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What does a Refrigerator ‘Filter Cartridge’ do?
Since refrigerators often come in houses and last for decades, it can be a major household event
when a brand new unit arrives. In fact, in our 39 years of marriage, this year was only my wife’s second
opportunity to purchase one of her very own choosing. In addition to dual thermostats, night lights and
numerous storage conveniences, our shiny new appliance came with a water ‘filter’, or more properly, an
in-line plastic cylinder containing a small quantity of granular activated carbon. To one who has
conducted scientific studies of drinking water quality for half a century, the opportunity to compare the
water issuing from our new refrigerator dispenser with our local (Columbia, Missouri) tap water was
irresistible.

Cutaway view of a replacement refrigerator ‘filter’ cartridge and its carbon contents

Water and Ice
Shortly after its arrival (and after the recommended 10 liter purge of water from the dispenser), I
began collecting samples of water every few days from my refrigerator’s water dispenser as well as from
the kitchen tap for comparison. There was little question that the refrigerator water tasted cold and
refreshing, especially with crushed ice. To make this comparison still more interesting, I subsequently
began collecting ice cubes separately from the refrigerator and hot water, as well as cold, from the
kitchen tap. All samples were ‘first draw’ samples meaning that neither the dispenser nor the faucet had
been used overnight before samples were taken.

Sampling kitchen tap (left) and refrigerator dispensers (right)
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Looking for Particles and Microorganisms - Ultraviolet Light Microscopy
In
preparation
for
microscopic
examination, equal volumes of each liquid
sample (after melting the ice) were passed
through a membrane to retain particles as small
as bacteria. A drop of fluorescent dye was then
added to stain any organisms on the membrane
so that they would fluoresce under ultraviolet
light illumination.
Micrographs of typical portions of each
membrane were taken using a digital camera.
To my surprise, differences in the waters did not develop slowly, but were immediately evident.
Even after several weeks of observation, the initial results appeared consistent and reproducible.
Since the municipally-treated tap water drawn from my kitchen faucet is chlorinated, it contains
few or no bacterial cells and, indeed, few particles of any kind. However, the hot water from my kitchen
tap showed an assortment of small chips and debris, possibly derived from corrosion products formed in
my hot water heater. Although heat-loving bacteria often colonize hot water heaters, sometimes causing
odors, few bacteria of any kind were evident in my hot water.

Micrographs showing particles in chlorinated tap water: cold (left) and hot (right)

In contrast, from its arrival, my refrigerator dispenser yielded water that consistently exhibited a
number of red-fluorescing bacterial cells. At the suggestion of my daughter, I began taking a succession
of samples from the water dispenser to see if the flushing of a few glasses of water would significantly
reduce the number of bacteria in the water. While seemingly wasteful, her proposed approach seems to
work. The micrographs, below, illustrate the relative numbers of bacterial cells observed in two
successive glasses of refrigerator dispenser water.
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Bacterial cells observed in first (left) and second glasses of water drawn from refrigerator dispenser

What kind of ‘Filter’ adds particles to Water?
Although the organisms appeared more rapidly than I expected, the presence of bacteria in
water from the refrigerator dispenser was predictable. It is well-known that carbon, a reducing agent,
readily consumes chlorine. It is this absence of chlorine that consumers cite as their perception that the
water quality (taste) has improved. In the absence of a disinfectant residual, bacterial growth will occur.
This is particularly true on the surface of activated carbon which adsorbs and concentrates organic
matter. For example, activated carbon is used to decolorize rum and sugar. The organic compounds
adsorbed on the surface of activated carbon granules then provide a substrate for bacterial growth.
Want Ice in Your Drink?
More interesting, and still a mystery to me, are the reasons for the large accumulation of
fluorescing matter and bacterial cells I found in melted ice. One might have expected the bacterial
populations in ice to be similar to those found in the dispenser water. While these large bacterial
populations may have been scoured from the brand new ice maker mechanism and might decrease with
time, I plan to keep looking so I won’t have to guess.

Large numbers of bacterial cells were present in samples of melted ice
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At my son’s suggestion, I tried partially melting the ice cubes to remove their surface. I compared
this initial melt with the melted remainder. I repeated this several times and found that the initial melt
contained more debris and bacteria than the subsequent melt. While this procedure may or may not
improve the taste, discarding the initial melt water before using the ice may reduce both the amount of
entrained particles and the number of bacteria in my drink.

Ice Cubes (surface melt, left; residual melt, right)

Meanwhile, examination of unfrozen water removed directly from the ice maker freezing tray
showed bacterial populations comparable to those found in the dispenser water. From this observation, it
appears that the ice-making process may result in the progressive concentration and precipitation of
solutes in the water that subsequently appear as particulate matter on melting.

Avoiding Drinking Water Quality Deterioration
Since I assume that most of the bacteria observed are not pathogens, I am not fearful of disease
from the dispensed organisms. I plan to drink the refrigerator dispenser water and use the ice. However,
I will generally discard the first glass of water from the refrigerator water dispenser and possibly rinse the
(whole) ice cubes with tap water before using.
However, in a few months, when the activated carbon dechlorinator/adsorber cartridge is
exhausted (if it isn’t already), my experiment is over. I plan to discard the adsorber and, if necessary,
install a bypass line to my water dispenser. I can’t see any benefit in maintaining a reverse ‘filter’ that
contributes particles and bacteria, even if they are benign, to my drinking water.

Warning on replacement refrigerator icemaker ‘filter’
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Epilogue - The Refrigerator as In-Home Water Treatment Facility
Five months after purchase, we received a reminder that we should consider replacing the ‘water
filter’ that was built into our refrigerator. Not including taxes, the ‘exact filter’ replacement needed would
cost $40.00 (actually, only $39.99). This timely reminder coincided with the refrigerator’s built-in,
illuminated ‘Water Filter Status Display’ that counts down ‘filter life’ from 99%. The little green LED
display stood, unblinking, at 6%. Filter ‘capacity’ is estimated at ‘up to 100 gallons...’
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As indicated on its label, this ‘ultimate replacement filter’ is certified (testing was conducted at
70˚F) to reduce (not necessarily remove) lead, cysts, turbidity, total trihalomethanes, asbestos, mercury,
toxaphene, MTBE (a gasoline additive), atrazine, lindane, alachlor, endrin, benzene, o-dichlorobenzene,
tetrachloroethylene, ethylbenzene, monochlorobenzene and tastes-and-odors (most particularly,
chlorine). In all fairness, the manufacturer acknowledges that these contaminants “are not necessarily in
all user’s water” and that “individuals requiring water of certain microbiological quality should consult their
physician.”
If your household water actually contained excessive amounts of any or all of the contaminants
listed, unless you planned to draw all of your water for drinking, cooking, bathing and showering from your
refrigerator, you might want to consider treating your entire household supply. With a range of volatile
organic substances in your water, even singing in your shower could constitute a health hazard.

One Final Check
One last time, I took samples of the tap, refrigerator dispenser water and ice to observe the
microbial populations at the stage of operation when the ‘filter’ was nominally exhausted. The
micrographs below, appeared much the same as those taken at the start of this microscopic tour.
Although some small, green-fluorescing cells were evident, the City of Columbia tap water was
largely free of organisms. Alternately, the refrigerator dispenser water contained substantial numbers of
brightly-fluorescing, rod-shaped cells, sometimes colonizing what appeared to be amorphous slime
particles.

Columbia, Missouri Tap Water (left)

and
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Refrigerator Dispenser Water (right)

While it also appeared as before, identification of the material from the melted ice still presented a
challenge. The heavy layer of debris required that ever smaller volumes of the melt be membrane-filtered
before any bacterial cells became evident. However, I am speculating that the mass of material derives
from the salts, including calcium carbonate, that precipitate as the ice cube is being formed.

Melted Ice

The ‘Ultimate’ Solution
Finally, to the refrigerator and cartridge designers’ credit, removal of my carbon adsorber did not
leave me standing in a pool of water on the kitchen floor. Instead, simply pulling the cartridge out
automatically bypassed the refrigerator water directly to its dispenser.
On page 13 of my refrigerator’s 76-page Use and Care Guide, the owner is advised that “You can
run the dispenser without a filter. Your water will not be filtered.” (Actually, for most Americans, their
water probably is not only filtered, but annually tested for contaminants, particularly, if it is supplied
through a water treatment plant.)
Since I have decided to live without a carbon adsorber cartridge, I will not have to consult my
physician about the microbial quality of drinking water dispensed from my refrigerator, Sears will not have
to send any more reminders, I can allow my green LED to perpetually indicate 0%, and I can devote my
semi-annual ‘water filter’ savings to support my personal research on the improvement of drinking water
quality.
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