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USE OF MOSS TO REDUCE DISINFECTION BY-PRODUCTS
IN WATER TREATED WITH DISINFECTANTS

This application claims the benefit of U.S. Provisional Application No.
61/531,952, filed September 7, 2011, entitled “Use of Moss to Reduce Disinfection
By-Products in Water Treated With Disinfectants”, the contents of which are hereby

incorporated by reference.

Field of the Invention

This invention relates to methods of reducing disinfection by-products in water

treated with disinfectants.

Background of the Invention

Disinfection by-products (DBP) are created in pool systems through the
chemical reaction of the disinfectant, which is usually a chlorine disinfectant, with the
organic matter contained within the water and on the surfaces of the pool or spa
system. Many of the DBP’s created are toxic compounds such as trihalomethanes
(THM) and haloacetic acids. The trihalomethanes are chloroform (CHCl;),
bromoform (CHBr3), dichlorobromomethane (CHCI,Br), and dibromochloromethane
(CHBr,Cl). The DBP’s are what cause the odor and health issues associated with
pool facilities and pool use.

Chlorine based disinfectants include chlorine gas (Cl,), sodium or calcium
hypochlorite (NaOCl or Ca[OCl],), chlorinated isocyanurates (e.g., sodium
dichloro-s-triazinetrione dihydrate), bromochlorodimethylhydantoin (CsHgBrCIN,0,),
and chlorine dioxide (Cl0O,). Disinfection by-products are described in papers by

Lakind et al., Environ. Sci. Technol., 44:3205-3210 (2010) and Richardson et al.,
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Environmental Health Perspectives, 118(11):1523-1530 (2010), both of which are

hereby incorporated by reference herein.

Previous studies have demonstrated that sphagnum moss significantly inhibits
the growth of free-floating (planktonic) bacteria. See U.S. Patent No. 7,497,947 B2
and U.S. Patent Application Publication No. 2006/0032124 A1, both of which are
incorporated by reference herein. Other studies have demonstrated that sphagnum
moss inhibits and removes biofilm. See U.S. Patent Application Publication No.
2012/0152828 A1. “Sphagnum moss” is a generic expression that designates a range
of botanical species that co-exist in a sphagnous bog. It should be noted that “peat
moss” refers generally to a decomposed or composted sphagnum moss. Sphagnum
moss is commonly harvested for use in various products. The petals, and not the
stems, of the moss preferably may be harvested. Typically large pieces of plant
material (roots, twigs, etc.) are removed. Excess water is removed and the moss is air
dried. The moss may be compressed prior to packaging or shipment. Various
additives may be used to alter the absorption characteristics or mechanical properties
of the moss. Because sphagnum moss is readily available and relatively inexpensive,
it has been used in a variety of products, primarily for the absorption of fluids.

There is need in the art for a method of reducing disinfection by-products in

water treated with disinfectants.

Summary of the Invention

The invention provides a method of reducing disinfection by-products in water
treated with disinfectants comprising contacting the water with an amount of a
non-decomposed moss effective to reduce the level of disinfection by-products.

The invention provides a method of determining the effectiveness of a first
method of reducing disinfection by-products in water treated with disinfectants, the

first method comprising contacting the water with an amount of a non-decomposed
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moss effective to reduce the level of disinfection by-products, the method comprising
determining the effectiveness of the first method by measuring the level of the
disinfection by-products in water treated with disinfectants and contacted with the
amount of non-decomposed moss.

The invention provides a method of determining the effectiveness of a first
method of reducing disinfection by-products in water treated with disinfectants, the
first method comprising contacting the water with an amount of a non-decomposed
moss effective to reduce the level of disinfection by-products, the method comprising
determining the effectiveness of the first method by measuring the level of the
disinfection by-products in the air above the water treated with disinfectants and
contacted with the amount of non-decomposed moss.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.

Brief Description of the Drawing

FIG. 1 shows the effects of the sphagnum moss system on THM levels in the
water of the lap pool and leisure pool.

FIG. 2 shows the effects of the sphagnum moss system on THM levels in
several swimming pools.

FIG. 3 shows the THM levels in thirteen swimming pools before and after

treatment with the sphagnum moss system.

Detailed Description of the Preferred Embodiments

The invention provides a method of reducing disinfection by-products in water

treated with disinfectants comprising contacting the water with an amount of a
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non-decomposed moss effective to reduce the level of disinfection by-products. In an
embodiment, the water has been treated with a disinfectant selected from the group
consisting of chlorinated, brominated, or other halogen containing disinfectants. In an
embodiment, the disinfectant is a disinfectant that includes chlorine. In an
embodiment, the non-decomposed moss is in the form of leaves or parts of leaves. In
another embodiment, the non-decomposed moss is in the form of compressed leaves
or parts of leaves.

In an embodiment, the non-decomposed moss is placed in a carrier. In an
embodiment, the carrier is a mesh bag. In an embodiment, the non-decomposed moss
is placed in a contact chamber. In an embodiment, the non-decomposed moss is
placed in a filter cartridge. In an embodiment, the non-decomposed moss is placed in
a surge tank of a pool. In one embodiment, the water is water in a spa, swimming
pool, or splash deck.

In an embodiment, the level of disinfection by-products in the water is reduced
by 20 percent or more after eight weeks. In another embodiment, the level of
disinfection by-products in the water is reduced by 40 percent or more after eight
weeks. In an embodiment, the level of disinfection by-products in the water is
reduced by 60 percent or more after eight weeks. In an embodiment, the disinfection
by-products whose level is reduced comprise trihalomethanes. In an embodiment, the
disinfection by-products whose level is reduced comprise haloacetic acids. In an
embodiment, the disinfection by-products whose level is reduced comprise
chloroform.

In an embodiment, the disinfection by-products whose level is reduced
comprise one or more of chloroform, bromoform, dichlorobromomethane,
dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-trichloroacetonitrile,
chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic acid, tribromoacetic

acid, and trichloroacetic acid. In one embodiment, the disinfection by-products whose
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level is reduced comprise one or more of chloroform, bromoform,
dichlorobromomethane, and dibromochloromethane.

In an embodiment, the disinfection by-products whose level is reduced consist
of the group of chloroform, bromoform, dichlorobromomethane,
dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-trichloroacetonitrile,
chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic acid, tribromoacetic
acid, and trichloroacetic acid. In one embodiment, the disinfection by-products whose
level is reduced consist of the group of chloroform, bromoform,
dichlorobromomethane, and dibromochloromethane.

In an embodiment, the non-decomposed moss is selected from the group
consisting of sphagnum papillosum, sphagnum cristatum, and mixtures thereof.

In an embodiment, the level of disinfection by-products is reduced in the air
above the water. In an embodiment, the disinfection by-products whose level is
reduced in the air above the water comprise one or more of chloroform, bromoform,
dichlorobromomethane, and dibromochloromethane. In one embodiment, the
disinfection by-product whose level is reduced in the air above the water is
chloroform. In an embodiment, the level of disinfection by-products in the air above
the water is reduced by 20 percent or more after 28 weeks. In an embodiment, the
level of disinfection by-products in the air above the water is reduced by 40 percent or
more after 28 weeks.

The invention provides a method of determining the effectiveness of a first
method of reducing disinfection by-products in water treated with disinfectants, the
first method comprising contacting the water with an amount of a non-decomposed
moss effective to reduce the level of disinfection by-products, the method comprising
determining the effectiveness of the first method by measuring the level of the
disinfection by-products in water treated with disinfectants and contacted with the

amount of non-decomposed moss. In one embodiment, the level of disinfection
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by-products is measured in the water before and after treating the water with the
non-decomposed moss. In an embodiment, the level of disinfection by-products is
measured in the water at a first time and at a second time.

In one embodiment, the disinfection by-products whose level is measured
comprise one or more of chloroform, bromoform, dichlorobromomethane,
dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-trichloroacetonitrile,
chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic acid, tribromoacetic
acid, and trichloroacetic acid. In an embodiment, the disinfection by-products whose
level is measured comprise one or more of chloroform, bromoform,
dichlorobromomethane, and dibromochloromethane. In one embodiment, the
disinfection by-products whose level is measured consist of the group of chloroform,
bromoform, dichlorobromomethane, dibromochloromethane, 1,1,1-trichloro-2-
propanone, 1,1,1-trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid,
dichlorobromoacetic acid, tribromoacetic acid, and trichloroacetic acid. In an
embodiment, the disinfection by-products whose level is measured consist of the
group of chloroform, bromoform, dichlorobromomethane, and
dibromochloromethane.

The invention provides a method of determining the effectiveness of a first
method of reducing disinfection by-products in water treated with disinfectants, the
first method comprising contacting the water with an amount of a non-decomposed
moss effective to reduce the level of disinfection by-products, the method comprising
determining the effectiveness of the first method by measuring the level of the
disinfection by-products in the air above the water treated with disinfectants and
contacted with the amount of non-decomposed moss. In an embodiment, the level of
disinfection by-products is measured in the air above the water before and after
treating the water with the non-decomposed moss. In one embodiment, the level of

disinfection by-products is measured in the air above the water at a first time and at a
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second time. In an embodiment, the disinfection by-products whose level is measured
is chloroform.

In preferred embodiments, the moss is enclosed or encapsulated in a mesh
material that prevents the moss from disintegrating in an aqueous environment.
Preferred mesh materials include those comprising polymers such as nylon or
polypropylene, with mesh sizes ranging from about 0.1 to 1 mm. Polymers are
generally preferred because they are inexpensive and may be resistant to degradation.

Suitable for use in this invention are S. papillosum, which can be harvested
from bogs in northern Minnesota, U.S.A., and S. cristatum, which is commercially
available as a compressed board from Coastpak Holdings, Ltd., Hokitika, New
Zealand. These species of moss can be used by themselves or together in the devices
and systems of this invention. Typically and preferably the moss is cleaned to remove
small particles, such as dirt, and larger debris, such as roots and leaves.
Commercially available moss may be fumigated before it is packaged by a
manufacturer in order to destroy seeds.

In a preferred embodiment, the moss is cut by mechanical means into a desired
size and shape. The moss preferably is then sterilized by autoclaving, exposure to
ethylene oxide, or by other means known to one of skill in the art. Sterilization
destroys living organisms in the moss and thus avoids any problems of undesirable or
foreign bacteria being introduced into the environment where a device of this
invention is used. The moss is then ready for use. A carrier can be a polymer matrix,
a biomatrix, membrane, gel, hydrogel, or mesh bag.

The moss can be compressed and can be in the form of strips or bricks. The
moss can be sterilized by autoclaving, sterilized by chemical treatment, or sterilized
by treatment with ethylene oxide. The moss can be washed with an acidic solution,
especially a solution of acetic acid. The moss can be washed with an acidic solution

and then washed with a salt solution.
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The moss can be prepared by (i) drying non-decomposed moss; and (ii)
sterilizing the moss. The method can further comprising compressing the moss,
compressing the moss and cutting the moss into strips, sterilizing the moss by
autoclaving, chemical treatment, or treatment with ethylene oxide. The moss can be
sphagnum moss. The moss can be selected from the group consisting of sphagnum
papillosum, sphagnum cristatum, and mixtures thereof.

The moss can be prepared by (i) contacting non-decomposed moss with an
acidic solution; and (i1) drying the moss. The method can comprise contacting the
non-decomposed moss with a salt solution after step (i). In one embodiment, the
acidic solution is a solution of acetic acid. The moss can be sphagnum moss. The
moss can be selected from the group consisting of sphagnum papillosum, sphagnum

cristatum, and mixtures thereof.

EXAMPLES

A study was performed to document the levels of disinfection by-products
(DPB) in an indoor pool facility and to monitor the ability of the sphagnum moss
system to reduce DBP levels in the pool water and air. As noted above, disinfection
by-products are created in pool systems through the chemical reaction of the chlorine
disinfectant with the organic matter contained within the water of the pool or spa.
Many of the DBP’s created are toxic compounds such as trihalomethanes (THM) and
haloacetic acids. These DBP’s are what cause the odor and health issues associated
with pool facilities and pool use.

The study undertaken measured THM in the water of two swimming pools, a
lap pool and a leisure pool, as well as the measurement of volatile organic compounds
(VOCQ) in the air of the facility. At one and two weeks prior to the addition of the
sphagnum moss system, baseline values of THM in the water of both pools were

determined. In addition, air samples were taken at three locations throughout the pool



10

15

20

25

WO 2013/036601 PCT/US2012/053906

area for the determination of VOC. As shown in FIG. 1, the baseline values of THM
in each pool were approximately 1,600 ppb. Measurement of VOC demonstrated
significant levels of chloroform in the air of 0.15 mg/m’. Chloroform was present at
relatively high levels while other VOC’s were only present at very low levels.
Chloroform is a volatile DBP that moves from the water phase, where it is created,
into the air. It is also a THM, with known toxic properties and can be absorbed
through the skin while in the water phase.

At week zero (the solid vertical line in FIG. 1) the sphagnum moss system was
turned on. Following the installation and start-up of the sphagnum moss system,
THM levels were monitored periodically for 33 weeks. Each pool, at some point in
the study, had to be drained and refilled for operational reasons unrelated to the
sphagnum moss system. This occurred just prior to week 3 in the leisure pool and to
week 14 in the lap pool. As can be seen in FIG. 1, THM levels in the lap pool
decreased continuously for the first 12 weeks. Following the refilling of each pool,
THM levels rose from near zero to an intermediate level and then began to decrease
again. At week 33 the THM levels appeared to be stabilizing at approximately 300
ppb for the lap pool and 400 ppb for the leisure pool. These values represent an 80%
and 73%, respectively, reduction in THM levels from the starting point prior to the
addition of the sphagnum moss system.

Due to the expense of the VOC testing, additional measurements have only
been made at week 28. The baseline measurements of chloroform at the three
locations were measured at one and two weeks prior to the initiation of the sphagnum
moss treatment and were, on average, 0.15 mg/rn3 (Std. Dev. 0.020, n=6, range
0.12-0.18). The results from the testing at 28 weeks after the addition of the
sphagnum moss system were, on average, 0.067 mg/m’ (Std. Dev. 0.008;n=3, range
0.058-0.074; p<0.001 vs baseline values). This represents a 55% reduction in

chloroform levels in the air of the pool facility.
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These tests clearly demonstrate that the sphagnum moss system is effective at
significantly reducing THM levels in the water of swimming pools. The data to date
also demonstrate the ability of the sphagnum moss system to reduce volatile, toxic
THM in the air of the facility. The reduction of these toxic DBP’s in the water and
the air of the pool facility will benefit the users of the pool facility and enhance the
swimming member experience.

FIG. 2 is a box plot analysis of the THM data obtained from 34 control
(non-moss treated) swimming pools and 22 moss-treated swimming pools (treated for
a minimum of 2 months). The water in the moss-treated swimming pools was
contacted with moss as described in the Materials and Methods for the leisure pool.
However, the amount of moss varied from 6.5 grams/1000 gallons to 13 grams/1000
gallons based on pool temperature and the number of people using the pool. Water
samples were collected and analyzed for THM levels as described in the Materials
and Methods. The box plots depict the mean, the median, the 25th percentile-75th
percentile (boxed area), the whiskers depict the range which includes 95% of the data,
and the black dots are considered outliers. The solid line in the boxed area is the
median and the dashed line is the mean. Using a Rank Sum Test, the mean value of
the moss-treated pools demonstrate a statistically significant (p=0.04) lower level of
THM's.

FIG. 3 is another box plot analysis of THM data from thirteen swimming pools
where THM levels were determined prior to the addition of moss and again two
months after moss treatment. The water in the moss-treated swimming pools was
contacted with moss as described in the Materials and Methods for the leisure pool.
However, the amount of moss varied from 6.5 grams/1000 gallons to 13 grams/1000
gallons based on pool temperature and the number of people using the pool. Water
samples were collected and analyzed for THM levels as described in the Materials

and Methods. The box plot parameters are the same as described above. Using a

10



10

15

20

25

WO 2013/036601 PCT/US2012/053906

Student's Paired t-test, the moss-treatment demonstrates a significant decrease in

THM with p=0.017.

Materials and Methods

The sphagnum moss system consists of sphagnum moss (Sphagnum cristatum)
in strip or brick form and a contact chamber. The lap pool (approximately 75,000
gallons) had the moss in a CC-735 contact chamber, which is a plastic cylindrical
container with a volume of approximately five gallons (available from Creative Water
Solutions, Plymouth, MN). The contact chamber contained forty-nine 3.5g strips
(228mm x 30mm x 2-3mm) and forty-nine 6.5 g strips (350mm x 30mm x 2-3mm) of
Sphagnum cristatum (490 grams total) arranged vertically on the bottom of the
chamber. The strips were obtained from Coastpak Holdings, Ltd., Hokitika, New
Zealand. All strips were individually contained in nylon mesh. Water taken from the
main lap pool system was passed through the contact chamber at approximately 8
gallons per minute and fed back into the pool system. The leisure pool
(approximately 86,000 gallons) had the moss placed into the pool surge tank using a
STL contact chamber, which is a coated wire mesh crate with dimensions of
approximately 3 feet by 18 inches by 12 inches (available from Creative Water
Solutions, Plymouth, MN). The contact chamber contained 6 nylon mesh bags with 3
bricks (approximately 50 g/brick) of Sphagnum cristatum each and 2 nylon mesh bags
with 2 bricks each (1,100 grams total). The STL contact chamber has four levels and
two bags are put on each level. The bricks were obtained from Coastpak Holdings,
Ltd., Hokitika, New Zealand and have dimensions of 20cm x 12cm x 0.6-0.7cm. The
surge tank is part of the pool system with constant flow-through. The sphagnum moss

in each pool was replaced monthly.

11
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The levels of THM in the water of the pools was measured using the methods
described in two publications by the Hach Company, Loveland, Colorado, U.S.A.:

(1) Toba Lord, “Determination of Trihalomethanes (THMs), Trihaloacetic Acids
(THAAS), and Other Disinfection By-Products (DBPs) in Drinking Water,” and (2)
DR/4000 Procedure, Method 10132, Trihalomethanes, THM PLUS Water Bath
Method (2003), both of which are hereby incorporated by reference herein. A Hach
spectrometer was not used; a Beckman DU-7400 spectrophotometer (available from
Beckman Coulter, Inc., Brea, California, USA) was used instead.

The THM PLUS method reacts with the trihalogenated disinfection
by-products formed by the disinfection of water with chlorine disinfectant in the
presence of naturally occurring organic materials. The predominant DBP’s formed
are the trihalomethanes (THM): chloroform (CHCIls), bromoform (CHBr3),
dichlorobromomethane (CHCI,Br), and dibromochloromethane (CHBr,Cl). These
four compounds make up the Total Trihalomethanes (TTHM) group which is
regulated under the Safe Drinking Water Act. The combined concentration of the
TTHMs, reported as chloroform, is regulated to be 100 ppb or less.

In addition to the four trihalomethanes, seven other DBP’s also react in the
THM PLUS method. These other DBP’s that react are: 1,1,1-trichloro-2-propanone,
1,1,1-trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid,
dichlorobromoacetic acid, tribromoacetic acid, and trichloroacetic acid. The THM
PLUS method measures the four trihalomethanes and the seven other DBP’s that react
in the method (the eleven reactive compounds). These eleven reactive compounds
present in a sample react with N,N-diethylnicotinamide under heated alkaline
conditions to form a dialdehyde intermediate. The sample is then cooled and acidified
to pH 2.5. The dialdehyde intermediate formed is then reacted with 7-napthylamine-

1,3 disulfonic acid to form a colored Schiff base which absorbs at 515 nm. The color

12
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formed 1s directly proportional to the amount of the eleven reactive compounds
present in the sample. The results are reported as ppb chloroform.

Water samples from the swimming pools were collected, at various times over
the test period, in precleaned and certified 40ml, amber vials (borosilicate) with air
tight caps (Cat. # 0040-0420-PC, Environmental Sampling Supply, Oakland, CA).
Water was collected by submersing the vials under the water and capping them while
submerged to eliminate any air in the sample. Water samples were stored at 0-4
degrees C and run in the THM assay within 48 hours. Other appropriate methods of
measuring THM can also be used.

The levels of the VOC’s were measured by gas chromatography/mass
spectrometry according to the EPA Compendium Method TO-15 (Determination Of
Volatile Organic Compounds (VOCs) In Air Collected In Specially-Prepared
Canisters And Analyzed By Gas Chromatography/Mass Spectrometry (GC/MS),
Center for Environmental Research Information, Office of Research and
Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268, January
1999), the contents of which are hereby incorporated herein by reference. Analysis
was performed by a certified laboratory (ALS Laboratory Group, Salt Lake City, UT).
Air samples were taken at three separate locations within the pool facility. Baseline
samples were obtained twice, approximately one week apart, prior to addition of the
sphagnum moss system. Air samples were taken again at the same three locations in
the pool facility 28 weeks following installation of the sphagnum moss system. Air
samples were obtained using certified and cleaned SUMMA vacuum canisters
supplied by the ALS Laboratory Group using one SUMMA canister per location in
the pool facility. A SUMMA canister is the air sampling industry term for a stainless
steel “summa” polished (i.e., electropolished) passivated vessel used to collect a
whole air sample. The SUMMA canisters were preset to fill with the air samples over

approximately a four hour period. Following sample collection, the SUMMA

13
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canisters were shipped immediately to the ALS Laboratory Group for analysis. Other

appropriate methods for measuring VOC’s may also be used.

The above description and the drawing are provided for the purpose of
describing embodiments of the invention and are not intended to limit the scope of the
invention in any way. It will be apparent to those skilled in the art that various
modifications and variations can be made without departing from the spirit or scope
of the invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.

14
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What is claimed is:

1. A method of reducing disinfection by-products in water treated with
disinfectants comprising contacting the water with an amount of a non-decomposed

moss effective to reduce the level of disinfection by-products.

2. The method of claim 1, wherein the water has been treated with a
disinfectant selected from the group consisting of chlorinated, brominated, or other

halogen containing disinfectants.

3. The method of claim 2, wherein the disinfectant is a disinfectant that

includes chlorine.

4. The method of claim 1, wherein the non-decomposed moss is in the

form of leaves or parts of leaves.

3. The method of claim 4, wherein the non-decomposed moss is in the

form of compressed leaves or parts of leaves.

6. The method of claim 1, wherein the non-decomposed moss is placed in
a carrier.

7. The method of claim 6, wherein the carrier is a mesh bag.

8. The method of claim 1, wherein the non-decomposed moss is placed in

a contact chamber.

15



10

15

20

25

WO 2013/036601 PCT/US2012/053906

9. The method of claim 1, wherein the non-decomposed moss is placed in

a filter cartridge housing.

10.  The method of claim 1, wherein the non-decomposed moss is placed in

a surge tank of a pool.

11.  The method of claim 1, wherein the water is water in a spa, swimming

pool, or splash deck.

12. The method of claim 1, wherein the level of disinfection by-products in

the water is reduced by 20 percent or more after eight weeks.

13.  The method of claim 1, wherein the level of disinfection by-products in

the water is reduced by 40 percent or more after eight weeks.

14.  The method of claim 1, wherein the level of disinfection by-products in

the water is reduced by 60 percent or more after eight weeks.

15. The method of claim 1, wherein the disinfection by-products whose level

is reduced comprise trihalomethanes.

16. The method of claim 1, wherein the disinfection by-products whose level

is reduced comprise haloacetic acids.

17.  The method of claim 1, wherein the disinfection by-products whose

level is reduced comprise chloroform.
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18.  The method of claim 1, wherein the disinfection by-products whose
level is reduced comprise one or more of chloroform, bromoform,
dichlorobromomethane, dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-
trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic

acid, tribromoacetic acid, and trichloroacetic acid.

19.  The method of claim 1, wherein the disinfection by-products whose
level is reduced comprise one or more of chloroform, bromoform,

dichlorobromomethane, and dibromochloromethane.

20.  The method of claim 1, wherein the disinfection by-products whose
level is reduced consist of the group of chloroform, bromoform,
dichlorobromomethane, dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-
trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic

acid, tribromoacetic acid, and trichloroacetic acid.

21.  The method of claim 1, wherein the disinfection by-products whose
level is reduced consist of the group of chloroform, bromoform,

dichlorobromomethane, and dibromochloromethane.
22.  The method of claim 1, wherein the non-decomposed moss is selected
from the group consisting of sphagnum papillosum, sphagnum cristatum, and

mixtures thereof.

23.  The method of claim 1, wherein the level of disinfection by-products is

reduced in the air above the water.
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24,  The method of claim 23, wherein the disinfection by-products whose
level is reduced in the air above the water comprise one or more of chloroform,

bromoform, dichlorobromomethane, and dibromochloromethane.

25.  The method of claim 23, wherein the disinfection by-product whose

level is reduced in the air above the water is chloroform.

26.  The method of claim 23, wherein the level of disinfection by-products

in the air above the water is reduced by 20 percent or more after 28 weeks.

27.  The method of claim 23, wherein the level of disinfection by-products

in the air above the water is reduced by 40 percent or more after 28 weeks.

28. A method of determining the effectiveness of a first method of reducing
disinfection by-products in water treated with disinfectants, the first method
comprising contacting the water with an amount of a non-decomposed moss effective
to reduce the level of disinfection by-products, the method comprising determining
the effectiveness of the first method by measuring the level of the disinfection
by-products in water treated with disinfectants and contacted with the amount of

non-decomposed moss.

29.  The method of claim 28, wherein the level of disinfection by-products is

measured in the water before and after treating the water with the non-decomposed

moss.

30.  The method of claim 28, wherein the level of disinfection by-products is

measured in the water at a first time and at a second time.
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31.  The method of claim 28, wherein the disinfection by-products whose
level is measured comprise one or more of chloroform, bromoform,
dichlorobromomethane, dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-
trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic

acid, tribromoacetic acid, and trichloroacetic acid.

32.  The method of claim 28, wherein the disinfection by-products whose
level is measured comprise one or more of chloroform, bromoform,

dichlorobromomethane, and dibromochloromethane.

33.  The method of claim 28, wherein the disinfection by-products whose
level is measured consist of the group of chloroform, bromoform,
dichlorobromomethane, dibromochloromethane, 1,1,1-trichloro-2-propanone, 1,1,1-
trichloroacetonitrile, chloral hydrate, dibromochloroacetic acid, dichlorobromoacetic

acid, tribromoacetic acid, and trichloroacetic acid.

34.  The method of claim 28, wherein the disinfection by-products whose
level is measured consist of the group of chloroform, bromoform,

dichlorobromomethane, and dibromochloromethane.

35. A method of determining the effectiveness of a first method of reducing
disinfection by-products in water treated with disinfectants, the first method
comprising contacting the water with an amount of a non-decomposed moss effective
to reduce the level of disinfection by-products, the method comprising determining

the effectiveness of the first method by measuring the level of the disinfection
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by-products in the air above the water treated with disinfectants and contacted with

the amount of non-decomposed moss.

36.  The method of claim 35, wherein the level of disinfection by-products 1s
measured in the air above the water before and after treating the water with the

non-decomposed moss.

37.  The method of claim 35, wherein the level of disinfection by-products is

measured in the air above the water at a first time and at a second time.

38.  The method of claim 35, wherein the disinfection by-products whose

level is measured is chloroform.
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