
Introduction

A hybrid activated sludge-biofilm process has received

considerable attention in recent years for the treatment of

municipal wastewater [1-5]. An activated sludge-biofilm

reactor could be formed by adding the biological carrier into

an original aeration tank without reconstructing the reaction

pool. Applying the activated sludge-biofilm reactor enables

significantly increasing the system biomass and reducing

system load. The method is suitable for those plants that

have no land to expand to treat wastewater [6]. However,

the activated sludge-biofilm reactor often generates meta-

zoan in the biological carrier and causes their explosive

propagation, which significantly makes deteriorates water

quality and undermines the stability of the water system.

Aeolosoma hemprichi is the biggest metazoan seen in the

activated sludge-biofilm reactor [7-9]. One of the main

research topics in the activated sludge-biofilm reactor is to

study the impact of aeolosoma hemprichi on the reduction

of sludge [5, 10-17]. 
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Abstract

In order to understand the impact of the explosive propagation of aeolosoma hemprichi on the perfor-

mance of an activated sludge-biofilm reactor at various temperature conditions, we conducted a beaker exper-

iment and simulated the activated sludge-biofilm reactor, which is operated in a 1.0 L reactor with the filler

dosing rate of 30% at 20ºC, 25ºC, and 30ºC. We inoculate aeolosoma hemprichi after the activated sludge-

biofilm reactor became steady, investigated whether and when the explosive propagation of aeolosoma

hemprichi occurs at various ambient temperatures, and examined its impact on the performance of the acti-

vated sludge-biofilm reactor. The results show that the removal rate of ammonia nitrogen is basically stable at

between 90-95%, and that of total nitrogen has remained at around 45% at 20ºC. When the filler dosage rate

is 30%, the removal rate of COD is stable between 85%-90%. The population density of aeolosoma hemprichi

basically kept at 10 ind./mL, indicating that the aeolosoma hemprichi did not produce explosive reproduction.

The explosive propagation of aeolosoma hemprichi occurs at the temperature of both 25ºC and 30ºC, while

the maximum population densities of aeolosoma hemprichi are 383 ind./mL and 200 ind./mL, respectively. In

addition, the explosive propagation has no impact on the removal rates of inlet and outlet COD and NH3-N,

but it leads to an increase in the release rate of TN. Moreover, it is certified that the explosive propagation of

aeolosoma hemprichi does not have an impact on the loss of biofilm. Finally, after multivariate regression

analysis with SPSS, we concluded that the maximum population density of aeolosoma hemprichi has a sig-

nificant correlation with the release rate of TN. 
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Some scholars have stated that aeolosoma hemprichi

uses sludge as food while it releases nutrients, including

ammonia nitrogen (NH3-N), total nitrogen (TN), and solu-

ble chemical oxygen demand (COD) [18-22], and have

studied the impact of the inoculated tubificidae on the

reduction of sludge [23]. In the controlled trials, one group

inoculated tubificidae and the other did not. The result

shows that sludge reduction in the inoculated group is three

times greater than that in the non-inoculated group. In addi-

tion, the removal rate of COD increases by 8.7%. They con-

cluded that the tubificidae worms are scavengers and eat

organisms in the sludge. In this way, the removal rate of

COD is reduced. But the removal rate of ammonia nitrogen

is relatively high in the inoculated group. Moreover, the

biofilm quantity is up to 6,889 mg/L in the non-inoculated

group, it is only 4,356 mg/L in the inoculated group. That is

mainly because of the tubificidae feeding and the release of

metabolites [24, 25]. Wang et al. [26] believed that aeoloso-

ma hemprichi selectively ate ammonia-oxidizing bacteria,

which were mostly attached to the suspended filler in the

reactor. They further concluded that aeolosoma hemprichi

ate a large amount of ammonia oxidizing bacteria in the

biofilm so that nitrification was reduced and the concentra-

tion of ammonia nitrogen increased.

However, how does the population density of aeoloso-

ma hemprichi affect the operation of the activated sludge-

biofilm reactor? What are the indicators to evaluate the per-

formance of the activated sludge-biofilm reactor after the

explosive propagation of aeolosoma hemprichi? This paper

aims to answer these questions through conducting a beaker

experiment and simulating the activated sludge-biofilm

reactor. In the study, we first design the experimental indi-

cators. Under different temperature conditions we collect

data affecting the activated sludge-biofilm reactor, and ana-

lyze the impact of the explosive propagation of aeolosoma

hemprichi on its performance.

Experimental

Devices and Materials

Devices: XTZ-D microscope, 10~100 μ Leppendorf

Finnpipette, culture vessel with a diameter of 5 cm, analyt-

ical balance, ultraviolet spectrophotometer, shaker. MET-

TLER pH, 25 mL colorimetric tube, TGL18-M centrifuge,

vacuum pump, acetate fiber filter, filter, tissue grinder. 

Materials: glucose, sucrose, ammonium bicarbonate,

sodium bicarbonate, peptone, magnesium carbonate pow-

der, 90% acetone, potassium dihydrogen phosphate.

Experimental Methods

COD is measured using the potassium dichromate

method. NH3-N is measured by Nessler's reagent spec-

trophotometry, and TN is measured by potassium persulfate

oxidation-ultraviolet spectrophotometry. The population

density of aeolosoma hemprichi is measured by the cross-

marking method. The light incubator for culture. The light

intensity and temperature by light incubator to control, pH

adjusted by the NaOH and HCl solution. With an optical

microscope for measurement we calculated the average

amount. The concentration of sludge and biological mem-

brane quantity were measured using the method specified

by the Chinese State Environmental Protection

Administration in 2002 [27].

Experimental Parameters

In the study we select the following indicators to evalu-

ate the performance of the activated sludge-biofilm reactor,

including temperature, the maximum population density of

aeolosoma hemprichi, the removal rate of COD, the

removal rate of NH3-N, and total nitrogen ratio of inlet

water to outlet water. The maximum population density of

aeolosoma hemprichi refers to the largest population densi-

ty of aeolosoma hemprichi during the explosive propaga-

tion of aeolosoma hemprichi under various temperature

gradients. Fig. 1 shows the observed aeolosoma hemprichi

and other Oligochaetes in the activated sludge-biofilm reac-

tor druing the experimental period. The removal rate of

COD refers to the average removal rate of COD during the

operation of the activated sludge-biofilm reactor. The

removal rate of NH3-N refers to the average removal rate of

NH3-N during the operation of the activated sludge-biofilm

reactor. And the total nitrogen ratio of inlet water to outlet

water refers to the ratio of total nitrogen in outlet water to

total nitrogen in inlet water during the release of TN when

the explosive propagation of aeolosoma hemprichi occurs.
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Fig. 1. Microscope photos of Oligochaetes observed in the activated sludge-biofilm reactor 

a) Aeolosoma hemprichi, b) Naididae, c) Okiwa sa, and d) Tubificid worms.

(a)                           (b)                               (c)                              (d)



Results and Discussion

Impact of the Explosive Propagation 

of Aeolosoma Hemprichi on Removal Rates 

of COD and NH3-N at 25ºC

After a few days of the inoculation of aeolosoma

hemprichi, aeolosoma hemprichi starts to explosively prop-

agate. In this study we measured the population density of

aeolosoma hemprichi, inlet and outlet COD, NH3-N, and

the removal rates of COD and NH3-N. The initail concen-

trations of COD and NH3-N were 400-500 mg/L and 60-67

mg/L. Fig. 2 shows the variation trends of COD and NH3-

N in the reactor. After aeolosoma hemprichi is inoculated,

the removal rate of COD remained stable in the reactor dur-

ing the period of the explosive propagation of aeolosoma

hemprichi. The average removal rate of COD was 90%. On

the 4th and 10th days, the removal rates of COD were respec-

tively 82% and 84%, due to the high COD of inlet water.

The average removal rate of COD is less than 85%. In addi-

tion, the removal rate of NH3-N in the reactor kept stable at

around 95%, and the average removal rate of NH3-N was

about 95%. On the 6th day, the removal rate of NH3-N was

less than 90%. The result tells that the activated sludge-

biofilm reactor is resistant to shock loads.

In the last five days, aeolosoma hemprichi starts to

explosively propagate, but it doesn’t impact the removal

rates of COD and NH3-N (Fig. 3). Fig. 3 shows that the

explosive propagation of aeolosoma hemprichi would not

have an impact on the removal rate of COD and nitrifica-

tion because the mineralization of aeolosoma hemprichi

releases soluble COD, which is just suitable for being the

carbon source for the de-nitrification in the reactor. Wei et

al. [28] stated that the explosive propagation of aeolosoma

hemprichi in the reactor doesn’t impact nitrifying bacteria.

Further, they believed oligochaeta worms, such as aeoloso-

ma hemprichi, do not selectively eat nitrifying bacteria.

Their claims have also been verified in the activated sludge-

biofilm reactor. Moreover, we measure the concentration of

suspended solids (MLSS) and the amounts of biofilm

before and after the explosive propagation of aeolosoma

hemprichi. In addition, Wei et al. [28] tested the value of

MLSS and biomass before and after the explosive propaga-

tion of aeolosoma hemprichi.

The results show that before and after the explosive

propagation of aeolosoma hemprichi, the average concen-

trations of suspended solids (MLSS) in the reactor are

4,060 mg/L and 3,570 mg/L, respectively. This is because

aeolosoma hemprichi eat suspended sludge. Therefore, the

concentration of sludge remains within a relatively smaller

range after the explosive propagation of aeolosoma

hemprichi than that before the explosive propagation. The

average amounts of biofilm on a filler unit before and after

the explosive propagation of aeolosoma hemprich, are 15.0

mg/g and 14.4 mg/g, respectively. The difference is less

than 1 mg/g. That implies that aeolosoma hemprichi does

not eat lots of biofilm when the explosive propagation of

aeolosoma hemprichi occurs. In fact, aeolosoma hemprichi

belongs to sequestered worms [29]; it would not be

attached to the suspended filler and propagate. This fact is

further certified through microscopic examination.

Aeolosoma hemprichi is mostly living in suspended sludge,

whereas there are many microbial species living in the

biofilm, such as clock bug, rotatoria, etc. (Fig. 4).

The Impact of the Explosive Propagration 

of Aeolosoma Hemprichi on the Release of TN 

at 25ºC

Based on the above study, the explosive propagation of

aeolosoma hemprichi doesn’t have an impact on the

removal rate of COD and NH3-N. In the experiment we

measure the concentrations of TN in inlet and outlet water

within 5 days of aeolosoma hemprichi starting to explo-

sively propagate. In the beginning, due to the excessive
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Fig. 2. The inlet and out trend of a) COD and b) NH3-N at 25ºC.

Fig. 3. The impact of the population density of aeolosoma

hemprichi on the removal of COD and NH3-N.
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increase of influent load, the concentration of NH3-N is large

in the reactor. In this case, the value of pH in the reactor

ranges from 8 to 9 so that all of the aeolosoma hemprichi

almost die. This is because the high concentration of NH3-N

has toxic effects on aeolosoma hemprichi 16, and aeoloso-

ma hemprichi are extremely sensitive to the non-ionic

ammonia (NH3·H2O). The high pH makes ammonia nitro-

gen increase, which is poisonous to the aeolosoma

hemprichi. After the reactor stabilizes, we re-measure the

value of TN in outlet and inlet water, and use them as total

nitrogen before the explosive propagation of aeolosoma

hemprichi. Fig. 4 presents the derived relationship between

the explosive propagation of aeolosoma hemprichi and the

value of TN in inlet and outlet water. The maximum popu-

lation density of aeolosoma hemprichi is 383 ind./mL (Fig.

4). When the population density of aeolosoma hemprichi

reaches 66 ind./mL, it has a significant impact on the value

of TN in inlet and outlet water in the reactor. And the releas-

ing of nutrients cause the increase of the TN. The inlet TN

change that much; at the same time, with the improving

water load the concentration is also increased.

The Impact of the Explosive Propagation 

of Aeolosoma Hemprichi on the Removal Rates 

of COD, NH3-N, and the Release Rate of TN 

at 20ºC

In the beaker experiment the ambient temperature is

controlled to 20ºC with a shaker. When water flows in or

out of the reactor we measure COD, NH3-N, and TN in inlet

and outlet water. After the reactor becomes stable, we start

to inoculate aeolosoma hemprichi in order to determine

whether the explosive propagation of aeolosoma hemprichi

occurs. Fig. 5 depicts the associations among the popula-

tion density of aeolosoma hemprichi and the removal rates

of COD, NH3-N, and the release rate of TN in the reactor

over the experimental time. As shown in Fig. 6a, the

removal rate of ammonia nitrogen basically stabilized from

90% to 95% when the ambient temperature was below

20ºC. At the temperature of 25ºC, the removal rate of

ammonia nitrogen stabilizes at above 95%. That states that

lowering temperature will inhibit nitrification. According to

the removal rate of COD, when the ambient temperatures

are 20ºC and 25ºC, and the filler dosing rate is 30%, the

average removal rate of COD are 88% and 90%, respec-

tively. Therefore, lowering temperature had little impact on

the removal rates of COD (Fig. 5c). After the inoculation of

aeolosoma hemprichi, the initial population density of

aeolosoma hemprichi is 1 ind./mL. On the 10th day the pop-

ulation density of aeolosoma hemprichi reached 15

ind./mL. After two days the population density of aeoloso-

ma hemprichi remained at 10 ind./mL. But the removal

rates of COD, NH3-N, and the release rate of TN in the

reactor remained relatively stable. This indicates that the

explosive propagation of aeolosoma hemprichi doesn’t
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Fig. 4. The impact of population density of aeolosoma

hemprichi on the value of TN.

Fig. 5. The inlet and outlet a) COD, b) NH3-N, c) TN, and d)

the population density of aeolosoma hemprichi at 20ºC. 
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occur. It doesn’t lead to the deterioration of water quality

when the population density of aeolosoma hemprichi is 15

ind./mL. So the temperature is not suitable for the growth

of aeolosoma hemprichi.

Impact of Explosive Propagation of Aeolosoma

Hemprichi on Removal Rates of COD, and NH3-N,

and the Release Rate of TN at 30ºC

In the beaker experiment the ambient temperature was

controlled to 30ºC with a shaker. When water flowed in or

out of the reactor we measured COD, NH3-N, and TN in

inlet and outlet water. After the reactor became stable we

started to inoculate aeolosoma hemprichi. After a few days,

when the initial population density of aeolosoma hemprichi

reached 1 ind./mL, we frequently measured the population

density of aeolosoma hemprichi every day so that we could

determine whether aeolosoma hemprichi started to explo-

sively propagate when the ambient temperature was 30ºC.

Fig. 6 depicts the relationships between the population den-

sity of aeolosoma hemprichi and the removal rates of COD

and NH3-N, and the release rate of TN in inlet and outlet

water.

As shown in Fig. 6a, the removal rate of COD at 30ºC

is higher than those at 20ºC and 25ºC. The average removal

rate of COD reached 94% and the removal rate of outlet

COD is kept below 50 mg/L. The result explains that on the

one hand, the activated sludge-biofilm reactor had high-

enough efficiency to remove COD at 30ºC. On the other

hand, the result showed that the activity of the bacteria in

both of the suspended and adhered sludge reached maxi-

mum at 30ºC. Fig. 6b shows that at 30ºC there was no obvi-

ous difference between the average removal rate of NH3-N

at 25ºC and 30ºC. Both were about 95%. There occurred

the explosive propagration of aeolosoma hemprichi in 7

days at 30ºC after the inoculation of aeolosoma hemprichi

in Fig. 6c. However, the explosive propagration of aeoloso-

ma hemprichi didn’t have significant impact on the removal

rates of COD and NH3-N, but it did on the value of total

nitrogen (Fig. 6d). On the 7th day the reactor started to

release TN when the population density of aeolosoma

hemprichi reached 50 ind./mL. In the sequent 6 days the

population density of aeolosoma hemprichi continously

grew. The maximum population density of aeolosoma

hemprichi reached 200 ind./mL and was accompanied by

the release of TN.

Explosive Propagation of Aeolosoma... 2299

Table 1. Data sheet of various factors under different various temperature conditions.

Temperature 

(ºC)

Maximum population

density (ind./mL)

COD removal rate 

(%)

NH3-N removal rate 

(%)
TNoutlet/TNinlet

20 15.00 88 94 0.55

25 383.33 90 95 4.20

30 200.00 94 95 1.50

Fig. 6. The inlet and outlet a) nCOD, b) NH3-N, c) TN, and d) the population density of aeolosoma hemprichi at 30°C.
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Multivariate Regression Analysis 

under Various Temperatures

We selected various ambient temperature conditions for

inoculating aeolosoma hemprichi in the baker experiment.

We found that varying degrees of explosive propagation of

aeolosoma hemprichi occur when the ambient temperature

reaches both 25ºC and 30ºC. Table 1 presents the associate

factors under various temperatures.

In the experiment we conduct multivariate regression

analysis with SPSS19 and examine the correlation between

the maximum population density of aeolosoma hemprichi

and the ambient temperature, the correlation between the

maximum population density of aeolosoma hemprichi and

the removal rate of COD, NH3-N, and the release rate of TN

(Table 2). In multivariate regression analysis, when the

probability ρ of the maximum value F of the candidate vari-

able is less than 0.10, we introduce the candidate variable.

When the probability ρ of the minimum value F of the can-

didate variable is more than 0.11, we eliminate the candi-

date variable.

The correlation coefficient between the maximum pop-

ulation density of aeolosoma hemprichi and the release rate

of TN is 0.994 in Table 2. The single significance test prob-

ability ρ is 0.034 (less than 0.10). Therefore, there is a

strong correlation between the maximum population densi-

ty of aeolosoma hemprichi and the release rate of TN. The

correlation coefficient between the ambient temperature

and the removal rate of COD is 0.982. The single signifi-

cance test probability ρ is 0.061, (less than 0.10). This

implies that there is a strong correlation between the ambi-

ent temperature and the removal rate of COD.

Multivariable correlation analysis with SPSS19 brought us

to the conclusion that there is a strong correlation between

the maximum population density of aeolosoma hemprichi

and the release rate of TN, but there is no obvious correla-

tion between the maximum population density of aeoloso-

ma hemprichi and the removal rates of NH3-N and COD.

Conclusions

With the beaker experiment we study and simulate the

activated sludge-biofilm reactor. In the study, we propose

the impact indicators for analyzing the performance of an

activated sludge-biofilm reactor during the period of the

explosive propagation of aeolosoma hemprichi. On this

basis, in the conditions of various temperatures, we observe

factors and parameters affecting the operation of an activat-

ed sludge-biofilm reactor and examine how the population

density of aeolosoma hemprichi affects the operation of the

activated sludge-biofilm reactor. The experimental results

show us:

(1) In the beaker experiment, when the rate of filler dosing

is 30%; the average removal rate of COD and the aver-

age removal rates of NH3-N are 90% and 95%, respec-

tively, the maximum population density of aeolosoma

hemprichi is 383 ind./mL. When the population density

of aeolosoma hemprichi is 66 ind./mL in the reactor, the

reactor starts to release TN. Therefore we claim that

aeolosoma hemprichi starts to explosively propagate

when its population density reaches more than 66
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Table 2. The correlation coefficient under various ambient temperatures.

Maximum 
population 

density
Temperature

Removal 
rate of COD

Removal rate 
of NH3-N

Total 
nitrogen ratio

Pearson 

Maximum population density 1.000 0.502 0.330 0.867 0.994

Temperature 0.502 1.000 0.982 0.866 0.407

Removal rate of COD 0.330 0.982 1.000 0.756 0.227

Removal rate of NH3-N 0.867 0.866 0.756 1.000 0.809

Total nitrogen ratio 0.994 0.407 0.227 0.809 1.000

Sig.

Maximum population density . 0.333 0.393 0.166 0.034

Temperature 0.333 . 0.061 0.167 0.366

Removal rate of COD 0.393 0.061 . 0.227 0.427

Removal rate of NH3-N 0.166 0.167 0.227 . 0.200

Total nitrogen ratio 0.034 0.366 0.427 0.200 .

N

Maximum population density 3 3 3 3 3

Temperature 3 3 3 3 3

Removal rate of COD 3 3 3 3 3

Removal rate of NH3-N 3 3 3 3 3

Total nitrogen ratio 3 3 3 3 3



ind./mL and the ambient temperature is 25ºC. The reac-

tor starts to release TN when the population density of

aeolosoma hemprichi is 50 ind./mL and the ambient

temperature is 30ºC, and TN is released. Therefore, we

claim that aeolosoma hemprichi starts to explosively

propagate when its population density reaches more

than 50 ind./mL and the ambient temperature is 30ºC.

(2) When aeolosoma hemprichi starts to explosively prop-

agate, the activated sludge-biofilm reactor does not

release NH3-N and COD. Aeolosoma hemprichi doesn’t

selectively eat ammonia-oxidizing bacteria. The exis-

tence of aeolosoma hemprichi doesn’t have an impact

on the removal rates of NH3-N and COD. However, the

existence of Aeolosoma hemprichi does have a signifi-

cant impact on the removal rate of total nitrogen. This

conclusion has been verified by our subsequent experi-

ments. Moreover, the amount of biofilm on the sus-

pended filler does not significantly reduce before and

after the explosive propagation of aeolosoma

hemprichi. This result shows that aeolosoma hemprichi

would not eat lots of biofilms.

(3) After conducting multivariable correlation analysis

with SPSS19, we come to the following conclusion that

there is a strong correlation between the maximum pop-

ulation density of aeolosoma hemprichi and the release

rate of TN, but there is no obvious correlation between

the maximum population density of aeolosoma

hemprichi and the removal rates of NH3-N and COD.

Moreover, there is a strong correlation between ambient

temperature and the removal rate of COD.
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