1,850 1,500 1,100 750
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'mBl£-21

Temperature
Inactivation

~loC 5°C 10°C lSoC . 20°C 2SoC.
2.0 log 1,243 857 643 428 321 214

3.0 log 2,063 1,423 1,067 712 534 3S6

4.0 log 2,883 1,988 1,491 994 746 497

Notes:
1. Data adapted fran Sobsey (1988) for inactivation of Hepatitis A

Virus (HAV) for pH = 8.0 and temperature = SoC, and asstmed to
apply for pHs in the range of 6.0 to 10.0.

2. Cl' values adjusted to other temperatures by doubling Cl' for each
10°C drop in temperature.

3. This table of Cl' values applies for systans using canbined chlo­
rine where chlorine is added prior to anm::>nia in the treatment
sequence. Cl' values in this table should not be used for estimat­
ing the adequacy of disinfection in systems applying prefoD1ed
chloramines or anm::>nia ahead of chlorine.

3.1.1· <iE Point of Disinfection

If the systan uses only one point of disinfectant applica­
tion, the systan may deteJJlli.ne the total inactivation ratio.
based on either of the following two methods:

a.

b.

One inactivation ratio (Cl'calc/Cl'99 9) is detennined
beore or at the first custaner ctu.rmg peak hourly
flow. If the Cl'~alc/Cl'99 9 >1.0, the 99.9 percent
Giardia Lamblia J.nactivatlon requiranent has been
achieved; or

S';1Cce~sive.Cl'cQlc/Cl'99 . 9 values, representing sequen­
t~al .lIlaCt~vat~on rat~os, are detenn.ined between the
point of disinfectant application and a point before or
at the first custaner during peak hourly flow. Under
this alternative, the folldwing method must be used to
calculate the total inactivation ratio:

(1 )
Cl'calc

DeteIJnine for each sequence.
Cl'99.9
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CTeale CTeale
(2) Add the values together (E ----

CT99 . 9 CT99 . 9

(3) If I: (
CT99 . 9

>1. 0 , the 99.9 % Giardia Lamblia
inactivation requi..raIent is

achieved

3.1.2 For !t:>n! 'Iban ()le Point of Disinfection

If the systan uses m:>re than one point of disinfectant
application before or at the first custater, the system nust
detennine the CT value of each disinfection sequence
imnediately prior to the next point of disinfectant
application during peak hourly flow. '!be sum of the
CTcalc/CT99 . 9 value of each sequence

CTcale
E---

Cl'99.9

must be calculated using the above method in (A) (2)
detennine if the systan is in canPlianceo with the required
disinfection.

3.1.3 For Qle or !t:n:e Points of Iesidual Disinfection
!t:>ni.toring

Although not required, the total percent inactivation
for a systan with one or IlDI:e points of. residual disin­
fection concentration IlDnitoring nay be calculated by
solving the following equation:

100
.Percent inactivation = 100 -

3
Cl'calc

Where Z = x 1:: ---

Cl'99.9
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3.2 mwERSICR)

3·.2.1 1Dg RaIDva1 to Pen:ent RaIDva1

Using the equation
1

XUJg Rem:wal = 1 - -- ~ent RemJval
lOX

o•5 log ratDVal = 68 .4 percent ratDVal

1. 0 log ratDVal = 90 . 0 percent rem:wal

1. 5 log raooval = 96 . 84 percent raroval

2 .0 log ratDVal = 99 . 00 percent ratDVal

2 .5 log ratDVal = 99 . 68 percent ratDVal

3 . 0 log ratDVal = 99 . 90 percent ratDVal

4.0 log rem:wal = 99.99 percent rem:wal

A conventional filtration treatment prc:x::ess inactivates and/or
reooves 99.68 percent (2.5 log) of Giardia Lamblia cysts and
99 . 00 percent (2.0 log) of viruses. To obtain the reguired
99 . 90 percent (3. 0 log ) inactivation and/or rem:wal of Giardia
Lamblia cysts and 99.99 percent (4.0 log) inactivation and/or
ratDVal of viruses the following shall be applied:

3.2.2 Disnfection Pequi.reIIelt for Giantia LanDlia cysts

Conventional Filtration Treatment rem:wal - 99.68% (2.5 log)

Reguired additional ratDVal:

0.5 log = 68.4%

since 2.5 log leaves

100% - 99.68% = .32%

additional o. 5 log rem:wal

0.32% x 68.4% = 0.22%

Reguired disinfection raroval --------- 0.22%

Total Giantia LanDlia cysts J:eDDVa1 - 99.90% (3 log)
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3.2 . 3 Dsinfection Reqt.Lll'atents For VinlSes

Conventional Filtration Treatment reroval - 99.00% (2 log)

Required additional reroval

2.0 log = 99.00%

sinCe 2 log leaves

100% - 99.00% = 1.00%

additional 2. 0 log reroval ·

1.00% x 99.00% = 0.99%

Required disinfection reroval ------------- 99.99% (4 log)
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Part-4

GRaJND WATERS UNDER DIREX:T INFLUEX:E OF SURFACE WATER

4.0 GENERAL

Ground water sources which may l:e Sttbject to contamination with pathogenic
organisms from surface waters incl~de, infiltration galleries, 'NeIls or other
collectors in subsurface aquifers. The following presents a recaunended
procedure for detennining whether a sow:ce will l:e subject to the Missouri
Public Drinking Water Regulations. 'Ibese deteIllli.nations are to l:e made for
each individual source. If the detennination will involve an evaluation of
water quality, e.g., particulate analysis, it is important that these
analyses l:e made on water ·taken directly from the source and not on blended
water or water from the distribution systan.

The Missouri Department of Natural Resources (MDNR) has the resp::>nsibility
for deteonining which water supplies must meet the requiranents of the
Missouri Public Drinking Water Regulations. f:tc7Never, it is th~ resp::>nsibil­
ity of the water pu.t"leyOrs to provide the MDNR with the infonnation needed to
make this detennination.

The detennination of whether a source is subject to 'the Missouri Public
Drinking Water Regulations may involve one or IlDre of the follONing
steps:

Step 1. A revier.v of the records of the systen I s source(5) to detennine
whether the source is obviously a surface water, i.e. pond,
lake, streams, etc.

Step 2. If the source is a well, detennination of whether it is clearly
a gIOund water source, or whether further analysis is needed.

Step 3. A canplete revierN of the system's files followed by a field
sanitary survey. Pertinent infoDnation to gather in the file
revierll and field survey includes:

I,. source design and construction,

2 • evidence of direct surface water contamination,

3. 'tlaterquality ,analysis,

4 • irxiications of waterboD'1e disease outbz.oeaks,

.5 • opeI2tional pnx:edures,

6. custcmar eatplaints reganiing water quality or water related
infectious illness.

7 . and geology and hydrology.
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Step 4 Conducting particulate analyses and other water quality
sampling and analyses.

4 .2 SlEl'S IN I>ETERMINIK; DIREX:T SURFACE WATER INE'LtJDCE ~ <a:XJND WATER
SCXJOCE .

4 .2.1. Step 1 - Recoz:ds Review

A l:eV'ierN of infoIJnation pertaining to each source should be carried out
to identify thOse sources which ~ obvious surface waters. . These would
include p::>nds, lakes, streams , rivers, resez:voirs, etc. If the source
is a surface water, then the Missouri Public Drinking Water Regulations
would apply. If the source is not an obvious surface water, then fur­
ther analyses, as presented in Steps 2, 3, or 4, are needed. If the
source is a well, go to Step 2. If ·the source is a spring, it is ground
water under the direct influence of surface water. If the source is an
infiltration gallery, Ranney well, or any other subsurface source,
prcx:eed to Step 3 for a nore detailed analysis.

4.2 .2. Step 2 - Review of lNell sources

While most well sources have historically 'been considered to be all
ground water, recent evidence suggests that sane \VeIls,· especially
shallC7N wells constnlcted near surface waters, nay be directly influ­
enced by surface water. One approach in detennining whether a lNell is
subject to contamination by surface water' would be to evaluate the water
quality of the well by the criteria in Step 4.. HO'NeVer, this prcx:ess is
rather expensive, tine constmting, and labor intensive. In an attenpt to
reduce the effort needed to evaluate well sources', a set criteria has
been developed to identify 'NeIls in protected aquifers which are not
subject to contamination fran surface water. While these criteria are
not as definitive as water quality analysis, it is believed that they'
provide a reasonable degree of accuracy, and allO'N for a relatively
rapid detenn:ination for a large nlUllber of lNell sources.

wells constnleted into consolidated fonnations ·which records iildicate
have been constnlcted in a manner no less stringent than set forth· for
non public wells in the Water well Constnlction Code 10 CSR 23-3.010
through 10 CSR 23-3. 100, pranulgated pursuant to the Missouri Water well
Drillers .Act, section 256. 600 RSMo. will be considered to be not under .
the direct influence of surface water. wells constructed into unconsoli­
dated fOIJnations will be constructed into either glacial drift, glacial
outwash, or alluviums. wells constnlcted into glacial drift or outwash
which records indic~te have been constructed in a manner no less strin­
gent· than set forth for nonpublic wells in the Water well Construction
code 10 CSR 23-3. 010 through 10 CSR 23~3 .100, pranulgated pursuant to
the Missouri well Dril·lers Act, section 256. 600 RSMo. will be considered
to be not wxJer the direct influence of surface water.

wells constnleted into alluvium which records indicate have been con­
stnleted in a manner no 18$s stringent than set forth for non public
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wells in th~ Water well Construction Code 10 CSR 23-3.010 through 10 CSR
23-3. 100 will be considered to be not under the direct influence of
surface water if:

a. the YJell casing penetrates a confining bed and is perforated or
screened only below the confining bed, or.

b. the TNell is loc~ted at least 200 feet fran any surface water, or

c . the TNell is located less than 200 feet fl:Qtl any surface water, but
~ll operation records indicate the static water level in the ~ll

is not hydraulically influenced by the water level of the surface
water, or

d. the vvell is lcx:ated less than 200 feet fl:Qtl any surface water, but
geological infonnation indicates that a boundary layer exists
between the 'Nell and the surface water.

wells ·that do not meet the above requi.ratents must receive further
evaluation in accol:dance. with Steps 3 or 4 to detennine whether they are
directly influenced by surface. water.

4.2 .3. Step 3. - On .Site Inspection

Through corresIX'ndence,. records or written test.i.Irony as to the constnlc­
tion of the water source should be obtained to detennine if the source
constI.Uction meets the requi.retents of Step 2. If infonnation is
obtained to da1Dnstrate that the source constnlct.ion meets the require­
ments of Step 2, it will be considered to be not under the direct
influence of surface water. However, this infonnation may be unavail­
able or inconclusive. A sanitary survey may be helpful in establishing
a IlDre definite deteDnination of whether the water source is .at risk to
pathogens fran direct surface water influence. The infonnation to
obtain during an on site inspection:

4 .2 .3. 1. Whether the well is constnlcted into consolidated or Wl­

consolidated material, if constructed into unconsolidated
material, whether it is glacial drift, outwash., or
alluvilDll, general geology of the area, type of \Ell con­
struction (i.e. drilled, dug, bored, etc.), type of casing
(i.e. iron, plastic, concrete, rock, etc.), whether the
Wllell has been gr:outed or the annular space in sane other
way sealed.

4 .2 •3.2. Evidence that surface water enters the source through
defects such as the lack of a surface seal on \Ells,
i.Dproper drainage around a well, infiltration gallery
laterals exposed to surface water, springs open to the
a't:11CSpheI:e, surface runoff entering a spring or other
collector, etc.
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4 . 2 . 3 . 3 . Distances to obv'ious surface water sources.

4 . 2 . 3 . 4 . Review well operation records to detennine if the tHell is
hydraulically influenced by any surface water.

4.2.3.5 Collect water quality data or solicit infoIlllation which
would indicate:

a. . the presence of total or fecal colifoJ:In in Wltreated
sanples,

b. turbidity or temperature data which con:elates to
rainfall events or to that of riearby surface water.

4 .2 .3. 6 If the survey indicates that the well is subject to direct
surface water influence, the source must either be:

a. :reconstructed to neet the requirarents of Step 2,

b. or be treated in accorcIance with the Missouri Public
Drinking Water Regulations.

4 .2.3. 7 . If the survey does not show conclusi~ evidence of direct
surface water influence, the analysis outlined in Step 4
should be conducted. '

4 .2.4. Step 4. - Particulate Analysis' am other Irdicator

4 . 2 .4 . 1. Surface water Indicators

Particulate analysis is intended to identify organisms which
only cx:cur in surface waters as opposed ,to growxl waters, and
whose' presence in a ground water 'WOUld clearly indicate that at .
least sane surface water has been mixed with it. The u.s. EPA
Consensus l-Ethxt in Part-l of this manual can be used for
Gianlia cyst analysis. . .

In 1986 Hoffbuhr et. ale listed six parameters identifiable in
a particulate analysis which were believed to be valid indica­
tors of surface contamination of ground water. These lNere:
diatans, rotifers, coccidia, plant debris, insect parts, and
Gianlia cysts. Later TNOrk by Notestine and Hudson (1988) found
that microbiologists did not all define plant debris in the
same way, and that deep \Ells Jaiown to be free of direct sur­
face water influence were shc:7Nn by particulate analysis to
contain "plant debris" but none of the other five indicators.
ihe.ir ~rk suggests that "plant debris" may not currently be a
useful tool in deteDnining direct surface water influence, but
may' be .in the future when a standard definition of "plant
debris" is developed. 'I1lerefore, it is recarmended that only
the presence of the other five Parameters; diatans and certain
other algae, rotifers, coccidia" insect parts, and Giardia, be
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• If

used as indicators of direct surface contamination. In addi­
tion, if other large diameter (> 7 urn) organisms which are
clearly of surface water origin such as Diphilooothrium are
p:resent, these should also be considered as indicators of
direct surface water influence.

4.2.4.2. Interpretation

Since standard nethods have not been developed speci- fically
for particulate analysis, there has not been consistency in the
way samples have been collected and analyzed. Differ:ences in
the degree of training and experience of the microbiologists
has added further to the difficulty in ccrnparing results fran
sample to sample, and systan to systan. The current limita­
tions in sample collection and analytical procedures must be .
considered when interpreting the results. Until standardized
methods are developed, the U.s. EPA Consensus Method included
in Part-1 of this manual is recamended as the analytical
method for particulate analysis. The following is a discussion
of the significance of finding the six indicators identified
above.

Identification of Giardia cyst in any source water should be
considered conclusive evidence of direct surface water influ­
ence. There also is general agl:eanrent that the presence of
diatans in source water is conclusive evidence .of direct
surface water influence. ~r, it is important that this
detennination be based on live diatans, and not ~ty silica
skeletons which may only indicate the historical presence of
surface water.

Bluegreen, green, or other chloroplast containing algae require
sunlight for their metab:>lism as do diatans. For that reason
their presence in source water should also be considered as
conclusive evidence of direct surface water influence.

Hoffbuhr (1986) indicates· that rotifers and insect parts are
indicator species and on which species .require fcxxi sources
originating in surface water, 'NOuld be valuable, J:ut is not
readily available at this time. Without knowledge of which
species is present, the finding of rotifers indicates that the
source is either

a. diJ:ectly influem::ed by surface water,

b. or it contains organic matter sufficient to support the
gJ:OWth of I:Otifers. It could be conservatively assumed
based on this evidence alone that such a source is directly
influenced by surface water. However, it is ri:!cannended
that this deteJ:mi.nation be supported by other evidence,
e.g., the SOUI:Ce is near a surface water, turbidity
fluctuations are significant, etc.·
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Insects or insect parts likewise may originate in surface
water, fran the soil, or they may be airOOrne in uncovered
sources. If insects are observed in a particulate analysis
sanple, it sl10uld be confilJlled if p:>ssible that there is no
other route by which insects could contaminate the source other
than surf~e water. For example, if a spring is sanpled, and
the cover is not 'Nell constnlcted, it is p:>ssible that .insects
found in a sample 'NeJ:e airborne rather than waterborne.
Insects which spend a p:>rtion of their life-cycle in water are
the best indicators of direct surface water influence, for
example, larvae of mayflies, stoneflies, damsel- flies, and
dragonflies. Terrestrial insects should not be ruled out as
surface water indicators though, since their accidental
pI:esence in surface water is camon.

HOwell, (1989) has indicated that SCIIe insects may burrow and
the fi.rrli.ng of eggs or burrowing larvae (et. chiIonanids) may
not be good indicators of direct surface water influence. For
sate insects this may be tnle, but the distance which insects
burrow in subsurface sediments is expected to be small, and
insect 'larvae are generally large in canparison to Giardia
cysts. Until further research suggests otherwise, it is
recamended that insects or insect parts be considered strong
evidence of surface water influence if not direct evidence in
and of themselves. The strength of this evidence would be
incz:eased if the source in question is near a surface water I

and particulate analysis of the surface water found similar
insects. .

Coccidia are intracellular parasites which cx:cur primarily in
vertebrates, e.g., animals and fish, and live in various
tissues and organs including the intestinal tract (e.g.,
Cryptosp:>ridium). Though not frequently identified by nonnal
particulate analysis techniques, coccidia are gcxxi indicators
of direct surface water contamination since they require a
vertebrate h:>st or hosts and are generally large in size (10-20
um or grater). Cryptosp:>ri~um is cCIIIIDnly found in surface'
\48ter, but due to its small size (4 - 6 urn) it is not noJ::mally
identified without specific antibody staining techniques.

Other macrcorganisms (> 7 J.Dn) which are parasitic to animals.
and fish may be' found and ~ gcxxl indicators of surface water
influence. ExaRples include, but are not limited to, helmi.nths
(e.g., tape ~DIl cysts), ascaris, and Diphyllobothrium.

4 .2 .4. 3. 5anpling ~tbxl

A suggested protocol for coll~ing -sanples is listed belON.

·a. "5arrpling Procedure - Samples should -be collected using the
equipnent outlined in the u.5. EPA's Consensus ~thod

included in Part-l of this manual.
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b. Location - Samples should always be collected as close to
the source as I?Ossible, and prior to any treat:Itent. If
samples must be taken after disinfection, samples should be
noted and analyzed as soon as I?Ossible.

c . Number - A minil11Um of two samples should be collected
during the period the source is lOOst susceptible to surface
water influence. Such critical periods will vary fran
systan to systan and will need to be detennined case by
case. For sane systems, it may be one or JlDl:e days follow­
ing a significant rainfall (e.9 • 2 inches in 24 hours).
For other systems it may be a period of max.immn flows and
stream turbidities following spring sllC7Nltelt, or d~ing the
sUl11ler nnnths when water tables are elevated as a result of
irrigation. In each case, particulate samples should be
collected when the source in question is IlDSt effected. A
surrogate neasure such as source turbidity or depth to
water table may be useful in making the decision to IlDni­
tor. If there is any ambiguity in the particulate analysis
results, additional samples should be collected when there
is the greatest likelihood that the source will be contami­
nated by surface water.

A number of other indicators could be used to provide supportive
evidence of surface influence. While particulate analysis
probably provides the IIDSt direct evidence that pat.}x)gens fran
surface water could be migrating into a ground water source, the
follC7'.ling ~aneters could provide supportive, rot less direct,
evidence. .

a. TuI:bidity fluctuations of greater than 0.5 - 1 Nl'U over the
course of a year may be indicative of surface water influ­
erx:e. Considerable caution sbJuld be used when evaluating
turbidity changes though, since the turbidi- ty (:OUld be
caused by very small particles « lum.) -not originating in a
surface ~ter or it could be that larger particles are being
filtered out am only the very smallest particles migrate into
the water sow::ce. Only ground water sow::ces at risk to contam-

. i.na~iOn fl:an Giardia or other large pathogens « 7 J.IIIl) are
subject to the MSWI'R J:eqUirements.
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. b. Temperature fluctuations may also indicate surface water in­
fluence. Fortunately these are easy to obtain and if there is
a surface water within 500 feet of the water source, neasure­
nents of both should be recorded for canparison. Large
changes in surface water tanperature closely followed by
similar changes in source tanperature would be indicative of
surface water influence. Also, t~ature changes (in .
degrees F) of greater than 15 to 20% over the course of a year
appear to be a characteristic of sane sources influenced by
surface water (Randall, 1970). Changes in other chanical
parameters such as pH, conductivity, hardness, etc., could
also be IIDnitOred. Again, these would not give a direct
indication of whether pathogens originating in surface water
we!re present, but could indicate whether the water chanistry
was or was not similar to a nearby surface water and/or
whether source water chemistry changed in a similar pattern to
surface water chemistry. At this tine no numerical guidelines
are available to differentiate what is or is not similar, so
these canparisons are nore qualitative than quantitative.

4. 3~ SOORCES

Sane sources may only be used for part of the year, for example during
the sumner m:>nths· when water usage is high. These sources should not be
excluded fran evaluation and, like other sources, should be evaluated
during their period(s) of highest ·susceptibility. Particular attention
should be given to those sources which appear to be directly influenced
by surface water during part of the year. There may be tines .during
which these subsurface water sources are not influenced by surface water
and other tines, when they are part or all surface water. If that is the
case, then it is critical that careful testing be done prior to, during.
and at the end of the use of the source. This ·tNQuld be done over
seve~al seasons to account for seasonal variation. In practice, it is
preferable to use sources which are less vulnerable to contamination
since susceptible sources will necessitate Qngoing m::>nitoring and close
attention to operation.
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