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Abstract

Background: Although cetrimonium bromide is widely used for its bactericidal effects, the safety of cetrimonium
bromide remains controversial. Therefore, the phytotoxicity of cetrimonium bromide was tested to evaluate its
acute toxicity to plants and possible toxicity to other organisms and the ecosystem.

Results: The germination rates of two test species, Lactuca sativa and Brassica campestris, were significantly
decreased after cetrimonium bromide treatment. Furthermore, cetrimonium bromide treatment at over 1 mg/L
concentration significantly affected root elongation immediately after germination. In pot experiments with semi-
mature plants, significantly decreased shoot elongation and chlorophyll content were detected in both species
following cetrimonium bromide treatment. Cetrimonium bromide treatment also significantly increased the

antioxidant enzyme activities of plants.

Conclusion: Our results show that cetrimonium bromide is phytotoxic, and since phytotoxicity testing can imply
potential toxicity in the environment, further studies of the environmental toxicity of cetrimonium bromide should

be performed.
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Background

Cetrimonium bromide, (C;¢H33)N(CHs)3Br (CAS no. 57-
09-0), also known as hexadecyl-trimethyl-ammonium
bromide (International Union of Pure and Applied Chemis-
try [IUPAC] name), is an amine-based cationic quaternary
surfactant that is widely used in components of antiseptic
materials (Andersen 1997). Cetrimonium bromide is used
in hygienic goods and cleaning agents for bactericidal
effects (Oh et al. 2014) and in many cosmetics. However,
recently there has been much debate about the safety of
cetrimonium bromide (Woo 2015). Since cetrimonium
bromide, which was present in many cosmetic products,
was believed to be associated with human disease, the
safety of this chemical has been questioned (Kim 2014).
Furthermore, cetrimonium bromide is used in baby wet
tissue wipes, resulting in much debate on its safety (Woo
2015). However, despite these problems, there are a very
limited number of studies on the toxicity of this chemical.
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Among the few studies, one research group reported an in-
crease in fetal deaths in mice treated with 35.0 mg/kg cetri-
monium bromide, although other studies of cetrimonium
bromide did not show any acute toxicity (Andersen 1997).
However, as there are only a few reports, further studies are
required to determine the acute toxicity of cetrimonium
bromide. Moreover, although cetrimonium bromide is
commonly believed to be dangerous for the environment,
especially in aquatic ecosystems, the toxicity of cetrimo-
nium bromide to aquatic organisms is not well documented
(Tiler et al. 2004). Therefore, further research on the eco-
toxicity of cetrimonium bromide is required.

Phytotoxicity testing is often used to estimate potential
toxicity in the environment and for risk assessment of
chemicals and formulations of human relevance (Kristen
1997). Phytotoxicity tests are relatively simple but precise
toxicological assays with sensitive results (Kristen 1997).
Since the toxicity of cetrimonium bromide is still undeter-
mined and its ecotoxicity is almost unknown, testing the
toxicity of cetrimonium bromide with plants would supply
further information on the toxicity and ecotoxicity of
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cetrimonium bromide. Therefore, in this study, the phyto-
toxicity of cetrimonium bromide was tested by evaluating
seed germination rates, root elongation, and the ecophysi-
ological responses of mature vegetable crops.

Methods

Cetrimonium bromide was purchased from Daejung Che-
micals and Materials (Daejung C&M, Gyonggi Province,
Korea). The purity was above 99%, and loss on drying at
100 °C was less than 2%. We used 0.01 mg/L, 0.1 mg/L,
1 mg/L, 10 mg/L, 100 mg/L, and 1000 mg/L cetrimonium
bromide solutions for testing by adding measured weight
of cetrimonium bromide to distilled water. Although cetri-
monium bromide is used at up to 10% concentration in
cosmetics (Andersen 1997), we tested up to 1000 mg/L
because animal toxicity was observed at a 10 mg/L con-
centration (Andersen 1997), and concentrations of ap-
proximately 29 mg/L can be found in wet tissues (Oh
et al. 2014). Therefore, 0.01 mg/L, 0.1 mg/L, and 1 mg/L
treatments were selected for testing of environmentally
realistic concentrations, and 10 mg/L, 100 mg/L, and
1000 mg/L treatments were selected to test acute toxicity.

Seeds of Brassica campestris ssp. napus var. nippo-oleifera
Makina (oilseed rape) and Lactuca sativa L. (lettuce) were
selected to test the toxicity of cetrimonium bromide. These
species were selected because they are common, easy to
obtain, and included among the species recommended for
the testing of chemicals in the Organisation for Economic
Co-operation and Development guidelines (OECD, 2003).
Seeds were purchased from a local Syngenta agent
(Syngenta AG, Switzerland). The seeds were vernalized for
2 weeks and sterilized for 10 min in 10% sodium hypo-
chlorite solution (USEPA, 1996) before application.

For germination rate tests, seeds were soaked in cetri-
monium bromide solutions for 24 h (Zheng et al. 2005) in
the dark at room temperature with gentle shaking on an
orbital shaker at 60 rpm to improve mixing. Subsequently,
the seeds were washed with distilled water. Most seeds
were transferred to 100-mm Petri dishes containing a
piece of filter paper (90 mm) and 6 mL of distilled water
(Lin and Xing 2007). The seeds were tested for germin-
ation in a growth chamber under a range of conditions
established by the OECD guidelines (OECD, 2003):
temperature 25 °C, humidity 70 + 25%, photoperiod 18 h
light, light intensity 300 pE - m ™. s with protection from
drying. Each Petri dish (n=5) contained five seeds, and
germination rates were investigated for 1 week.

For root elongation studies, seeds were germinated in Petri
dishes. After 2 days, germinated seeds were moved to new
Petri dishes. Each Petri dish contained five seedlings and
5 mL of the test medium (#=3). The root lengths of the
seedlings were measured every 3 days (six times altogether).
Other conditions, including solution concentrations and
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chamber conditions, were the same as those of the germin-
ation study, described above.

For pot experiment, plants were germinated and grown
in a 50-hole pot tray with each hole filled with 10 g of com-
mercial growing soil (Pro-100, Chamgrow, Korea). After a
5-week growing period from the seedling stage, 10 mL of
cetrimonium bromide solution was added to each pot
(0.01 mg/L, 0.1 mg/L, 1 mg/L, 10 mg/L, 100 mg/L, and
1000 mg/L; seven replicates for each treatment). Solutions
were administered several times with a 1-mL pipette to
avoid leaching. Therefore, the growing soil contained
exactly 0.01 mg/kg, 0.1 mg/kg, 1 mg/kg, 10 mg/kg,
100 mg/kg, and 1000 mg/kg of cetrimonium bromide. The
chlorophyll content of leaves was measured using a SPAD
502 system (Minolta Co., Japan), 1 week after treatment.
The antioxidant enzyme activities (total antioxidant cap-
acity [TAC] and superoxide dismutase [SOD] activity) of
the plants were measured using the protocols of Song and
Lee, 2010, 1 week after treatment (five replicates). The aver-
age height of the shoots of the plants was 6.4 + 0.5 cm for
Lactuca sativa, and 6.7 +0.3 cm for Brassica campestris
(values represent mean + SE of 49 replicates). Plant growth
after treatment was also measured for 1 week.

A one-way ANOVA was performed to identify signifi-
cant differences between treatments. Upon detection of a
significant difference, Tukey’s studentized range (honest
significant difference) test was applied post hoc and
assessed using SAS 9.3 software (SAS Institute Inc., USA).
Differences were considered significant when p < 0.05.

Results and discussion

Table 1 shows that cetrimonium bromide treatment signifi-
cantly decreased the germination rates of both species.
Specially for Lactuca sativa, the germination rate was
significantly affected by cetrimonium bromide, even at
0.1 mg/L, and germination was totally inhibited at
1000 mg/L. Total inhibition of germination has not previ-
ously been observed in the authors’ prior germination tests

Table 1 Germination rates (%) of plants after cetrimonium
bromide treatment

Species Lactuca sativa Brassica campestris
Treatment/days 3 days 6 days 3 days 6 days
Control 980+20% 1000+00° 960+24° 98020
0.01 mg/L 96.0+24> 1000+£00° 860+24%° 860424
0.1 mg/L 880+58  920+49* 740+51°C 780+49%
1 ma/L 860+24%  920+37% 740+60° 760+51%
10 mg/L 860+51%  920+37% 720458  760+75%®
100 ma/L 460+68°  540+68° 720+£49> 760451
1000 mg/L 0.0+00° 00+£00° 640468  660+68°

Values represent the mean + SE of five replicates
Means in a column with the same letter are not significantly
different (p > 0.05)
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of toxins (Song, Jun et al. 2013; Song, Shin et al. 2013; Song
et al. 2014); thus, cetrimonium bromide is considerably
toxic to plants, in a similar manner to herbicides (Zonno
and Vurro 2002). Although cetrimonium bromide signifi-
cantly decreased the germination of Brassica campestris,
this species was less affected than Lactuca sativa (Table 1).
As the seed coat of Brassica campestris is harder and
thicker than that of Lactuca sativa, the short time of expos-
ure would not have been enough to penetrate the seed coat.
Nevertheless, Brassica campestris showed a significantly
reduced germination rate even at the lowest treatment
concentration (0.01 mg/L), indicating that cetrimonium
bromide is phytotoxic. Therefore, even for environmentally
realistic conditions, cetrimonium bromide would likely
damage plants when released into the environment. Figure 1
shows that cetrimonium bromide treatment significantly af-
fected root elongation. In both species, treatment at over
1 mg/L concentrations significantly decreased root elong-
ation when compared with that of the control. At 10 mg/L,
both species showed definite growth for the first 3 days
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Fig. 1 Root elongation of a Lactuca sativa and b Brassica campestris
after cetrimonium bromide treatment. Symbols and error bars represent
the mean + SE of 20 replicates. Symbols with the same letters are not
significantly different (p > 0.05)
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(especially for Brassica campestris, where there were no
significant differences between the 10 mg/L treatment and
control) but began to show significantly decreased root
length over time, indicating that extended exposure to
cetrimonium bromide was more toxic, probably because of
accumulation. Furthermore, treatment at over 100 mg/L re-
sulted in no root growth (Fig. 1), indicating that the seed-
lings were dead. These results show that cetrimonium
bromide is phytotoxic at certain concentrations.

Cetrimonium bromide was also phytotoxic to plants be-
yond the seed and seedling stage. Table 2 shows that plants
grown over 5 weeks showed a significant reduction in shoot
elongation after cetrimonium bromide treatment. Lactuca
sativa exhibited a significantly decreased shoot growth with
treatments over 1 mg/kg in concentration, and Brassica
campestris exhibited a significantly decreased shoot growth
with treatments over 0.1 mg/kg in concentration. Moreover,
the highest concentration treatment resulted in almost no
growth for a week (Table 2). By contrast, 0.1 mg/kg treat-
ment of Lactuca sativa and 0.01 mg/kg treatment of Bras-
sica campestris resulted in approximately 10-20% greater
growth than controls. This result is hard to explain because
physiological parameters, such as chlorophyll content
(Table 3) and antioxidant enzyme activity (Table 4), show
that the plants were stressed even at these concentrations.
One possible explanation is that since the plants were grown
for 5 weeks, the soil became contaminated by microorgan-
isms, which stressed the plants. At low concentrations, cetri-
monium bromide would likely decrease the activity of these
microorganisms and provide an advantage to the plants.
However, this is only a hypothesis and the exact reason re-
mains unknown. Overall, cetrimonium bromide significantly
affected the growth of semi-mature plants.

Chlorophyll content was more sensitive to treatment, as
both plant species showed significantly decreased chloro-
phyll content even at the lowest (0.01 mg/kg) concentration
(Table 3). Especially with treatments over 100 mg/kg in
concentration, both species lost chlorophyll and began to
fade. As the environmentally realistic treatments all resulted

Table 2 Shoot elongation (mm) of plants 1 week after
cetrimonium bromide treatment

Treatment/species Lactuca sativa Brassica campestris

Control 34+06™ 81+17%®
0.01 mg/kg 33+£07%¢ 1014172
0.1 mg/kg 37+10° 50+15%®
1 mg/kg 1.0+ 0.2° 50+1.7%
10 mg/kg 134027 6.8+2.1%
100 mg/kg 0.8+ 0.3 18+08°
1000 mg/kg 00+00° 02+0.1°

Values represent the mean + SE of seven replicates
Means in a column with the same letter are not significantly
different (p > 0.05)
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Table 3 Chlorophyll content (SPAD-502 units) of plant leaves
1 week after cetrimonium bromide treatment

Treatment/species Lactuca sativa Brassica campestris

Control 142+0.2° 232+1.1°
0.01 mg/kg 112+03° 215+03%®
0.1 mg/kg 102403 188 + 03"
1 ma/kg 93+04° 172408
10 mg/kg 94+02° 16.7 £ 06°
100 mg/kg 70+03¢ 11.5+07¢
1000 mg/kg 44+05° 6.8+09°

Values represent the mean + SE of seven replicates
Means in a column with the same letter are not significantly
different (p > 0.05)

in significantly decreased chlorophyll content, cetrimonium
bromide will likely affect plants in the field when it is re-
leased into the surrounding environment (ecosystem).
Notably, these results indicate that when the cetrimonium
bromide used by humans enters aquatic ecosystems via sew-
age, the impact on aquatic plants could be considerable, and
therefore the results should be monitored and investigated.
The original experimental design intended to monitor plant
growth and chlorophyll content for a few weeks, but since
the plants treated at high concentrations began to fade and
lose chlorophyll within 1 week (Table 3), we harvested the
plants for antioxidant enzyme activity assays before the
plants died. Table 4 shows the antioxidant enzyme activities
of Lactuca sativa after cetrimonium bromide treatment.
We intended to measure the antioxidant enzyme activities
of both species; however, there was not enough Brassica
campestris leaf biomass (over 1 g fresh weight) for protein
extraction via a phosphate buffer and Bradford assay (Song
and Lee 2010). The above ground biomass allocation of
Brassica campestris was over 75% on stems, even in the
control, and there was not enough leaf biomass. Cetrimo-
nium bromide treatment significantly increased both the
TAC and SOD values (Table 4), indicating that the plants
were under stress (Song, Jun, et al. 2013). The TAC results

Table 4 Zinc accumulation in plants after exposure to zinc oxide
nanoparticles for 5 weeks

Zinc content (mg/kg) Hydrilla verticillata Phragmites australis

Control ND 002+001°
001 0.08+001¢ 022+001°
0.1 0.10+0.01¢ 057 +031°°
1 0.11+001¢ 117 £ 003
10 0.20+003° 143 +£003°
100 0.35+001° 147 £003°
1000 034+001° 167 £022°

Values represent mean + SE of three replicates
Values with different letters are significantly different at the p < 0.05 level, whereas
those with the same letters are not
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in particular indicate that the plants were under overall
stress, which may be reflected in the growth and chloro-
phyll content of the plants (Tables 2 and 3). SOD values are
frequently used as an indicator of pollutant stress
(Koricheva et al. 1997). Since plants treated at over 0.1 mg/
kg showed significantly increased SOD values, cetrimonium
bromide should be treated as a potential pollutant. As
bromine residues in the soil can cause phytotoxicity (Lear
1975), cetrimonium bromide clearly shows phytotoxicity.
Overall, all of the above results, including the germination
rate, root and shoot elongation, chlorophyll content, and
antioxidant enzyme activity, consistently show that cetri-
monium bromide is phytotoxic.

Conclusion

The germination rates of both Lactuca sativa and Brassica
campestris species were significantly decreased after cetri-
monium bromide treatment. Notably, both species showed
total inhibition of germination with the 1000 mg/L treat-
ment. Furthermore, cetrimonium bromide treatment
significantly affected root elongation immediately after
germination. In semi-mature plants, significant reductions
in shoot elongation and chlorophyll content were detected
in both species after cetrimonium bromide treatment.
Antioxidant enzyme activities of the plants were also signifi-
cantly increased by cetrimonium bromide. These results in-
dicate that cetrimonium bromide is markedly phytotoxic.
However, surprisingly there are no related articles that
report the phytotoxicity of cetrimonium bromide. Since
phytotoxicity testing can be used to estimate potential
toxicity in the environment, our results show that cetrimo-
nium bromide could also be toxic to other organisms and
ecosystems when released into the surrounding environ-
ment. Also, as cetrimonium bromide is likely to be mostly
released by hydrologic system as the chemical is mainly used
for water and cosmetic treatment, the growth of vegetables
also could be affected by irrigation. As only a few articles re-
port the toxicity of cetrimonium bromide, and these are
limited to human (Momblano et al. 1984) and mammal
(Andersen 1997) toxicity, further studies to define the acute
toxicity to other organisms and potential environmental tox-
icity should be performed. Furthermore, cetrimonium
bromide should be carefully monitored for its effects after
release into the surrounding environment and into edible
crops. Therefore, further studies of the toxicity of cetrimo-
nium bromide at both the species level and environment-
ecosystem level are required.
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