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PERFORMANCE EVALUATION 0F CERAMIC
“ FILTER CANDLES
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By Malay Chaudhuri,' Sanjeev R. Verma,? dnd Anirban Gupta®

AssTRACT: The performance of two ceramic filter cundics and one sn\\'ct-m‘\‘;
pregnated ceramic filter candle with a layer of activated arbon. randomiy sciecte
from those available in the Indian commercial market. were evaluated cmploying
the Escherichia coli and poliovirus challenge tests and 4 long-duration fikration
test mimicking the home treatment of wates. None of the candles appearcd rchablg
as micsobiological water purifiers. The study indicated that specifications/standards
should require fifter candtes to retain suspended partictes down 10 a size of 1 pm
10 ensure at least a bacteriologically safe filtrare. Additional disinfection or boiling
must be practiced during suspected vutbreaks of waterborne viral discases.

INTRODUCTION

In recent vears, the ceramic filter candle (Berkefeld filter) and its mod-
ification (silver-impregnated., with or without activated carbon) have bccl(‘)m.c
popular in the developing world for the home lrc:llmcnyiof grmfnf] \‘\‘llt..;
(hand-pump or dug well) or municipal water supply that is often Su.\!x_c'l‘ 0.
inadequate tatment aad/or contimination during d\AS{f\h}lll(H\,‘l\'d\‘(_(’llél‘n‘g'
cluims these candles produce clean, pure, and microbiologically safe drinking
water that attract consumers. 11 is essential that such claims accusately reflect
their performance potential (Tobin 1984). Greater efforisare needed fulcnn‘lm'!
their quality and assess theie suitability for tropical scttings (Chaudhuri
aand Nattar 1990). _ _ o

The number of studics to evaduate the perlopmance of ceramic fifter
camdles Bas been scanty even though .\‘pccil1c;u;mnx/gmdc :\'liillllil!"l..’?f "_”f’
protocols for testing microbiological water purifiers are available ( SP“,I..
fications” 19752~ Guide™ 1987). Inan Indian study {bascd on c]ml’lcngc tests
asintg clin-spiked and artificially contaminated ground water), _}\ulk:\mI\' et
Al (LS observed that ceramic filter candles were satisfactory i removing
turbidity but produced filtrates of unaceeptable bacteriological quahity. lxt
a4 Canadian study (CAssessing” 1980) silver-impiegnated ceramic candle
devices. designed for in-line (countertop or mulu‘-llw-sm}() use. reduced
the indicator bacteria (total coliforms) in smvgtgc-cont;munutcd water (0
below detectable level and heterotrophic bacteria (standard plate count) (o
usually less than SO0 colony-forming units per mb (cfu/mL}. L dles

Thc/prcscnl study evaluated the performance of two ceramic fiher C'.llll‘d <_s
(C-1 and C-2) and one sitver-impregnated ceramic filter candle with a ayer
of activated carbon (C-Ag). The candles were randomly sclcctqd from thou?
available in the Indian commercial market. Pertormance testing lpcludcq.
(1) An Escherichia coli challenge test, (2) a long-duration ﬁllrau(.),n test,
mimicking home treatment; and (3) a poliovirus cbl;\llcngc.lcst. These three
tests were carried out in their respective filter units supplied by the candle
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manufacturers. A filter unit (:';)merised a top chamber (to house the candle
and serve as a raw water reservoir) placed above a bottom chamber fitted
with a tap (to serve as storagg for the filtrate). Using a bubble test (**Spec-
ifications™” 1973), the “‘maxirium pore diameter” of the candles was esti-
mated as 18.8 pum (C-1), 39.2 um (C-2), and 16.0 um {C-Ag). The Indian
Standard (“*Specifications™ 1975) limits the maximum pore diameter of ce-
raric filter candles to 30.0 pm.

E, COU CHALLENGE TEST

A pure culture of E. coli (NCIM 23570). obtained from the Nutional
Collection of Industrial Microorganisms, was cultivated in broth to achieve
a vigorous (logarithmic) state of growth, washed off nutrients by centrifu-
gation, und introduced into 9 L of sterife tap water (a ground-water supply
without chiorination) to produce a chillenge level of 292,000 1,800,000 cfu/
mL. This water was then poured into the top chamber of a filter unit and
allowed to pass through the cindle into the bottom chamber. After about
) hr of filter run. duplicate sinples of the filtrate were collected from the
candle outlet and examined far £, coli, using u pour plute method (35°C
incubation for 48 hr un plate count agar). Any silver residual in the filtre,
from the silver-impregnated candle, was neutralized immediately upon col-
fection by adding 1.0 mbL of Chamber's solution (7.3% sodium thiosulfate
plus 5% sodium thioglycotate) 1o 100.0 mL of sample {Tobin 1987). Candles
C-1and C-2 were subjected to two challenge tests, whereas ene test was
performed with candle C-Ag.

According to the test results (Tuble 1), none of the candles satisfied the
reduction requirement of microbiclogical water purificrs, ¢.g.. a bacteria-
free filtrate (Specifications™ 1975) or a six-log reduction *Guide™ 1987)
1 the bactena chalienge tests,

LONG-DURATION FILTRATION TEST

Purification of ground water by the filter candies was examined in i long-
duration filtration test using water from a dug well. Characteristics of the
water were pH 7.2-7.5. alkalinity 380-430 mg CaCO, /L. turbidity 2.0-2.2
nephetometric turbidity units (NTU), heterotrophic bacteria 255--1.450 ¢fu/
mL. and no detectable fecal coliforms. Eight to nine liters of the water were
poured into the top chamber of a filter unit, twice daily (morning and
cvening), and allowed to pass through the candle into the bottom chamber.

TABLE 1. E. COLI and Poliovirus Reduction in Challenge Test

E. COL/ POLIOVIRUS
Number in Filtrate Number in Filtrate
{clu/mL) (PFU/L)
Candle | Test? Test 2 | Log Reduction {Sample 1{Sample 2| Log Reduction
(1) {2) (3} (4) (5} (6) {7)
C-1 2,210 4,750 2.12--2.43 72.500¢ | 100.000¢ 1.91-1.77
C-2 10,060? 21,700 1.46-1.77 450,000¢ | 433.000¢ 1.12-1.14
C-Ag 1.6007 — 3.05 475,000 | 150 .000¢ 1.21-1.71

Note: Influent challenge: 292,000 cfw/mL, *1.800.000 cfu/mL. <1.290.0(§) cfu/mL,

95,925,000 PFU/L. and <7,750.000 5&3‘ A
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Samples of raw water and. filtrate were collected&in the morning and ex-
amined fos turbidity and heterotrophic bacteria uging a pour plate method
¢35°C incubation for 48 hr on plate count agar). /}\ny silver residual in the
filtrate. from the silver-impregnated candle. was,neulra‘iized immediately
upon collection. as described carlier. Following every 14 filter runs (7 days).
a candle was either scrubbed (2-3 min of cleaning under running water with
4 soft bristle brush to remove adhering deposits) or scrubbed and boiled
for 15 min (10 sterilize the candle). .

The ground water was spiked with settled sewage (1.0 mL-10 L of ground
water) and used in the last 14 filter runs (22-28 days) to examine the
reduction of fecal coliforms. as well as turbidity and heterotrophic bacteria,
by the candies. The spiked water showed 1.000~4.000 fecal coliforms(l()()
mL. and 5.800-20.000 cfu/mL. of heterotrophic bacteria. A membrane filier
methad (34.3°C incubation for 24 hr on M- FC medium) was used for fecal
coliform enumeration.

Performances of the candles in removing turbidity and bacteria are shown
in Figs. I and 2. Days of operation and corresponding filirate volumes in
fiters are shown in the abscissa. All three candles produced filtrates of
comparable quality. throughous. Silver impregnation or differences in therr
maximum pore diameter were not significantly reflected i their perfor-
mance. About one-log reduction in turbidity, hetcrotrophic bacteria, and
fecal coliforms was observed. None of the candles produced o bacteri-free
filtrite: however, filtrate from the silver-impregnated candfe showed the
least fluctution in heterotrophic bacteriad density. Filtrate turbidity ranges
were O L= 23 NTU (C-H 0 10=-0.20 NTU (C-2), and 0 13-0 16 NTTU (C-
Ag). Density of heteratrophic bacteria in the Blates vared in the range
o= 280 cludmt, (C-1), 80= 180 cfu/ml. (€-2), and 6= 160 cfu/ml. (CAg) in
the inttad filter runs, and 300=5.000 cfa/md. (C-4, 300-2,700G cfu/ml. (¢
21, and LOOUS 2000 cfu/mit, (C-Ap) in the filter rans using sewape-spiked
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FIG. 2. Turbidity and Bacteria Removal by Sliver-impregnated Candle (-Ag

pround water, Al three candles showed o range of T50-300 fecat coliforms/
IO mi, v the fltrate.

The saperior performanee of the Canadian candie devices reported (" As-
sexsing” [980) were primarily due to their finer pore diameter (suspended
particles farger than O wm wese retimned on the candle surfice) compired
to the Indian condles tested. They were cffective in removing bacteria by
exclusion {Tobin 1987).

Over time, o considerable reduction in filtration rate was observed for
ali three candles. Filtration rate improved noticeably following cither scrub-
bing or scrubbing and boiling. Actual measurements of filtrition rate were
not made, and the observation was based on the time taken for the water
in the top chamber of the filter unit to pass through the candle into the
battom chamber. No significant change in performance was observed due
to the effects of scrubbing. or scrubbing and boiling.

The bacterial colonies in the filtrate from the silver-impregnated candie
(C-Ag) were different in appearance from those in the filtrates from the
candles C-1 and C-2. Presumably, silver served as a sclective agent, allowing
only silver-tolerant bacterial strains to grow, as observed in the case of
silver-impregnated activated cart-on filters by Geldreich and Reasoner (1990).
This may account for the lower degree of fluctuation in heterotrophic bac-
terial density in the filtrate from the silver-impregnated candle that was
observed in the study.

The occurrence of pigmented bacteria {yellow, orange, pink, or brown)
was observed both in raw water as well as in the filtrates from all three
candles. These organisms generally appear to be part of the normal bacterial
flora of clean water, often occurring in high numbers in waters low in
nutrients (Geldreich and Reasoner 1990). The ratio of density of the pig-
mented colonies to total hct/qro;rophic bacterial density was higher in the
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filirates than in the raw waters for all three candles. This was contrary to
what was reported for activated carbon filters l{y Geldreich and Reasoner
{1990). Thev considered the pigmented bucterialas potentially useful mark-
ers that might aid in interpreting changes in thi microbiological quality of
the water treated by point-of-use water lrcatmc?ﬂ devices. This aspect war-
rants a more systematic study. ]

.

{
POLIOVIRUS CHALLENGE TEST

Following completion of the long-duration filtration test, the candles were
scrubbed and bailed, and subjected to a poliovirus challenge test using a
procedure similar 10 the E. coli challenge test. Four liters of ground water
{same as used in the long-duration filtration test) were spiked with poliovirus
type 1, obtained from the Indian Council of Medical Research Enterovirus
Research Center, 10 produce a challenge level of §.925,000-7,750.000 plague-
forming units per liter (PFU/A). Two samples of the fittrate (0.5 and 2.5 L
throughput) were collected from the candie outict and examined for polio-
virus, by plaque assay (Smith and Gerba 1982), on the MA-104 cefl fine
obtatned from the National [nstitute of Cholera and Enteric Diseases,

According to test results (Tuble 1), none of the candles satishied the four-
log virus reduction requirement for microbiological water purificrs (- Guide™
1Yx7).

““Guide standard and protocol for te
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Spectfications for ceramic water, filiers.
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The coramic or silver-impregnated ceramic fifter candtes tested were not
found to be rediable as microbtological witer punificrs, They provided onty
wmoderate barner of safety Tor untreated pround watey,

Ceranue Gilter candles bring about the physieal remaoval of suspended
particles ke chays and microorganisms (free or bound to Targer suspended
particies) by depth filtration. Bratish ceramic filteds candles, with a maximun
pore size i the range of 4.5~5.5 pm, were Tound to effect greater than
four-tog reduction al £, codi and other suspended particies down to o size :
of 1.O pm (Frost, personal communication, 19923 n an Indian study (Joshi
et all US4, laboratory-made ceramic filter candles with Y0% of the pores
in the size range of 1.2-5.0 pm produced filtrafes with no detectable col-
forms. Canadian ceramic candle deviees that were able to retaim suspended
partictes larger than 1.0 pm produced bacteriologicatly aceeptable filtrates
(" Assessing” 1980). A consideration of these findings and results of the
present study indicates that specifications/standaids should require ceramic
filter candles to retain suspended particles down 10 a size of 1.0 pm (average
size of bactesia) to at least ensure a bacterniologically safe filtrate, Such
candles. however, may not retain human pathogenic viruses (because of
their small size. 0.02-0.25 pwm) unless they are bound 1o lasger suspended
particles. Additional disinfection or boiling must be practiced during sus-
pected outbreaks of waterborne viral diseases.
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