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SUMMARY

!"#$%&&'()*+$,-.$/01203342056$1712#8$941$#:43;42#/$<5=$ =#85:43>064?20:42056$5<

942#=@5=6#$A42"5B#60?$80?=55=B460181$ <=58$942#=C$ $ !"#$#:43;42056$941$/0:0/#/$ 0625

295$A4=21C$ $!"#$<0=12$B543$941$25$/#85612=42#$ 2"#$ 4@ 03027$ 5<$ 2"#$;6021$ 25$8##2$ 2"#$DCEC

+6:0=568#6243$F=52#?2056$)B#6?7G1$ HI;0/#$E246/4=/$ 46/$ F=525?53$ <5=$ J0?=5@0535B0?43

(42#=$F;=0<0#=1CK$$L5335906B$2"01$A=525?53M$2"=##$;6021$9#=#$ ?"433#6B#/$1#:#=43$208#1$902"

Klebsiella terrigenaM$A5305:0=;1$ 27A#$NM$ =524:0=;1$E)ONNM$ 46/$ Cryptosporidium parvum

55?7121M$;106B$@52"$B#6#=43$?41#$46/$95=12$?41#$2#12$942#=M$5:#=$4$A#=05/$5<$295$9##P1C

!"#$ 1#?56/$ A4=2$ ?561012#/$ 5<$ #:43;4206B$ =#/;?2056>064?20:42056$ 5<$ 2"#$ 942#=@5=6#

A42"5B#61$ Escherichia coliM$ Salmonella typhimurium, Shigella dysentariae, Vibrio

choleraM$ Yersenia enterocoliticaM$ Campylobacter jejuniM$ "#A420201 A virusM$ 46/

4/#65:0=;1C  %6$ 4//02056M$ 4$ "0B"37$ 2"#=85253#=462$ 87?5@4?2#=0;8M$ Mycobacterium

fortuitum  941$2#12#/C

$$$$$ %6$ 433$ ?41#1M$2"#$;6021$#Q?##/#/$ 2"#$ =#85:43$ A4=48#2#=$ 3#:#31$ 5<$ RRCRRRRS$ <5=

@4?2#=04M$ RRCRRS$ <5=$ :0=;1#1$ 46/$ RRCRS$ <5=$ A4=4102#1$ 4??5=/ 06B$ 25$ 2"#$ DCEC

+6:0=568#6243$ F=52#?2056$ I;0/#$ 46/$ F=525?53$ <5=$ !#1206B$ J0?=5@0535B0?43$ (42#=

F;=0<0#=1C
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1.0 INTRODUCTION

$$$$$ T#:#35A8#62$ 5<$ 06O306#$ 942#=$ 2=#428#62$ /#:0?#1$ "41$ #:53:#/$ <=58$ ?561;8#=

062#=#12$06$08A=5:06B$46/$#61;=06B$2"#$U;43027$5<$/=06P06B$942#=C$ $!"#$6##/$4315$#Q2#6/1

25$2"#$942#=$U;43027$5<$<48030#1$5=$?588;6020#1$"4:06B$06/0:0/;43$ "58#$46/$18433$1712#8

942#=$15;=?#1C

'6#$84V5=$ ?56?#=6$ 06$942#=$2=#428#62$01$2"#$ =#U;0=#8#62$<5=$ =#85:06B$/ 01#41#O

?4;106B$ 80?=55=B460181$ <=58$ 942#=$ <5=$ ?561;8A2056M$ 106?#$ 02$ 01$ =#?5B60W#/$ 2"42

06<#?205;1$/01#41#$ 2=4618011056$@7$942#=$ 01$ 4$ 10B60<0?462$ A;@30?$ "#432"$ ?56?#=6C$ $ !"#

84V5=027$ 5<$ /5?;8#62#/$ 942#=@5=6#$ / 01#41#1$ 06$ 2"#$ D602#/$ E242#1$ 4=#$ ?4;1#/$ @7

06<#?205;1$80?=55=B460181$XY=4;6M$NRZ[\C$$%2$ 01$ 08A5=2462$ 2"42$942#=$ 2=#428#62$ ;6021$ 5=

/#:0?#1$/#10B6#/$ <5=$ 2"#$A=52#?2056$5<$ ";846$"#432"$ @#$#<<#?20:#$ 4B40612$ A42"5B#60?

80?=55=B460181$ 46/$ @#$ ?4A4@3#$ 5<$ A=5:0/06B$ 2"01$ ?4A4@03027$ 5:#=$ 2"#$ /#10B6#/

5A#=4205643$30<#$5<$2"#$#U;0A8#62C

$$$$$ !5$#61;=#$ 2"#$#<<0?4?7$5<$80?=5@0535B0?43$942#=$A;=0<0#=1M$ 4$8;320/01?0A 3064=7$ 241P

<5=?#$941$ <5=8#/$@7$ 2"#$DCEC$ +6:0=568#6243$ F=52#?2056$ )B#6?7$ 25$ /#:#35A$ 4$ B;0/#

1246/4=/$ 46/$ A=525?53$ <5=$ 2#1206B$ 1;?"$ ;6021C$ $ !"01$ I;0/#$ E246/4=/$ 46/$ F=525?53

4AA#4=#/$ 06$ 2"#$ L#/#=43$ ]#B012#=$ 5<$ J47$ ,[M$ NRZ[M$ 46/$ "41$ @##6$ 4??#A2#/$ 56$ 4

A=5:0105643$ @4101$ @7$ 2"#$ DCEC$ +6:0=568#6243$ F=52#?2056$ )B#6?7G1$ '<<0?#$ 5<$ T=06P06B

(42#=$ 46/$ '<<0?#$ 5<$ F#120?0/#$ F=5B=481C$ $ !"01$ /5?;8#62$ =#?588#6/1$ 2#12$ 46/

A#=<5=846?#$=#U;0=#8#621$<5=$80?=5@ 0535B0?43$A;=0<0#=1C$$("03#$2"#$/5?;8#62$1A#?0<0?4337

/#431$902"$2#1206B$ ?=02#=04$<5=$ ?#=2406$ 27A#1$5<$942#=$ 2=#428#62$/#:0?#1$1;?"$41$ "435B#6

/0106<#?24621M$ ;32=4:053#2$ 30B"2M$ ?#=480?$<032#=1M$#2?CM$ 021$A;=A51#$941$25$ 1#=:#$41$ 4$B;0/#



4

<5=$433$27A#1$5<$942#=$2=#428#62$/#:0?#1C$$ !"#$B;0/#$#124@ 301"#1$2"42$ 467$80?=5@0535B0?43

942#=$A;=0<0#=$@#$?4A4@3#$5<$=#85:06B$5=$ P03306B$#62#=0?$@4?2#=04M$:0=;1#1M$46/$A=525W546

A4=4102#1C$ $E;?"$ ;6021$ 1"5;3/$@#$ ?4A4@3#$5<$ =#/;?06B$ ?"433#6B#$ 3#:#31$ 5<$ 1;BB#12#/

80?=5@043$?562480642#1$06$#4?"$?3411$5<$80?=55=B46018C

!"#$;6021$8;12$/#85612=42#$42$3#412$4$RRCRRRRS$=#85:43$5<$Klebsiella terrigenaM

4$RRCRRS$=#85:43$ 5<$ A5305:0=;1$ 46/$ =524:0=;1M$ 46/$4$RRCRS$ =#85:43$ 5<$GiardiaC$ $ !"#

/#:0?#1$8;12$ 4315$@#$?4A4@3#$5<$4?"0#:06B$2"#1#$ =#1;321$;6/#=$4$ =#430120?$ H95=12$ ?41#K

942#=$ U;43027$ 102;42056C$ $ %6$ NRR^M$ L%L])$ E?0#620<0?$ )/:015=7$ F46#3$ )62080?=5@043

1;@A46#3M$'<<0?#$5<$F#120?0/#1$F=5B=481M$=#?588#6/#/$2"#$1;@1202;2056$5<$Giardia$?7121

@7$Cryptosporidium 55?7121C$$Cryptosporidium 55?7121$X-O[$_8\$4=#$18433#=$2"46$Giardia

XZON,$_8\$46/$85=#$30P#37$25$A411$2"=5;B"$;6021$9"0?"$/#A#6/$;A56$<032=42056$<5=$A4=4102#

=#85:43C$$Cryptosporidium $01$#Q2=#8#37$=#1012462$ 25$ ?58856$942#=$/0106<#?24621$X`5=0?"

#2$43M$NRR.\$46/$"41$ ?4;1#/$ 1#:#=43$ 34=B#$942#=@5=6#$5;2@=#4P1$ 06$ 2"#$D602#/$E242#1

46/$+;=5A#$ 06$ =#?#62$ 7#4=1$ XE802"$ 46/$ ]51#M$ NRR.\C$ $ !";1$ 467$ /#:0?#$ ?4A4@3#$ 5<

=#85:06B>064?20:4206B$Cryptosporidium $1"5;3/$@#$4@3#$25$#3080642#$Giardia$?7121C

%2$01$08A5=2462$2"42$942#=$ 2=#428#62$/#:0?#1$/#10B6#/$<5=$2"#$A=52#?2056$5<$ ";846

"#432"$@#$#<<#?20:#$4B40612$A42"5B#60?$80?=55=B460181$46/$@#$?4A4@3#$5<$A=5:0/06B$2"01

?4A4@03027$ 5:#=$ 2"#$/#10B6#/$5A#=4205643$ 30<#$ 5<$ 2"#$ #U;0A8#62$ 06$ 942#=1$ 30P#37$ 25$ @#

#6?5;62#=#/$ 06$2"#$D602#/$E242#1C$ $!"01$ 01$ 4$ 6#?#114=7$ ?5610/#=42056$ <5=$ A=52#?2056$5<

2"#$A;@30?G1$"#432"$@7$@52"$2"#$942#=$06/;12=7$46/$2"#$B5:#=68#62C

!"#$%&&'()*+$,-.$1712#8$01$4$ ;60U;#$ 27A#$5<$ /01203342056OA;=0<0?42056$ 1712#8M

652$ ?;==#6237$?5:#=#/$06$2"#$I;0/#$E246/4=/$ 2#1206B$A=525?53C$$a59#:#=M$ 2"#$@410?$ 2#12
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A=525?53$941$<53359#/$06$2"#$#:43;42056$5<$2"#1#$;6021$25$/#85612=42#$2"#0=$A#=<5=846?#

41$4$HJ0?=5@0535B0?43$(42#=$F;=0<0#=CK$$%6$4//02056M$2"#$;6021$9#=#$?"433#6B#/$902"$1A#?0<0?

942#=@5=6#$A42"5B#61$46/$4$2"#=85253#=462$Mycobacterium 25$<;=2"#=$/#85612=42#$2"#

#<<0?4?7$5<$2"#$;6021C
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2.0 MATERIALS AND METHODS

2.1 EPA Guide Standard Protocol Evaluation

!"#$@410?$#QA#=08#6243$/#10B6$<5=$#:43;4206B$2"#$%&&'()*+$,-.$941$@41#/$56

2"#$=#?588#6/42056$5<$2"#$DCEC$+6:0=568#6243$F=52#?2056$)B#6?7G1$!41P$L5=?#$]#A5=2

56$2"#$I;0/#$E246/4=/$46/$F=525?53$<5=$!#1206B$J0?=5@0535B0?43$(42#=$F;=0<0#=1$XL#/#=43

]#B012#=M$J47$,[M$NRZ[\C

'6#$1#2$5<$2#121$<53359#/$2"#$148A306B$A 346$5;2306#/$<5=$ ?#=480?$ ?46/3#1>D*$30B"2

1712#81$41$5;2306#/$06$ 2"#$I;0/#$E246/4=/C$$ %2$941$<# 32$ 2"42$2"01$148A306B$A 346$@#12$<021

2"#$%&&'()*+$2=#428#62$1712#8C

)33$ %&&'()*+$,-.$ 1712#81$ 9#=#$ A=5:0/#/$@7$ %&&'()*+M$ N.,b.$ ]#B#6?7

Y0=?3#M$ E;02#$ NN.M$ '84"4M$ &+$ 46/$ 5A#=42#/$ 4??5=/06B$ 25 $ 2"#$ 846;<4?2;=#=G1

0612=;?20561C$$!"#$1712#81$9#=#$?"433#6B#/$902"$ 2"#$ 2#12$80?=55=B460181$4<2#=$/0<<#=#62

A#=05/1$ 5<$ 5A#=42056$ 902"$ HB#6#=43K$ 46/$ H95=12K$ ?41#$ 942#=C$ $ c#29##6$ ?"433#6B#1M

B#6#=43$?41#$942#=$941$/#?"35=0642#/$X@7$A4114B#$5<$2"#$24A942#=$ 2"=5;B"$4$ ?5 3;86$5<

4?20:42#/$?4=@56\C$$D60:#=1027$5<$)=0W564$24A942#=$941$A=5?#11#/$2"=5;B"$2"#$;6021C

!"=##$ %&&'()*+$ ,-.$ 1712#81$ 9#=#$ 2#12#/$ <5=$ 2"#$ =#85:43>064?20:42056$ 5<

A5305:0=;1M$=524:0=;1M$Cryptosporidium 55?7121M$46/$Klebsiella terrigena$4??5=/ 06B$ 25$2"#

DE+F)G1$I;0/#$E246/4=/$46/$F=525?53C$!"#1#$1712#81$9#=#$#:43;42#/$#0B"2$ 208#1$ 06$ 4

A#=05/$5<$N^$/471$4??5=/06B$25$2"#$2#12$A 346$06$!4@3#$NC$$)$25243$5<$N.-$B433561$X^R^$302#=1\

941$A=5?#11#/$@7$#4?"$;602$/;=06B$2"#$2#12$A#=05/C
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Table 1.
TEST PLAN FOR POLIOVIRUS, ROTAVIRUS AND

KLEBSIELLA  TERRIGENA REMOVAL EVALUATION

DAY TEST PROCEDURE

N Y"433#6B#

, )B06B

^ Y"433#6B#

-$25$b )B06B

[ Y"433#6B#

d Y"433#6B#

Z Y"433#6B#

R Y"433#6B#

N. Y"433#6B#

NN$25$N, )B06B

N^ Y"433#6B#

             For days 1, 3, 6, and 7 challenges, General Case Water was used.
               For days 8, 9, 10, and 13 challenges, Worst Case Water was used.

Cryptosporidium $55?7121$9#=#$6520?#/$ 06$ 2"#$ <0601"#/$942#=$ 4<2#=$ 2"#$ ?"433#6B#

2#121C$$E06?#$02$941$652$A5110@ 3#$25$411#11$:04@ 03027$@7$/0=#?2$5@1#=:42056$5<$ 2"#$55?7121M

4652"#=$2#12$941$ ?56/;?2#/$ 06$9"0?"$ 2"#$55?7121$9#=#$ ?533#?2#/$ 46/$ 4$ 12406$ ;1#/$ 25

411#11$:04@ 03027C$$!"#$148A306B$A 346$<5=$2"01$1#?56/$2#12$01$1"596$06$!4@3#$,C
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TABLE 2.
TEST PLAN FOR CRYPTOSPORIDIUM REMOVAL EVALUATION

DAY TEST PROCEDURE

N Y"433#6B#

, )B06B

^ Y"433#6B#

- )B06B

b Y"433#6B#

[ )B06B

d Y"433#6B#

         For days 1 and 3 challenges, General Case Water was used.
        For days 5 and 7 challenges, Worst Case Water was used.

2.2  Challenge Tests With Selected Waterborne Bacterial
       and Viral Pathogens

!"#$ %&&'()*+$ ,-.$ 1712#8$ 941$ 4315$ ?"433#6B#/$ 902"$ 2"#$ 8512$ 08A5=2462

942#=@5=6#$@4?2#=04$ 46/$"#A420201$)$ :0=;1$ X06<#?205;1$"#A420201\C$ $)315$ 06?3;/#/$9#=#$4

87?5@4?2#=0;8M$ Mycobacterium fortuitum M$ 46/$ 4/#65:0=;1$ 27A#$ NM$ @#?4;1#$ 5<$ 2"#0=

=#101246?#$ 25$ 064?20:42056$@7$"#42C$ $ !"#$ 5=B460181$ 9#=#$ 1;1A#6/#/$ 06$ #0B"2$ B433561

X,RCRe\$5<$B#6#=43$ ?41#$942#=$ 46/$A 34?#/$ 06$ 2"#$ =#1#=:50=C$ $E48A3#1$@#<5=#$46/$4<2#=

A=5?#1106B$2"=5;B"$2"#$;602$9#=#$ ?5 33#?2#/$4<2#=$A=5?#1106B$-M$NbM$ 46/$,R$302#=1$2"=5;B"

2"#$;602C
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2.3       WATER QUALITY PARAMETERS

2.3.1  General Test Water

!4A$942#=$ A=5:0/#/$42$ 2"#$ D60:#=1027$ 5<$ )=0W564$ 941$ ;1#/$ <5=$ HB#6#=43$ ?41#K

942#=C$ !"01$942#=$ 01$ 5@2406#/$ <=58$ /##A$ 9#331$ 35?42#/$ 56$ 2"#$ D60:#=1027$ 5<$ )=0W564

?48A;1C$ %2$8##21$ 433$ 5<$ 2"#$ =#U;0=#8#621$ 5<$ HB#6#=43$ ?41#K$ 942#=$ 41$ /#<06#/$ 06$ 2"#

DE+F)$I;0/#$E246/4=/C$%21$A"710?43>?"#80?43$A=5A#=20#1$4=#$3012#/$06$!4@3#$^C

Table 3.
PHYSICAL/CHEMICAL PROPERTIES OF

TAPWATER AT THE UNIVERSITY OF ARIZONA

Parameter Value

Aa dCbOdCZ

!5243$'=B460?$Y4=@56$X!'Y\ fNC.$8B>e

!;=@ 0/027 fNC.$$&!D

!#8A#=42;=# ,^O,b$gY

!5243$T0115 3:#/$E530/1$X!TE\ ,..O^..$8B>e

c#<5=#$;1#$2"#$942#=$941$A411#/$ 2"=5;B"$46$ 4?20:42#/$ ?"4=?543$ <032#=$ X)8947M

)/4M$J%\$25$=#85:#$467$?"35=06#$A=#1#62C$$ !"01$942#=$941$A411#/$2"=5;B"$2"#$1712#81

@#29##6$?"433#6B#1C

2.3.2 Worst Case Test Water

!"#$942#=$941$A=#A4=#/$@7$4//06B$I#6#=43$Y41#$(42#=$25$ 4$-O302#=$ @#4P#=$ 46/

4//06B$2"#$6#?#114=7$06B=#/0#621$25$5@2406$2"#$/#10=#/$942#=$U;43027$X!4@3#$-\C
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Table 4.
PHYSICAL/CHEMICAL PROPERTIES OF WORST CASE WATER

Parameter Value

Aa RC.h>O.C,

!5243$'=B460?$Y4=@56 N.$8B>e

!;=@ 0/027 ^.$$&!D

!#8A#=42;=# -$gY$h>O$NgY

!5243$T0115 3:#/$E530/1 NMb..$8B>e

!"#$=#4B#621$1;BB#12#/$06$2"#$I;0/#$E246/4=/$9#=#$;1#/$25$4/V;12$942#=$U;43027

<5=$433$2#12$942#=1$;1#/$<5=$80?=5@043$2#1206B$X!4@3#$^\C

Table 5.
Reagents Used to Adjust Water Quality

Parameter Reagent

Aa N&$&4'a$5=$N&$aY3

!5243$'=B460?$Y4=@56 a;80?$)?0/1$X)3/=0?"$Y"#80?43$Y5C
J0394;P##M$( %$Y42i$aNM$[dbO,\

!;=@ 0/027 )Y$L06#$!#12$T;12$X)Y$EA4=P$F3;B
T0:01056M$IJC$L3062M$J%$Y42iNb-^.R-\

!5243$T0115 3:#/$E530/1 E#4$E4321$XE0B84$Y"#80?43$Y5CM
E2C$e5;01M$J'\



11

2.4  CHALLENGE PROCEDURE

!"#$ %&&'()*+$,-.$ 1712#8$A=5/;?#1$ ;A$ 25$ Z$ B433561$ 5<$ 942#=$ 06$ 4$ ,-O"5;=

A#=05/C$ $ ]49M$ ;62=#42#/$ 942#=$ 01$ 125=#/$ 06$ 2"#$ =49$ 942#=$ =#1#=:50=$ 46/$ 85:#1

2"=5;B"$ 4$A=#O15<2#6#=$ <5=$806#=43$ =#85:43C$ $D106B$ 2"#$A=5?#11$ 5<$ / 01203342056M$ 2"#

942#=$01$A;=0<0#/$06$2"#$@50306B$ ?"48@#=C$ $E2#48$ =01#1$46/$A411#1$ 2"=5;B"$ 4$ <066#/

?56/#6106B$ ?503C$ $)$ <46$ ?5531$ 2"#$ 12#48$ 06$ 2"#$ ?56/#6106B$ ?503C$ $ !"#$ 942#=$ 2"#6

A411#1$ 2"=5;B"$ 4$ ?4=@56$ <032#=$ 25$ #6"46?#$ 2"#$ 2412#C$ $ E712#81$ 9#=#$ 4B#/$ @7

?566#?206B$ 2"#8$ 25$2"#$24A942#=$1;AA37$42$2"#$D60:#=1027$5<$)=0W564$46/$;1#/$/4037

<5=$295$9##P1$@#<5=#$2"#$124=2$5<$2"#$2#12C

L5=$ #4?"$ 80?=5@043$ ?"433#6B#M$ ^$ 302#=1$ 5<$ ?"433#6B#$ 942#=$ ?56240606B$ 2"#$ 2#12

80?=55=B460181$9#=#$ 4//#/$ 25$ 2"#$ =49$942#=$ 125=4B#$ 246P$ XN..$ 83$ 5 <$ ?"433#6B#

942#=$9#=#$?533#?2#/$<5=$06<3;#62\$46/$56#$302#=$148A3#$X#<<3;#62\$941$ ?533#?2#/$4<2#=$^

"5;=1$<=58$2"#$A=5/;?2$942#=$246P$X2"01$01$2"#$4AA=5Q0842#$A#=05/$4<2#=$56#$B43356$5<

A=5/;?2$942#=$ 01$A=5/;?#/\C$$)33$80?=5@043$ ?"433#6B#1$46/$4B06B$5<$ 2"#$1712#8$9#=#

?4==0#/$5;2$41$#QA3406#/$A=#:05;137C

2.5$$$$$$MICROBIAL TEST METHODS

2.5.1 Bacteria

!"#$2#12$5=B460181$;1#/$<5=$411#118#62$5<$ =#85:43>064?20:42056$5<$@4?2#=04$9#=#

Escherichia coli, Salmonella typhimurium, Shigella dysentariae, Vibrio choleraM$ 46/

Yersenia enterocoliticaM$P06/ 37$A=5:0/#/$@7$+8037$F#V5:0?"$<=58$2"#$@4?2#=043$ ?;32;=#

?533#?2056$5<$2"#$T#A4=28#62$5<$J0?=5@0535B7M$D60:#=1027$ 5<$)=0W564C$ $)315$ ;1#/$ <5=

2"#$#:43;42056$9#=#$Klebsiella terrigena$ X)!YYO^^,bd\$ 46/$ Campylobacter jejuni
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A=5:0/#/$@7$T=C$e766$j56#1$<=58$2"#$T#A4=28#62$5<$*#2#=064=7$E?0#6?#M$D60:#=1027$5<

)=0W564C

)33$@4?2#=04$902"$2"#$#Q?#A2056$5<$Campylobacter 46/$Yersenia 9#=#$A=#A4=#/$@7

5:#=60B"2$B=592"$ 06$!=7A20?$E57$c=52"$XT0<?5M$T#2=502M$J%\$ 25$ 5@2406$ 2"#$5=B46018$ 06

2"#$ 12420564=7$ B=592"$ A"41#$ X)1@;=BM$ NRZ^\C$ $ !"#$ 5=B460181$ 9#=#$ ?5 33#?2#/$ @7

?#62=0<;B42056$ X06$ 4$ c#?P846$ L355=$ ?#62=0<;B#M$ J5/#3$ j,O,NM$ F435$ )325M$ Y)\$ 46/

=#1;1A#6/#/$2"=##$208#1$06$2"#$2#12$942#=C

Campylobacter jejuni$941$B=596$56$Y*)$4B4=$ 46/$Yersina entocolitica$ 56$Y%&

4B4=C$ $ !"#$ 1#3#?20:#$ 8#/04$ 56$ 9"0?"$ 2"#$ @4?2#=04$ 9#=#$ 41147#/$ <=58$ 2"#$ 942#=

148A3#1$01$1"596$06$!4@3#$[C
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Table 6.
BACTERIA AND MEDIA USED FOR BACTERIAL ANALYSIS

BACTERIA MEDIA

Escherichia coli 8O#6/5$)B4=$e+E
XcceM$Y5?P#71:033#M$JT\

Shigella dysentariae EE$)B4=
XT%LY'M$T#2=502M$J%\

Salmonella typhimurium a#P25#6$+62#=0?$)B4=
XT%LY'M$T#2=502M$J%\

Yersinia enterocolitica k#=10604$E#3#?20:#$)B4=$XY%&\
XJ0?=5@05M$!#8A#M$)l\

Campylobacter jejuni Y48A735@4?2#=$Y*)$)B4=
XJ0?=5@05M$!#8A#M$)l\

Vibrio cholera !"051;3<42#O?02=42#O@ 03#
14321O1;?=51#$)B4=

XcceM$Y5?P#71:033#M$JT\

Klebsiella terrigena JOOO#6/5$e+E
XcceM$Y5?P#71:033#M$JT\

Mycobacterium fortuitum !=7A20?41#$E57$)B4=O!E)
XT%LY'M$T#2=502M$J%\

XcceM$Y5?P#71:033#M$JT\

$$$$ )11471$9#=#$?56/;?2#/$@7$ 2"#$8#8@=46#$ <032=42056$5=$ 1A=#4/$A 342#$8#2"5/$56

2"#$1A#?0<0?$8#/04$<5=$#4?"$@4?2#=04$X!4@3#$[\C$$)AA=5A=042#$/ 03;20561$5<$ 06<3;#62$148A3#1

9#=#$84/#$ 06$ 12#=03#$ !=01O@;<<#=#/$ 14306#$ X!=0184$ c41#M$ E0B84$ Y"#80?43M$ E2C$ e5;01M

J'\C$ $)$N.O83$ 148A3#$5<$ ;6/03;2#/$ #<<3;#62$ 941$ 4315$ 41147#/C$ $ )33$ 411471$ 9#=#$ 06

2=0A 30?42#$4??5=/ 06B$25$E246/4=/$J#2"5/1$X)Fa)M$NRR,\C
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$$$$$$ 2.5.2    Viruses

$$$$$ !"#$ 2#12$ :0=;1#1$9#=#$A5305:0=;1$ 27A#$N$ XeEY\$46/$ =524:0=;1$ 12=406$E)ONNC$ $ )33

125?P1$9#=#$B=596$@7$2"#$8#2"5/$/#1?=0@#/$06$E802"$ 46/$I#=@4$ XNRZ,\C$ $a#A420201$)

:0=;1$XE2=406$aJ$Ndb\$941$5@2406#/$<=58$T=C$J4=P$E5@1#7$46/$B=596$ 06$2"#$L"=PO-$ ?#33

306#C$$)/#65:0=;1$27A#$,$941$B=596$06$2"#$Y4Y'm,$?#33$306#C

$$$$$F5305:0=;1$27A#$N$46/$=524:0=;1$E)ONN$9#=#$41147#/$108;3246#5;137$@7$2"#$A 34U;#

41147$8#2"5/$56$2"#$J)ON.-$?#33$ 306#$;106B$A=5?#/;=#$/#1?=0@#/$@7$E802"$ 46/$I#=@4

XNRZ,\C$ $ T03;20561$ 0<$ 6#?#114=7$ 9#=#$ ?56/;?2#/$ ;106B$ !=01O@;<<#=#/$ 14306#$ XE0B84

Y"#80?43$Y5CM$E2C$e5;01M$J'\C$$a#A420201$)$:0=;1$46/$4/#65:0=;1$27A#$,$941$41147#/$@7

2"#$!Y%Tb.$8#2"5/C$$)33$411471$9#=#$/56#$06$2=0A 30?42#C

2.5.2   Cryptosporidium

'5?7121$9#=#$5@2406#/$ <=58$ 2"#$ <#?#1$5<$ 06<#?2#/$ ?43:#1$ XF3#41462$a033$ L4=81M

!=57M$ %T\$ 46/$ 2"#6$A;=0<0#/$@7$/01?56206;5;1$ 1;?=51#$B=4/0#62C$ $E48A3#1$ <5=$ A4=4102#

411471$9#=#$#Q4806#/$;106B$ 295$8#2"5/1C$$ %6<3;#62$148A3#1$9#=#$41147#/$;106B$ 2"#

"#85?7258#2#=$8#2"5/$XI;0/46?#$J46;43M$NRR.\$46/$ 2"#$#<<3;#62$148A3#1$9#=#$/56#

@7$2"#$F=5A0/0;8$%5/0/#$8#2"5/$XY48A@#33$#2$43M$NRR,\C

%6<3;#62$148A3#1$5<$,.$8e$9#=#$?#62=0<;B#/$06$4$ %+Y$Y3060?43$Y#62=0<;B#$X&#/"48

a21M$J)\$42$-..$QB$<5=$Nb$806;2#1$25$A#33#2$55?7121C$$!"#$1;A#=642462$941$41A0=42#/$25$N

8e$4@5:#$2"#$A#33#2C$ $)<2#=$ =#1;1A#61056$5<$ 2"#$A#33#2$06$FcE$@;<<#=M$ 2"#$55?7121$9#=#

?5;62#/$ ;106B$ EF5302#$ a#85?7258#2#=$ Xc4Q2#=$ a#432"?4=#$ Y5=ACM$ J?I=49$ F4=PM$ %e\

;106B$4$A"41#$ ?562=412$80?=51?5A#$XcaO,$'378A;1M$j4A46\$ 42$ -..Q$84B60<0?42056C$ $)2
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3#412$N,$?"48@#=$ 430U;521$9#=#$ ?5;62#/$ <5=$ #4?"$ 148A3#$4??5=/06B$ 25$ 2"#$A=5?#/;=#

5;2306#/$06$2"#$I;0/46?#$J46;43$XDE+F)M$NRR.\C$$)6$4:#=4B#$5<$433$ =#4/06B1$941$/56#

46/$8;320A 30#/$902"$ 2"#$ ?56:#=1056$ <4?25=$ 5<$ NC.QN.-C$ $ !5243$ 6;8@#=$ 5<$ 55?7121$ 9#=#

/0:0/#/$@7$,.$25$/#2#=806#$2"#$6;8@#=$5<$55?7121$A#=$8e$5<$148A3#C

L5=$2"#$942#=$A=5?#11#/$2"=5;B"$2"#$;602M$-..$8e$5<$2"#$148A3#$941$ ?#62=0<;B#/

42$,Z..$=A8$902"$2"#$"#3A$5<$4$c#?P846$IEO[$24@ 3#$25A$?#62=0<;B#$Xc#?P846M$F435$)325M

Y)\C$$!"#$A#33#2$941$ 2"#6$2=461<#==#/$25$4$80?=5?#62=0<;B#$46/$ ?#62=0<;B#/$902"$2"#$40/

5<$4$J0?=5EA06$,-E$80?=5?#62=0<;B#$XE5=:433$%612=;8#621M$( 03806B256M$T+\$42$,.S$<5=$^

806;2#1C$$!"#$1;A#=642462$941$41A0=42#/$46/$ 2"#$A#33#2$ =#1;1A#6/#/$902"$N..µe$5<$.CN

J$aY%C$ $ !"#$ =#1;1A#6/#/$A#33#2$941$ 2"#6$ 06?;@42#/$ 06$ 4$942#=@42"$ <5=$ 56#$ "5;=$ 42

^dnYC$$)<2#=$06?;@42056$2"#$148A3#$941$941"#/$290?#$902"$N$8e$5<$a46PG1$@4346?#/$1432

153;2056$ XI%cY'M$I=46/$ %1346/M$&k\$ 25$ 4?"0#:#$ 4$ 6#;2=43$ AaC$ $ )<2#=$ #4?"$ 941"$ 2"#

148A3#$941$41A0=42#/$25$2"#$A#33#2C$$'6?#$ 2"#$Aa$941$6#;2=43$ X=#/$ ?535=\M$ 2"#$ 148A3#

941$ 2"#6$ ?#62=0<;B#/$46/$ 41A0=42#/$ 25$ 2"#$A#33#2C$ $ L064337M$ N.µe$ 5<$ F=5A0/0;8$ %5/0/#

XE0B84M$E2C$e5;01M$J'\$9#=#$4//#/$25$2"#$148A3#$46/$06?;@42#/$<5=$^.$806;2#1$42$^dnYC

E48A3#1$9#=#$5@1#=:#/$;6/#=$4$T0<<#=#62043$%62#=<#=#6?#$Y562=412$XT%Y\>D32=4:053#2$30B"2

#U;0AA#/$80?=51?5A#$XcaO,M$'378A;1M$j4A46\C$$)6$ZOµe$:53;8#$941$A 34?#/$56$4$/=5A

9#33$130/#$46/$5@1#=:#/$;6/#=$T%Y$XN...Q$84B60<0?42056\C$ $D32=4:053#2$80?=51?5A7$941

;1#/$25$/#2#?2$:04@ 03027$5<$55?7121C$$L3;5=#1?#6?#$0610/#$2"#$55?712$941$?5;62#/$41$/#4/

46/$2"51#$2"42$/ 0/$652$<3;5=#1?#6?#$06$2"#$062#=05=$9#=#$?5610/#=#/$30:#C
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3.0 RESULTS AND DISCUSSION

!"#$ =#1;321$5<$2"#$80?=5@043$ =#85:43$12;/ 0#1$4=#$1"596$ 06$!4@3#1$d$ 2"=5;B"$N.C

!"#1#$ =#1;321$ 1"59$ 2"42$ 2"#$ ;6021$ ?46$ 4?"0#:#$ A#=?#62$ =#85:431$ 5<$ RRCRRRRS$ <5=

@4?2#=04M$ RRCRRS$ <5=$ :0=;1#1M$ 46/$ RRCRS$ <5=$ Cryptosporidium C$ $ %6$ 8512$ ?41#1M$ 2"#

=#85:43$ #Q?##/#/$ 2"51#$ =#U;0=#/$ 06$ 2"#$ +F)$ I;0/#$ E246/4=/$ 46/$ F=525?53$ <5=

J0?=5@0535B0?43$(42#=$F;=0<0#=1C

%6$1;884=7M$ 2"#$ %&&'()*+$,-.$ 1712#8$?46$8##2$ 2"#$80?=5@043$ =#85:431$ 41

=#U;0=#/$@7$2"#$DCEC$+6:0=568#6243$F=52#?2056$)B#6?7G1$I;0/#$E246/4=/$ 46/$F=525?53

<5=$ !#1206B$ J0?=5@0535B0?43$ (42#=$ F;=0<0#=1C$ $ %6$ 4//02056M$ 02$ 941$ A=5:#6$ ?4A4@3#$ 5<

=#85:06B$433$5<$2"#$84V5=$942#=@5=6#$/01#41#$ ?4;106B$@4?2#=04$<=58$942#=C$$a#A420201$)

:0=;1M$56#$5<$2"#$8512$"#42$=#1012462$#62#=0?$:0=;1#1M$941$4315$=#85:#/C

E06?#$ 4$ <#9$ 55?7121$ 9#=#$ 652#/$ 06$ 2"#$ A=5/;?2$ 942#=$ 06$ 2"#$ 0602043$ ?"433#6B#

2#1206B$5<$2"#$;6021M$ 4$:0243$/7#$941$;1#$25$ 411#11$2"42$:04@ 03027$XY48A@#33$#2$ 43CM$NRR,\C

!"#$ ?4==75:#=$5<$2"#$55?7121$0625$ 2"#$A=5/;?2$942#=$847$"4:#$@##6$/;#$ 25$ <=52"06B$5<

2"#$942#=$/;=06B$@50306B$5<$2"#$95=12$?41#$942#=C$$(5=12$?41#$942#=$ ?5624061$^.$8B>e$5<

5=B460?$8422#=$ 41$ ";80?$ 4?0/C$ $ !"#$ =#1;321$ /#85612=42#/$ 2"42$ 656#$5<$ 2"#$ 5@1#=:#/

55?7121$9#=#$:04@ 3#C$$!"01$01$652$1;=A=0106B$106?#$Cryptosporidium $55?7121$4=#$ P6596$25

@#$:#=7$1#61020:#$25$"#42$064?20:42056C$ $ %6$ 4//02056M$ 2"#$ :#=7$ "#42$ =#1012462$ "#A420201$)M

4/#65:0=;1$27A#$-M$46/$Mycobacterium fortuitum $:0=;1$9#=#$652$/#2#?2#/$ 06$2"#$A=5/;?2

942#=$/#1A02#$:#=7$"0B"$?"433#6B#$3#:#31C
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TABLE 7.
BACTERIAL REMOVAL/INACTIVATION RESULTS

(CFU/mL)

BACTERIA CHALLENGE PRODUCT
WATER

PERCENT
REDUCTION

Escherichia coli NC.,qN.R f^^ rRRCRRRRRd

Salmonella thyphimurium ^C,.qN.R f^^ rRRCRRRRRR

Shigella dysentariae ,C^.qN.R f^^ rRRCRRRRRR

Campylobacter jejuni NC..qN.Z f^^ rRRCRRRRd

Yersinia enterocolitica NC,.qN.Z f^^ rRRCRRRRd^

Vibrio cholera NC,ZqN.Z f^^ rRRCRRRRd-

Mycobacterium fortuitum NCbqN.N. f^^ rRRCRRRRRN

Hepatitis A virus*

Adenovirus type 2s NCbbqN.Rss fN[[ rRRCRRRRR

CFU = colony forming units
*TCID50 For adenovirus type 2, 30 mL of product water was assayed
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TABLE 8.
REMOVAL/INACTIVATION OF KLEBSIELLA TERRIGENA

(CFU/100mL)

DAY WATER
TYPE

CHALLENGE UNIT 1
PW

UNIT 2
PW

UNIT 3
PW

GEOMETRIC
AVERAGE

PERCENT
REDUCTION

N I#6#=43 NC[ZQN.N. f^^ f^^ f^^ f^^ rRRCRRRRRRR

, I#6#=43 RCbdQN.R f^^ f^^ f^^ f^^ rRRCRRRRRR

[ I#6#=43 NC,dQN.N. f^^ f^^ f^^ f^^ rRRCRRRRRRR

d I#6#=43 NC.NQN.N. f^^ f^^ f^^ f^^ rRRCRRRRRRR

Z (5=12 NC,dQN.R f^^ f^^ f^^ f^^ rRRCRRRRRR

R (5=12 NC,-QN.N. f^^ f^^ f^^ f^^ rRRCRRRRRRR

N. (5=12 ZC[dQN.R f^^ f^^ f^^ f^^ rRRCRRRRRR

N^ (5=12 dCNQN.R f^^ f^^ f^^ f^^ rRRCRRRRRR

PW = product water
CFU = colony forming unit
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TABLE 9.
REMOVAL/INACTIVATION OF POLIOVIRUS TYPE 1

AND ROTAVIRSUS SA-11
(PFU/LITER)

DAY WATER
TYPE

CHALLENGE UNIT 1
PW

UNIT 2
PW

UNIT 3
PW

GEOMETRIC
AVERAGE

PERCENT
REDUCTION

N I#6#=43 dCb[QN.d fNNN fNNN fNNN fNNN rRRCRRRZ

, I#6#=43 ZC..QN.[ fNNN fNNN fNNN fNNN rRRCRRZ

[ I#6#=43 ^CN.QN.d fNNN fNNN fNNN fNNN rRRCRRR[

d I#6#=43 [C[dQN.[ fNNN fNNN fNNN fNNN rRRCRRZ

Z (5=12 NC-.QN.[ fNNN fNNN fNNN fNNN rRRCRR,

R (5=12 bC^^QN.[ fNNN fNNN fNNN fNNN rRRCRRd

N. (5=12 bC[dQN.[ fNNN fNNN fNNN fNNN rRRCRRZ

N^ (5=12 NC..QN.[ fNNN fNNN fNNN fNNN rRRCRR

PFU = plaque forming unit
           PW = product water
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TABLE 10.
REMOVAL/INACTIVATION OF CRYPTOSPORIDIUM PARVUM

(OOCYST/LITER)

DAY WATER
TYPE

CHALLENGE UNIT 1
PW

UNIT 2
PW

UNIT 3
PW

GEOMETRIC
AVERAGE

PERCENT
REDUCTION

N I#6#=43 ,C..QN.[ fR,. fR,. fR,. fR,. rRRCRb

^ I#6#=43 NC[NQN.[ fR,. fR,. fR,. fR,. rRRCR-

b (5=12 NC.-QN.[ fR,. fR,. fR,. fR,. rRRCRN

d (5=12 RCNNQN.b fR,. fR,. fR,. fR,. rRRCZR

Influent samples were obtained using the Hemocytometer Method.
Effluent samples were obtained using the Propidium Iodide Method. Only live oocysts
were use for percent reduction calculations.
PW = product water
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APPENDIX 1

E48A3#$Y43?;3420561

Y43?;3425=o$Y4105$LQO^..1

I#58#2=0?$J#46

35B$qB$$t$$!$X35B$q0\
6

qB$ t$$462035B X35B$qB\

+Q48A3#o$!4@3#$ZM$2#12$6;8@#=$Z$<5=$:0=43$?"433#6B#1

35B$qB$$$t !uX35B$NNN\hX35B$NNN\hX35B$NNN\v$
^

t$$,C.-b^,^h,C.-b^,^h,C.-b^,^
^

$$$$ $$$$$$qB$$t$$$462035B$X,C.-b^,^\tNNN

F#=?#62$]#/;?2056

I#58#2=0?$4:#=4B#$Q$N..$t$)
)$01$2"#6$/0:0/#/$@7$Y"433#6B#$?56?#62=42056$t$c
c$2"#6$01$1;@2=4?2#/$<=58$N..$t$F#=?#62$]#/;?2056

+Q48A3#o$!4@3#$ZM$2#12$6;8@#=$Z$<5=$:0=43$?"433#6B#

NNNQN..t$NNMNN.

NNMN..$"$NC..QN.[$t$.C.NNN

.C.NNNON..tRRCRZR
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Appendix 1

Thermal Destruction of Waterborne and Water Based Pathogens

!"#$2"#=843$/#12=;?2056$5<$80?=55=B460181$"41$@##6$12;/ 0#/$06$B=#42$/#2403$ 06$2"#

<55/$06/;12=7$@#?4;1#$5<$2"#$ 08A5=246?#$5<$2"01$ A=5?#11$ 06$ P03306B$ <55/$@5=6#$ 1A5034B#

@4?2#=04$ 46/$A42"5B#60?$80?=55=B460181C$ $a59#:#=M$ 3#11$9#33$ 12;/0#/$ 01$ 2"#$ 2"#=843

/#12=;?2056$ 5<$ 942#=@5=6#$ 46/$ 942#=@41#/$ A42"5B#61C$ $ (42#=@5=6#$ A42"5B#61$ 4=#

2"51#$9"0?"$4=#$ 2=4618022#/$<=58$56#$";846$5=$ 460843$ 25$ 4652"#=$ @7$ 2"#$942#=$ =5;2#

#CBC$Salmonella,$ #62#=0?$ :0=;1#1C$ $(42#=@41#/$A42"5B#61$ 4=#$ 2"51#$ 5=B460181$ 9"0?"

B=59$06$2"#$942#=M$0C#C$LegionellaM$@ 3;#OB=##6$43B4#C$$)$3012$5<$2"#$84V5=$942#=@5=6#$46/

942#=@41#/$A42"5B#61$ 01$ 1"596$ 06$ !4@3#$NC$ $("03#$ @50306B$942#=$ 01$ 2"5;B"2$ 25$ P033$ 433

942#=@5=6#$A42"5B#61M$ <#9$12;/0#1$ "4:#$@##6$/56#$ 25$ /#2#=806#$ "59$ 356B$ 2"#7$ ?46
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Table 1.
BACTERIA, PARASITES, AND VIRUSES
FOUND AS WATERBORNE PATHOGENS

BACTERIA PARASITES VIRUSES

Y48A735@4?2#=$1AAC +62485#@4$"0125 3720?4 F5305$:0=;1

+1?"#=0?"04$?5 30 I04=/04$348@304 +?"5:0=;1

e#B056#334$1AAC Y=7A251A5=0/0;8$A4=:;8 Y5Q14?P0#$:0=;1$)$46/$c

J7?5@4?2#=0;8$1AAC )1?4=01$3;8@=0?5 0/#1 a#A420201$:0=;1$)$46/$+

F1#;/585641$4#=;B06514 ]524:0=;1

E43856#334$1AAC ]#5:0=;1

E"0B#334$1AAC )/#65:0=;1

*0@=05$?"53#=4 &5=943P$:0=;1

k#=10604$#62#=5?53020?4 )12=5:0=;1

)#=585641$"7/=5A"034
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TABLE 2.
THERMAL DEATH TIMES OF WATERBORNE PATHOGENIC BACTERIA

BACTERIUM TEMPERATURE(°C)/TIME (MIN) REFERENCE

)#=565841$"7/=5A"034 b.>^s I5=/56$#2$43CM$NRR,

Y48A735@4?2#=$1AAC db>N c46/=#1$#2$43CM$NRZZ

+1?"#=0?"04$?5 30 [b>N c46/=#1$#2$43CM$NRZZ

e#B056#334 [[>.C-bs E46/#6$#2$43CM$NRZR

J7?5@4?2#=0;8$1AAC
JC$4:0;8

d.>,
d.>,C^s

]5@@#?P#$46/$c;?""523W
NRR,

E43856#334$1AAC [b>N c46/=#1$#2$43CM$NRZZ

E"0B#334$1AAC [b>N c46/=#1$#2$43CM$NRZZ

*0@=05$?"53#=4 bb>Ns ]5@#=21$46/$I03@#=2M$NRdR

k#=10604$#62#=5?53020?4 [.>^. L=4W0#=$46/$(#12"5<<M$NRZZ

*Time for 90% inactivation of microorganism.

TABLE 3.
THERMAL DEATH TIMES OF WATERBORNE PARASITES

PARASITE TEMPERATURE(°C)/TIME (MIN) REFERENCE

Y=7A251A5=0/0;8$A4=:;8 d,C->N L47#=M$NRR-

I04=/04$348@304 b.s >N Y#=:4M$NRbb

+62485#@4$"0125 3720?4 [.>N Y"46BM$NR-^

*Time for 90% inactivation of microorganism.
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Table 4.
THERMAL DEATH TIMES OF WATERBORNE VIRUSES

$VIRUS TEMPERATURE (°C)/TIME (MIN) REFERENCE

F5305:0=;1 [.>,b e4=P06$46/$L41530201M$NRdR

)/#65:0=;1 [.>,. J4"6#3M$NRdd

Y5=564:0=;1 bb>, e4;/#M$NRZN

a#A420201$)$:0=;1 d.>N. E0#B3$#2$43CM$NRZ-

]#5:0=;1 [.>,. J4"6#3M$NRdd

]524:0=;1 b.>^. +12#1$#2$43CM$NRdR

Table 5.
FACTORS CONTROLLING THE THERMAL INACTIVATION

OF PATHOGENIC MICROORGANISMS IN WATER

Aa

E;1A#6/#/$E530/1

E432$Y56?#62=42056$XT0115 3:#/$1530/1\

!7A#$46/$Y56?#62=42056$5<$'=B460?$J422#=
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