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M ercury lamps have a very
strong ultraviolet (UV) emis-
sion at the 254 nanometer

(nm) wavelength. Energy at this wave-
length is very effective at disrupting ri-
bonucleic acid recombination in micro-
organisms, which renders them unable
to reproduce. When these microorgan-
isms are unable to reproduce, they are
effectively prevented from causing illness
to those who may inadvertently consume
them—the microorganisms are inacti-
vated.

Class A UV systems as defined by
NSF/ANSI Standard 55 deliver a high
enough UV dose at 254 nm (40 mJ/cm2)
to inactivate the pathogenic microorgan-
isms that could be responsible for caus-
ing disease through contamination of our
drinking water. It is only natural to think
that it must take a very powerful UV
source to deliver a UV dose this high.

However, UV dose is also a function
of the contact time between the water
being treated and the UV source:

UV Dose = UV Source Irradiance
Intensity x Contact Time

Given this equation, you can see that
it is possible for a relatively weak UV
source to deliver a sufficient UV dose, as
long as the contact time is significant.
Because of this relationship between the
UV source irradiance intensity and con-
tact time, Standard 55 testing is struc-
tured to determine the actual UV dose de-
livered by the UV system, as opposed to
measuring the irradiance intensity of the
UV source.

How a typical UV system
works

A typical UV system provides a flow

path surrounding a mercury lamp, struc-
tured to provide close proximity of the
water flow along the length of the mer-
cury lamp (see Figure 1). Because turbid-
ity or particulate matter in the water can
occlude the UV source and absorb the UV
energy, many system manufacturers rec-
ommend the use of prefilters to reduce
turbidity and particulate matter prior to
the system.

UV may not be effective against all
forms of protozoan cysts. Studies have
demonstrated the ef fectiveness of UV
against Cryptosproridium  and Giardia, but
there have not been studies to demon-
strate effectiveness of UV against Toxo-
plasma or Entamoeba. For these reasons,
Standard 55 requires the use of a cyst
rated prefilter for UV devices used to dis-
infect untreated surface water sources.

Also, please note that all Class A UV
systems must have an alarm to warn the
user when sufficient dose is not being
delivered by the system. Insufficient dose
can result from a burned out UV source,
from turbid water or from fouling of the
device.

Given the structure of a typical UV
system, one might wonder how the UV
dose can actually be measured. It is ob-
viously a function of many factors: the

irradiance intensity of the UV source, the
proximity of the water being treated to
the source, the contact time of the water
with the source and whether any water
is occluded or hidden from the source as
it passes through the system.

The solution to this complex mea-
surement problem is to use the dose-re-
sponse method of establishing UV dose.

The dose-response curve
The basic concept of dose-response

is fairly simple: subject a known micro-
organism to the UV treatment system
and see how well it is inactivated by the
system. Then compare the level of inac-
tivation achieved by the system back to
the known susceptibility of the organ-
ism when subjected to a measured UV
dosage.

Essentially, this is how the UV dose
of the test system is determined accord-
ing to Standard 55, with one wrinkle. The
wrinkle is that every time a batch of mi-
croorganisms is cultured, its true strength
or susceptibility is not really known. Mi-
croorganisms are a bit like any other liv-
ing thing—when well nourished and
given a proper growth environment, they
are very healthy and strong. If their nour-
ishment is poorer, or their environment

is not ideal, they tend to be
weaker and more susceptible to
inactivation by UV irradiance.

This variability in organ-
ism culture hardiness necessi-
tates the development of a dose-
response curve for each batch of
microorganisms cultured. Once
the batch of microorganisms
has been cultured, samples of
them are subjected to a known
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Figure 1. Typical UV system
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UV source under very controlled condi-
tions, with increasing dosage. This dos-
age is established by contact time under
the known UV source. Standard 55 re-
quires response to be measured at dos-
ages of 0, 6, 12, 18, 24, 30, 36, 42, 48, 54
and 60 mJ/cm2 for Class A testing. In
practice, this is achieved by exposing
plates of the microorganisms to a highly
calibrated and controlled UV source for
increasing lengths of time—for example,
0, 6, 12, 18, 24, 30, 36, 42, 48, 54 and 60
seconds.

The specific microorganism used in
Standard 55 for establishing the UV dose

for a Class A system is MS-2 Coliphage
(ATCC #15597B). MS-2 Coliphage shows
very linear, measurable response over the
dosage range required for the dose-re-
sponse curve. It is also widely available,
can be cultured relatively easily and has
a good analytical method that allows it
to be enumerated without too many in-
terferences from other organisms.

A typical dose-response curve is
shown in Figure 2. Note that at the 40
mJ/cm2 dosage, about 1.6 logs of MS-2
are inactivated. NSF has seen inactiva-
tion of various cultures or batches of MS-
2 range from about 1.5 logs to about 1.9
logs over the years. This is a relatively
narrow range, but nonetheless the vari-
ability in cultures is evident. If dose-re-
sponse curves were not established for
each batch, the true strength of the or-
ganisms would not really be known. To
simply require a 1.9 log reduction of MS-
2 in order to pass the test might under-
state the performance of many systems.

The test itself
Once the strength of the culture of

organisms has been established through
dose-response, the actual UV device can
be tested. Component filters or other
media that may interfere with the test are
removed from the UV devices to be
tested. Two devices are used and they

are plumbed on the test stand in parallel.
These devices are conditioned according
to manufacturers instructions prior to
testing. Test water with the following
characteristics is prepared:

• 17.5-22.5º C
• <1.0 NTU turbidity
• 200-500 mg/L total dissolved sol-

ids (TDS)
• >96 percent UV transmittance (be-

fore addition of PHBA)
The test is performed at or above the

maximum flow rate obtained through the
devices with their integral flow control
devices installed. The test water is fur-

ther adjusted to reduce the
UV transmittance with
parahydroxybenzoic acid
(PHBA). PHBA is added to
reach 70 percent UV trans-
mittance. If the alarm is op-
erating, the test is ready to
begin. If the alarm is not
operating, additional PHBA
is added until the alarm ac-
tivates. This level of UV
transmittance is maintained
throughout the test. By test-
ing at 70 percent UV trans-
mittance or the device
alarm point, the device is
demonstrated to provide

the required UV dosage necessary for
disinfection even when the UV transmit-
tance is significantly reduced to the point
of alarm activation.

The devices are operated over a pe-
riod of seven days, with samples repeat-
edly collected both at initial device start-
up after sitting stagnant and when the
devices are operating at steady state con-
ditions, to cover a variety of usage pat-
terns. The overall dosage is determined
by comparing a geometric mean of organ-
ism counts in the influent samples to a
geometric mean of organism counts in
the effluent samples of each of two test
devices. The overall log reduction calcu-
lated for each device must be equal to or
greater than the log reduction of the dose-
response curve at 40 mJ/cm 2 (1.6 log re-
duction in the example of Figure 2).

So that’s how it’s done!
You may have examined UV devices

and wondered how their effectiveness
is measured. You may have seen some
relatively small UV devices designed for
point of use (POU) applications and
wondered how a system that small could
possibly be effective. Now that you
know it’s all about the dose, and how
that dose is measured, you can under-
stand that small UV devices can deliver
high dosages if their flow rates are low

enough. And now that you are aware of
how the dosage is tested according to
NSF/ANSI Standard 55, you can have
confidence that Certified UV systems do
perform as advertised when operated
and maintained according to the
manufacturer ’s instructions.
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Figure 2. Typical Standard 55 UV dose
response curve
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