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Abstract
Biologically active carbon (BAC) system was set up in a water plant of South China during January to December 2007, to study the
invertebrate community characteristics of BAC filter. Thirty-seven invertebrate species were found, of which 28 belonging to rotifers.
Filter operation could lead to an output of invertebrates in high abundances with the filtrate, and the maximum density could reach
5608 individuals/m3 . Average abundances in the effluent water increased in 27–33 folds in comparison to the influent water during
the sampling period. Invertebrate community succession had the following trend: filter-feeding animals → small benthic invertebrates
→ large benthic and resistant invertebrates. Abundances of large-sized invertebrates (copepod adult and oligochaete) at bigger-media
column were significantly higher than that at small-media column. The results implied the abundant species diversity of invertebrate in
BAC filter. The relationship between invertebrate and biofilm still remain to be studied in detail.
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The occurrence of invertebrates in filter media, and
subsequently in the filtrate of water treatment and drinking
water distribution systems was widely reported (Adam
et al., 1998; Schreiber et al., 1997; Smart and Harper,
1999; Wotton and Hirabayashi, 1999; Shaddock, 2005;
Mauclaire et al., 2006; Weeks et al., 2007). These animals
include copepoda, cladocera, rotifera, oligochaeta, nematoda, gastropoda, chironomidae and ostracoda (Levy et
al., 1984; Van Lieverloo et al., 2004; Shaddock, 2005). In
British water mains, about 150 different kinds of organisms
were discovered and there were few distribution systems
without any organisms (Ainsworth et al., 1981; Shaddock,
2005). A systematic survey in 1990s of water distribution
systems in the Netherlands also found animals in all of
them, although fewer taxa were identified (Van Lieverloo
et al., 1997; Shaddock, 2005). However, the effects of
invertebrate on the treatment of drinking water were not
concluded.
Invertebrates were proposed to be absent from the
potable water (WHO, 1996; Adam et al., 1998), because
their occurrence might cause tastes, odors, water discoloration, etc., leading to a loss of the credibility of the
water authority and to public health concerns (Levy et al.,
1984, 1986; Evins, 2004). (1) Large invertebrate, such as

worms, crustaceans and other invertebrates could cause
aesthetic problems because of macroscopical vision (Van
Lieverloo et al., 2004; Evins, 2004). (2) Certain species of
aquatic invertebrate animal acted as intermediate hosts for
parasites (Czeczuga et al., 2002; Wolmarans et al., 2005).
(3) Invertebrates might harbor microorganisms in the gut
and protect them from disinfection (Levy et al., 1984). (4)
If the invertebrate numbers became to high, they could
lead to filters becoming obstructed, as well as resulting in
blockages of water meters and service pipes which could
cause bacterial degradation of the water (Van Lieverloo et
al., 1997). It is interesting to note that some positive effects
of invertebrates in sand filter were elucidated by a few
reports (Wotton and Hirabayashi, 1999; Mauclaire et al.,
2006), because their occurrence grazing on biofilm such as
protists (Mattison et al., 2002) and invertebrates might help
prevent clogging.
Definition of biologically active carbon (BAC) originated from the the operation of exhausted granular activated
carbon (GAC) containing a biofilm. It was reported that
invertebrates could build up very well in the GAC filtration
for surface water treatment (Schreiber et al., 1997; Week et
al., 2007). However, just a few data were gained indicated
that the consequences still remained to be studied in detail.
At present, the BAC processes had been widely used in
the water plant in China, but the information about the
invertebrates is still limited (Li et al., 2008).

je
sc

Introduction

No. 5

Invertebrate community characteristics in biologically active carbon filter

Fig. 1

649

Schematic diagram of biologically active carbon (BAC) system. GAC: granular activated carbon.

The aim of the present study was to study the community structure characteristic of invertebrates in BAC, and
to provide basic data for the safety management of drink
water.

1 Materials and methods

The columns began to be operated on January 15th 2007.
The flow rate was 6 m/hr in the first 40 days. Then the rate
was adjusted to 8 m/hr. Table 2 summarizes the characteristics of the influent water, which came from the post
inter-ozonation water. The columns had no backwashing
procedure during the whole experiment period, in order to
supply ideal habitats for invertebrates.

1.1 BAC system

1.2 Sampling

A pilot-scale cylindrical BAC system was set up in a
water plant alongside the Dongjiang River, South China
(Fig. 1). It consisted of parallel vertical columns. The packing material was placed in transparent and rigid perspex
tubing. The composition and physical properties of the
columns are summarized in Table 1. Both columns were
similar except the diameter of carbon pellet.

Invertebrates were collected with plankton net (mesh
size 35 µm). The flow rate was about 0.25 m3 /hr at
the sampling points. Each sample volume was 0.6 m3 .
After each sampling process, the net was rinsed off with
distilled water to avoid contamination. The influent and
effluent water were collected weekly or bi-weekly. Samples were fixed with 4% formalin and preserved in 50
mL polyethylene bottles. Sorting and identification were
carried out using a stereomicroscope (Olympus BX-51,
Japan) according to literature (Wang, 1961; Shen, 1979;
Zhang and Huang, 1991).

Table 1

Physical properties of BAC filter columns

Physical property

Column A

Column B

Diameter of carbon pellet (mm)
Shape of carbon pellet
Diameter of column (m)
Height of column (m)
Height of carbon bed (m)
Height of sand bed (mm)
Ganister sand grading (mm)
Height of gravel layer (mm)
Gravel layer grading (mm)

1.5
Columned
0.2
2.6
1.6
200
0.8–1.2
100
3–12

0.9–1.1
Irregular
0.2
2.6
1.6
200
0.8–1.2
100
3–12

Table 2

1.3 Statistical analysis
Statistical analysis was carried out using SPSS 13.0,
and Origin 7.5. Paired samples t-test found significant
mean differences between the influent and effluent water.
Lorentz fitting analysis with Oringin 7.5 was applied to
data analysis.

Characteristics of the influent from BAC filter columns

Water
temperature (°C)

pH

Turbidity
(NTU)

Dissolve
oxygen (mg/L)

CODMn
(mg/L)

Residual
ozone (10−6 )

Residual
chlorine (mg/L)

n
Range
Average

54
13.9–32.0
23.2 ± 5.9

38
7.14–8.20
7.47 ± 0.22

12
0.043–0.088
0.064 ± 0.012

12
8.0–12.0
9.2 ± 1.4

36
0.80–1.50
1.03 ± 0.19

12
0.202–0.401
0.299 ± 0.071

12
0.12–0.64
0.35 ± 0.16

c.
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2.2 Invertebrate abundances

2.1 Invertebrate species composition
During the survey, 37 invertebrate taxa were recorded
(Table 3). The number of Rotifer species was the highest
among the animal groups, with 28 species distributed
in 12 genera. Copepods were represented by 3 genuses,
cladocerans by 3 genuses, and oligochaetes by 1 genus.
In the filtrate, most of rotifers (84%) in the samples
at column A belonged to Lepadella patella. Other benthic rotifers like Bdelloidea (5%), Colurella sp. (4%),
Lecan sp. (2%), Monostyla sp. (2%), Monostyla pyriformis
(< 1%) were also found in these samples. In contrast,
Bdelloidea (25%) and Lepadella patella (54%) dominated the rotifer fauna in the samples at column B while
Monostyla sp. (11%), Colurella sp. (4%), Dicraniphorus
sp. (2%), Monostyla pyriformis (3%), Monostyla lulla (<
1%) contributed the rest. Other groups, such as copepods,
cladocerans, oligochaetes, exhibited a narrower variety of
species and genuses. Nematodes were not identified further. In the influent water, there was no obvious dominant
group.
Table 3
Species
Copepoda
Mesocyclops sp.
Paracyclops sp.
Schmackeria sp.
Nauplius larvae
Cladocera
Alona sp.
Bosmina spp.
Diaphanosoma sp.
Rotifera
Bdelloidea
Brachionus sp.
Branchicous calyiciflorus
Cephalodella gibba
Colurella sp.
Colurella obtusa
Colurella uncinata
Dicraniphorus sp.
Euchlanis sp.
Filinia spp.
Keratella sp.
Lecan sp.

2.2.1 Comparison of average abundances
Table 4 shows average abundances of invertebrate in
the influent and effluent of BAC filter columns. Rotifers
were the dominated group with average percentage of
53.2%–66.7%, and followed by copepod nauplii with
13.2%–27.1% which were the second important group in
the effluent, while the influent exhibited high numbers of
nematodes with 19.1%.
There were significant differences in the average abundances between the influent and effluent. Means of overall
invertebrates, copepod adults, copepod nauplii and rotifers significantly increased by about 27–115 folds at the
both columns (p < 0.01). The averages of cladocerans
and oligochaetes significantly increased in column A (p
< 0.05), while nematodes significantly went up to 47
individuals/m3 (ind./m3 ) from 7.1 ind./m3 in column B (p
< 0.01).
In the filtrates, averages of copepod adults and
oligochaetes in column A (92.1 and 35.1 ind./m3 ) was
significantly higher than that in column B (43.2 and 0.2
ind./m3 ) (p = 0.0004, and p = 0.001), while nematode

Species composition of invertebrates in both BAC filter columns

Influent

Effluent
Column A
Column B

–
–
+
+

++
++
–
+++

++
++
–
+++

–
+
–

+
+
–

+
+
+

–
–
–
+
+
+
–
+
–
+
–
–

++
–
+
–
++
–
+
+
+
+
+
++

+++
+
–
–
++
+
–
++
–
–
–
+

Species
Rotifera
Lecan flexilis
Lecan hornemanni
Lecan luna
Lecane ploenensis
Lecane sympoda
Lecane niothis
Lepadella sp.
Lepadella patella
Monostyla sp.
Monostyla elachis
Monostyla hamata
Monostyla lulla
Monostyla lunaris
Monostyla pyriformis
Polyarthra sp.
Trichocerca sp.
Oligochaeta
Aeolosoma sp.
Nematoda (not identified)
Other group
Chironomid larvae

Influent

Effluent
Column A
Column B

+
+
+
–
–
+
+
+
+
+
+
+
+
+
+
–

+
–
+
+
+
–
+
+++
++
+
–
+
+
+
–
+

+
–
+
+
–
–
+
+++
+++
+
+
+
+
++
+
–

–
+

++
++

–
++

+

–

+

–: not found; +: rare; ++: frequent; +++: very frequent.

–: not found.

Effluent (n = 29)

Mean
(ind./m3 )

Percentage
(%)

Range
(ind./m3 )

0–11.7
0–31.7
0–33.3
0–75.0
–
0–56.7
1.7–98.3

0.8 ± 2.5
4.9 ± 7.4
2.1 ± 7.0
19.7 ± 18.6
–
7.1 ± 12.4
38.3 ± 27.8

2.3
13.2
5.7
53.2
–
19.1
–

0–333.3
0–1366.7
0–91.7
3.3–5400.0
0–200.0
0–101.7
3.3–5608.4

92.1 ± 100.7
250.6 ± 350.3
9.6 ± 18.4
804.0 ± 1272.9
35.1 ± 51.0
14.4 ± 28.5
1205.9 ± 1348.1

Percentage
(%)

Range
(ind./m3 )

Column B
Mean
(ind./m3 )

Percentage
(%)

7.6
20.8
0.8
66.7
2.9
1.2
100.0

0–256.7
0–2106.7
0–33.3
3.3–4240.0
0–5.0
0–160.0
0–4508.3

43.2 ± 57.2
295.5 ± 442.1
4.2 ± 7.2
700.5 ± 961.9
0.2 ± 1.0
47.0 ± 53.9
1090.6 ± 1157.3

4.0
27.1
0.4
64.2
0.0
4.3
100.0

cn

Range
(ind./m3 )

Column A
Mean
(ind./m3 )

c.

Copepod adults
Copepod nauplii
Cladocerans
Rotifers
Oligochaetes
Nematodes
All organisms

Influent (n = 22)

.a

Organism group

Average abundance and percentage composition of six taxonomic groups at BAC filter columns
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mean abundance was lower (p = 0.0004). There was no
significant difference in the averages of overall invertebrates, cladocerans, rotifers and copepod nauplii between
the filtrates of column A and B (p > 0.05).
2.2.2 Overall abundance variations
Overall development in the time-dependent output of
invertebrates with the filtrate was investigated during the
experimental period. Figure 2 shows temporal variations
of overall invertebrate outputs in the filtrates. The maximal
abundance reached to 5608 ind./m3 in column A and
4508 ind./m3 in column B. The abundance of column A
appeared two peaks at day 150 and day 250. The data of
column B exhibited the similar trend to column A (Fig. 2).
Correlation (R2 ) of the Lorentz fitting analysis was 0.87 for
column A, and 0.80 for column B (Table 5).
2.2.3 Taxonomic-group abundance variations
Figure 3 shows Lorentz fit curves of taxonomic-group
outputs with the filtrate at the both columns. Their trends
were similar to the curves of overall abundance variations,
but different in the peak numbers and peak-arrival time.
Six invertebrate groups had the following peak-arrival
time: cladocerans (day 110–130), rotifers (two peaks: day
150 and day 250), copepod nauplii (two peaks: day 186–
200 and day 226–254), copepod adults (day 193–200),
oligochaetes (day 207) and nematodes (day 226–240).
Table 5

Parameters of Lorentz fit curves of invertebrate abundances in
the filtrate (columns A and B)

Invertebrates
R2
Copepod adults
Copepod nauplii
Cladocerans
Rotifers
Oligochaetes
Nematodes
All organisms
(Chi)2 /DOF:

0.87
0.93
0.90
0.94
0.76
0.96
0.83

Column A
(Chi)2 /DOF
1426.86
9875.26
37.86
126314.16
685.82
34.50
381535.20

R2
0.82
0.90
0.76
0.85
–
0.74
0.74

Column B
(Chi)2 /DOF
625.29
23430.94
13.3
166596.69
–
822.61
432120.06

chi-squared and degrees-of-freedom (DOF) of the best-

Table 5 showed the parameters of Lorentz fit curves for
seven data sets. All R2 was more than 0.70, and different
data set had different (Chi)2 /DOF ratios.
2.2.4 Community succession
Figure 4 summarizes the comparison of the peak-arrival
time among six invertebrate groups in the both columns.
Their peak-arrival order indicated that the community
succession might have the following trend: filter-feeding
invertebrates (cladocerans) → small benthic invertebrates
(rotifers) → large benthic animals (copepod adults and
copepod nauplii) and resistant invertebrates (oligochaetes
and nematodes).
There were likely to be three kinds of community
succession routes with the operation time in the both
columns. One, filter-feeding animal changed to benthic
animal. Two, small benthic animals were followed by large
ones. In addition, resisting animal became more and more
in the future. Both columns exhibited the similar trends
except for oligochaetes.
2.3 Relationship between water temperature and invertebrate abundances
The data analysis showed that water temperature correlated significantly with invertebrate abundances (p < 0.01,
n = 58), except cladocerans (P > 0.05) (Table 6). Overall
abundance displayed a significant relationship with the
abundances of copepod adults (r = 0.48, p < 0.001) and
copepod nauplii (r = 0.34, p < 0.01), and rotifers (r = 0.92,
p < 0.001). Copepod adult abundance was significantly
correlated with the abundances of copepod nauplii (r =
0.67, p < 0.01) and oligochaetes (r = 0.50, p < 0.01).
No significant correlation was found between cladoceran
abundance and other data sets.

3 Discussion
3.1 Invertebrate abundance variations
According to the general theory of ecological succession
(Engstrom et al., 2000), BAC filter should become more
productive with age, and the biomass in the filter media
should increase with time (Mauclaire et al., 2006). In the
present study, there was a tendency that invertebrate abundance increased with operation time (Fig. 2), which was
corresponding to the results from Schreiber et al. (1997).
In our study, the maximum of invertebrate was found on
day 149, and the second peak occurred on day 250 (Fig.
2). However, Schreiber et al. (1997) found that the peakarrival time of invertebrate was during day 228–280. We
speculate that Schreiber et al. did not detect the maximum
of invertebrate abundance due to an inappropriate sampling
collection. The maximum in Schreiber’s study was much
more than that in this article, which related directly to the
aperture of plankton net, because the aperture of net used
by Schreiber et al. (10 µm) was smaller than that in the
present study (35 µm).
Water temperature was one of most important external
factors to determine the size of invertebrate community
(Shaddock, 2005). In one hand, the different seasonal
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Fig. 2 Changes in invertebrate overall abundances with the filtrate in
columns A and B, and Lorentz fit.
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Changes in six invertebrate groups with the filtrate in columns A and B, and Lorentz fit.
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Table 6

Pearson correlation coefficients of invertebrate abundances in the filtrate with water temperaturea

Invertebrate
abundance (ind./m3 )

Water
temperature (°C)

Copepod
adult

Copepod
nauplius

Copepod adults
Copepod nauplii
Cladocerans
Rotifers
Oligochaetes
Nematodes
All organisms

0.67b
0.58b
0.04
0.36b
0.35b
0.50b
0.58b

0.64b
0.07
0.22
0.50b
0.14
0.49b

–0.05
0.02
0.19
0.53b
0.40b

Cladoceran

Rotifer

Oligochaete

Nematode

0.12
–0.07
–0.14
0.10

–0.07
0.09
0.92b

0.01
0.07

0.29c

Number of sampling, n = 58; b significance at p < 0.05; c significance at p < 0.01.

Comparison of abundance changes of the six invertebrate groups in columns A and B.

Therefore, our results suggested that small-diameter filter
media could reduce the adaptability of larger invertebrates,
and improve the microbial safety of the filtrate in BAC
filter column.
3.2 Invertebrate species composition and community
succession

cn

During the survey, 28 rotifer species were recorded
among 37 invertebrates, which demonstrated that rotifers
lived in the BAC filter very well. The invertebrate community was a mixed community dominated by meiobenthos,
which was similar to the trait of the community in the
distribution system (Smart and Harper, 1999).
As invertebrate predators, cyclopoid copepods played an
important role in the trophic dynamics of aquatic ecosystems (Chang and Hanazato, 2005). They consumed a wide
range of zooplankton preys, including rotifers, cladocerans
(Rao and Kumar, 2002). Our results suggested that there
was a tendency of copepod adults and copepod nauplii
to outcompete rotifers with operation time. One reason
was the predation of copepods on rotifers. Another reason
for rotifer abundance reduction might be the gradually

c.

temperatures affected the metabolic rate of aquatic invertebrates, which were shown in changes in the growth rates
attainment of sexual maturity, reproduction and behaviour
(Hellawell, 1986; Shaddock, 2005). In the other hand, the
water temperature could influence the microbial growth
(Niquette et al., 2001). The biofilm was considered to
be the main food source for invertebrate in the potable
water treatment or distribution systems (Shaddock, 2005).
Microbial abundance variations could also contribute to the
variations of invertebrate abundances. In our study, invertebrate abundances kept in low level after day 260 (Fig. 2).
The main reason was likely low water temperature.
No publication reported the influence of filter-media
diameter on invertebrate community structure in the BAC
filter. In the present study, it was found that there are more
large invertebrates such as copepod adults and oligochaetes
in column A (bigger media) than in column B (smaller ones) (Table 4). It might be the reason that bigger
carbon pellets could form bigger interspaces, and bigger
interspaces were more favorable for large invertebrates.
However, large invertebrates were macroscopically visible,
which could bring aesthetic problem to the drinking water.

.a

Fig. 4
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(1) Invertebrate community structures revealed a timedependent output in the filtrate of BAC column.
(2) Large benthic and resistant invertebrates had the
trend to become the dominant population with the operation of BAC column, which brought the aesthetic problem
to drinking water.
(3) Small-diameter filter media could reduce the adaptability of larger invertebrates to BAC column. Water
temperature had a great effect on the growth of invertebrates in BAC column.
(4) Although there was no direct evidence to the positive
significances of invertebrates on the control of the biofilm,
predation and bioturbation of these high-density (maximum, 5608 ind./m3 ) and accumulating organisms could
be not overlooked. Systematic study on the relationship
between invertebrate and biofilm, and the control of community structure in optimum level should be conducted
further.
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BAC filter in the future.
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