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Introduction. In many countries, there is an additional group of pollutants — deicing materials (DIM) in winter. Salt-containing DIM is one of the factors for
increasing the content of PM, ; and PM  in the air. The purpose was fo determine the possibility of using desiccators to study the aerosol effect of liquid deicing
material, identify the chemical composition in the air at spreading liquid DIM in various ways, and establish the calculated doses for conducting a toxicological
experiment to study the DIM aerosol effect on the organism of warm-blooded animals.

Materials and methods. A model experiment was conducted in airtight containers (desiccators) using a liquid DIM that includes NaCl and CaCl,. All chemical
compounds were captured in air pumping from the desiccator into a bubbler tank with bidistilled water and then analyzed using ion chromatography.

Results. When comparing the obtained results of main DIM components contained in the air inside desiccators with the maximum permissible concentrations,
the excess of CI- was detected both for the highest single concentration of 0.1 mg/m’ and for the average daily concentration of 0.03 mg/m’. When applying DIM
at a dose exceeding ten times the recommended norms for liquid the DIM, an excess level of the maximum permissible concentration for chlorine (but not for
sodium and calcium) is observed.

Conclusion. The method of DIM studying in desiccators is indicative in terms of the choice of concentrations and studying mechanisms of reagent intake for
subsequent DIM research conduction using laboratory animals.

Keywords: aerosolization; chlorine; deicing materials; desiccators, particulate matter

For citation: Ushakova O.V., Evseeva 1.S., Tribis L.I., Sbitnev A.V., Vodyanova M.A. Testing the possibility of using desiccators to study the aerosol effect of liquid deicing mate-
rial. Gigiena i Sanitariya (Hygiene and Sanitation, Russian journal) 2021; 100 (6): 580-583. https://doi.org/10.47470/0016-9900-2021-100-6-580-583 (In Russ.)

For correspondence: Lev I. Tribis, Ph.D., chemist of the Federal Centre for Strategic Planning and Management of Biomedical Health Risks» of the Federal Medical Biological
Agency, Moscow, 119121, Russian Federation. E-mail: Itribis@cspmz.ru; tribislev@hotmail.com

Information about the authors:

Ushakova O.V., https://orcid.org/0000-0003-2275-9010; Evseeva I.S., https://orcid.org/0000-0001-5765-0192;  Tribis L.I., https://orcid.org/0000-0002-1687-4162
Sbitnev A.V.,  https://orcid.org/0000-0003-4406-4287; Vodyanova M.A., https://orcid.org/0000-0003-3350-5753

Conflict of interest. The authors declare no conflict of interest.

Acknowledgment. This work was carried out under State assignment Ne 056-00102-20-00

Contribution of the authors: Ushakova O.V. — the concept and design of the study, writing a text, collection of literature data; Evseeva I.S. — the concept and design of the study,
the execution of the experiment, collection and processing of material, writing a text; Tribis L.I. — the execution of the experiment, collection of literature data, writing a text;
Shitnev A.V. — the execution of the experiment, collection and statistical processing of data; Vodyanova M.A. — the concept and design of the study, writing a text, the collection
of literature data. A/l co-authors — approval of the final version of the article, responsibility for the integrity of all parts of the article.

Received:, February 12, 2021 / Accepted: March 10, 2021 / Published: June 28, 2021

© KOJUIEKTUB ABTOPOB, 2021

Ywakosa O.B., Esceesa U.C., Tpubuc J1.1., Céutnes A.B., BogaHosa M.A.

OTpa60oTKa BO3MOXKHOCTU UCMOJIb30OBAHMS IKCMKATOPA AJiS U3yYeHUs
C3pPO030JIbHOrO AEMCTBUS XXUAKOrO NPOTUBOroNoNIEQHOro Marepuana

PIBY «LleHTp cTpaTernyeckoro NAAHUPOBAHMS U YNPABAEHUS MeAMKO-BMONOrMyYeckMMM PUCKAMM 300POBBIOY»
DepepanbHoro meanko-6uonoruyeckoro arentctea, 119121, Mockea, Poccus

Beedenue. Bo mHoeux cmpanax 6 3umnee épems 200a NpUcymcmeyem omoenvHas epynna 3aepa3HAWUX eeuecme — npomueo2on01éonsie mamepuanst (I1I'M).
IIpumenenue conecodepucaujux I1I'M séasemcsa oonum u3 ghaxmopos yeeauuenus uacmuy, PMys u PM 9 6 ammocgeprnom eo3dyxe. Lleavio dannoeo uccaedo-
6aHUs ObIAA OUEHKA 803MOIICHOCHU UCHONb308AHUS IKCUKAMOPA 0A5 U3YHEHUs a3P0304bH020 Oeticmeus wcudkoeo TTI'M, udenmugpuxayusa xumuveckux coeou-
HeHull 8 6030yxe, 00PA3YIUUXCS PA3MUMHbIMU CHOCOOamu ecredcmeue pachiienus ycudkoeo ITIM, a makoice onpedenenue pacuémmuuix 003 045 NposedeHus
MOKCUKON02UHECK020 IKCHEPUMEHMA C Ueabl0 OUEHKU A3PO30AbHO20 0eliCMBUs HA OPeaHU3M MENAOKPOBHbIX JICUBOMHBIX.

Mamepuaast u memoost. MooenvHblil SKCnepUMeHm nPoBOOUNCS 8 2epMEeMUUHBIX EMKOCMAX (IKCUKAmMOpbL) npu ucnoavsosanuu ycuoxkux [IIM, umerowux 6
cocmage NaCl u CaCl,. Bce xumuueckue coedunenus yaasaugaiucs 6 npoyecce omoopa 6030yxa u3 sKcuKamopa 6 bapoomep ¢ GUOUCMUANUPOBAHHOU 8000,
enocaedcmeuu omo6parHsie npodwl GblAU NPOAHANUSUPOBAHBL MEMOOOM UOHHOU XPOMaAmMozpaguu.

Pesyavmamot. [Ipu cpasreruu noay4eHHbIX OGHHBIX HO OCHOBHBIM XUMUHECKUM COCOUHEHUSM, COOEPIUCAUUMCH 8 AMMOCHEePHOM 6030yXe 6HYmMpU SKCUKamopda,
¢ npedenbHo 0ONYCMUMbIMU KOHUEHMPAUUSMU YCMAaH061eHO npegbluerue no cooepycaruto Cl™ Kak 015 MAKCUMANbHO PA3060il KOHUEHMPAUUU, COCMABASIOUell
0, 1 me/m?, mak u dns cpednecymounoii — 0,03 me/m’. [peswluerue npedeasHo 00nycmumoi KOHUESHMPAYUU RO XA0PUO-UOHAM (3G UCKAIOUEHUEM UOHO8 HAMPUS
U Kaabyls) ommeanocs npu ucnoavzosaruu konyenmpauuii [1I'M, npegviuaroujux pexomerndogarHoie Hopmul pacxooa ons scuokux I1I'M e 10 pas.
3axarouenue. Memoouka uccaedosanus asposonvroco deiicmeus [1I'M ¢ nomowspio sKcuKamopos sasemca NOKA3amenvHoll 015 8b160pa mecmupyemsix
003 U uzyueHus mexanusmos nocaedcmeuii om nocmynnenus IHI'M oas nocaedyroueeo npogedenus uccaedoganuit I1I'M ¢ ucnoavsoeanuem nabopamopHsix
JHCUBOMHDBIX.

Karouesvie croea: aspo30/1bHoe pacnbolienue, X/lOpua—llOH; npomusoe()/w/lé'dnbu) mamepuan; SIKCUKamopbl; 636€UICHHbLE HACMUYbl

Jns wuruposanus: Yiakosa O.B., Esceesa U.C., Tpubuc JI.U., CoutHes A.B., BoasnoBa M.A. OTpaboTKa BO3MOXHOCTH UCIOJIb30BaHUS SKCUKATOPA U1l U3YYEHUSI adpo-
30JIbHOTO EHCTBUS KMAKOTO IPOTUBOTrOJI0NEAHOrO MaTtepuana, [ueuena u canumapus. 2021; 100 (6): 580-583. https://doi.org/10.47470/0016-9900-2021-100-6-580-583
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Introduction

The problem of the impact on human health of chemical pol-
lutants in the environment of metropolises is more acute than ever.
Numerous epidemiological studies worldwide showed the aerosol
action of chemicals in the air to pose the most significant risk for
stipulated health [1, 2].

In winter, one faces a different group of pollutants (apart from
the primary air pollutants near roads) — deicing materials (DIM)
used to treat roadways and sidewalks. Many DIMs are compounds
of salts. Various groups of DIMs are used in Russian cities: mineral
concentrate — halite; a sand-salt mixture consisting of sand, sift-
ing, and technical salt; marble aggregate (calcite) with the addition
of sodium chloride and an anti-corrosion inhibitor; crushed gran-
ite based on a composition of calcium and sodium chloride, and
others [3]. Given that DIMs are significant environmental pollut-
ants in metropolises in winter, it is necessary to conduct researches
on the impact of the given contaminants on human health.

DIM various types of chemical composition assessment in
natural conditions in Moscow showed that the level of sodium and
chlorine ions in the atmospheric air significantly exceeds the cor-
responding background indicators of natural origin [4].

Salt-containing DIM usage is one significant factor for in-
creasing the content of the PM,s and PM,, suspended in the air
[5, 6]. Airborne fine suspended particles, the source of which is,
among others, dried abrasive and salt-containing DIMs remaining
on roads, can lead to air quality degradation and negatively im-
pact human health when injected into human lungs [7]. The stud-
ies conducted by the US Environmental Protection Agency have
shown that aerosol pollutants deposited in the respiratory tract can
cause irritation action at first and then inflammation demonstrated
in both animal and controlled human studies [8].

The study comparing the impact of abrasive and salt-contain-
ing DIMs on air quality near roads revealed the overall and rela-
tive contribution of these factors to the content of fine suspended
particles in the air [9]. DIM components were determined to make
up from 44 to 59% of PM,, at that DIMs used in liquid form con-
tribute less to the formation of PM, than the abrasive DIM. In
this regard, and to reduce the negative impact of abrasive DIMs on
human health, it is recommended not to use materials with a high
content of silt fraction. There is also a tendency in many situations
to change from the use of solid salt-containing and abrasive DIMs
to liquid DIMs [10]. Thus, an increase in the use of liquid DIM
and a decrease in the use of sand in the state of Colorado, USA, in
2002 led to a noticeable reduction in the content of PM,, in winter
compared to previous years [11].

Currently, desiccators are used along with climate chambers
to study the acute or chronic aerosol effects of various chemicals.
In Russia, research in desiccators is most widely used to study
the toxic properties of disinfectants, including inorganic chlorine
compounds and multiple additives [12, 13].

Given that DIM composition includes sodium, calcium, po-
tassium, and magnesium chlorides, the expected values for these
compounds can become indicative when assessing the actual con-
tent of DIM components in the atmospheric air. The available data
on the toxic properties of deicing materials differ [14—17].

Due to methodological and legal differences in the assessment
of deicing reagents, there is a need to develop approaches to the
evaluation of the hazard/safety of DIM usage and input the neces-
sary data in the regulatory database for environmental, hygienic,

and toxicological assessments of deicing reagents as a separate sub-
group of chemicals that negatively impact on ecological compo-
nents and human health [18].

The purpose of the given study was to determine the possibil-
ity of using desiccators to study the aerosol effect of liquid deicing
material, identify the chemical composition in the air at spreading
liquid DIM in various ways, and establish the calculated doses for
conducting a toxicological experiment to study DIM aerosol effect
on the organism of warm-blooded animals.

Materials and methods

To justify the calculated doses during a toxicological experi-
ment on the study of DIM aerosol effect on the organism of warm-
blooded animals and to identify the chemical composition in the
air during the spread of liquid DIM, a model experiment was con-
ducted using a deicing reagent that includes: sodium chloride and
calcium chloride in mass fractions — 6 and 22 % respectively. The
given deicing reagent was used as a model reagent, taking into ac-
count the official explanations of the Department of Housing and
communal services of Moscow.

Studies were carried out in airtight containers (desiccators)
with a volume of 10 liters. The study referred to the main meth-
odological techniques enunciated in the Manual on methods of
laboratory researches and tests of disinfectants to assess their ef-
fectiveness and safety, used in the territory of the Russian Federa-
tion [19].

DIM introduction calculation was made in compliance with
the technical regulations, according to which the maximum densi-
ty of liquid DIM treatment is 70—80 ml/m? [20]. Researches were
conducted in terms of the study at 6 ml of DIM and at 60 ml of
reagent introduction that corresponds to a 10-fold increase in dose
introduction to establishing a threshold point of DIM components
definition in the air of desiccator, taking into account the sensitiv-
ity of the method of ion chromatography using which the elemen-
tary analysis of wastewater solutions was carried out.

The liquid DIM introduction was applied in three ways and
two concentrations (table 1).

All chemical compounds were captured in the process of air
pumping from dessicators into a bubbler tank with bidistilled water
for 4 minutes of air aspiration with an absorption rate of 2 dm?*/min
on an electric PU-4E aspirator. Chemical analysis of air samples
was performed by ion chromatography in accordance with Russian
National Standard [21, 22].

Results

The data obtained on the main components of DIM is pre-
sented in table 2.

When applying DIM at a dose of 6 ml, there was no excess of
the main components of DIM (Na*, Ca**, CI').

When applying DIM at a dose of 60 ml, the content of CI-
ions was found at the level of 0.25 mg/m? (D1), 1.00 mg/m? (D2),
0.25 mg/m? (D3). When comparing the obtained results with the
hygiene standards — maximum permissible concentrations, the
excess of CI ions content was detected for the maximum single
concentration of 0.1 mg/m3 and the average daily concentration
of 0.03 mg/m?*[23].

Thus, when applying DIM at a dose exceeding ten times the
recommended norms for liquid DIM introduction, the level of
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Methods of liquid DIM introduction in a model experiment
MeTo/pl BBeI€HUST JKUIAKOTO IMMepa B MOJIEJIbHBI IKCIEPUMEHT

OpuruHansHas cTaTtbs

Table 1 / Tabnuua 1

Desiccator A method of introduction of the reagent Sampling of air Ther:;“g(::tlt 1(1)1fl the
~ ]
DKCHKaTOp Cnoco0 BBeJIeHHS peareHTa Ot60p npod Bo3ayXa O8Oy ———
1 (D1) Exposure of the liquid reagent in the desiccator for 24 hours 24 hours after applying the reagent 6 60
Bbmepmka JKMIKOIo p€areHra B 9KCUKaTOp€E B TECUCHUE 24 4 ‘{epez 24 4 nocjie HaHECEH NS peareHra
2 (D2) Aerosol spraying Immediately after spraying the reagent 6 60
Adp0o30JIbHOE pacrblIeHUE Cpasy nocje pacrnblIeHUs peareHTa
3 (D3) Application of the liquid reagent by wetting the surface of the desiccator 5 minutes after application 6 60
HaneceHue KUIKOro peareHTa nmyTéM cMauMBaHUsI TOBEPXHOCTH Yepes 5 MUH nociie HAaHECEHUsT
SKCHKaTopa
4 (D4) Control. Distilled water — — -

KOHTpOHb. HI/ICTI/IJIHI/IPOBHHHEIH BOOa

Table 2 / Ta6nuua 2

Quantity of ions (mg/m?) of the main components of DIM in the air of desiccators

KoumuecTso uonos (Mr/m®) ocHoBHbIX KoMmnoHeHToB III'M B Bo3myxe 3KCHKATOPOB

DIM components found in the air of desiccators
Komnonentsi IITM, o0HapyKeHHbIE B BO3IyXe IKCHKATOPOB

Na* (sodium)

Ca** (calcium)

CI- (chlorine)

H::ii;i;;:“e the detection limit of the instrument
Tnpesies 00HapyKeHus Ipuoopa
0.02 0.005 0.0075
M SD RSD, % M SD RSD, % M SD RSD, %
Control 0.19 0.004 1.97 0.05 0.002 4.53 <0.0075 - -
6 ml of DIM / 6 m.1 peazenma
D1 0.12 0.002 1.30 0.03 0.0003 1.11 <0.0075 — -
D2 0.27 0.013 4.85 0.87 0.02 2.27 <0.0075 - —
D3 0.17 0.003 1.76 0.20 0.002 0.98 <0.0075 — —
60 ml of DIM / 60 ma peazenma
Dl 0.06 0.002 3.99 0.06 0.003 4.41 0.25 0.016 6.25
D2 0.16 0.003 1.73 0.41 0.012 2.93 1.00 0.063 6.25
D3 0.05 0.0005 0.95 0.08 0.0001 0.08 0.25 0.016 6.25

N ote. Mis the arithmetic mean; SD is the standard deviation; RSD is the relative standard deviation.
[Ipumeuanue. M — cpenHee apudmernyeckoe; SD — craHAapTHOE OTKIOHEHUE; RSD — OTHOCUTEIBbHOE CTAHIAPTHOE OTKJIOHEHHE.

chlorine ions excessed the maximum permissible concentration
under regulations [20]. This excess was not detected for sodium
and calcium ions.

Discussion

DIM’s highest indices are observed in air samples taken from
aerosol desiccators (D2). This may indicate that the effect on the
human organism may be more pronounced at liquid reagent aero-
sol spraying. It should be noted that the speed and time of set-
tling aerosol particles in the air are important factors determining
the surface layer’s stability. In addition, particle diameter and mi-
crometeorological factors may affect the actual concentrations of
DIM aerosol distribution in the air [24].

The obtained results show the importance of monitoring the
concentrations of chloride ions in the atmospheric air since their

concentrations may be higher than safe levels regulated by hygiene
standards due to deicing materials usage [23]. The main areas of
increased attention should include places where there is potentially
a significant gathering of people, including bus stops. The study of
DIM aerosol-cloud composition will enable preventive measures
that exclude the negative impact of DIM on human health.

Conclusion

Thus, taking into account the results of the performed experi-
ment, it can be noted that the method of DIM studying with the
help of desiccators is indicative in terms of the choice of concen-
trations and mechanisms of reagent intake for subsequent DIM
researches conduction using laboratory animals. Further study of
the DIM effects on the human organism is advisable for inhalation
intake, including aerosol spraying.
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