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Several cases of liver mononuclear cell
infiltration were found in the control group. Three
cases of liver congestion, steatosis of hepatic cells
around the central vein, and punctate necrosis with
multiple focal mononuclear cell infiltrations were
found in the male rats of the high dose group. One
case of liver mononuclear cell infiltration was
detected in the male rats of the medium dose group.
The degree of pathological change in the male rats
of the high dose group was slightly aggravated
compared with that of the control group, which
might be related to the test agent. The typical
pathological results are shown in Figure 4.

DISCUSSION

The extensive use of desalinated seawater, for
which the production process involves the addition of

of a defoamer, can inevitably lead to long-term
chronic exposure to a relatively low dose of
defoamer and induce adverse human health effects.
Polyether-modified organosilicon defoamers that are
used commonly in seawater desalination are
synthesized from polyether and silicone oil. Polyether-
containing polysiloxane segments are modified by
polycondensation reaction, allowing for the
synthesis of a new type of high-efficiency defoamer.
This defoamer has the characteristics of polyether
defoamers and organosilicon defoamers™. It has the
advantage of low surface tension, high temperature
resistance, and alkali resistance™’". However, polyether
defoamers and organosilicon defoamers are toxic or
low-toxicity substances, the degradation products of
polyether defoamers are toxic, and organosilicon
defoamers are not easy to degrade[w]. Therefore,
polyether-modified organosilicon defoamers may also

Table 8. Results of Histopathological Examination (n = 10, x £ s)

Female (n = 10) Male (n =10)
Pathological Changes
Control High Control High

Focus of mononuclear cell infiltration 2 2 5 1
Liver Scattered hepatic cell steatosis 0 0 0 1
Hepatic congestion, hepatic cell steatosis, punctate necrosis with 0 0 0 3

mononuclear cell infiltration
Hemosiderosis 1 0 0 0
Spleen Submembranous congestion 0 1 0 0
Spleen congestion 0 0 0 1
Kidney Glomerular mesangial hyperplasia 1 0 0 0
Stomach Mild erosion of gastric mucosal epithelium 1 0 0 0
Intestines Mild erosion of duodenal mucosa 0 0 0 2
Cortical congestion 1 2 2 2

Adrenal gland

Atrophy 2 3 0 0
Ovary Luteal granulosa cell vacuolation 1 0 / /
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Figure 4. Typical pathological results (HE x400).
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be toxic, not easily degraded, or produce toxic
degradation products in water, which might come in
contact with humans. Herein, based on OECD
guidelines“sl, a preliminary sub-chronic toxicity
study was designed and carried out through animal
experiments to systematically evaluate the safety
and explore potential adverse effects of defoamers.
This study aimed to provide a first-hand dose basis
and health effect biomarkers of long-term exposure
and safety evaluation of defoamers in order to
inform future toxicological studies, regulation
management, and monitoring regarding the use of
defoamers in seawater desalination.

The polyether-modified silicone defoamer used
in the present study is a kind of polymeric compound,
which is nontoxic or has generally weak toxicity“g].
Our results were consistent with previous findings
since the lethality, body weight, and food intake
were not significantly changed in either sex of rats
exposed to up to 2.0 g/kg BW of defoamer
compared with the control group across a 90 day
exposure period. High dose defoamer exposure lead
to a significant decrease in the ALT and AST levels of
both male and female rats, and medium and high
doses of defoamer may reduce the levels of TBIL,
DBIL, and IBIL in the blood of female and male rats. It
has been suggested that there may be liver injury
when ALT, AST, and bilirubin are increased
significantly, but there was not any clinical
significance observed when these indicators were
decreased”®. While there is a normal range of
biochemical indicators in animal blood, changes that
stay within the normal range will not have a
damaging effect on the body. The normal range of
blood biochemical indices in Wistar rats was as
follows: ALT; 10-80 U/L, AST; 20-100 U/L, and TBIL;
0-8.5 pmoI/Lm]. The results of this study showed
that ALT, AST, and TBIL in the blood samples of
middle- and high-dose groups decreased to different
degrees, but the new values were still within the
normal range. Although there were statistical
differences between the control group, this result
may be due to the limitation of the small sample size
in this experiment. Therefore, this result cannot be
used to prove that defoamer can cause health
damage in rats.

Differential doses of defoamer could cause an
increase in ALB levels and a decrease in GLB levels,
thereby increasing the overall A/G ratio, but have no
effect on TP. Albumin/globulin (A/G) has important
clinical significance, and the normal value of A/G is
1.5-2.5:1.0%". The decrease of A/G suggests severe

liver injury clinically, and the increase of A/G may be
caused by immunoglobulin (antibody) deficiency or
albumin elevation that could be induced by over
nutrition, high protein intake, or blood concentration.
However, the changes in albumin and globulin in this
study were in the normal range[m, and it is believed
that these changes will not directly affect the health
of the rats.

All doses of defoamer could increase the level of
ALP in the blood of male and female rats. It is
generally believed that when the liver is damaged or
dysfunctional, ALP enters the blood through the
lymphatic and hepatic sinuses, and the obstruction
of bile excretion in the hepatic duct might induce a
significant increase in ALP in the serum.

In summary, the changed biochemical indices
related to the liver in this experiment were still
within the normal rangem]. However, different
changes in each index were found in the high dose
group, and there were statistical differences
compared with the control group. These results were
combined with the histopathological results of the
liver, revealing test agent-associated pathological
changes in male rats of the medium and high dose
groups, suggesting that the doses of defoamer used
in this study may have the potential to damage the
liver and require further investigation. The defoamer
has a significant effect on blood UREA in rats and can
increase the blood UREA levels in both male and
female rats. However, the effect of the defoamer on
CREA was not significant. UREA increase may
indicate organic renal impairment, pre-renal oliguria,
protein decomposition, or excessive intake in the
clinic, and other indicators, such as serum creatinine,
should be investigated to make a comprehensive
judgment. In this study, there was no increase of
CREA and no abnormalities were found in the renal
histopathology assessment. Therefore, it s
speculated that the rats may not have had serious
renal damage. The increase of UREA caused by
protein decomposition or excessive intake will be
accompanied with CREA at a normal level, so it is
believed that the UREA increase observed in this
study may be related to protein intake and
decomposition. Combined with the results that the
increase of albumin might be related to protein
intake, it can be presumed that some components in
defoamers may have had an impact on protein
metabolism of the treated animals, and this requires
further exploration.

In addition, the RBC and MCV in female rats
were also significantly affected, and the effects on
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these two indices in male rats were shown only in
the medium and high dose groups, while no effect
on hemoglobin was found in any rats. There was an
interesting phenomenon observed in this study; the
number of platelets of male rats in each group was
significantly lower than that in the control group,
while the number of platelets of female rats in each
group was significantly higher than that in the
control group. Thrombocytopenia is usually caused
by insufficient platelet production, excessive
destruction, or abnormal distribution®®®, As a
chemical substance, defoamers may cause
thrombocytopenia by affecting the proliferation and
growth of megakaryocytes in bone marrow, resulting
in insufficient platelet production. They can also
affect the immune mechanism of the body, resulting
in the production of platelet antibodies, leading to
excessive destruction of platelets, or by causing

hypersplenism, leading to abnormal platelet
distribution and finally leading to
thrombocytopenia[“’ZS]. This effect is mainly

reflected in male rats. However, large studies have
shown that the estrogen level is an important factor
affecting the rhythmic changes of hemorheology in
women®®®, platelets might be affected by sex?3%
and platelet reactivity in women is higher than that
in men®”. In this study, the number of platelets of
female rats in each group was significantly higher
than that of the control group. It is speculated that
the effect of the defoamers on the platelet number
of female rats is affected by the level of female
hormones, but the mechanism of action needs to be
further studied. Based on all the blood testing results,
it was concluded that defoamers had obvious effects
on platelets and immune cells in rats and had more
effects on the blood cells in female rats than on the
blood cells in male rats. Based on the definition of
No Observed Adverse Effect Level (NOAEL) and
Lowest Observed Adverse Effect Level (LOAEL) in
Technical specifications for chemical toxicity
identification, we defined a low dose as having no
significant effect on health and the dose-dependent
health effect indices were used to determine NOAEL
and LOAEL. Specifically, the lowest dose level causing
an adverse health effect is considered the LOAEL,
with health effect as the index, and the highest dose
level that does not cause any adverse health effect is
the NOAEL. Accordingly, among all the indices
measured in this study, the results of ABL and TBIL
were consistent in female and male rats, which
conforms to that principle. Moreover, liver injury
might be the main health effect of the defoamer.

Therefore, using ABL and TBIL as the health effect
indices, the NOAEL of rats after 90-day exposure to
the defoamer is 0.5 g/kg BW. However, this value
needs to be further validated before use in the
database as the separation point for the evaluation
of defoamer safety.

The observed sub-chronic toxic effect on
hematological indices may be caused by the addition
or residual monomer impurity during the production
process. Polyether-modified silicone defoamer is
mainly composed of simethicone, which is often
used as an additive in the food industry or cosmetics
industry. Animal studies have shown that
simethicone can reduce stress-induced increased
colon permeability and high sensitivity to
expansionm]. The LDsy, of acute oral toxicity of
simethicone to rats is greater than 2,008 mg/kg BW,
and the 90-day feeding of simethicone did not cause
any abnormalities in the indices. It is inferred that
the toxic effect of the defoamer in this study might
not be directly caused by simethicone. Isopropanol is
another component that may cause toxicity in the
experiment animals. The pervious results of
sub-chronic toxicity testing of isopropanol showed
that when the inhalation dose exceeded 4,022
mg/m’, a neurotoxic effect and weight loss occurred
after a week of exposure in rats. If neurotoxicity was
an effect indicator, the NOAEL and LOAEL of
isopropanol in rats were 1,341 mg/m® and 4,022
mg/m’, respectivelym]. Since the highest dose of
defoamer in this study was 2.0 g/kg BW, the content
of isopropanol was insufficient to induce sub-chronic
toxicity. The other components of the defoamer that
are often nontoxic or weak toxicity polymeric
compounds have a small probability of producing
sub-chronic toxic effects. At present, the
concentration of each chemical component in the
defoamer is uncertain, and hence the defoamer can
only be evaluated as a mixture for toxicity and safety
evaluation. Subsequent studies are needed to
analyze and identify the relevant toxic components
in the defoamer and to determine the component
concentrations, the presence of residues, and
residue concentrations in desalinated seawater.

CONCLUSION

To the best of our knowledge, this is the first
toxicity study of defoamer used in seawater
desalination. Our findings indicated that 90-day
exposure to the defoamer may cause liver injury in
rats, but no significant impact was found on renal
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function. The effect of the defoamer on blood cells
in female rats was greater than that observed in
male rats. The NOAEL of 90-day exposure to
defoamer was suggested to be 0.5 g/kg BW, if ABL
and TBIL are the health effect indices. However, the
sub-chronic health effects mentioned above may not
be solely caused by a single component of the
defoamer. The major toxic components and their
modes of action (MOA) in vivo warrant further
studies to provide guidance for the safe application
of defoamer in seawater desalination.
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