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STUDY OF THE TOXICOLOGICAL

Sokolenko N.,

B CHARACTERISTICS OF WATER-SOLUBLE
Maraz 0, SURFACE-ACTIVE SUBSTANCES
Sedych A OBTAINED BASED ON PHENOL,

FORMALDEHYDE AND SODIUM SULPHITE

O6’exmom docnidxcenns € npodyxmu peaxyii xondencauii ¢enony, popmarvoezioy ma cyivpimy nwampino
Y B00HOMY cepedosuLli, 3 MemOo0 OMPUMAHHSL 6000POIUUHHUX HEMOKCUUHUX NPOOYKMIBE HA 11020 OCHOBI, U0 MONCHA
3anpononyeamu 0Jist BUKOPUCIAHHSL 8 IKOCME NOBEPXHEB0-AKMUBHUX Peuosut. B x00i docnioncenns susuaiu eniue
YMO8 nposedenis peaxuii (cnisgionowenns KOMNOHeNmie, meMnepamypu i 4acy npouecy ) Ha SAKiCmo OMPUMAHUX
npooyKmie ma ix moxcuxonioziuni xapaxmepucmuxu. Ilidibparno onmumanvie cniegionoulenis GUXiONUX peazenmio
pernon : popmanvoezio : cyavhim nampiio : oda, siKke 00360156 OMPUMATIU NPOOYKM 3 NOBEPXHEE0-AKMUBHUMU
BLACMUBOCAMU MA Y CKAAL AKOZ0 He MICMANOC PEUOSUHU, WO MOJNCYMb Oymu wKidAueuMmu 01 300po6’s. byno
pexomendosano uac npouecy Korwodencauii 6 mexcax 1 200unu, nidibpana onmumanvra memnepamypa peaxyii 130 °C.
AxicHi xapaxmepucmuxyu ompumanozo npooyxmy 003601s110Mb PEKOMEHOY8AMU 3ACMOCYEAHH 1020 8 AKOCMI
AniOHOAKMUBHOL NOGEPXHEB0-AKMUBHOT peuosuni. [Jis 14b020 OY0 6USHEHO CUMNMOMOLOZIUNT MA MOKCUKOLOZIUHI
BLACTMUBOCTNE HOBOPO3POOLCHOT NOBEPXHEB0-AKMUBHOL Peuosun — npooyxkmy Konoencauii ¢enony, popmanvoe-
2idy ma cyavimy nampiio y eodnomy cepedosuwsi. Ha ocrnosi nposedenux docnioncenv 6cmanosieno, uo npu
seedenni 6 wWayHox Ni0OCIONUX GIIUX WYPIB-CAMOK MAKUX NOBEPXHEE0-AKMUCHUX PEUOBUN CNOCMEPI2aAcmbCs
crabka nodpasniosarvia ix 0isi na cau306i 060IOHKU MA WKIPY. 3a KpUmepiem cMepmuocmi, npu 00Hopa3060My
nepopaivromy esedeni (JL/Asg), wxionueoi dii pevosunu na wypis ne 6iomiveno. 3a pe3yivmamamic O0CiLONCEHD,
npodyxm moxcna eionecmu 0o IV knacy nebesnexu (manobesneurni pewosunu) 3ziono 3 TOCT 12.1.007.

32i0H0 3 MOKCUKOIOZIUHUMU BUCHOBKAMU, OMPUMAHULL NPOOYKIM MONCHA PEKOMEHOY8amu Osl BUKOPUCTAHHSL
AK MEKCMULLHO-00NOMINCHY PEUosuy, I MeXHOL02IuNUX onepauisx eiobinoeanns, Gapoysanns i OpyKyeanus
MKAHUN, W0 CIMUKYIOMbCA 31 WKipoto 1odunu. A makoic ax 006asku 00 6emonnux cymiwetl, wo euKopUcmosy -
10mvest y Oy0isenvHill NPOMUCLOBOCIE MA THUUX 2AY3AX NPOMUCIOBOCTII.

Kmweuosi cnosa: npodyxm xondencauyii (penony, gopmarvoezioy ma cyrvimy nampiio, n06epPXHeso-aKmuei
PeUOBUHU, MOKCUKOL02Is, TemaivHa 003d.
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materials — naphthalene and its derivatives and lignin, in
Ukraine the production of these products has significantly

1. Introduction

Household human needs, industry and agriculture are
closely related to the use of synthetic surface-active sub-
stances (surfactants). Surfactants are used as sanitation
preparations, detergents, and others. In the textile indus-
try, as an auxiliary substance in the production of optical
brighteners, rectifiers for dyeing fabrics are used. In the
paint industry in the production of organic dyes and as
latex stabilizers, surfactants are also used as a component
of plasticizing additives in the construction industry [1-3].

The most widely used are surfactant anionic class. Such
products are mainly obtained on the basis of naphtha-
lene: NF Dispersant (product obtained by sulfonation of
naphthalene with sulfuric acid followed by condensation
with formaldehyde), BNF dilator (condensation product
of 2-naphtholsulfonic acid with formaldehyde, manufac-
tured in Ukraine), VANISPERSE A (sodium lignosulfonate,
manufactured in Norway). Due to the shortage of raw

decreased. There was a need to develop surfactant techno-
logy, the properties are not inferior to existing ones, the
basis of which would be available raw materials.
Therefore, the object of research is products obtained
during the condensation reaction of phenol, formaldehyde
and sodium sulfite in an aqueous medium, which were
proposed for use as water-soluble non-toxic surface-active
substances (surfactants). And the aim of research is studying
the symptomatological and toxicological properties of the
product obtained on the basis of phenol, formaldehyde,
sodium sulfite and it is proposed to use it as surfactant.

2. Methods of research

It has been proposed to obtain surfactant using phe-
nol, formaldehyde and sodium sulfite. This raw material
is widely available, and chemical reactions during their
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interaction proceed easily and with a high yield of the
finished product.

From the literature there are known methods for pro-
ducing surfactants based on phenol and its derivatives.
So, in [4], a method for producing a dispersant by con-
densing phenol with formaldehyde and sodium sulfite at
a temperature of 125-200 °C under pressure for six hours
in the presence of alkaline agents, including caustic soda,
is described. Surfactant can also be obtained from phe-
nol derivatives. The condensation process of metacresol
or a technical mixture of cresols with formaldehyde was
carried out at a temperature of 90-95 °C for six hours.
Then kept at a temperature of 115-125 °C for two hours.
The resulting product reacted with 2-naphthol-6-sulfonic
acid in the presence of sodium hydroxide under pressure
at a temperature of 112—115 °C for five hours [5].

It is also proposed the synthesis of such compounds
by condensation of phenols with formaldehyde and further
sulfonation of the obtained phenolaldehyde resin (novolak)
with sulfuric acid, taken in a small amount. Sulfonation
of the novolak type resin was carried out at a tempera-
ture of 110-120 °C with concentrated sulfuric acid for
4-8 hours [6]. The disadvantage of this method is that
the reaction product is a rather complex mixture of mono-
mers, dimers, trimmers and free phenol. The method de-
scribed [7], consists in the condensation of phenol and
its derivatives with formaldehyde and sodium sulfite with
a ratio of 1:(1.1-1.4):(0.3-1.6) and a condensation time
of 2—15 hours in temperature range 90-120 °C.

In laboratory conditions, surfactants based on phenol,
formaldehyde, and sodium sulfite in an aqueous medium
are obtained [8].

The influence of temperature, the ratio of the starting
components and the exposure time on the yield of the
finished product is investigated.

The initial components are loaded into the apparatus
in the ratio water: sodium sulfite (in terms of anhydrous):
formaldehyde (in the form of a 37 % solution): molten phenol
in the ratios 17-19:0.1-1.0:1.2-1.47:1. The mixture was
heated to a temperature of 120—-150 °C and kept at this
temperature from 0.5 to 1 hours. The pH of the reaction
mass is 9. During the process, every 10 minutes a sample was
taken for analysis: the content of free phenol was determined.

General reaction equation:

OH

+ + (m+2n+1) CH20 + nNa2SO: 0 =

niNaz. 3

(m+nt1) (m+20+1) NaOH

OH OH OH

CH2 CH2

=
i m
CH2803Na CH20H

Thus, it is found that the ratio of reagents affects the
quality of the final product. The lack of formaldehyde
or sodium sulfite led to the polymerization of the reac-
tion mass and to obtain a solid resin. The optimal ratio

of phenol: formaldehyde: sodium sulfite: water, which is
1:(1.25-1.47):0.4:(16-20), is selected.

It is found that for the selected ratio of components
and the time of the condensation, the optimal reaction
temperature is 130 °C.

A small amount of phenol is present in the obtained
liquid products; it did not enter the condensation reaction
in an amount of up to 5-10 %. The sulfate content is up
to 0.6 %. Free formaldehyde is not found. The drying pro-
duct of such a substance is a brown powder with a basic
substance content of 96-98 %. This product is soluble in
water, alcohol and alkalis. The qualitative characteristics of
the resulting product allow to recommend its use as anionic
surfactant. For example, when dispersing dyes, in concrete
compositions for construction, in the textile industry when
dyeing and bleaching fabrics, as an expander in the manu-
facture of batteries, etc.

According to the research results, a technology has
been developed for producing surfactants that are highly
environmentally friendly and economically viable, and can
be proposed to expand the scope of surfactant and is an
alternative substitute for substances that are already used.

Symptomatological and toxicological properties of the
obtained surfactant are not described in the literature, as
it has not been previously used in production. Therefore,
the question arose to study its general toxicological effect
on the skin and internal organs of a person.

The toxicological properties of individual products used
in the technological process of surfactant synthesis, namely
phenol, formaldehyde (formalin) and sodium sulfite, were
previously studied. Then a toxicological study of the proper-
ties of the target product (in the form of its 40 % aqueous
solution) is performed on white rats-females.

The study of the toxicological properties of the con-
densation product of phenol, formalin and sodium sulfite is
carried out in accordance with the requirements specified
in [9, 10], as well as using other proprietary developments.

The studies were carried out on 48 laboratory Wistar
rats, in compliance with the Regulation on the Protection of
Vertebrate Animals Used for Scientific Purposes (Strasbourg,
2010), the Regulation of the Council of Europe Bioethics Con-
vention (1997), the Helsinki Declaration of the World Medical
Association (1996), general ethical principles of scientific
research adopted by the First National Congress of Ukraine
on Bioethics (Kyiv, 2001), Law of Ukraine No. 3447-1V
«On the Protection of Animals from Cruelty» (2006).

The toxic properties of the condensation product were
studied in laboratory white rats females with a single in-
troduction of surfactant into the stomach, by applying to
the skin and mucous membranes of the eyes. The content
of female rats met the requirements set forth in [11, 12].
The experiments used white female rats that were apparently
healthy and from the same batch. Minimum statistical group
is consisting of 6-10 animals. The death and survival of
animals were taken into account within 14 days. Female rats
were assessed using adequate tests. When introduced into the
stomach and applied to the skin, the following are determined:

— clinical picture of poisoning;

— body weight, mass of internal organs;

— mortality of laboratory animals from the adminis-

tered dose;

— condition of the skin and mucous membranes of

the eyes of rats after applying fine powder of the test

product.
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3. Research results and discussion

When a suspension of surfactant powder at a dose of
10 g/kg body weight was introduced once into the stomach
of female rats, 5 animals died, and at a dose of 7 g/kg,
one out of 6 animals died in the
experiment (Table 1). Animals died

During the autopsy of animals that survived and were
slaughtered after the observation period and microbiologi-
cal examination of the internal organs, it was determined
that the masses of the organs of the research group did
not differ from the control in coefficients (Table 4).

Table 4
on the first day. The LDs V.alue Mass ratios (X+5,) of the internal organs of female rats with a single oral
was 8.34£0.665 g/kg body weight, administration of the product
LDy and LDg4 were 6.96 g/kg and
10. k ight, respectively.

0.06 8/kg body weig t respective Y Experimental ‘I;hE tn “.mhtir L Li Kid Sl Adrenal Heart
The slope angle func.tlon of the di- conditions | °f Fats in the ungs iver idneys pleen glands ear
rect «dose — death time» angle 2§ group, pcs
was equal to 1.6437 (Table 2), the . . . . N N
slope angle function of the direct Control 6 7.28+08 | 37.8+1.4 | 6.69+02 | 3.89+0.40 | 0.176+0.05 | 2.51+0.10
«dose-cffect> angle £ was 12027, p 0o 5 752407 | 37.6+2.4 | 7.24+07 | 486+1.16 | 0.185+0.08 | 261+0.15
the lethal dose variability coefficient

was 1.477, and the coefficient hazard
amounted to 0.00009938 (Table 3).

Mortality of laboratory animals (female rats) at a single intragastric

administration of the product

Note: control initial rat weight is 232+5.3 g control final rat weight is 236+4.3 g research
rat initial weight is 256+7.7 g research rat final weight is 251£8.0 g

Tahle 1 The local irritating effect of the product was
studied in rats by a single application of the

aqueous paste of the product on a clipped skin

™ ) ™ o dond vt b e b Oheorved of area (4x4 cm) with an exposure of 4 hours.
of fzn?;?[‘:s Dose, @ number of dead rats by the hour, pcs served eflect | Apimals were pre-examined before the start
inthe group, | kg | 4 | 5 | g |12 | 18 | 18 | 20 | 22 | 24 | Dead. | Morte- of the experiment (.outl')ut backgrqund), 1. gnd
pes pes | lity, % 16 hours after application. The skin condition

of rats was evaluated by the thickness of the

6 Wi-j-j1212/-|1|-]-|-]5 833 leather fold and visually, as well as by skin

6 7 S U R R T R R R 1 16.6 temperature. During the experiments, changes in
these indicators were not detected. Assessment

B S e e e e e e e g of the irritating effect of the product studied

on the mucous membrane of the eyes was car-

Table 2 i.d out when the substance was introduced

The average effective death time of female rats with a single intragastric in the native form into the conjunctival sac of

dose of 10 g/kg of product the right eye of rats. The mucous membrane

_— Average effective rat death time Tit ancle pf the iptact eye served. as a control.. After
dns]e o/kg functinng s introducing the substance into the experimental
' ETsg ETsot 5, ETgs eye, after 5 minutes a narrowing of the slit

10 646 1064183 174 16437 was observed, the animals rubbed their eyes
with a paw. After 40 minutes, irritation of the

Table 3 Surrounding tissues in the form of hyperemia,

Parameters of toxicometry with a single intragastric administration of the product

narrowing of the eye gap, swelling and lacri-
mation was observed. After 24 hours, some

The average effective death time of ET;y rats was
10.6+1.83 hours. The ETg and ETg; values were 6.4 and
17.4 hours, respectively (from a dose of 10 g/kg body
weight). The picture of acute poisoning was characte-
rized by lethargy, a weak reaction to external stimuli, and
negligence. 2 hours after administration of the substance,
diarrhea was observed in animals. The death of animals was
noted during the first day. On the second day after the
administration of the drug, scruffy, ruffled coat, bunching
of animals, diarrhea, poor eating of food were noted. On
the 4th and 7th day the signs of intoxication disappear.
By the end of the experiment, the animals did not differ
from the state of the control group of rats during the
entire observation period (14 days).

; signs of inflammation disappeared, but there
Injected dose, g/kg at Hazard | Tilt angle | Fatal dose vari- Hazard S18ns 1i d N 5 ppefd (;1 li h
class | function y | ability coefficient ratio was swelling and narrowing of the slit to the

LDis | LDsptm | LDg eye. On the third day, the signs of inflammation

6.46 |B822+076| 1046 | IV | 12727 1619 0.0009558 completely disappeared, the mucous membrane

of the experimental eye did not deviate from

the control.

Emergency poisoning assistance. Acute poisoning of sur-
factant under industrial conditions is unlikely, chronic in
the form of irritation of the mucous membranes of the
eyes and respiratory organs can occur. In the produc-
tion of surfactant, the danger to humans is represented
by the initial products: phenol and formaldehyde, re-
quires the use of necessary protective equipment. Signs
of the influence of surfactants on the human body can
be irritation of the mucous membranes of the eyes and
respiratory organs. Signs of the influence of the start-
ing synthesis products (phenol, formaldehyde) are mu-
cosal irritation, general weakness, dizziness, headache,
sweating, fear, hyperemia of the face, nosebleeds, cramps,
shaky gait.
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The main preventive measures in the production and
use of this condensation product should be aimed at
sealing the equipment, localizing places of dust forma-
tion. The working room must be equipped with in-
exchange supply and exhaust ventilation in accordance with
SNiP 2.09.04-85 «Heating, ventilation and air conditioning»
and local ventilation in accordance with GOST 12.4.021,
ensuring the air condition of the working area in accor-
dance with GOST 12.1.005-88. In accordance with the
current DSTU, drinking water must be supplied to the
working premises.

Maintenance personnel should be provided with per-
sonal protective equipment:

— overalls according to GOST 12.4.103;

— gloves according to GOST 20010;

— gas mask FGP-130KD according to GOST 12.4.121;

— aerosol respirator of the Petal type according to

GOST 12.4.028,;

— goggles according to GOST 12.4.013.

Cleaning of workplaces should be carried out every
month by wet or pneumatic (vacuum cleaner) method,
in accordance with SNiP 2.92.76. It is forbidden to eat
food in workrooms, to enter overalls in work clothing. If
product dust gets on the skin or eyes, rinse with plenty
of water. If there are signs of intoxication, the victim
should be removed from the contaminated area, rinsed with
a nasopharynx with water, provided with bed rest, fresh
air, and intensive drinking water consumption per day.
For any poisoning, hospitalization and medical attention
are necessary. If to receive minor injuries, treat the latter
with alcohol, apply an aseptic dressing. Monitoring of the
air condition of the working area should be carried out in
accordance with the requirements of GOST 12.1.005-88
on phenol and formalin at least once a month.

4. Conclusions

The symptomatic and toxicological properties of the
newly developed surfactant, a product of the condensation
of phenol, formaldehyde and sodium sulfite, were studied.
Based on the studies, it is found that with the introduc-
tion into the stomach of experimental white female rats of
such surfactant, their weak irritating effect on the mucous
membranes and skin is observed. According to the mor-
tality criterion, with a single oral administration (LDs),
the harmful effects of the substance are not noted. The
product belongs to the IV class of danger (low material
safety) according to GOST 12.1.007.

According to the data obtained during toxicological
studies, the resulting product can be recommended for use
in the manufacture of products in contact with human
skin. For example, textile auxiliary substances, additives for
technological operations of dyeing and printing of fabrics,
and also as additives to concrete mixtures used in the
construction industry and other industries.
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