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Effective disinfecting of negative pressure pipelines of DCUs reduces the risk 
of cross infection in dental care
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ABSTRACT
Objectives: Microbial contamination of various accessory parts of the dental chair units 
(DCUs) is an essential source of cross infection, while the accessories of the crucial suction 
function are usually overlooked. In this study, we aim to find an effective disinfectant and a 
cost-effective method to remove bacterioplankton and bacterial biofilm deposited in the 
negative pressure suction pipelines to control cross infection during dental treatment.
Methods: Double-chain quaternary ammonium salt disinfectant (Orotol Plus®), 3% hydrogen 
peroxide solution plus multi-enzyme cleaning agent and chlorine disinfectant are used to 
clean and disinfect the negative pressure pipelines of DCUs. Microbiological examinations, air 
condition detection, corrosion tests and gene sequencing are performed.
Results: Little bacteria grow in the pipelines disinfected with double-chain quaternary 
ammonium salt disinfectants, destruction of biofilms in these pipelines appears, and multi- 
resistant bacteria cannot be detected. Minimal damage to metal sheets and fittings is caused 
by double-chain quaternary ammonium salt disinfectants.
Conclusion: Double-chain quaternary ammonium salt disinfectant has excellent bactericidal 
ability and anti-biofilm effect, and it is less corrosive to the fittings of the pipelines. Thus, the 
double-chain quaternary ammonium salt disinfectant is a potential novel disinfectant for 
negative pressure suction pipelines of DCUs to control cross infection during dental 
treatment.
Clinical significance: It is essential to add all these data to our dental practice to control 
cross infection with a broader landscape.
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Introduction

The Dental Chair Unit (DCU) is a complex piece of 
dental medical equipment used to perform various 
dental examinations and treatments. The DCUs are 
mainly used for oral therapy which consist of the dental 
chair, a pedestal unit furnishing provision, the control 
of equipment and auxiliary attachments, which involve 
the negative pressure suction system [1].

The negative pressure suction system is composed 
of two evacuators attached to a vacuum source sup-
plied to the body of the DCUs, which are called high 
volume evacuator (HVE) and low volume evacuator 
(LVE). The role of this system is to effectively reduce 
the release of aerosols, sprays and droplets, and 
timely remove the liquids and debris in patients’ 
mouths [2]. In the process of oral treatment, LVE is 
often used to suck the blood, saliva and other organic 
substances in the patient’s mouth and the coolant of 
the tooth drill to ensure the clarity of the operation 
area [3]. When the patient has too much fluid in 
mouth, he may wrap the suction tip with the lips to 

suck away the liquid; meanwhile, the oral cavity tem-
porarily forms a partial vacuum space, which is easy 
to result in the occurrence of backflow [4]. The bac-
teria and biofilms exist steadily in pipeline connected 
to evacuators, which provides interfaces for bacteria 
and biofilms to form, grow, proliferate and shedding. 
The potential liquid backflow in LVE exposes the 
patient’s oral mucosa or incomplete soft or hard 
tissues to fluids suctioning from previously treated 
patients which can predispose them to potential 
cross-infection risk [3]. The biofilms shedding off 
from the inner wall of the suction system pipelines 
may be back into the patients’ mouths which can lead 
to the high risk of infection during dental treatment, 
especially for immune deficiency patients, and may 
easily result in multi-drug-resistant bacteria and cross 
infection of viruses among different patients.

As for HVE, it is a suction device that draws in 
large quantities of air or even liquid droplets sus-
pended in the air during ultrasonic scaling proce-
dures. Choudhary [5] clarified that the greatest 
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concentrations of aerosols are produced by ultrasonic 
scaling and high-speed drilling of anterior teeth, 
which is evident in dental procedures on the upper 
incisors where large amounts of water are splashed 
back into the atmosphere around the patient and 
where HVE has enough space to reduce aerosols. 
Many previous researches [6] also proved that HVE 
significantly reduced the aerosol concentration dur-
ing all types of dental procedures sampled.

There were researches [7,8] focusing on the Waterline 
Disinfectants, and the study [7] has shown that plumbing 
disinfectants are effective in reducing dental aerosols. 
The cleaning and disinfection of the suction pipeline 
system is a longtime problem in the infection control of 
the dental treatment process [9]. However, due to the 
heavy workload in the outpatient clinics of dental speci-
alty hospitals, it is easy to neglect the cleaning and disin-
fection of the saliva suction pipeline [10]. Nowadays, 
there is no recommended domestic or international 
standard for the cleaning and disinfection of negative 
pressure pipelines on DCUs, and the cleaning and disin-
fection methods adopted by various medical institutions 
are mainly the use of tap water for suction between 
consultations, and the use of a certain concentration of 
chlorine disinfectant for soaking and flushing after con-
sultation. Chlorine disinfectant can only reduce or inhi-
bit planktonic microorganisms in the negative pressure 
pipelines but make no effort on removing and inhibiting 
the biofilm of plaque on the pipeline wall. Otherwise, the 
long-term use of chlorine disinfectant may have 
a corrosive effect on the pipeline fittings [11–13]. It has 
also been reported that 3% hydrogen peroxide solution 
with multi-enzyme cleaning agent is used to soak and 
rinse the negative pressure pipelines of the DCUs, while 
the hydrogen peroxide may produce abundant foam 
when it meets blood stain, which may lead to blockage 
of the negative pressure pipelines and spittoon down-
pipes, and may cause gas backflow in the pipelines [12– 
14]. Scholars have found that long-term used DCUs 
leaked due to corrosion of negative pressure pipeline 
fittings, and opportunistic pathogenic bacteria such as 
Pseudomonas aeruginosa were isolated from the rusted 
negative pressure line connections, with a positive rate of 
61% [1]. It has become a possible source of cross- 
infection in dental practice.

Double-chain quaternary ammonium salt disinfec-
tants belong to the fourth generation of new quatern-
ary ammonium salt disinfectants with surface activity, 
whose surface activity and bactericidal function have 
many unique advantages compared with the tradi-
tional quaternary ammonium salt surfactants in the 
past [14]. They also have stronger bactericidal activity 
than benzalkonium bromide and better killing effect 
on bacterial propagules and lipophilic viruses. 
Quaternary ammonium compounds have shown sig-
nificant antibacterial effects against dental caries and 
periodontitis and some of them also have exhibited 

antiviral activity against coronaviruses, indicating 
their potential as treatments for COVID-19 [15].

In this study, the growth of bacteria in biofilm in the 
pipelines, the effect of different cleaning and disinfection 
methods on planktonic bacteria, biofilm removal, biofilm 
prevention, air quality, and long-term corrosion of pipe-
lines fittings are investigated, while the negative pressure 
pipelines of DCUs are taken as the object of the study. 
The materials used in this research to disinfect the nega-
tive pressure pipelines of the DCUs are Orotol Plus® 
negative pressure pipeline disinfectant, 3% hydrogen per-
oxide solution with multi-enzyme cleaner and 500 mg/L 
chlorine disinfectant to observe the effect of removing 
biofilm and preventing biofilm generation. The aim of 
this research is to find effective disinfectant and methods 
to reduce negative pressure pipeline contamination, to 
reduce the risk of cross-infection between patients, to 
reduce the adverse effects of negative pressure pipelines 
on the air in the dental clinic and reduce the possible 
occupational exposure of dental health-care providers.

Methods and materials

Dental chair units

From June 2020 to June 2022, the HVE and LVE nega-
tive pressure suction pipelines of the DCUs (Sinora 
intego, n = 15) of the Department of Periodontology, 
Affiliated Stomatological Hospital of Nanjing Medical 
University are studied as the research objects. Among 
them, the suction pipelines on the first to fifth days are 
in working state, and on the sixth to seventh days are in 
off-working state. The negative pressure pipelines 
under working state are cleaned and disinfected twice 
a day, while the negative pressure pipelines under non- 
working condition are kept dry.

Grouping

The experiments are divided into preliminary (5 days) 
and further (4 weeks) experiments according to the 
maintenance time, besides pipelines are divided into 
the following groups according to the protocol: A1 
(control group, n = 5), pipelines of DCUs are immersed 
with 1:100 multi-enzyme detergent plus 3% H2O2. A2 
(experimental group, n = 5), pipelines are soaked with 
the original solution of double-chain quaternary 
ammonium salt disinfectant. A3 (control group, n =  
5), pipelines of DCUs are soaked in 250 mL chlorine 
disinfectant (500 mg/L available chlorine). The preli-
minary experiment above lasts for 5 days.

As for the duration of the experiment for group B1, 
B2, and B3, it is extended to as long as 4 weeks. B1 
(control group, n = 5), pipelines of DCUs are immersed 
with 1:100 multi-enzyme detergent plus 3% H2O2. B2 
(experimental group, n = 5), pipelines are soaked with 
the 1:50 diluent of double-chain quaternary ammonium 

2 X. LV ET AL.



salt disinfectant. B3 (control group, n = 5), pipelines of 
DCUs are soaked in 250 mL chlorine disinfectant (500  
mg/L available chlorine).

At the end of each half-day work, each DCU was 
disinfected. Before each sampling, the articulation 
buckle was disinfected and replaced with a brand- 
new suction pipeline which was connected to be 
used after being disinfected.

The suction pipelines are cleaned by immersion. The 
disinfectants solution volume, room temperature and 
duration of disinfecting time of immersion are identical 
for all groups. The volume of the soaking solution is 250  
ml, the soaking time is 30 min, and the action tempera-
ture is room temperature (approximately 25°C). After 
every immersion, 1000 mL tap water is pumped into the 
immersed pipelines to remove the disinfectants.

Laboratorial processing

During this study, the daily workload of each DCU 
and the pressure of negative pressure suction are kept 
almost the same, and the time of use is around 6  
hours. Before each sampling, the connecting buckles 
are disinfected with 75% alcohol, and the new suction 
pipelines are replaced and connected for use after 
disinfection. The operator and assistant are through 
systematic stomatology training, and all experimental 
samples are taken by the same operator. Sampling time 
points: (1) baseline: dismantle the original negative- 
pressure pipeline and replace the negative-pressure 
saliva suction pipeline; (2) first time: after 5 days of 
continuous work and disinfection treatment; 
(3) second time: after 4 weeks of continuous work 
and disinfection; sampling once a week, before the 
opening of the clinic on Monday morning, disman-
tling the original saliva suction pipeline and replacing 
it with a brand-new saliva suction pipeline. The first to 
fifth days of the week were in working condition, and 
the sixth to seventh days were in non-working condi-
tion. The time point for each sample was 8:00 a.m. the 
following morning, and the pipeline was disassembled 
at the sampling time point and placed in a clean con-
tainer for transfer to the laboratory.

Methods

Detection of plankton removal effect in negative 
pressure pipelines

(1) Dismantlement and replacement the suction 
pipelines: After the whole day working, 
researchers remove the negative pressure pipe-
lines from the DCUs with sterile gloves and 
empty the liquid in the cavity of the pipelines 
which are afterwards transferred to the labora-
tory in sterilized containers.

(2) Detection of planktonic bacteria removal 
effect: The external surface of the suction 

pipelines is wiped with an antiseptic wipe for 
cleaning and disinfection, then wiped with 
sterile wet gauze infiltrated in sterilized PBS 
solution twice after 3 min. Adding 100 mL 
sterilized PBS solution into the HVE pipelines 
and 40 mL PBS is added to LVE pipelines 
which are gently shaking for 5 times and 
poured into the sterilized centrifuge tubes.

(3) Inoculation and culture of bacteria: the PBS 
solution of the control groups and the experi-
mental groups swabbed above is diluted with 
a series of 10 times diluent. Suspension of all 
groups with appropriate dilution is selected to 
form the mixed solution, 0.1 mL of which is 
taken with a sterile straw, inoculated on the 
plate containing nutrient agar and then coated 
uniformly on the plate. The collected nutrient 
agar Petri dish (BKMAM) is inverted into a 37°C 
constant temperature incubator for bacterial col-
ony culture, and the culture time is 48 hours.

(4) Bacterial colony counting: The number of bac-
terial colonies on the surface of each square 
centimeter of suction lumen is calculated 
(CFU/ml). Actual bacterial colony count 
(CFU/ml) = Visible colony count × Dilution 
ratio/Sampling area.

Detection of biofilm removal effect in negative 
pressure pipelines

(1) Interception of the negative pressure pipelines: 
The length of every negative pressure pipeline 
is 120 cm and about 10 cm at both ends are 
discarded while 100 cm in the middle would 
be reserved. The pipelines are cut into three 
sections taking 30 cm as one unit, then saved 
for future observations. All cutting steps are 
implemented by sterile surgical scissors.

(2) Scanning Electron Microscope (SEM) observa-
tion: the new negative pressure pipelines, the 
used negative pressure pipelines and the sec-
tion of the negative pressure pipelines cleaned 
and disinfected by different methods are taken 
separately and placed in a glutaraldehyde solu-
tion with a temperature of 4°C and 
a concentration of 2.5% for 2 hours, and then 
rinsed with PBS solution with pH 7.2 three 
times, for 10 min each time. After that, the 
pipelines are dehydrated with acetone gradient 
(30%, 50%, 70%, 90%, 100%) for 10 min each 
time, and then replaced with isoamyl acetate, 
dried at the critical point of carbon dioxide, 
sprayed gold coating with ion, and finally 
observed under SEM (TESCAN, TESCAN 
MAIA 3 GMU, 5.92 mm).

(3) Biofilm swab collection: About 12 cm length of 
the end of the negative pressure pipelines are 
cut off by sterilized scissors. The orifices of 
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pipelines are penetrated into about 5 cm with 
sterilized cotton swabs, which are closely stuck 
to the walls of pipelines to rotate and wipe 
back and forth for 5 times and then taken 
out carefully to be put in 50 mL of sterile 
PBS solution. There is eddy vibration for 1  
min and centrifugation at 12,000 rpm for 3  
min for collected cotton swabs. In the end, the 
supernatant is discarded and the sediment is 
precipitated at the temperature of −20°C.

(4) Detection of biofilm biodiversity: The bacterial 
plaque precipitates obtained from the above 
steps are extracted for genomic DNA extrac-
tion. Second-generation sequencing technol-
ogy is used to sequence 16S rDNA for 
prokaryotes, 18S rDNA for eukaryotes and 
ITS sequencing and target region amplicon 
sequencing for in-depth analysis of the distri-
bution and changes in microbial diversity after 
disinfection treatment of the DCUs.

(5) Detection of multi-drug resistant bacteria in 
biofilms: The pipeline eluates and biofilm 
swabs collected in the previous steps are iso-
lated and cultured, respectively, and drug sen-
sitivity tests are performed to detect the 
distribution of multi-drug resistant bacteria 
in both samples.

Impact of different disinfection methods on air 
quality
Air around the opening of the pipelines is collected as 
sample for the experiment. A Plexiglas cover is made 
to cover the assistant position of the DCUs, sterilized 
and placed over the gateway of the high and low 
volume evacuator. The 9 cm diameter Petri dish 
(R2A) is opened and placed in the Plexiglas cover, 
left for 30 min, removed and placed upside down in 
a 37°C incubator for a 48-hour incubation period, 
then bacterial colonies are counted.

Corrosion effect of different disinfectants on pipe 
fittings
The disinfectants are conducted immersion experi-
ments, the brand new pipeline fittings attached to 
the negative pressure system called moisture separa-
tion covers (made of PP-TD30) and several metal 
sheets (copper, stainless steel, pure aluminum, alumi-
num alloy) are soaked in the above four disinfectants 
for 3 months, the corrosion of the surface of the 
pipeline fittings is observed under SEM, the corrosion 
of the metal sheets is observed under the metallo-
graphic microscope, and the corrosion rate of moist-
ure separation covers is weighed and calculated, so as 
to detect the influence of different disinfection meth-
ods on the corrosion effect of the negative pressure 
system. Disinfectants in group C1 are 1:100 multi- 
enzyme cleaning agents plus 3% H2O2, in group C2 is 

double-chain quaternary ammonium salt disinfectant 
stock solution, in group C3 is double-chain quatern-
ary ammonium salt disinfectant diluent (1:50), in 
group C4 are chlorine disinfectants, and the corro-
sion of accessories and metal sheets after soaking in 
each group of disinfectant is observed.

Statistical analysis

The data are analyzed using SPSS 20.0 software. After 
testing for normal distribution and chi-square in 
groups A1, A2, A3, B1, B2, B3 and groups C1, C2, 
C3, C4, one-way analysis of variance (ANOVA) is 
applied to those data that met the normal distribu-
tion; within-group comparisons are statistically ana-
lyzed using the LSD method (α = 0.05). In the 
statistical analysis, differences are considered statisti-
cally significant when p < 0.05 and mean ± standard 
deviation are used to express the number of bacterial 
colonies in the suction duct.

Results

Double-chain quaternary ammonium salt disinfectant 
appears effective in disinfecting plankton in negative 
pressure pipelines. Sterilized PBS solution is added to 
the tubes as eluent, diluted and inoculated in nutrient 
agar Petri dishes, then bacterial colonies are incu-
bated in a constant temperature incubator for 48  
hours, and the formula mentioned above is applied 
to derive the number of bacterial colonies per square 
centimeter of the lumen surface of the suction pipe-
lines. The treatment lasted for 5 days, results of which 
are shown in Table 1. The results reveal that no 
bacterial growth is found out in the HVE and LVE 
pipelines disinfected with double-chain quaternary 
ammonium salt disinfectant stock solution.

In the further experiment, the results after 4 weeks 
of treatment with double-chain quaternary ammo-
nium salt disinfectant diluents are shown in Table 1.

Double-chain quaternary ammonium salt disin-
fectant appears effective in removing biofilm in 
negative pressure pipelines as well. The new negative 
pressure pipelines, used negative pressure pipelines, 
the cleaned and disinfected negative pressure pipe-
lines with different treatment methods are separately 
taken and disposed, thus the biofilms in the pipe-
lines are observed by SEM, which illustrates a visual 
growth of bacteria in biofilms in negative pressure 
pipelines. Figure 1 reveals the comparison between 
the three experimental groups with brand new and 
the used pipelines without disinfection treatment. It 
is found that the bacteria in the HVE negative pres-
sure pipelines grow well and are not significantly 
damaged in group A1 and A3 during the 5 days 
experiment, while the biofilms in the HVE pipelines 
treated with double-chain quaternary ammonium 
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salt disinfectant stock solution show a reduction in 
bacterial species, number, structure with a severe 
biofilm structure damage. In the LVE pipelines, 
bacteria in groups A1 and A3 still grow better than 
in group A2, and biofilms in groups A1 and A3 are 
relatively well structured compared to the LVE pipe-
lines treated with double-chain quaternary ammo-
nium salt disinfectant stock solution for 5 days 
(Figure 1).

The SEM images (Figure 1) of the effect of the 
different disinfection methods on the removal of bio-
film from the negative pressure pipelines over 
a 4-week trial. The results show a reduction in bac-
terial species, numbers and structure in the biofilms 
of both HVE and LVE pipelines disinfected with 
double-chain quaternary ammonium salt disinfectant 
diluents.

Differences in biofilm diversity in the pipeline wall 
under different disinfection methods are illustrated in 
Figure 2. α-diversity is an indicator of species in terms 
of richness, diversity and evenness in locally homoge-
neous habitats, also known as intra-habitat diversity, 
expressed using the Chao1 index (richness) and the 
Shannon index (diversity). Results show that after 5  
days of disinfectant treatment, the α-diversity of the 
double-chain quaternary ammonium salt disinfectant 
stock solution group (O5q, O5r) is higher than that of 
the 500 mg/L chlorinated disinfectant group (C5q, C5r) 
in the biofilm flora in HVE and LVE pipelines, which 
have statistically significant differences, but there is no 
statistically difference from that of the 1:100 multi- 
enzyme detergent + 3% H2O2 (Meh5q, Meh5r) in 
Figure 2a. After 28 days of disinfectant treatment, the 
Shannon index is higher and statistically different in the 
HVE pipeline biofilm flora in the 1:100 multi-enzyme 
cleaner + 3% H2O2 group (Meh28q) than in the 500  
mg/L chlorine-containing disinfectant group (C28q), 
but not in the rest of the groups (Figure 2a). Figure 3b 
illustrates the β-diversity and shows that after 5 days of 

disinfectant treatment, the microbial community com-
position differs more in the HVE pipeline biofilm flora 
in the double-chain quaternary ammonium salt disin-
fectant group (O5q) versus the 500 mg/L chlorinated 
disinfectant group (C5q) samples, and less in the 1:100 
multi-enzyme cleaner + 3% H2O2 (Meh5q) versus O5q 
and C5q. After 5 days of disinfectant treatment, the 
microbial community composition differs more 
between the double-chain quaternary ammonium salt 
disinfectant group (O5r) and the 500 mg/L chlorinated 
disinfectant group (C5r) samples and less from the 
1:100 multi-enzyme cleaner + 3% H2O2 group 
(Meh5r) in the LVE pipeline biofilm community. 
However, no statistical difference between the groups 
exists in the 28-day disinfection experiment. LEfSe 
(LDA Effect Size) analysis emphasizes the search for 
robustly differential species between subgroups. In the 
5-day disinfection experiment, the large abundance of 
bacteria exists in the double-chain quaternary ammo-
nium salt disinfectant stock solution group (O5q, O5r), 
while in the 28-day disinfection experiment, the large 
abundance of bacteria exists in the 1:100 multi-enzyme 
cleaner + 3% H2O2 group (Meh5r). These results have 
no statistical significance (Figure 2c).

For the detection of multi-drug resistant bacteria 
in the biofilm, the pipeline eluates and biofilm swabs 
collected are isolated and cultured in several, and 
drug sensitivity tests are performed to detect the 
distribution of multi-drug resistant bacteria in both 
samples. The results of each group of HVE and LVE 
pipelines are illustrated in Table 2. After the disinfec-
tion of HVE and LVE pipelines with double-chain 
quaternary ammonium salt disinfectant original solu-
tion for 5 days, the bacterial species in the biofilms 
are Bacillus spp. and most of which are environmen-
tally benign microorganisms. While in the eluates of 
these pipelines, there are no bacteria cultured. After 4  
weeks of disinfection of the HVE and LVE pipelines 
with double-chain quaternary ammonium salt disin-
fectant dilution, no multi-drug resistant bacteria are 
detected in biofilms and eluates while multiple 
Staphylococcus aureus is detected in biofilms of 
LVE pipelines treated with chlorinated disinfection 
solution (Table 2).

Air samples around the suction pipelines show 
a significant reduction or even absence of airborne 
colonies. As shown in Figure 4a after 5 days of 
treatment, no significant colonies are found in 
group A2 (both HVE and LVE) treated with dou-
ble-chain quaternary ammonium salt disinfectants 
at stock concentration compared to groups A1 and 
A3. The results of the experiment after 4 weeks of 
treatment are shown in Figure 3b. It shows that no 
significant colonies are found in the HVE pipe-
lines treated with double-chain quaternary ammo-
nium salt disinfectant diluents, but colonies are 
still present in the LVE pipelines.

Table 1. Counting of bacterial cultures in eluates of pipelines 
disinfected by group A1, A2, A3 for 5 days and by group B1, 
B2, B3 for 4 weeks.

Groups HVE (CFU/ml) LVE (CFU/ml)

A1 0 11.53±10.61
A2 0 0
A3 0 0.99±0.30
B1 15.23±37.30 1216.02±1861.75
B2 0 43.51±19.97
B3 0.053±0.14 1401.84±637.85

A1 (control group, n = 5), 1:100 multi-enzyme detergent plus 3% H2O2, 
5 days. A2 (experimental group, n = 5), original solution of double- 
chain quaternary ammonium salt disinfectant, 5 days. A3 (experimental 
control group, n = 5), chlorine disinfectant (500 mg/L available chlor-
ine), 5 days. B1 (control group, n = 5), 1:100 multi-enzyme detergent 
plus 3% H2O2, 4 weeks. B2 (experimental group, n = 5), double-chain 
quaternary ammonium salt disinfectant diluent (1:50), 4 weeks. 
B3 (control group, n = 5), chlorine disinfectant (500 mg/L available 
chlorine), 4 weeks. Groups A1, A3, B1, and B3 are control groups, and 
groups A2 and B2 are experimental groups. ** p(A1-LVE, A2-LVE) <0.05, 
p(A1-LVE, A3-LVE) <0.05, p(B2-LVE, B3-LVE) <0.05. 
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The results below show that the double-chain qua-
ternary ammonium disinfectant has the least corrosive 
effect on various pipeline fittings. Moisture separation 
covers are taken as samples, soaked in four disinfectants 
to detect the influence of different disinfection methods 
on the corrosion effect of the negative pressure system 

in this study. Findings including the weights and images 
of corrosion effects in Table 3 and Figure 4 suggest that 
the double-chain quaternary ammonium salt disinfec-
tant diluent has the weakest corrosion effect on the 
negative pressure system, while the 500 mg/L chlorine- 
containing disinfectant is opposite.

Figure 1. Bacteria species, number, and structure in biofilms of pipelines which are new, used or disinfected by different 
methods are observed under SEM. (a) Biofilms in the HVE pipelines. (b) Biofilms in the LVE pipelines. (c) Biofilms in the HVE 
pipelines. (d) Biofilms in the LVE pipelines. A1 (control group, n=5), 1:100 multi-enzyme detergent plus 3% H2O2, 5 days. A2 
(experimental group, n=5), original solution of double-chain quaternary ammonium salt disinfectant, 5 days. A3 (experimental 
control group, n=5), chlorine disinfectant (500mg/L available chlorine), 5 days. B1 (control group, n=5), 1:100 multi-enzyme 
detergent plus 3% H2O2, 4 weeks. B2 (experimental group, n=5), double-chain quaternary ammonium salt disinfectant diluent 
(1:50), 4 weeks. B3 (control group, n=5), chlorine disinfectant (500mg/L available chlorine), 4 weeks. The area in the red box of 
the image at 10000x is magnified to be viewed at 50000x.
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As shown in Figure 5a, after soaking in the disin-
fectants for 3 months, the appearance of the metal 
sheets has changed. In group C4, except for the 
stainless-steel sheet, other metal sheets treated with 
chlorine-containing disinfectant have different 
degrees of corrosion. Under the metallographic 
microscope, it is found that the chlorine-containing 
disinfectant has a strong corrosion effect on the cop-
per sheet, the metal structure has been damaged 

evenly and in a large amount, the copper sheet after 
hydrogen peroxide treatment is mostly corroded, 
while the double-chain quaternary ammonium salt 
disinfectant including the original solution and dilu-
ent has a slight corrosion effect on the copper sheet, 
and only local fine structure has been damaged. Four 
groups of disinfectants on stainless steel sheet show 
no corrosion effect. In contrast, pure aluminum and 
aluminum alloys disinfected with double-chain 

Figure 2. Gene sequencing results for biofilms of pipelines. (a) α-diversity: Chao1 index (abundance) and Shannon index 
(diversity) of biofilms in pipelines under different disinfection methods. (b) β-diversity: graph of NMDS analysis results. (c) LEfSe 
(LDA effect size) analysis: means of finding bacteria that differ between groups. *Meh5q and Meh5r (control group), HVE and 
LVE pipelines disinfected by 1:100 multi-enzyme detergent plus 3% H2O2 for 5 days. O5q and O5r (experimental group), HVE 
and LVE pipelines disinfected by original solution of double-chain quaternary ammonium salt disinfectant for 5 days. C5q and 
C5r (control group), HVE and LVE pipelines disinfected by chlorine disinfectant (500mg/L available chlorine) for 5 days. Meh28q 
and Meh28r (control group), HVE and LVE pipelines disinfected by 1:100 multi-enzyme detergent plus 3% H2O2 for 28 days. 
Od28q and Od28r (experimental group), HVE and LVE pipelines disinfected by double-chain quaternary ammonium salt 
disinfectant diluent (1:50) for 28 days. C28q and C28r (control group), HVE and LVE pipelines disinfected by chlorine disinfectant 
(500mg/L available chlorine) for 28 days.
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Figure 3. Influence of different disinfection methods on air quality. (a) Air samples taken in pipes disinfected by stock double- 
chain quaternary ammonium salt disinfectant for 5 days. (b) Air samples taken in pipes disinfected by double-chain quaternary 
ammonium salt disinfectant dilution for 4 weeks.

Table 2. Bacterial culture results of biofilms and eluates from pipelines with different disinfection methods.
Biofilm Eluate

Groups HVE LVE HVE LVE

A1 Lysinibacillus sphaericus Pseudomonas aeruginosa, 
Lysinibacillus sphaericus

None Enterobacter aerogenes, Comamonas testosterone 
(resistant to gentamicin), Citrobacter frazier, 
Pseudomonas aeruginosa

A2 Lysinibacillus sphaericus Brevibacillus parabrevis None None
A3 Lysinibacillus sphaericus Lysinibacillus boronitolerans, 

Brevibacillus agri
None Pseudomonas putida

B1 Lysinibacillus 
macrolides, 
Paenibacillus 
ehimensis

Escherichia coli, 
Klebsiella aerogenes

Stenotrophomonas 
maltophilia

Klebsiella pneumoniae, Klebsiella aerogenes, Pseudomonas 
aeruginosa

B2 Lysinibacillus fusiformis, 
Pseudomonas putida

Pseudomonas aeruginosa, 
Brevibacillus agri

Pseudomonas putida Pseudomonas aeruginosa

B3 Klebsiella pneumoniae, 
Paenibacillus 
ehimensis

Brevibacillus agri, 
Staphylococcus aureus, 
Paenibacillus ehimensis

Pseudomonas 
aeruginosa, 
Pseudomonas 
putida

Pseudomonas putida

A1 (control group, n = 5), 1:100 multi-enzyme detergent plus 3% H2O2, 5 days. A2 (experimental group, n = 5), original solution of double-chain 
quaternary ammonium salt disinfectant, 5 days. A3 (experimental control group, n = 5), chlorine disinfectant (500 mg/L available chlorine), 5 days. 
B1 (control group, n = 5), 1:100 multi-enzyme detergent plus 3% H2O2, 4 weeks. B2 (experimental group, n = 5), double-chain quaternary ammonium 
salt disinfectant diluent (1:50), 4 weeks. B3 (control group, n = 5), chlorine disinfectant (500 mg/L available chlorine), 4 weeks. 

Figure 4. Corrosion effects of different disinfectants on the pipeline fittings. (a) A new pipeline fitting attached to the negative 
pressure system called moisture separation cover (made of PP-TD30). (b) Weights of corrosion effects of different disinfectants 
on moisture separation covers. (c) SEM images of the new and disinfected moisture separation covers. One asterisk indicates 
a significant difference from all other groups (p < 0.05), four asterisks indicate a significant difference from all other groups 
(p < 0.0001).
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quaternary ammonium salt disinfectant have more 
complete and rich metal structure, while chlorine- 
containing disinfectant has stronger metal corrosive-
ness and more metal structure damage (Figure 5b).

Discussion

The ideal method [16] for cleaning and disinfecting 
negative pressure pipelines should meet the following 
requirements: (1) removal and killing of planktonic 
microorganisms in the pipelines effectively; (2) 
decomposition of proteins on the inner wall of the 
pipelines effectively; (3) removal of biofilm on the 
inner wall of the pipelines and prevention of biofilm 
generation effectively; (4) low froth, which may avoid 
blockage of the negative pressure pipelines and gas 
backflow; (5) no or little corrosive effect on the pipe-
line fittings; (6) low cost, easy to operate and main-
tain good compliance.

Nevertheless, many disinfectants cannot meet the 
requirements of biofilm removal and may at risk of 
causing cross-infection, occupational exposure of 
doctors and nurses, pipeline blockage, gas backflow, 
corrosion of the accessories of devices, and accelerate 
the loss of DCUs. Therefore, there is a need to find 
a disinfectant that is more efficient in removing bio-
film and is friendly to pipeline fittings to clean and 
disinfect pipelines, in order to control cross-infection 
in dental practice and to solve the problem of the 
difficult disinfection of DCUs.

By observing the effects of different intervention 
measures on the number of plankton in the negative 
pressure pipelines of DCUs, the explorations of this 
study are threefold: 1) The influence on plaque bio-
film structure, microbial diversity and multi-drug 
resistant bacteria on the inner wall of the negative 
pressure suction pipelines of DCUs. 2) The effects of 
different cleaning and disinfection methods on the 
removal of biofilm. 3) The prevention of biofilm 
generation in the negative pressure pipelines of 
DCUs. The data show that less bacterial growth is 
detected in the eluates of evacuators treated by dou-
ble-chain quaternary ammonium salt disinfectants 
compare with the other two disinfectants, of which 
the species, number and structure of bacteria in the 
biofilms are all reduced and destroyed. The results 
demonstrate that the effect of double-chain quatern-
ary ammonium salt disinfectants is more significant 
than hydrogen peroxide and chlorinated disinfectants 

in biofilm removal and inhibition of biofilm forma-
tion in this study. While in the pipelines disinfected 
by double-chain quaternary ammonium salt disinfec-
tants, multi-drug resistant bacteria can hardly be 
detected, indicating their capacity of multi-drug resis-
tant bacteria of planktonic microbial and biofilm. As 
for the effect of double-chain quaternary ammonium 
salt disinfectants on air quality, no or little bacterial 
colonies are detected in the pipelines disinfected by 
double-chain quaternary ammonium salt disinfec-
tants, while the pipelines disinfected by other two 
disinfectants have more obvious bacterial colonies. 
This shows that double-chain quaternary ammonium 
salt disinfectants can significantly improve air quality 
in the clinics.

In our study, compared with hydrogen peroxide 
disinfectants, double-chain quaternary ammonium 
salt disinfectants cause less clogging in the suction 
pipelines and spittoon down water pipelines, avoiding 
the gas reflux. Compared to chlorine-containing dis-
infectants, the removal of biofilm effect of double- 
chain quaternary ammonium salt disinfectants is 
more significant, and less corrosive effect to fittings, 
greatly prolongating the service life of pipelines.

It was mentioned in previous research [17] that 
although QACs are lethal to a wide variety of organ-
isms, including vegetative cells of gram-positive and 
gram-negative bacteria, fungi, parasites (e.g. 
Leishmania major, Plasmodia falciparum), and lipo-
philic (enveloped) viruses, they are generally not con-
sidered sporicidal (e.g. Bacillus subtilis, Clostridium 
sporogenes), tuberculocidal (e.g. Mycobacterium 
tuberculosis, Mycobacterium bovis) or virucidal 
against hydrophilic (non-enveloped) viruses (e.g. 
Coxsackievirus, Rhinovirus). This may explain why 
the high detection rate of Lysinibacillus and 
Brevibacillus in appeared in biofilms and eluates. As 
far as the presence of Pseudomonas aeruginosa is 
concerned, the resistance to quaternary ammonium 
disinfectants is indeed an urgent problem which was 
mentioned in previous studies [17,18]. Additionally, 
the study [19] illustrated its unsatisfactory perfor-
mance in this area. Our team will also focus on this 
aspect of research next, after all, this is a problem that 
cannot be ignored. Emmanuel [20] clarified that an 
interconnection between the oral and gut micro-
biomes has been demonstrated, so it is not surprising 
that samples of pipelines of DCUs in periodontology 
found enterobacteria in this study. Recently, many 

Table 3. Weights of corrosion effects of different disinfectants on moisture separation covers.
Groups Corrosion in negative pressure systems (g)

C1 1:100 Multi-Enzyme Cleaners+3%H2O2 0.0173±0.0019
C2 Double-chain quaternary ammonium salt disinfectant stock solution 0.0233±0.0011
C3 Double-chain quaternary ammonium salt disinfectant diluent (1: 50) 0.0144±0.0029
C4 Chlorine disinfectant (500mg/L available chlorine) 0.0908±0.0011

Groups C1 and C4 are control groups, groups C2 and C3 are experimental groups. 
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researches [21] have proved that the human body is 
a complex connected body, and there are many 
intestinal flora in the oral cavity. It was found that 
the long-term DCU leaked due to corrosion of 

negative pressure pipeline fittings, and opportunistic 
pathogenic bacteria such as Pseudomonas aeruginosa 
were isolated at the interface of the corroded pipeline, 
with a positive rate of up to 61% [1]. Becoming 

Figure 5. Observation of metal sheets immersed in different disinfectants. (a) Appearance of new metal sheets and metal sheets 
soaked in four disinfectants for 3 months. (b) Surface of the metal sheets observed under SEM. *C1 (control group), 1:100 multi- 
enzyme cleaners+3% H2O2, 3 months. C2 (experimental group), double-chain quaternary ammonium salt disinfectant stock 
solution, 3 months. C3 (experimental group), double-chain quaternary ammonium salt disinfectant diluent (1:50), 3 months. 
C4 (control group), chlorine disinfectant (500mg/L available chlorine), 3 months. The area in the red box of the image is 
magnified to be observe with a larger field of view.
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a possible source of cross infection in oral diagnosis 
and treatment. Pseudomonads are ubiquitous in pipe-
lines, metals, and water. However, they can also be 
found in oral cavities, as clarified in the study [22].

Quaternary ammonium compounds (QACs), 
commonly used in cleaning, disinfecting, and perso-
nal care products, have recently gained worldwide 
attention due to the massive use of disinfectants dur-
ing the COVID-19 pandemic [23]. Nevertheless, the 
clinical application of double-chain quaternary 
ammonium salt disinfectant in dental is not general. 
Although the double-chain quaternary ammonium 
salt disinfectant belongs to the fourth generation of 
new quaternary ammonium salt disinfectant with 
surface activity, and it has many unique advantages 
compared with the previous traditional quaternary 
ammonium salt disinfectants, its shortcomings and 
potential menace to be evaluated still cannot be 
ignored. It has been mentioned in Boyce’s review 
[24] that although toxicity tests have been conducted 
extensively in industries and regulated in various 
legislations, the risks of exposure to multiple types 
of QAC are still fragmentary, likewise for long-term 
exposure in health effects. Also, the mass load of 
QACs at a WWTP has increased by 331% during 
COVID-19 compared to before COVID-19 in 
Alygizakis’s research [25], and this was a wake-up 
call. Apart from this, there are growing concerns 
about environmental exposure associated with such 
disinfectants, particularly to aquatic and benthic ani-
mals and humans [26]. The contamination of QACs 
in the environment is a forefront challenge in med-
iating the spread of antimicrobial resistance (AMR), 
and hence there is an urgent need to conduct a robust 
risk assessment to evaluate both human and aquatic 
health risks associated with QACs and AMR [27].

In summary, double-chain quaternary ammonium 
salt disinfectant has the effect of removing biofilm 
and preventing the formation of biofilm, reduces the 
adverse effect of negative pressure suction system on 
air pollution in the clinics in dental treatment, and 
has a minimal corrosive effect on pipeline fittings of 
DCUs. Owing to these properties of double-chain 
quaternary ammonium salt disinfectant, it can be 
used as an alternative option for cleaning and disin-
fecting the negative pressure suction pipelines of 
DCUs to control cross infection during dental treat-
ment, and to reduce the air contamination in the 
treatment unit and decrease the potential occupa-
tional exposure of dental workers. However, the lim-
itation of this study is the small sample size and the 
lack of studies on drug resistance. It is known from 
the literature [21] that bacteria are able to build up 
resistance to quaternary ammonium compounds 
quite quickly. This aspect should be discussed and 
has been taken into account in our following studies. 
The specific biocides and doses used to control 

a planktonic population are significantly different 
from the specific biocides and doses used to eliminate 
a particular biofilm matrix [28]. Care must be taken 
in choosing any chemical disinfectant introduced into 
the system. Moreover, handy treatment essentially 
decreases the time allocated for disinfection proce-
dures and increases the cost-effectiveness are more 
likely to achieve the desired compliance.

Conclusion

Disinfection of negative pressure suction pipeline in 
DCUs plays a vital role in inhaling aerosols and fluids 
generated during dental care. In this study, the dou-
ble-chain quaternary ammonium salt disinfectant has 
significant bactericidal ability and anti-biofilm effect, 
and is less corrosive to pipeline fittings. This means 
that the double-chain quaternary ammonium salt 
disinfectant is expected to be a promising disinfectant 
for negative pressure suction system to control cross 
infection during dental care.
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