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Abstract The effects of biologically active carbon
(BAC) filtration on haloacetic acid (HAA) levels in plant
effluents and distribution systems were investigated using
the United States Environmental Protection Agency’s
Information Collection Rule (ICR) database. The results
showed that average HAA5 concentrations in all locations
were 20.4 μg$L–1 and 29.6 μg$L–1 in ICR plants with
granular activated carbon (GAC) and ICR plants without
GAC process, respectively. For plants without GAC, the
highest HAA levels were observed in the quarters of April
to June and July to September. However, for plants with
GAC, the highest HAA levels were observed in the
quarters of April to June and January to March. This HAA
level profile inversely correlated well with water tempera-
ture, or biologic activity. For GAC plants, simulated
distribution samples matched well with distribution system
equivalent samples for Cl3AA and THMs. For plants with
and without GAC, simulated distribution samples over-
estimated readily biodegradable HAAs in distribution
systems. The study indicated that through HAA biode-
gradation, GAC process plays an important role in
lowering HAA levels in finished drinking water.

Keywords biologically active carbon (BAC), disinfection
byproduct (DBP), granular activated carbon (GAC),
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1 Introduction

Disinfection byproducts (DBPs) are formed when a
disinfectant reacts with natural organic matter (NOM)
during water treatment processes and within distribution
systems. Haloacetic acids (HAAs) and trihalomethanes
(THMs) are two groups of DBPs commonly found in

chlorinated water. Five species of HAAs (HAA5: mono-
chloroacetic acid, ClAA; dichloroacetic acid, Cl2AA;
trichloroacetic acid, Cl3AA; monobromoacetic acid,
BrAA; dibromoacetic acid, Br2AA) and four THMs
(THM4: chloroform, CHCl3; bromodichloromethane,
CHBrCl2; dibromochloromethane, CHBr2Cl; bromoform,
CHBr3) are currently regulated by the United States
Environmental Protection Agency (USEPA) under the
Disinfectants/Disinfection Byproducts Rule (D/DBPR)
[1]. DBP precursor removal, through enhanced coagula-
tion and/or granular activated carbon adsorption, and
alternative disinfectants are common strategies for com-
plying with DBP regulations [2].
To gain a better understanding of DBP and pathogen

occurrence and control in the United States, USEPA
promulgated Information Collection Rule (ICR) to collect
a wide range of occurrence and treatment process
information on DBPs and pathogens [3]. The ICR database
consists of approximately 500 water treatment plants from
296 large public water systems (serving over 100000
people) with the 18-month data collection period (July
1997 to December 1998) [4]. During this 18-month data
collection period, the source water quality, treatment
parameters, and microbial pathogen occurrence were
recorded monthly and the DBP concentrations were
recorded quarterly.
Several studies were conducted using the ICR database

to evaluate the DBP concentration and speciation in
distribution systems [5–9]. Studies showed that five
species of HAAs currently regulated by USEPA cannot
adequately represent the total HAA concentration [8]. The
HAA9 concentrations (HAA5 plus bromochloroacetic
acid, BrClAA; bromodichloroacetic acid, BrCl2AA; dibro-
mochloroacetic acid, Br2ClAA; tribromoacetic acid,
Br3AA) were approximate to THM4 concentrations and
could better represent the overall HAAs in finished water.
Granular activated carbon (GAC) filter performance was
also evaluated on its ability to remove DBP precursors with
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the ICR data [10]. Regression models using total organic
carbon (TOC) concentration and pH as independent
variables were developed to predict the GAC service
time successfully, however, these models were not be able
to cope with the site-specific parameters.
Since HAAs were found to be easily biodegradable,

preformed HAAs (by prechlorination or intermediate
chlorination) could be reduced by biodegradation in
distribution systems or within treatment processes [11–
16]. GAC has low adsorption capacities for HAAs. Tung
et al. (2006) report that bed lives of a full scale GAC filter
were 20 and 200 days for Cl2AA and Cl3AA based on
isotherm calculation and effluent monitoring [17]. Incor-
porating GAC in the water treatments will result in a
biologically active carbon (BAC) process, which can
reduce the HAA levels in finished water. Several studies
reported the effects of GAC on HAAs and other DBPs in
treatment processes [18–21]. It has been shown that GAC
process could reduce the preformed HAA concentration in
several plants practicing prechlorination or intermediate
chlorination. However, HAA reduction by GAC studies
was limited to some plants with special operating
conditions and their applicability remained uncertain.
The objective of this study was to investigate the effects
of GAC (could be considered as BAC) process on HAA
concentrations in drinking water treatments using a nation-
wide database. The seasonal variations of HAA concen-
trations in water filters and distribution systems were
investigated as well.

2 Database analysis

The USEPA Auxiliary 1 database [4] was used in this
investigation. The tables from ICR database used for this
study were TUXUNPRO, TUXSAMPLE, TUXDBP,
TUXWRDES, TUXPLTDES, TUXUTDES, and
TUXPLTMON. The six “EVENTTYPE” from the ICR
database were analyzed separately. Where the FIL
represented the samples after filtration, the FINISH
represented the finished water after all treatment processes,
the MAX represented the samples from the maximum
residence time locations and the AVG1 & 2 were the
samples from locations representing the average residence
time in a plant’s distribution system. Simulated Distribu-
tion System (SDS) samples were samples incubated in the
laboratory with the same water residence times of the
Distribution System Equivalent (DSE) samples. The DSE
were samples from known residence time locations,
collected specifically for comparing with SDS samples.
In some ICR participating utilities, two or more

treatment plants were included and the treatment process
or raw water sources might be different. Therefore, this
study obtained data from plant-level identification
(ICRWTPID). In this study, to minimize the impacts
from different source water, some ICR plants were

excluded in the analysis. ICR plants using ozone as
disinfectant (different DBP formation profile than chlori-
nated plants) or employing groundwater as any part of the
source water (only consider surface water treatment at this
moment) were excluded in the analysis. Since the analysis
based on the “plant level identification,” ICR plants
blending finished water before distribution (mixing finish
water from two or more plants) were also excluded in this
study. All other plants were separated into two groups,
with or without GAC. A total of 34 ICR plants had either
GAC contactors or GAC/sand dual media filters, and 304
ICR plants did not use GAC after the above exclusions.
The sample quarters were numbered from 1 to 6,
represented the following quarters: Quarter 1: July to
September, 1997; Quarter 2: October to December, 1997;
Quarter 3: January to March 1998; Quarter 4: April to
June, 1998; Quarter 5: July to September, 1998; and
Quarter 6: October to December, 1998.

3 Results and discussion

3.1 HAA and THM concentrations in filter effluents

Table 1 listed the average HAA5, HAA9 and THM4
concentrations from all sample quarters at six sampling
locations and SDS samples. The results of overall average
combining all sample locations were also listed in Table 1.
Lower HAA5 and HAA9 concentrations were found for
the plants with GAC than plants without GAC process.
The higher THM4 concentration for GAC plants than non-
GAC plants is likely due to the fact that GAC is commonly
used with less desirable water sources. Therefore, higher
DBP precursor concentrations are expected in plants with
GAC process. In addition, BAC does not remove THMs
[2]. In contrast, the HAA concentration was lower in GAC
plants than in non-GAC plants. This indicated that GAC
was removing HAAs. A previous study indicated that
GAC has much lower adsorption capacity for HAAs,
especially for ClAA and Cl2AA. Thus, GAC adsorption
only plays a minor role in HAA removal [17]. Therefore,
biological degradation of HAAs is the main mechanism for
HAA removal in GAC filters. GAC filters are commonly
used for taste and odor removal and GAC media are
replaced every two to three years. These GAC filters can be
considered as biologically active carbon (BAC) filters
because bioactivity can be fully developed on new GAC
after two to three months [19–22].
Cl2AA and Cl3AA levels in filter effluents in various

quarters were examined as well (Figs. 1(a) and (b)). For
GAC filters, higher levels of Cl2AA and Cl3AA occurred
in Quarter 3 (January to March) and Quarter 4 (April to
June) when the water temperatures were lower. Compared
to other quarters, GAC filters might have the lowest
bioactivity at these lower temperatures, therefore the
highest HAA concentrations were observed. Even at

490 Front. Environ. Sci. Engin. China 2011, 5(4): 489–496



these lower temperatures, biodegradation in GAC filters
still resulted in lower HAAs than plants without GAC [23].
In Quarter 1 (July to September) of the six quarters when
the highest water temperature could be expected, both
Cl2AA and Cl3AA had lower concentrations for plants
with GAC. This indicated that higher biological degrada-
tion rates were achieved for both Cl2AA and Cl3AA at high
water temperatures in GAC filters. The levels of Cl3AA
were higher than the levels of Cl2AA in three of the six
quarters (Quarters 2, 3, and 4). This is likely due to the
lower biodegradation rate for Cl3AA, especially at low
water temperatures, as amplified in Quarter 3 (January to
March) when the lowest water temperature typically occurs
in the United States. The impact of water temperature on
HAA degradation were also reported in previous studies
[21,24]. It is also possible that more Cl3AAwere generated
in low temperature condition than Cl2AA, or some Cl3AA
might decompose to chloroform at warmer weather as
reported by Zhang and Minear [25].
For both GAC and non-GAC filter effluents, higher

THM levels were observed in Quarter 1 and Quarter 5
(July to September) when the highest water temperatures
typically occur (Fig. 1(c)). Higher DBP precursors may
occur in warmer weather and resulted in higher THM
concentrations [26]. For non-GAC filter effluent, the
highest Cl2AA and Cl3AA concentrations were observed
in Quarter 4 instead of 1 and 5 as observed for THM4
(Fig. 1(c)). This may be due to potential biological
degradation of Cl2AA and Cl3AA in sand filters at high
water temperatures, as reported by Tung et al. [27]. Higher
THM concentrations observed in non-GAC plants at
warmer weather may also due to the fact that some
trihaloacetic acids could transform to corresponding
trihalomethanes abiotically [25].
Figure 2 shows the ClAA, BrAA, and Br2AA concen-

trations in filter effluents. Similar seasonal concentration
profiles as Cl2AA were observed for these minor species
(by weight). For plants with GAC, higher concentrations
were observed in cold seasons (Quarter 3 and Quarter 4).

For non-GAC plants, higher concentrations were observed
in warmer season.

3.2 HAA biodegradation in distribution systems

In general, a longer residence time will result in a higher
DBP formation. Samples collected from the finished water
(FINISH), the beginning points of distribution, will have
the lowest DBP concentration. Samples collected at the
end point, the maximum residence time location samples
(MAX), will have the highest DBP concentration. An
increasing THM concentrations with increasing distance
from the treatment plant or water age in the distribution
system are well documented [11,28]. Comparing the
FINISH and MAX samples, THM and HAA concentra-
tions increased in both GAC and non-GAC plants, as
shown in Table 1. For non-GAC plants, the concentration
of THM4 and HAA9 increased 39% and 11%, respec-
tively, from locations FINISH to MAX. For GAC plants,
the concentration increases for THMs and HAAs were
much higher (62% for THM4 and 53% for HAA9). The
higher THM and HAA formation within distribution
systems was a reflection of possible high organic contents
in less desirable water sources, as discussed earlier. The
HAA concentration increase from 11% for non-GAC
plants to 53% for GAC plants also reflected the lower HAA
concentration in plant effluent for GAC plants.
In two of warmest quarters, Quarter 1 and Quarter 5, the

degradation of HAAs in distribution systems were
observed, as shown in Fig. 3. In those summer quarters,
chloroform levels increased from entry points of the
distribution systems (FINISH) to the maximum residence
points (MAX). This indicated that chloroform formation
was the prevailing mechanism because chloroform was not
readily biodegradable in distribution systems. Cl2AA
increased from entry locations of the distribution systems
(FINISH) to average residence time locations of the
distribution systems (AVG 1 and AVG 2), then decreased
at the maximum residence locations (MAX). This

Table 1 Average THM4, HAA5, and HAA9 concentrations for different locations /(μg$L–1)

concentration THM4 HAA5 HAA9

GAC no GAC GAC no GAC GAC no GAC

FIL 25.9 29.9 13.5 25.4 17.6 33.7

FINISH 39.9 35.0 16.5 26.8 20.9 36.0

AVG1 57.3 44.5 23.4 31.8 31.9 41.5

AVG2 57.7 45.1 24.1 31.9 32.3 41.3

MAX 64.5 48.7 24.0 30.8 32.1 40.1

DSE 56.4 42.4 21.7 30.6 30.1 40.1

SDS 55.2 40.8 22.4 32.0 31.0 41.8

average of all
locations

50.0 40.6 20.4 29.6 27.1 38.9
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indicated that biodegradation was the prevailing mechan-
ism for Cl2AA at the maximum residence locations. Except

for the GAC plants in Quarter 5 where a slight increase of
Cl3AA concentration was observed, Cl3AA decreased at

Fig. 1 Average (a) Cl2AA, (b) Cl3AA, and (c) THM4 concentra-
tions from filter effluent [FIL] at each quarter

Fig. 2 Average (a) ClAA, (b) BrAA, and (c) Br2AA concentra-
tions from filter effluent [FIL] at each quarter
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the maximum residence locations for all other samples.
This is in agreement with earlier reports that degradation of
Cl3AA is much slower than the degradation of Cl2AA
[13,29,30].
Results from both SDS and DSE samples were included

in the ICR database. To better compare the concentration
difference of SDS and DSE samples, Cl2AA, Cl3AA and
chloroform (which were the major species found in
samples) were used for this analysis (Fig. 4). The DSE
samples were collected in the distribution system and SDS
samples were finished water incubated in well-cleaned
glass bottles in the laboratory with the incubation time
same as the retention time of DSE samples. Both Cl2AA
and Cl3AA concentrations were lower in the plants with
GAC than in the plants without GAC, except for Cl3AA in
winter months (Quarter 3, January to March). However,
chloroform concentrations were higher in the plants with
GAC than in the plants without GAC. As mentioned
previously, GAC process did not affect the chloroform
concentration since chloroform is not easy biodegradable.
For easily biodegradable compounds, such as Cl2AA, the
concentrations in DSE samples were slightly lower than
SDS samples in plants with GAC and without GAC. This
might be due to higher microbial activity in the distribution
system biofilms than in well-cleaned laboratory glass
bottles. For chloroform and Cl3AA, the concentrations
were similar in DSE and SDS samples. This indicated that
biofilm activity in distribution systems could result in an
overestimation of readily biodegradable DBP species with
the SDS testing procedure.
In summary, the levels of HAAs in treatment plants and

distributions systems are affected by continuous formation
and biologic degradation. For GAC plants, HAA removal
in GAC filters control the HAA levels in distribution
systems, especially in warm months when DBP formation
is high. By lowering the HAA levels in distribution
systems, GAC can greatly assist water systems in
complying with HAA regulations.

3.3 Seasonal variation

Seasonal variation of THM and HAA levels were
observed. For compliance monitoring purpose, the average
concentrations of THM4 and HAA5 from all distribution
locations (FINISH, AVG1, AVG2, MAX) in each quarter
are shown in Fig. 5. Highest THM concentrations occurred
in Quarters 1 and Quarter 5 (July to September), and the
lowest THM concentrations in Quarter 3 (January to
March), for both GAC and non-GAC plants. For HAA5 in
non-GAC plants, high concentrations were observed in
Quarter 1 (July to September), Quarter 4 (April to June),
and Quarter 5 (July to September). Summer months did
promote DBP formation, even with possible degradation in
distribution, the concentration were still higher than winter
months. For GAC plants, HAA5 levels were much lower
than HAA5 levels in non-GAC plants in all six quarters.

The lowest HAA5 levels occurred in Quarter 1, summer
months. The highest HAA levels occurred in Quarter 3
(January to March), winter months also with lowest water
temperature. The second highest HAA5 levels occurred in
Quarter 4 (April to June), spring months also with low
water temperature. Furthermore, the highest HAA5 quarter
average for GAC pants was lower than lowest HAA5
quarter average for non-GAC plants. A similar trend was

Fig. 3 Chloroform (CF), Cl2AA, Cl3AA levels in distribution
system locations in (a) Quarter 1 and (b) Quarter 5
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observed for HAA5 levels at each distribution location
because HAA removal occurred in GAC filters before the
entry to distribution systems.
To better illustrate the seasonal impact on HAA

biological degradation, HAA9/THM4 ratios were calcu-
lated to minimize the impact of DBP precursor level
variation in GAC and non-GAC plants and in different
seasons. A high ratio indicates a low biodegradation and a
low ratio indicates a high biodegradation of HAAs. Table 2
shows the HAA9/THM4 ratio from the average DBP levels
of all locations in each quarter. The highest HAA9/THM4
ratio was found in the Quarter 3 (January to March) for
both GAC plants and non-GAC plants. This indicates
HAA biodegradation was inhibited because of low water
temperature. The lowest HAA9/THM4 ratios were found
in the Quarter 1 and Quarter 5 (July to September) where
the elevated water temperature promotes biodegradation of
HAAs in GAC filters, sand filters, and/or distribution
systems. These findings were consistent with the HAA
concentration profile for GAC plants where higher HAA
concentrations were found in the Quarter 3 (January to

Fig. 4 Average (a) Cl2AA, (b) Cl3AA, (c) chloroform concentra-
tions for DSE and SDS samples in each quarter. -●- GAC_SDS; -○-
no GAC_SDS; -▼- GAC_DSE; -△- no GAC_DSE

Fig. 5 Average THM4 and HAA5 concentrations from all
distribution sample locations (FINISH, AVG1, AVG2, MAX) for
plants with GAC and without GAC (no-GAC)

Table 2 Ratio of HAA9/THM4 from all sample quarters

Quarter GAC plants no GAC plants

1 0.43 0.86

2 0.60 0.94

3 0.77 1.10

4 0.65 1.00

5 0.39 0.89

6 0.55 0.98

average 0.56�0.13 0.96�0.08
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March) and Quarter 4 (April to June) when the temperature
was low. And, the lowest HAA concentration was found in
Quarter 1 (July to September) when the water temperature
was high.
The standard derivations of HAA9/THM4 ratios for

GAC plants and non-GAC plants were 0.13 and 0.08,
respectively. Compared to the non-GAC plants, GAC
plants have a higher degree of HAA9/THM4 ratio
variation among seasons. This indicated that HAA9
concentrations were more seasonal dependent for GAC
plants than for non-GAC plants. This might be due to the
fact that in GAC plants HAA biodegradation plays a major
role which is affected by water temperature.

4 Conclusions

For sampling locations within distribution systems (FIN-
ISH, AVG 1 and 2, MAX, and DSE), lower HAAs and
higher THM concentrations were found in GAC plants
than non-GAC plants. For GAC plants, HAA5 levels were
much lower than HAA5 levels in non-GAC plants in all six
quarters. The lowest HAA5 levels occurred in summer
months and the highest HAA5 levels occurred during
winter and spring months when water temperature was
low. This indicates that HAA reduction through biological
degradation in GAC filters can control the HAA levels in
finished water and distribution systems. This suggests that
the use of GAC filters can greatly assist water systems in
complying with HAA regulations.
By evaluating the impact of GAC on HAA levels in ICR

plants, this study illustrates the effectiveness of GAC in
lowering HAA levels in distribution systems. In addition to
DBP precursor removal and alternative disinfectants, GAC
biofiltration could be used as an effective process to control
HAAs in distribution systems.

Acknowledgements This study was supported by “Taiwan NSC” (No. 96-
2221-E-002-051) and “USEPA Small Public Water Technology Assistance
Center”. The authors thank Dr. Alexa Obolensky of Philadelphia Water
Department for the assistance in database analysis.

References

1. USEPA. National primary drinking water regulations: disinfectants

and disinfection byproducts. Federal Register, 1998, 63(241):

69390–69476

2. Xie Y F. Disinfection Byproducts in Drinking Water: Formation,

Analysis, and Control. Boca Raton: Lewis Publishers, 2004, 161

3. USEPA. National primary drinking water regulations: monitoring

requirements for public drinking water supplies; Final Rule. Federal

Register, 1996, 61(94): 24354–24388

4. USEPA. ICR Treatment Study Database, Version 1.0. EPA 815-C-

00–003. US Environmental Protection Agency, 2000

5. Obolensky A, Shukairy H, Blank V. Occurrence of haloacetic acids

in ICR finished water and distribution systems. In: McGuire M J,

McLain J L, ObolenskyA, editors. Information collection rule data

analysis. Denver CO.: American Water Works Association Research

Foundation, 2002, 111–140

6. Obolensky A, Singer P C. Analysis of halogen substitution patterns

in DBPs using ICR data and their applications. In: 2003 Water

Quality Technology Conference (Wqtc) Proceedings, Philadelphia.

Denver CO.:American Water Works Association, 2003, 677–695

7. Obolensky A, Singer P C. Halogen substitution patterns among

disinfection byproducts in the information collection rule database.

Environmental Science & Technology, 2005, 39(8): 2719–2730

8. Roberts M G, Singer P C, Obolensky A. Comparing total HAA and

total THM concentrations using ICR data. Journal of the American

Water Works Association, 2002, 94(1): 103–114

9. Obolensky A, Singer P C, Shukairy H M. Information collection

rule data evaluation and analysis to support impacts on disinfection

by-product formation. Journal of Environmental Engineering, 2007,

133(1): 53–63

10. Bond R G, Digiano F A. Evaluating GAC performance using the

ICR database. Journal of the American Water Works Association,

2004, 96(6): 96–104

11. Chen W J, Weisel C P. Halogenated DBP concentrations in a

distribution system. Journal of the American Water Works

Association, 1998, 90(4): 151–163

12. Shimazu H, Kouchi M, Sugita Y, Yonekura Y, Kumano H,

Hashiwata K, Hirota T, Ozaki N, Fukushima T. Developing a model

for disinfection by-products based on multiple regression analysis in

a water distribution system. Journal of Water Supply: Research &

Technology of the Aqua, 2005, 54(4): 225–237

13. Speight V L, Singer P C. Association between residual chlorine loss

and HAA reduction in distribution systems. Journal of the American

Water Works Association, 2005, 97(2): 82–91

14. Tung H H, Xie Y F. Association between haloacetic acid

degradation and heterotrophic bacteria in water distribution systems.

Water Research, 2009, 43(4): 971–978

15. Zhang P, Hozalski R M, Leach L H, Camper A K, Goslan E H,

Parsons S A, Xie Y F, LaPara T M. Isolation and characterization of

haloacetic acid-degrading Afipia spp. from drinking water. FEMS

Microbiology Letters, 2009, 297(2): 203–208

16. Zhang P, Lapara T M, Goslan E H, Xie Y, Parsons S A, Hozalski R

M. Biodegradation of haloacetic acids by bacterial isolates and

enrichment cultures from drinking water systems. Environmental

Science & Technology, 2009, 43(9): 3169–3175

17. Tung H H, Unz R F, Xie Y F. HAA removal by GAC adsorption.

Journal - American Water Works Association, 2006, 98(6): 107–112

18. Singer P C, Arora H, Dundore E, Brophy K, Weinberg H S. Control

of haloacetic acid concentrations by biofiltration: a case study. In:

Proceedings of the 1999 Water Quality Technology Conference,

Tampa. Denver CO.: American Water Works Association, 1999

19. Wobma P, Pernitsky D, Bellamy B, Kjartanson K, Sears K.

Biological filtration for ozone and chlorine DBP removal. Ozone

Science and Engineering, 2000, 22(4): 393–413

20. Xie Y F, Zhou H. Biological active carbon for HAA removal: Part

II, column study. Journal of the American Water Works Association,

2002, 94(5): 126–134

21. Kim J, Kang B. DBPs removal in GAC filter-adsorber. Water

Hsin-hsin TUNG et al. HAA concentrations with BAC filters in ICR database 495



Research, 2008, 42(1–2): 145–152

22. Wang J Z, Summers R S, Miltner R J. Biofiltration performance. 1.

relationship to biomass. Journal of the American Water Works

Association, 1995, 87(12): 55–63

23. Emelko M B, Huck P M, Coffey B M, Smith E F. Effects of media,

backwash, and temperature on full scale biological filtration. Journal

of the American Water Works Association, 2006, 98(12): 61–73

24. Wu H, Xie Y F. Effects of EBCT and water temperature on HAA

removal using BAC. Journal of the American Water Works

Association, 2005, 97(11): 94–101

25. Zhang X, Minear R A. Decomposition of trihaloacetic acids and

formation of the corresponding trihalomethanes in drinking water.

Water Research, 2002, 36(14): 3665–3673

26. Sérodes J B, Rodriguez M J, Li H, Bouchard C. Occurrence of

THMs and HAAs in experimental chlorinated waters of the Quebec

City area (Canada). Chemosphere, 2003, 51(4): 253–263

27. Tung H, Chuang Y, Chang H, Wang G. Biodegradation in rapid

sand filtration. In: 2008 Water Quality Technology Conference

Proceedings, Cincinnati. Denver CO.: American Water Works

Association, 2008

28. Levine A D, Baumann E R, Lind L B. Curbing THMs in small

water-systems. Journal of the American Water Works Association,

1987, 79(5): 52–56

29. McRae B M, LaPara T M, Hozalski R M. Biodegradation of

haloacetic acids by bacterial enrichment cultures. Chemosphere,

2004, 55(6): 915–925

30. Baribeau H, Krasner S W, Chinn R, Singer P C. Impact of biomass

on the stability of HAAs and THMs in a simulated distribution

system. Journal of the American Water Works Association, 2005, 97

(2): 69–81

496 Front. Environ. Sci. Engin. China 2011, 5(4): 489–496


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30


