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Ku104oBi cioBa: 3a6pyonenus 6oou, cmeapam Kauito, CAHiMapHo-2i2i€EHIYHA XAPAKMepUucmuKd, Kiac Hebe3nexku
KitoueBble ci10Ba: 3azpssHenie 600bl, cmeapam Kaaus, CAHUMapHO-2ueUeHUYecKas XapaKmepucmuxd, Kiacc
onacnocmu

Abstract. Sanitary and hygienic characteristics of potassium stearate as a source of anthropogenic pollution of
water reservoirs. Lototska O.V., Krytska H.A., Kucher S.V. Monitoring of surface water quality indicates deterio-
ration of its quality due to anthropogenic pollution. Among them, potassium stearate (PS) occupies a prominent place.
The purpose of the study is to substantiate regulations of potassium stearate in the water of reservoirs on the basis of
sanitary and hygienic assessment of potassium stearate, study its stability and transformation, the impact on the
organoleptic properties of water, the sanitary condition, self-cleaning processes and the sanitary condition of reservoirs.
Research methods — bibliographic, analytical, statistical, sanitary and hygienic. It was found that the average effective
concentration of PS by taste for the threshold of sensation (I point) was at the level of 6.43 mg/dm’. The intensity of the
taste of 1-2 points was maintained for 10 days. Potassium stearate is a hydrolyzing and non-chlorinating substance. As
a result of assessing the impact of potassium stearate on the processes of self-purification of water from organic pollution
by observing the dynamics of water oxidation, dissolved oxygen concentration and biochemical oxygen demand (BOD),
the processes of ammonification, nitro- and nitrification, it was found that the limiting potassium stearate for reservoirs
is BOD. On the basis of threshold and inactive concentrations by all limiting signs of harmfulness one allows
recommending the maximum permissible concentration for potassium stearate at the level of 0.25 mg/dm?. The limiting
indicator of harm is sanitary. Comprehensive assessment of the obtained experimental and calculated data by the hygienic
rationing of PS in general the water of open reservoirs allows classifing it as the 4th class of danger (practically non-
toxic substances).

Pedepar. CaniTapHo-riricHiuHa XapakTepUCTHKA CTeApaTy Kalilo sIK JKepeaa aHTPONOreHHOro 3a0py/JIHeHHS
Boau BoaoiiM. Jloroubka O.B., Kpuubka I'.A., Kyuep C.B. Mounimopune sxocmi 800u nosepxnesux 6000UM c8iouums
npo nocipuienusa ii AKocmi HACTIOOK aHMPonoz2eHHo2o 3aopyonenns. Ceped HUX uinbHe micye nocioae cmeapam Kauiro
(CK). Memorto docnioxcenns 6yno obrpynmysanns peeiamenmy CK y 600i 6000UM Ha niOCmasi npo8edeHHst CAHIMapHo-
eieieniunoi oyinku CK, susuennsi tio2o cmabiibHocmi ma mpancgopmayii, 6nius Ha OpeanoIenmuyHi 61acmueocmi 600U,
npoyecu CcamoouUuwjeHHs: [ camimapuuii cman 600oum. Memoodu Oocniddcenv — Oibniocpagiunull, anarimuyHull,
cmamucmuyHutl ma canimapHo-zicieniuni. Yemanosneno, wo cepeonvoegpexmuena xonyenmpayis CK 3a npucmaxom
onsa nopoza eiouymms (1 6an) 6yna na pisni 6,43 m2/om’. Inmencusnicmo npucmaxy 1-2 6aru 36epizaracs 6npodoeic
10 0i6. Byno euseneno, wo CK € eioponizyrouoro i Hexnopyouow pewogurow. YV pesyromami oyinku eéniugy CK Ha
npoyecu camooqulyeHHs 600U B000UMULY BI0 OP2AHIYHO20 3AOPYOHEHHS WIIAXOM CROCIEPeXCeHHs 3d OUHAMIKOIO
OKUCHIOBAHOCMI 800U, KOHYEHMPAYIEI PO3ZYUHEHO020 KUCHIO ma bioximiynum cnodcusannsm kuchro (BCK), 3a npoyecamu
amouighikayii, Himpo- i Himpugbixayii Oyno ecmarosiero, wo AMimyoyor o3Haxo ona Hopmyeauus CK y 800i 60doiim €
BCK. Hopozosa xonyenmpayin BCK dopisnioe 0,25 ma/om’. Makcumansio ne 0itoua KOHYeHMpayis 3a MoKCUKON02IYHOIO
o3narolo wikionusocmi cmaroeums 4,0 me/om’. Ha niocmasi nopozo6ux i Hediiouux Konyenmpayiii 3a 6cima BimMimyrouumu
O3HaKaMU WIKIOTUBOCH MOXNCIUBO DEKOMEHOY8AmMU ZPAHUYHO OONYCMUMY KOHYeHmpayilo Ona cmeapamy Kaiilo HA pieHi
0,25 mz/om®.  Jlimimylouuii  noxasuux — wikionuéocmi  —  3anvHocamimapnuii.  Kowmnnexcna — oyinka  ompumanux
EKCNePUMEHMANIbHUX | PO3PAXYHKOGUX OaHux 3a Zicieniunum nopmyeannsim CK y 600i 6iokpumux 600otumuwy 00360J5€
8IOHecmu 11020 00 4-20 Knacy Hebe3neku (MPaKmuyHO HeMOKCUYHUX PeUOBUH).
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It has been established that long-term use of
substandard drinking water causes an increase of both
non-infectious and infectious diseases in the
population [1, 6, 10]. Monitoring of surface water
quality indicates that despite the significant decline
and the reduction in industrial production and
discharges into wastewater reservoirs in recent years,
there is deterioration in water quality of reservoirs [3].
Among the large list of factors that lead to the
deterioration of drinking water quality are various
anthropogenic pollutions that enter surface and
groundwater sources through soluble compounds
from the soil surface, such as pesticides or fertilizers,
due to emissions from industrial enterprises or vehic-
les, etc. Existing water treatment plants provide
virtually no barrier function to many chemicals and
they enter drinking water [8].

For many years, synthetic surfactants (SS) have
been one of the top-priority surface water pollutants.
Among them is potassium stearate (PS), which is
widely used in the manufacture of detergents, sham-
poos, hair dyes, hand creams, shaving foams, as an
additive to toothpaste and cosmetic creams, and also
are among the main components of solid and liquid
soap. They are also used in the production of
polyolefins, caoutchouc and rubber, in dry construc-
tion mixtures, as a thickener, stabilizer and lubricant
in the formation of polyamides, as an antifoam in the
food industry, in the processing of thermoplastics, as
a lubricant in the paper industry [2].

The purpose of the study is to substante
regulations of potassium stearate in the water of reser-
voirs on the basis of sanitary and hygienic assessment
of potassium stearate, study its stability and trans-
formation, the impact on the organoleptic properties
of water, the sanitary condition, self-cleaning proces-
ses and the sanitary condition of reservoirs.

MATERIALS AND METHODS OF RESEARCH

Potassium  Stearate (PS) -  formula
CHs (CH) 1sCOOK, a white powder with a greasy
odor, which is soluble in hot water or alcohol,
insoluble in ether, gasoline, chloroform, has a melting
point of 255-260°C. It is an anionic surfactant and is
obtained by neutralizing an alcoholic solution of stearic
acid with a solution of potassium hydroxide [2].

The effect of PS on the organoleptic properties of
water was studied according to [5] the team-based
approach by a group of trained volunteer-odorants, 30
people by setting threshold concentrations for the
taste of water. The following concentrations were
investigated: 250.0; 125.0; 62.5; 32.2; 15.6; 7.8 and
3.9 and 1.9 mg/dm’.

The influence of PS on the processes of water self-
clarification from organic pollution was studied

160

according to [5] by observing the dynamics of
biochemical oxygen consumption (BOCy), processes
of ammonification, nitro- and nitrification, dissolved
oxygen concentration, water oxidation. The experi-
ments were performed in experimental model
reservoirs with initial concentrations of PS 0.05, 0.1,
0.2, 0.25, 1.5 and 15.0 mg/dm® and PS 0.015, 0.05,
0.15,0,25,0.5, 1.0, 1.5 and 5.0 mg/dm’

The stability and chlorooxidation of PS in the
water medium were studied according to [5]. The
stability of substances in the water medium was
determined by an indirect method of changing the
intensity of the taste in the dynamics after 1, 2, 3, 4,
5,6,7,8,9 and 10 days by a group of trained volun-
teer-odorants, 30 people. For this purpose, tap dech-
lorinated water containing the preparation in concen-
trations corresponding to the intensity of taste from 0
to 4 points was kept for 10 days in open vessels in
diffused light at a temperature of 20-22°C.

The property of substance to interact with active
chlorine was detected by the method of experimental
chlorination and subsequent determination of residual
free chlorine in water containing the test substance.
The aqueous solution of chlorinated lime with an
active chlorine content of at least 25% was previously
prepared. Chlorinated lime was added at the rate of
1 mg of active chlorine per 1 mg of substance. Resi-
dual free chlorine was determined 15, 30, 60 and
120 min after the addition of chlorinated lime.

Statistical processing of digital data was perfor-
med using Excel software ("Microsoft", USA) and
STATISTICA 6.0 ("Statsoft", USA) [4]. Effective
concentrations (EC) of PS on the effect on the taste
of water were determined by the method of least
squares for probit analysis by V.B. Prozorovsky [9]
using StatPlus 2009 Professional 5.8.4 (Analyst-
Soft, USA, 2009), which gives the chance in the
automated mode to receive schedules and the basic

toxicometric indicators.

RESULTS AND DISCUSSION

Effect of stearates on the organoleptic properties
of water was evaluated by taste. PS has been found
to give the water an astringent soapy taste. The
intensity of its taste at the level of 1-2 points was
determined in a wide range of concentrations
(Table 1). The intensity of taste in 1 point was
observed in the range from 1.9 to 15.6 mg/dm’, in
2 points — from 3.9 to 31.2 mg/dm’.

Statistical processing of the obtained results
established that the concentration corresponding to
the threshold of taste sensation (1 point) is at the level
of 4.96 mg/dm’, the practical threshold (2 points) is
at the level of 11.85 mg/dm?® (Table 2).

Ha ymoeax niyensii CC BY 4.0
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Table 1

Distribution of indices of taste intensity of potassium stearate in distilled water (t'=20°C)

Concentration of sodium stearate,

Intensity of taste, points

mg/dm’ 0 1 2 3 4 5
Positive information, %
250.0 10 30
125.0 31 6
62.5 25 21
31.2 8 27
15.6 6 26 2
7.8 2 21 22
39 14 24 5
1.9 28 12

To clarify the data obtained when establishing the
threshold concentrations of PS by the on the taste of
water, we conducted "closed" test experiments with
concentrations of the substance, which gave the water a
taste of 1-2 points (Fig. 1). It was found that the taste of
water, established by a "closed experiment”, was

directly dependent on the concentration of PS. At a
concentration of PS 1.9 mg/dm’, it was experienced by
only 16.1% of volunteer-odorants. 61.3% did not feel
any taste even at a concentration twice as high.
According to 90.3% of volunteer-odorants, it appeared
at a concentration of 15.6 mg/dm’.

Table 2
Determination of threshold concentrations (TCso) of potassium stearate
by the impact on taste of distilled water (t°=20°C)
Indicator of statistical processing
Intensity of taste, points

n M +m e P v M-2m
1 63 5.93 0.48 3.838 8.09 64.72 4.96
2 61 13.87 1.009 7.880 7.27 56.81 11.85

Effective concentrations of PS by the effect on the
taste of water were calculated by probit analysis [9].
The following effective concentrations of the
substance were calculated:

A1=0.30

Ao=3.96

ECi6=0.247 mg/dm’

ECs4=12.62 mg/dm’

Sx=1.79 mg/dm’

ECs0 =6.43 (4.64+8.22) mg/dm’

The average effective concentration (ECsg) of
PS by taste for the sensation threshold (1 point) was

at the level of 6.43 (4,64+8,22) mg/dm?®. The appro-
ximate value of the practical threshold (2 points) by
taste was found by multiplying the obtained value
of ECso by a factor of 1.5 and it was found that the
PS will cause a taste of 2 points at a concentration
of 9.45 mg/dm®.

Chlorination of aqueous solutions of PS did not
lead to strengthening or emergence of additional taste
at the content of free residual chlorine from 0.3 to
0.5 mg/dm’ neither at a temperature of 20°C, nor at
its increase to 60°C.

22/ Tom XXVII/ 2
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Fig. 1. Percentage of positive responses depending on the concentration
of potassium stearate (number of observations 31)

It is established that the PS has foam ability. In
distilled water at a temperature of 20°C, the threshold
concentration was 250.0 mg/dm’. The foaming
ability of the PS was evaluated by the height of the
foam column in graduated cylinders with a volume of
1000 ml. The threshold was taken to be the concen-
tration at which there is no stable large-bubble foam,
and the height of the small-bubble near the walls of
the cylinder does not exceed 1 mm. With increasing
temperature to 60°C there was an increase in foam
ability by 2 times.

It is established that the substance forms a film on
the water surface. To find out some features of the
behavior of PS in the aquatic environment and the
qualitative characteristics of its distribution on the
water surface, 2 series of studies were conducted.
During the first one in chemical beakers with the same
surface area 20 ml of settled tap water was poured and a
different amount of PS was added: 0.1, 0.5, 1 and 2 mg.
As a result of the research, it was found that in all
samples the particles floated on the water surface. In the
first two vessels with the content of PS in doses of 0.1
and 0.5 mg on the surface of the water initially there
were single particles, which gradually in the following
days formed a film in the center. In vessels 3 and 4 with
PS in the amounts of 1 and 2 mg, the particles accu-
mulated in the center, forming a film with an area of 2-
3 ecm®. No qualitative changes were observed when the
samples were left for 10 days.

During the second study, 0.5, 1.0, 10 and 20 mg of
PS were added to beakers filled with 500 ml of settled
tap water, which corresponded to the following
concentrations: 1.0; 2.0; 20; 40 mg/dm’. In the first two
beakers, with concentrations of 1.0 and 2.0 mg/dm’,
separate particles were observed on the surface of the
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water, which gradually formed films and after a few
days they merged into large one floating on the surface.
At the amount of the substance 20.0 and 40.0 mg/dm’,
PS on the surface of the water accumulated in the form
of a film in the center of the vessels. After a few days,
the size of the film increased, part of the substance was
sorbed on the walls of the vessel. During 14 days no
other qualitative changes with this water were observed.

The stability of the PS was studied by changing
the intensity of the taste by the indirect method (Table
3). Distilled water was evaluated with a substance
content of 250.0; 125.0; 62.5; 31.2; 15.6; 7.8 and
3.9 mg/dm’ (flavor intensity from 0 to 5 points).

For 10 days the water was in open vessels at
diffused light at a temperature of 20-22°C. The
change in the intensity of the taste was observed on 1,
2,3,4,5,6,8,9 and 10 day by a group of volunteer —
odorants. According to research results, the intensity
of the taste of 1-2 points was maintained for 10 days.
In high concentrations, the substance formed a
precipitate, and a putrid odor appeared.

Chlorooxidation was evaluated using PS solutions
with a concentration of 10 and 100 mg/dm’ in distilled
water. The interaction of the substance with active
chlorine was detected by the method of experimental
chlorination, followed by determination of residual free
chlorine in water containing PS, after the addition of
chlorinated lime at the rate of 1 mg of active chlorine
per 1 mg of substance. Residual chlorine was deter-
mined immediately after the addition of chlorinated
lime solution and after 15, 30, 60 and 120 minutes. At
the maximum (2 h) contact time, the amount of free
residual chlorine in the control and experimental sam-
ples was the same in all solutions, which indicates that
the PS is a hydrolyzing and non-chlorinating substance.

Ha ymoeax niyensii CC BY 4.0
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Table 3
Stability of potassium stearate by taste
Concentration, Taste in points on the days of observation
mg/dm®

1 2 3 4 5 6 8 9 10
250,0 5 5 5 5 5 5-4 5-4 5-4 4-5
125,0 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4
62,5 4-3 4-3 4-3 4-3 34 34 3-4 34 3-4
31,3 3 3 3 3 3 32 3-2 32 3-2
15,6 2 2 2 2 2 2 2-1 2-1 2-1
7,8 2-1 2-1 2-1 2-1 2-1 2-1 1-2 1-2 1-2
3,9 1 1 1 1 1 1 1 1-0 1-0

The influence of PS on the processes of self-
purification of water from organic pollution was
studied by observing the dynamics of water
oxidation, dissolved oxygen concentration and
biochemical oxygen demand (BOD), the processes
of ammonification, nitro- and nitrification. The
experiments were performed in experimental
model reservoirs with initial concentrations of PS
0.015; 0.05; 0.15; 0.25; 0.5; 1.0; 1.5; 5.0 mg/dm’.
The substance had virtually no effect on the
oxidation of water. The maximum increase in
oxidation was in the groups with a concentration of
1.0, 1.5 and 5.0 mg/dm’ in all observation periods
and exceeded the control values by a maximum of
20%. In other vessels with lower concentrations of
PS, small fluctuations were observed. The study of
the effect of PS on the oxygen regime in water was
performed under anaerobic conditions. No special
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relationship between its content in water and the
duration of the experiment was observed at different
concentrations. The increase in the amount of PS in
the water caused a slight decrease in dissolved oxy-
gen (up to 13%). Doses of 0.015, 1.5 and 5.0 mg/dm’
caused the most pronounced changes compared to
control values. With increasing observation time, the
difference with control decreased.

Evaluation of changes in BOD was performed
using Winkler glasses. The maximum values of BOD
were observed on day 3, especially at a concentration
of PS 1.0 and 5.0 mg/dm® — by 80 and 151%, res-
pectively (Fig. 2). On day 10 of the observation, the
increase in oxygen consumption also increased in
beakers with a concentration of PS 0.15, 0.25, 1.0 and
1.5 mg/dm’. Only at the two lowest oncentrations —
0.015 and 0.05 mg/dm® during the entire observation
period, BOD did not differ much from the control.

80

day of observation

—t—K 0.015

0.05 —e—0.15

025 —o—1 —+—15 —¢—5

Fig. 2. Dynamics of biochemical oxygen demand depending on the concentration
of potassium stearate in water (in % to control)
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The processes of mineralization of organic
substances play an important role in the self-
purification of water. No significant changes in the
ammonification process were detected in aquariums
under conditions of diffused light with PS at

o, 400
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100 —"\)//d\x-——‘“’

concentrations of 0.015, 0.05, 0.15 and 0.25 mg/dm3.
Larger changes were observed in the content of PS in
the amount of 1.0 and 1.5 mg/dm®. The concentration
of 5.0mg/dm® had a significant effect on the
ammonification processes (Fig. 3).

day of observation

—t— K 0.015

0.05 ==¢=0.15

0.25 —o—1 =—t+—1.5 =—o—5

Fig. 3. Impact of potassium stearate on the dynamics of ammonia nitrogen in water (in % to control)

The effect of PS on nitrogen nitrates, as can be
seen from Table 4, appeared in the water of experi-
mental reservoirs only on day 15.

It caused the inhibition of nitrification processes
in the water of all experimental concentrations, ex-
cept the lowest, by 4-17%. On day 30, the decrease
in nitrogen nitrate content was maintained in water

with a concentration 0of 0.5, 1.5 and 5.0 by 34, 5 and
35%, respectively. The effect of PS on the content
of nitrites in the water of experimental reservoirs
was manifested from day 3 to day 30 at concen-
trations of 0.5 and 5.0 mg/dm®. Nitrite nitrogen in
the water of the experimental reservoirs decreased
from 30 to 60% (Table 5).

Table 4

Impact of potassium stearate on the dynamics of nitrogen nitrates in water (in % to control)

Potassium stearate concentration, mg/dm?

Observation

period, days
control 0,015 0,05 0,15 0,5 1,5 5,0
7 100 100 113 100 113 100 106
10 100 100 97 112 95 112 94
15 100 96 93 83 93 83 87
20 100 98 100 84 83 70 87
30 100 100 95 100 66 95 65
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Table 5

Impact of potassium stearate on the dynamics of nitrite nitrogen (in % to control)

Observation period,

Potassium stearate concentration, mg/dm®

days
control 0,015 0,05 0,15 0,25 0,5 1,0 1,5 5,0
immediately 100 - 100 - 100 - 100 - -
1 100 - 96 - 96 66 96 - -
3 100 - 96 - 96 66 96 - 40
5 100 100 93 100 93 66 91 100 40
7 100 100 94 100 91 70 91 100 58
10 100 100 100 100 84 72 79 111 48
15 100 91 102 91 100 52 91 100 40
20 100 100 104 93 95 66 99 66 |
30 100 105 100 105 100 70 100 131 35
Threshold concentrations of PS and the nature of biochemical oxidation according to [5] was
their impact on the indicators of self-purification of  determined:
water are given in Table 6.
Thus, BOD is a limiting feature for the rationing A=BODx - BOD¢/C, (1)
of PS in the water of reservoirs by the impact on the
sanitary regime. To clarify the value of the threshold  where A — the amount of oxygen per 1 mg of potassium stearate,
. . . . BOD, — BOD in the experiment, the last term of observation,
concentrations durlng stimulation prOD the amount BOD¢ - BOD in the control, the last term of observation,
of oxygen per 1 mg of PS in the process of C- the concentration of potassium stearate.
Table 6
Threshold concentrations of potassium stearate by the impact
on the sanitary regime of water reservoirs
Magnitude of the deviation (in%)
and the direction of deviation (| 1) from the control
Threshold
No Indicators concentrations,
mg/dm? terms of determination (observation day)
1 3 5 7 10 15 20 30
1 Impact on BOD 0.05 21 7t 91 151 131 21 31 -
2 Ammonification processes 0.05 - 187 51 121 - 117 81 117
3 Nitrification processes 0.25 4] 4] 7] 9] 16} - 4] 9]
4 Nitrofication processes 0.15 - - - - 121 17] 16} -
5 Oxidation 5.0 3t 81 167 71 71 71 61 141

The difference between the experimental and
control values determined the amount of oxygen used
for the oxidation of each of the introduced

22/ Tom XXVII/ 2

concentrations of PS, as well as the amount of oxygen
used for the oxidation of 1 mg of PS. The value of the
latter is 3.4 mg O»/mg of the substance.
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According to the Rules of protection of surface
waters from pollution by waste waters, [7] the water
of reservoirs has to contain the dissolved oxygen of
4-6 mg/dm’. Hence, in field conditions and with a
favorable regime of the reservoir, it is possible to use
not more than 1-2mg/dm® of oxygen without
harming the general sanitary regime of reservoirs.
Dividing this value by the amount of oxygen consumed
per 1 mg of PS, the concentration was calculated, which
is the threshold by impact on BOD, it does not affect the
processes of mineralization, water oxidation, dissolved
oxygen content and pH of water — 0.25 mg/dm”.

To substantiate the threshold level value of PS in
the water reservoirs (Table 7), the threshold values by
organoleptic and sanitary signs of harm and the No
Observed Effect Concentration (NOEC) by the

toxicological sign of harm were compared [4]. NOEC
is calculated from the value of the No Observed
Adverse Effect Level (NOAEL), taking into account
the average human weight (60 kg) and daily water
consumption, which includes water for drinking and
cooking (3 liters), according to the formula:

NOEC(mg/dm*)=NOAEL x AAW/V = NOAEL x F, (2)

where AAW — average adult weight,
V — volume of daily water consumption,
F is the generalized conversion factor of NOEC to NOAEL.

F=60/3=20

Hence, NOEC=NOAEL x 20.

The smallest of them is taken as the maximum
allowable with an indication of the relevant sign of
harm.

Table 7

Basic hygienic parameters of potassium stearate

Limiting sign of harm

Sign of action

Potassium stearate concentration, mg/dm?

Organoleptic The threshold of perception of the sign 6,43
General sanitary BOD control 0,25
Sanitary and toxicological NOEC (NOAELXx20) 4,0 (0,2x20)

CONCLUSIONS

On the basis of threshold and inactive con-
centrations by all limiting signs of harmfulness it is
allowed to recommend the maximum concentration
limit for potassium stearate at the level of
0.25 mg/dm’®. The limiting sign of harm is sanitary.
Comprehensive assessment of the obtained experi-
mental data and calculated data on the hygienic
rationing of PS in the water of open reservoirs allows
classifying it as the 4™ class of danger (practically
non-toxic substances) [5].
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