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T he quality of reclaimed water has
become an important public-health
issue due to the application of reuse

water for public-access uses such as irrigation
in urban, environmental, agricultural, and
recreational areas; groundwater recharge; and
augmentation of potable supply.

“Reclaimed water” is defined as water
that has received at least secondary treatment
and basic disinfection at a domestic waste-
water treatment facility and is then deliber-
ately reused for beneficial purposes (OPPA-
GA 2000). Untreated wastewater contains a
variety of microorganisms, including bacter-
ial, viral and protozoan pathogens that may
pose a health risk if the reclamation process is
not properly controlled (Bitton 1994).

From 1986 to 2002, the use of reclaimed
water in the state of Florida increased from
206 million gallons per day (MGD) to 584
MGD. Forty-six percent was being used for
public-access areas by 2002 (FDEP 2003);
therefore, it is important to assess water qual-
ity, particularly in regard to pathogens during

the reclamation process.
This project evaluated filtration efficacy

at two water reclamation facilities. Plant A
has a design capacity of 43 MGD, and the
effluent is reused for groundwater recharge,
agricultural irrigation, and urban reuse. Plant
B has a design capacity of 7.5 MGD, and the
effluent is reused for groundwater recharge.

The wastew a ter tre a tm ent process at bo t h
plants inclu des pri m a ry and adva n ced secon d-
a ry tre a tm ent with filtra ti on . Pri m a ry tre a t-
m ent inclu des sep a ra ting large solids from the
w a s te stream thro u gh the processes of s c reen-
ing and sed i m en t a ti on . Adva n ced secon d a ry
tre a tm ent invo lves ch emical and bi o l ogi c a l
nutri ent rem oval and degrad a ti on of a ny
remaining solids and redu cti on of p a t h ogen s .

Plant A utilizes rapid sand filtration and
cloth media disk filtra ti on for su s pen ded
solids removal before disinfection. Plant B
utilizes upflow filtration before disinfection.
For disinfection Plant A uses gaseous chlo-
rine, while Plant B uses sodium hypochlorite.

Crypto s po ri d i u m and G i a rd i a a re two pro-

tozoa known to be waterborne pathogen s .
Both or ganisms are tra n s m i t ted thro u gh the
fec a l - oral ro ute , causing diarrhea and abdom i-
nal cra m p i n g. Crypto s po ri d i u m ooc ysts and
G i a rd i a c ysts are shed thro u gh the feces of
i n fected pers ons or animals and are resistant to
envi ron m ental stresses and disinfectants su ch
as ch l orine (Fayer, et al 2002); t h erefore , phys i-
cal rem oval of these or ganisms is important in
the recl a m a ti on process pri or to disinfecti on .

A study performed by Aqua-Aerobics
demonstrated a 2-log10 removal of cysts and
oocysts in biological treatment of wastewater
( Aqu a - Aerobic Sys tems In c . 2 0 0 3 ) . As a
result, treatment by filtration is the last step
to remove any remaining cysts and oocysts
before disinfection.

The obj ective of this stu dy was to eva lu a te
and com p a re the rem oval of Crypto s po ri d i u m
ooc ysts and G i a rd i a c ysts by three different fil-
tra ti on tech n o l ogi e s : cloth media disk, du a l -
m edia traveling bri d ge (sand/anthrac i te ) , a n d
u pf l ow con ti nuous backwash filtra ti on . In
ad d i ti on , the stu dy loo ked at the ef fects of
adding a po lya lu m i num ch l ori de (PAC) as a
coagulant to opti m i ze the filtra ti on proce s s .

N - Ni tro s od i m et hylamine (NDMA) has
been found in tre a ted wastew a ter and is
form ed in the pre s en ce of ch l ora m i n e s . ( Luo et
al 2003). NDMA is a carc i n ogen that is sen s i-
tive to light and degrades ra p i dly in the envi-
ron m ent (Soroushian et al 2001). One of t h e
goals of the proj ect was to measu re the ef fect of
i n c reasing po lym er dose on NDMA form a ti on .

Materials & Methods
Collection

The study was conducted at Plant A in
Orange County for a period of eight weeks.
Each week of the study indicates an individ-
ual sampling event during which the loading
rates of the sand filter, cloth-media filter, and
PAC dosage were varied. A similar ongoing
study is being conducted at Plant B.

The first six weeks of Plant A data and
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first week of Plant B data are presented in this
article. Table 1 shows target filter loa ding
rates and PAC doses. Filters were cleaned by
backwashing after each event.

Samples were collected from three sites
at Plant A (See Figure 1 for collection sites).
Site A collected post-secondary clarifier efflu-
ent (filter influent) from the influent water of
the cloth media disk filter tank. Site B was the
cloth media disk filtrate and C sand filtrate.

Samples for each site included two 1-L
amber glass bottles preserved with 0.2 g sodi-
um thiosulfate for NDMA analysis and on-
site filtration to an Envirocheck HV™ filter
for detecti on of G i a rd i a c ysts and
Cryptosporidium oocysts. Matrix spikes were
also collected at this time to determine the
recovery efficiency of the analytical method
in the sample matrix.

Filter Description
Plant A : The cloth media disk filter

(Aqua-Aerobic Systems Inc., Rockford, IL) is
comprised of 12 disk filters contained in a
304-liter stainless steel tank. Under normal
operating conditions, it can withstand an
average hydraulic loading rate of 4 g/min/ft2

with a maximum loading of 8 g/min/ft2. The
disks are lined up vertically in the filter tanks
and allow water to pass through for filtration.

The backwashing system consists of suc-
tion headers lined up around each individual
disk. The headers rotate around the disks and
suction the filtrate back through the cloth
media to dislodge particulate matter that is
embedded within the media. Backwashing
automatically occurs when the pressure dif-
ferential on the cloth media exceeds a specif-
ic level or when the tank levels get too high,
with a duration of 67 seconds. The filter tank

also allows for large particulate matter to set-
tle to the bottom, where the sludge produced
is removed by a centrifugal pump.

The dual media traveling bridge filter,
also at Plant A (Envi ron m ental Elem en t s
Corp., Baltimore, MD) is an automatic back-
wash gravity filter that uses silica sand and
a n t h rac i te coal as the filter med ium to
remove solids suspended in the water. The fil-
ter is 114 feet long and 15.75 feet wid e and
consists of a partitioned filter bed grouped
into 12-inch wide compartments. This filter
has a designed hydraulic loading rate of 2
g / m i n / f t2 and can handle as mu ch as 4
g/min/ft2.

The traveling bridge can travel across the
entire length of the filter during backwash-
ing, allowing the filter to remain in operation
during the cleaning process. The duration of
backwashing for the individual compartment
is 22-60 seconds.

The upflow continuous backwash filter
in Plant B (Dy n a s a n d , by Pa rk s on
Corporation, Fort Lauderdale, FL) is a con-
tinuously backwashed filter that uses silica
sand to filter solids out of the water as the
water flows up through the filter bed. During
backwashing, the sand moves down to the
bottom of the filter where an airlift pumps it
to a sand washer that cleans the sand and lets
it fall back to the top of the filter bed.

Crypto s po ri d i u m Ooc yst & G i a rd i a Cys t
Detection

A mod i f i ed vers i on of U S E PA
Method 1623: Cryptosporidium and Giardia
in Water by Filtration/IMS/FA (April 2001)
was used for simultaneous detection of the
cysts and oocysts. Since Method 1623 is a per-
form a n ce - b a s ed met h od , our labora tory ’s
standard operating procedure was as follows:

S Filtration—Samples were filtered on-site
using a diaphragm pump set up with a
water totalizer and the Envirocheck HV™
filter (Pall Gelman Laboratory, Ann Arbor,
MI). One hundred liters of sample was fil-
tered on - s i te or until the Envi roch eck
HV™ filter cl ogged . The filters were
l a bel ed , b a gged , p acked on ice and
returned to the lab for processing.
SMa trix Sp i ke— To determine the recovery

ef f i c i ency of Met h od 1623, a matrix spike
was co ll ected at each sample site for the
f i rst four weeks of the stu dy. A matri x
s p i ke is a sample that is co ll ected and then
s eeded with a known nu m ber of c ysts and
ooc ys t s ; it is then proce s s ed with the sam-
p l e s . Du ring the first wee k , a 20-liter car-
boy grab was co ll ected and retu rn ed to the
lab to be seeded with Co l ors eed (BT F,
Syd n ey, Au s tra l i a ) . Co l ors eeds contain 100
c ysts and ooc ysts each , wh i ch are stained
with a red flu ore s cent dye to differen ti a te
the spiked or ganisms from the indigen o u s
c ysts and ooc ysts pre s ent in wastew a ter.
Du ring the first PAC ex peri m en t , t h e
E nvi roch eck HV™ filters cl ogged before
20 liters of the matrix water was filtered .
Ma trix spikes perform ed for su b s equ en t
ex peri m ents used the fo ll owing procedu re :
Re a gent water was seeded with Co l ors eed
or ganisms and thoro u gh ly mixed ; the su s-
pen s i on was filtered pri or to filtering the
s a m p l e . In this manner, equ iva l ent vo l-
umes of the samples and matrix spike s
were co ll ected . Recovery ef f i c i ency was
determ i n ed for each matrix spike using
Equ a ti on 1.

Equation 1:
Matrix Spike Recovery Efficiency

S E luti on / Con cen tra ti on— E luti on bu f fer
was prepared with Lauryl Sulfate and elut-
ed by a wrist-shaker at 900 rpm. The sam-
ples were concentrated by centrifugation at
1,500 x g for 15 minutes and the super -
natant was carefully aspirated without dis-
turbing the pellet, leaving 5 milliliters of
supernatant per every 0.5 milliliters of pel-
l et . The pell et was re su s pen ded in the
remaining supernatant, divided into 5-mil-
liliter aliquots, and transferred to a 16 x
125-millimeter Leighton tube with a 60 x
10-millimeter flat-sided capture area.
S I M S— Samples were furt h er con cen tra ted

t h ro u gh immu n om a gn etic sep a ra ti on

Recovery Efficiency =

Figure 1: Schematic of Treatment Process with Collection Points

No. Colorseed cysts
or oocysts counted

No. Colorseed cysts
or oocysts spiked

x 100
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(IMS) using an Au reon CG Com bo Ki t
( Au reon Bi o s ys tem s , Vi en n a , Au s tri a ) . F ive
m i ll i l i ters of A-I M S bu f fer™ were ad ded in
t h ree increm ents (2+2+1 mill i l i ter) to the
one final cen tri f u ge tu be and mixed thor-
o u gh ly to en su re that all re s i dual sample was
su s pen ded and tra n s ferred to the Lei gh ton
tu be . One hu n d red micro l i ters of
Crypto s po ri d i u m A-Beads and G i a rd i a A-
Be a d s e ach were ad ded to the samples in the
Lei gh ton tu be and mixed on a ro t a ti n g
m i xer at 23 rpm for 45 minute s . The sam-
ples were placed on a Ma gn etOn 4T™
( Au reon Bi o s ys tem s , Vi en n a , Au s tria) wi t h
the captu re wi n dow ad jacent to the magn et
and gen t ly rocked for one minute . Wi t h o ut
rem oving the tu be from the magn et , t h e
su pernatant was dec a n ted . The or ga n i s m
m a gn etic be ad com p l ex was tra n s ferred to a
2 . 0 - m i ll i l i ter cen tri f u ge tu be by su s pen d i n g
the com p l ex in three increm ents of 3 3 0
m i c ro l i ter each of I T-Wa s h Bu f fer ™ . Th e
com p l ex was placed in a MPC-S magn et
( Dy n a l , L a ke Su cce s s , N Y) and rocked gen t ly
for 30 secon d s . The su pernatant was caref u l-
ly aspira ted wi t h o ut disru pting the pell et .
This wash step was repe a ted on ce more
using 1 mill i l i ter of I T-Wa s h Bu f fer ™ .
Ma gn etic be ads were rem oved from the
or ganisms by acid dissoc i a ti on , wh i ch is
accom p l i s h ed by adding 50 micro l i ters of
0.1 N HCl to the com p l ex , vortexed for 15
s econ d s , s et for 10 minute s , vortexed aga i n
for 10 secon d s , and then placed on the
MPC-S magn et . The 50-micro l i ter acid su s-
pen s i on was tra n s ferred to a Wa terborn e
Su pers ti ck slide (Wa terborne In c . , New
O rl e a n s , LA) with 15 micro l i ters of Na O H .
Acid dissoc i a ti on was repe a ted two more
ti m e s . Su b s equ ent acid su s pen s i ons were
ad ded to the same well as the firs t . Po s i tive
and nega tive staining con trols were pre-
p a red for qu a l i ty assu ra n ce purpo s e s .
S Im mu n of lu ore s cen ce As s ay— The slide s

were air- d ri ed overn i ght and then stained
using Aqu a - glo G/C Di rect flu ore s cein anti-
body kit (Wa terborn e , New Orl e a n s , LA ) .
One drop of Aqu a - glo G/C Di rect was
a pp l i ed to each sample well and incubated
for 30 minutes at 35˚C. Saline wash bu f fer
was ad ded to each well to rinse of f the anti-
bod i e s . Sl i des were ti l ted and re a gents were
wi cked of f with a paper towel . One drop of
co u n terstain was app l i ed to each well (to
i n h i bit non - s pecific back ground flu ore s-
cen ce) and repe a ted on ce . F i f ty micro l i ters of
4 ’, 6 - d i a m i d i n o - 2 - ph enyl i n dole (DA PI) was
a pp l i ed to each well and the excess wi cked
using a paper towel . One drop of 101 No -
Fade mounting med ium (Wa terborne In c . ,
New Orl e a n s , LA) was placed in the well and
a cover slip app l i ed , t h en sealed with cl e a r
nail po l i s h . The slides were ex a m i n ed micro-

s cop i c a lly using an Olympus BX51 ep i f lu o-
re s cent micro s cope (Olympus Am erica In c :
Melvi ll e , N Y) . Cysts and ooc ysts were con-
f i rm ed by flu ore s cen ce , s i ze and shape , a n d
pre s en ce or absen ce of DA PI stain and ex a m-
i n ed for internal fe a tu res by differen ti a l
i n terferen ce con trast (DIC) at va rious mag-
n i f i c a ti ons (250-800X). O oc yst con cen tra-
ti ons and met h od detecti on limits were cal-
c u l a ted using Equ a ti on 2.

Equation 2: Sample Recovery

• Where T=True value of Indigenous cysts or
oocysts.

• When T = 0, detection limit is calculated by
calculating T=1 and expressing sample
re c o v e ry as “Less than” (“<”).

S D etecti on of N - Ni tro s od i m et hyl a m i n e
(NDMA)—Analysis of NDMA was per-
form ed using a mod i f i c a ti on of t h e
m et h od devel oped by the Ca l i forn i a
Dep a rtm ent of Health Servi ce s
(www.dhs.cahwnet.gov). One liter of sam-
ple was processed by a neutral extraction
with methylene chloride and concentrated
to a final volume of 1 milliliter. The extract
was analyzed using a Gas Chromatograph/
Mass Spectrom eter (GC/MS) (Agi l a n t
Tech n o l ogi e s , Palo Al to, Ca l i fornia) in
Selected Ion Monitoring mode to look for
mass 74, which is indicative of NDMA
using electron ionization.
S Statistics—Removal efficacy was calculat-

ed for o ocyst levels using the follow ing
equation:

Equation 3:
P e rcent Removal for cysts and oocysts

Percent Removal (%) =

For Cryptosporidium and Giardia, percent
removal was based on the actual counts and
not those that were corrected for method
recovery efficiency in order to reflect how
the data would be reported for compliance
purposes.

Results 
Plant A Results

A total of 27 samples were collected over
a period of three months (November 2003

through January 2004). Each week a different
set of filter conditions and PAC dosage was
evaluated (Table 1).

The rem oval of G i a rd i a a n d
Crypto s po ri d i u m at manu f actu red de s i gn
loading rates with the various PAC doses is
shown in Figure 2. The highest Giardia cyst
removal was found using PAC addition at 14
p a rts per mill i on (ppm ) . The percen t
removal was 99.62 percent on the sand filter
and 92.69 percent for the cloth media filters.
Based on these results, a PAC dose of 14 ppm
was utilized for the balance of the study at
various filter loadings. Cryptosporidium was
effectively removed by both filters at PAC
doses of 7 and 14 ppm.

The effect of the hydraulic loading rates
on removal efficacy can be seen in Figure 3.
Both Crypto s po ri d i u m and G i a rd i a s h ow
h i ghest rem oval at manu f actu rers’ de s i gn
loading rates for all three filter media. Figure
4 shows the effects of the hydraulic loading
rates on Giardia and Cryptosporidium at the
optimal PAC dosage (14 ppm).

All samples were analy zed for NDMA in
the filter influ ent and ef f lu en t . No NDMA was
detected in any of the samples at the labora to-
ry ’s instru m ent detecti on limit of 100 ng/L.
The Envi ron m ental Pro tecti on Agency (EPA )
e s ti m a tes a 10- 6 c a n cer risk for NDMA in
d rinking water at 0.7 ng/L. Ca l i fornia has
e s t a bl i s h ed an acti on level for NDMA in dri n k-
ing water of 10 ng/L. Im provem ents in analyt-
ical met h ods are nece s s a ry to ach i eve lower
detecti on limits before we can con f i rm that
NDMA is not pre s ent in the recl a i m ed water.

Plant B Results
Data for plant B were collected in May

2002. The flow rate for the plant was 3.54
million gallons with a hydraulic loading rate
of 3.08 g/min/ft2 to the upflow continuous
backwash filter. Under these operating condi-
tions, 96.83 percent of cysts and 86.67 per-
cent of oocysts were removed by filtration.

Discussion
The Florida Dep a rtm ent of E nvi ron -

mental Protection’s current guidance levels
for Cryptosporidium and Giardia in reclaimed
effluent are 5 oocysts per 100 liters and 22
cysts per 100 liters (York et al 2002). The vari-
ability of Cryptosporidium and Giardia con-
centrations in the filter influent are highlight-
ed in this study.

It is notewort hy that G i a rdia c yst level s
va ri ed in Plant A , de s p i te being co ll ected at
a pprox i m a tely the same time each day. G i a rd i a
con cen tra ti ons ra n ged from 2,532 cys t s / 1 0 0
l i ters in Week 1 to 129 in Week 4.
Crypto s po ridium l evels in the influ ent va ri ed
f rom 89 in Week 1 to <7 in Week 3. These va ri-
a ti ons affected the abi l i ty to eva lu a te the data.

No. cysts or
ooc ysts/100 L
F i l ter In f lu en t x 100

No. cysts or oocysts/100 L
Post Secondary Clarifier

No. c ysts or
ooc ysts/100 L

Filtrate
-

T
No. liters filtered

x 100

No. cysts or oocysts/100 L  =
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A 2003 stu dy perform ed by Aqu a -
Aerobic Sys tems In c . to eva lu a te Crypto -
s po ridium and G i a rdia rem oval by cl o t h
media filters showed similar results. In 50
percent of the sampling events of this study,
Crypto s po ridium was bel ow the detecti on
limit.

Th o u gh levels of G i a rdia a n d
Crypto s po ridium va ri ed in influ ent and ef f lu-
ent waters , t h ro u gh o ut the stu dy, the sand fil-
ter rem oved a high er percen t a ge of c ysts and
ooc ysts com p a red to the cloth media disk fil-
ter. Except for one sampling even t , the percen t
rem oval of G i a rdia c ysts rem a i n ed bet ween 85
and 99 percent for the sand filter, versus the
cloth media disk filters , wh i ch flu ctu a ted from
5 to 92 percent rem ova l . The sand filter
s h owed optimal rem oval of G i a rdia c ys t s
(99.62 percent) at a PAC do s a ge of 14 ppm and
hyd raulic loading ra te of 2.16 g/min/ft2.

Cryptosporidium was not detec ted dur-

ing this event; however, based on the removal
of Giardia cysts (2.5-log10), the PAC dosage of
14 ppm was chosen as the optimal dosage for
the remainder of the study.

The highest dosage of PAC at 21 ppm
resulted in difficulty with sample collection.
The high turbidity and suspended solid levels
in the influent waters caused the Envirocheck
HV™ filters to clog at 8.5 liters. Debris and
PAC that remained in the sample through
processing for USEPA Method 1623 inter-
fered with microscopy, showing a low percent
recovery of 6-7 percent for all three samples.
The levels reported for these samples were
con s erva tive , and data su ggests incre a s ed
numbers of Cryptosporidium in the filt rate.
The difficulty in discerning cysts and oocysts
from debris is hig hlighted by the fact that
Cryptosporidium and Giardia could not be
well differentiated from PAC and debris in
the influent samples.

The cloth media disk filter consistently

had a lowe r rem oval than the sand filter .
There was only one sampling event that the
cloth media disk filter was able to achieve a 1-
log10 removal (4.13 g/min/ft2 and 14 ppm
PAC). The addition of PAC doesn’t appear to
significantly improve pr otozoa removal in
the cloth media disk filters.

Since this is an ongoing study, similar
data collection still needs to be completed at
Plant B. Initial testing on Plant B at design
loading rate with no PAC indicates a 1.5-log10

removal of Giardia and a 1-log10 removal of
Cryptosporidium by the upflow filters. Future
proj ects wi ll inclu de ad d i ti onal te s ting at
both plants.

Plant A intends to take all sand filtration
off line and replace the sand filters with addi-
tional cloth media disk filters. The project
will include testing the cloth media filters at
full operation, as well as re testing with no
PAC and lower PAC dosages at high flows.

In addition to the location at filter efflu-

Figure 3: Effects of Hydraulic Loading Rates on Giardia and
Cryptosporidium Removal Efficacy of Three Filter Media without
PAC

Figure 2: Effect of Different PAC Doses on Sand and Cloth
Filter Removal Efficacy of Giardia & Cryptosporidium
Manufacture Designed Hydraulic Loading
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ent, we will evaluate Cryptosporidium and Giardia levels post-disin-
fection. We plan to include infecti vity assays of Cryptosporidium
oocysts and Giardia cysts in the influent to filtration, effluent of fil-
tration, and post-disinfection effluent.
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