https://doi.org/10.33266,/2070-1004-2020-4-28-32 Original article
UDC 614.8.086.4 © ARCDM Zashchita

MAIN DRAWBACKS AND UNRESOLVED ISSUES OF ELIMINATION
OF MEDICAL AND SANITARY CONSEQUENCES OF CHEMICAL EMERGENCIES

G.PProstakishin!, S.Kh.Sarmanaev'2, G.M.Avetisov'

! All-Russian Centre for Disaster Medicine Zashchita of Federal Medical Biological Agency, Moscow, Russian Federation

2 Federal Research and Clinical Centre of Physical-Chemical Medicine of Federal Medical Biological Agency,
Moscow, Russian Federation

Abstract. The purpose of the study is to analyze the main shortcomings and unresolved issues of elimination of the health conse-
quences of chemical emergencies.

Materials and methods of research. The experience of specialists of the All-Russian centre for disaster medicine Zashchita
(ARCDM Zashchita) in eliminating the medical and sanitary consequences of chemical emergencies is studied.

Research results and their analysis. The article presents and analyzes the experience of participation of specialists of ARCDM
Zashchita in the elimination of medical and sanitary consequences of a number of chemical emergencies. A wide variety of such
emergencies and the need for targeted measures to eliminate their health consequences are shown. The shortcomings and unre-
solved issues of elimination of medical and sanitary consequences of chemical emergencies related to the imperfection of method-
ological support, insufficient technical and material support, and problems of special training of medical specialists are identified.
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OCHOBHbIE HEQOCTATKM U HEPELLUEHHbBIE BOMPOCHI JIMKBUOALUU
MEOUKO-CAHUTAPHBIX MOCNEACTBUM XMMMUYECKUX YPE3BbIYAMHBIX CUTYALIUU
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Pesiome. Llenb nccnenosaHus — NpoaHanM3nMpoBaTh OCHOBHbIE HEAOCTATKM M HEPELIEHHbIE BOMPOCH! IMKBUAALMU MEAUKO-CAHM-
TAPHBIX MOCNEACTBUIA XMMMYECKMX Ype3BbidaiHbIX cutyaumi (HC).

Marepuans n metopsl nccnegoBanms. MiccneposaH onbiT pabotsl cneupanuctos Bcepoceuitckoro ueHTpa meauumHbl KaTacTpod
«3awprax (BLIMK «3awmra») no nukeuaaumm Meamko-CaHUTApHbIX NocneacTauin xumuueckmx HC.

Pesynbtarel uccnegosanms m ux ananus. MNpenctasneH u npoaHanusupoBaH onbiT yuactus cneupanucros BLMK «3awmrax» B
JMKBMAALMM MEAMKO-CAHWUTAPHBIX NocneacTsuit paga xumnyeckux YC. MokasaHo 6onblwoe pasHoobpasue Takux YC u Heobxo-
AMMOCTb LieNIeHANPABIEHHOrO NPOBEAEHUS MEPOMPUATUI MO NMKBUAALMM UX MEANKO-CAHUTAPHBIX MOCNEACTBUA. BbisiBneHs! Hepgo-
CTATKM M HEPELLEHHbIE BOMPOCH! NMKBUAALMM MEAMKO-CAHUTAPHBLIX NocneacTsuit xummuiecknx YC, ceasaHHbie ¢ HecoBepLueH-
CTBOM METOAMYECKOTO COMPOBOXAEHMS, HEAOCTATOYHBIM TEXHMYECKMM M MATEpUanbHbIM ObecrneveHnem M npobnemamm
CNEeuManbHOM NOAroTOBKM MEAMUMHCKMX CNELMANUCTOB.
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The purpose of the study is to analyze the main short-
comings and unresolved issues related to the elimination of
the health consequences of chemical emergencies (ChS).

Materials and research methods. The experience of the
specialists of the All-Russian Center for Disaster Medicine
"Zashchita" (VCMK "Zashchita") in the elimination of med-
ical and sanitary consequences of chemical emergencies has
been studied.

Research results and their analysis. The specialists of the
All-Russian Center for Disaster Medicine "Zashchita" have re-
peatedly participated in the elimination of medical and
sanitary consequences of emergencies with many victims
(Table).

Let's take a closer look at the process of elimination of
health consequences of some accidents and incidents.

Example 1. An accident at Dalkhimprom plant in
Khabarovsk [1].

Because of burning of 40 kg of an unknown powder, sub-
stances were formed that caused a sharp irritation of respi-
ratory system. Almost all workers suffered. The medical man-

agement of the city and of the region within a short period
of time managed to gather all the victims in one hospital, in
which the maximum amount of medical forces and means
was concentrated - which was very important for providing
the victims of the accident with specialized medical care.

Shortcomings:

- it was not possible to identify the substance that caused
the lesion. Clinically, the lesion was similar to chlorine poi-
soning. The experiments carried out later showed that
cyanogen chlorine was formed, and if this could be deter-
mined immediately, then the only deceased worker of the en-
terprise could be saved;

- the doctor of the first ambulance car (SMP), instead of or-
ganizing "assistance for all", drove two randomly selected
victims to the nearest hospital;

- the headquarters of the management of the elimination of
the accident was not created immediately after the occur-
rence of the emergency.

Example 2. Elimination of the terrorist attack at "Nord-Ost".
In the course of elimination of the consequences of the terror-

Tabnuua/Table
Mepuko-caHUTapHble NocneacTBus HEKOTOPbIX XuMmnyecknx HC
Health consequences of certain chemical emergencies
qMCHO MOPQAXEHHbIX, Yen.
Mecro cobumus Ton Tokenkant The number of victims, people
Place of event Year Toxicant nerkas creneHs CpenHss cTeneHb | Taxenas cTenedb | norubau utoro
light medium severe lost total
Yysawckas Pecnybnmka, noc.Lllymepna — | 1996 ®Penon 144 46 _ - 190
x/p asapus Phenol
Chuvash Republic, setlement Shumerlya —
railway accident
r. Xabaposck /Khabarovsk 1997 Xnopuman 197 35 5 1 238
Chlorcian
r. Bepxnsis Canga, Ceepanosckast 1999 | Okucnbl asora 73 17 2 - 92
obnactb Nitrogen oxides
Verkhnyaya Salda, Sverdlovsk Region
r. Mockea, «Hopa-Oct» — 2002 | HeussectHoe 119 202 300 129 750
TepakT BeLecTBo
Moscow, «Nord-Ost» — Unknown
terrorist attack substance
r. Hooky#6biwesck, Camapckas 2003 MoHookeuma, 5] 14 5 1 71
obnactb yrnepopa
Novokuybydhevsk, Samara Rigion Carbon
monoxide
Mockoeckas obnacts, noc. 3asetsl 2004 MoHookeuga, 4 20 13 5 42
Mnbnua yrnepoaa
Moscow Region, Settlement Zavety Carbon
llyicha monoxide
Yeuerckas Pecnybnuka 2005 | HeussectHoe 99 3 - - 102
Chechen Republic BellecTso
Unknown
substance
Pecny6nuka Urywetms 2006 | HewuasectHoe 22 4 - - 26
Republic of Ingushetia BelecTso
Unknown
substance™
r. Mepmb, kny6 «Xpomas nowaab» 2009 | TokcuuHele npo- 51 70 131 156 408
Perm, Club «Khromaya Loshad’» AyKTbl FOPEHMS
Toxic combus-
tion products
r. Crapsiit Ockon, benropoackas 2013 Xnop - — 29 - 29
obnactb Chlorine
Staryy Oskol, Belgorod Region
Kabapaunto-bankapckas Pecnybnmka 2014 | HewussectHoe 80 2 - - 82
Kabardino-Balkar Republic BewecTso™
Unknown
substance™
Bcero / Total 292 2030

*B ACGHHOM cCny4yae He 6bina MAeHTMd}MUMpOBOHO CBfA3b C TOKCUYECKUM MOPAXEHMNEM, XOTA CUTyaumsa U l'lOTpe6OBGJ'IO Cepbe3HbIX yCW’IMl:i CO CTOPOHbI CNEeUNannCToB-

TOKCHMKONOros

* In this case, the association with toxic lesion was not identified, although the situation required serious efforts on the part of toxicologists
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ist attack, a special means was used, which caused a deep
sleep of hostages and terrorists. Maximum efforts and re-
sources were involved in providing medical assistance to the vic-
tims. Leading experts and specialists provided advice.

Shortcomings:

- the substance used remains unknown. There were difficul-
ties in assessing the severity of the lesion. Symptomatic therapy
was carried out;

- impossibility of medical triage of the affected;

- hospitalization was carried out through the unified dispatch
service of SMP in Moscow. Those affected were distributed
among 18 medical institutions, which made it difficult to imply
a unified tactics of providing medical care. None of the affected
were faken to specialized clinics outside Moscow.

Example 3. Mass "poisoning" of schoolchildren in
Chechen region, Ingushetia, Kabardino-Balkarian Republic.
Schoolchildren, mostly 11-14 years old girls, complained of
nauseaq, vomiting, dizziness, and headache. In several chil-
dren, these symptoms were accompanied by episodes of
short-term loss of consciousness, convulsions [2, 3].

Shortcomings:

- erroneous diagnosis of lesions. Mass dissociative dis-
orders (mass hysteria) were mistaken for poisoning with an
unknown substance.

- incorrect assessment of the severity of the lesion. Hos-
pitalization of some "affected" in the intensive care unit.

Example 4. The control panel of the unified dispatching
service in Stary Oskol, Belgorod region, received a message
that a persistent pungent smell of gas of unknown origin was
felt in polyclinic No. 2 [4].

An emergency warning system was turned on in the poly-
clinic and within 10 minutes the patients and staff left the
premises. None of the evacuees sought medical help.

The reason behind gas spread was the sawing of a
cylinder of unknown origin for the purpose of selling it as a
scrap metal.

Within 1 hour, the ambulance station began to receive calls
from polyclinic staff and patients with complaints of sore throat,
shortness of breath, cough, flushing of the facial skin. Seven
ambulance teams were allocated. In the hospital, 35 hospi-
tal and 5 intensive care beds were prepared. A total of 32 vic-
tims were hospitalized, who were tentatively diagnosed with
"inhalation damage by chlorine vapor" (5 cases of severe, 23
- of moderate, 4 cases of mild poisoning). On the next day,
all patients were discharged from the hospital in a safisfactory
condition. The final diagnosis is "acute mild chlorine poison-
ing." Initial overdiagnosis allowed not only to provide inpa-
tient monitoring of patients, but also to make an informed de-
cision about the severity of their condition.

General shortcomings of work on elimination of medical and
sanitary consequences of chemical emergencies.

Medical organizations (LMO) and non-staff medical or-
ganizations are not always ready for a timely and complete
implementation of medical and sanitary measures. Their
readiness to act is affected by a number of shortcomings and
unsolved problems, which can be divided into national (in-
tersectoral) and private (departmental).

The use of departmental terms and criteria in assessing
health consequences of emergencies and the implementation
of the necessary measures to eliminate them should be attrib-
uted to national (intersectoral) shortcomings. Unification of

terms and criteria will contribute to the unification of under-
standing of goals and tasks within the process of elimination
of emergency situations’ consequences[5].

The whole process of preparation for liquidation of con-
sequences can turn to be ineffective if there is no information
about a potential emergency hazard and about what kind of
accident may occur and what health consequences it can im-
ply [6-8].

In addition, the accounting system for hazardous objects
(AOO) and for the amount of highly toxic substances stored
on them requires further development. Adequate information
on emergency risks, assessment of the accident’s scale, as well
as information on a possible severity of medical and sanitary
consequences are the basis for the readiness of medical and
non-staff medical units to eliminate medical and sanitary con-
sequences of emergencies. These data are necessary fo en-
sure the readiness of medical forces and means to eliminate
medical and sanitary consequences of acute chemical trauma.
In addition, it is necessary to create an all-Russian register of
hazardous chemical substances (OXO) and of the amount of
such toxic substances. Regular monitoring of all-Russian data
should serve as a basis for filling up the register.

Preparedness for elimination of the consequences of chem-
ical emergencies is largely undermined due to the actual lack
of methodological support for predicting health consequences
of probable chemical accidents and incidents, which cannot
be prepared within one industry framework.

The existing method:s for predicting medical and sanitary con-
sequences of chemical accidents have significant drawbacks,
leading to a distortion of real consequences, which makes it dif-
ficult to objectively calculate necessary forces and means [9].

One of the most important cross-sectoral problems is the
rapid determination and quantification of toxic substances
both in environmental objects and in biomaterials [8, 10, 11].
To solve this problem, Rospotrebnadzor should be involved. This
problem is associated with the development of methodological
support, which must clearly stipulate the tasks of LMO and med-
ical units, time of their functioning and volumes of their tasks, as
well as their equipping with modern equipment, knowing the
methods of sanitary-chemical reconnaissance and a competent
assessment of the results obtained.

For the analysis of the majority of hazardous chemicals -
AOKAHYV (chlorine, ammonia, carbon oxides, sulfur, nitrogen,
efc.) - itis advisable to use portable devices, for example, the
multifunctional gas analyzers "Drdger X-am 7000", "Ge-
olan" used at VCMK "Zashchita" -1P", gas analyzer" Elan ",
as well as indicator means, for example, the express labora-
tory" Pchelka-R ". Almost half of the AOKhV list is made up of
ionic compounds: inorganic acids (hydrochloric, sulfuric, hy-
drofluoric, nitric and hydrocyanic acids), hydrogen sulfide, am-
monia and amino compounds (dimethylamine, trimethylamine,
ethylenediamine, hydrazine and its derivatives), which can be
determined by portable gas analyzers and indicator means,
and - after sampling and sample preparation - by ion chro-
matographs, for example, tests at the All-Russian Center of Dis-
aster Medicine "Zaschita" stationary devices "Dionex ICS
2000" and "Dionex ICS 2500".

Indicators are used to determine organophosphorus com-
pounds and hydrazine derivatives, but they are insensitive and,
at best, provide a qualitative assessment. To determine these
compounds, as well as dioxins, it is advisable to use gas
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chromatography-mass spectrometric equipment.

To determine mixtures of unknown toxic chemicals after
sampling onfo sorption tubes, it is optimal to use gas chro-
matography-mass spectrometers with a thermal desorber, for
example, the Focus DSQ device available atthe VCMK "Za-
shchita".

Regarding the second group of tasks, it should be noted
that up to now despite the adoption of a number of official ad-
ministrative and regulatory documents and a fairly large num-
ber of publications, many issues of organising and providing
emergency medical care to those affected by chemical acci-
dents have not yet been fully resolved[7, 8]. This is due to the
fact that lesions in chemical accidents have a pronounced
specificity associated with a variety of chemicals. There are
difficulties in rendering assistance to the affected, caused by
the structural disunity of the institutions and units involved in the
provision of medical care to the affected, and their insufficient
functional connection. Often, especially at the regional level,
there is an incomplete equipping of institutions with means and
medicaments as well as an insufficient readiness of personnel
to provide medical care.

The issues of providing emergency medical care in the pre-
hospital period are the competence of the Disaster Medicine
Service (SMK) of the Ministry of Health of Russia, especially
at the present stage, when a decision has been made to
merge SMP and SMK [7]. The complex of organizational ac-
tivities is applied to prehospital and hospital periods of the pro-
vision of SMP. When organizing the transportation of victims
to LMOs an optimal routing should be carried out taking into
account both the severity of the patient's condition and the co-
pabilities of LMO. A quick assessment of the condition of the
affected allows to detect those who are most in need of urgent
stabilization of vital functions and to determine their priority and
need for medical evacuation, which means its role is becom-
ing more important.

In the prehospital period, a special role in the elimination of
medical and sanitary consequences of chemical accidents is
played by the teams of specialized medical care of a toxic-
therapeutic profile (BSMP-TT), which are designed to provide
emergency specialized medical care to the affected by
AOKhV. Of the 565 BSMP-TTs available in the Russian Fed-
eration, only 16 are full-time. This results in serious difficulties
while working in emergencies: brigade personnel do not al-
ways arrive at the scene of an event on time; the team includes
non-core specialists, most often - resuscitation doctors [7].

In the hospital period, emergency specialized medical care
is provided in departments for treatment of acute poisoning,
toxicological centers, and clinical hospitals [8].

There are only 43 toxicological centers in the Russian Fed-
eration located in 34 constituent entities of the Russian Feder-
ation. These centers have different status — from independent
high-profile instfitutions to departments in city hospitals. In half
of the regions of the country, those affected with chemical
trauma receive medical care in non-core institutions. Moreover,
in a number of regions there are no clinical toxicologists at all
[8].

Conducting triage with mandatory standardization of urgent
medical measures, rational use of existing forces and means
and attracting additional forces and means, adherence to the
principle of reasonable sufficiency in the material and techni-
cal equipment of emergency medical units and reduction, if
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necessary, of the volume of medical care provided - all this
makes it possible to promptly provide the care to all those in
need [12].

The existing regulatory and methodological documents on
the organization of the elimination of the medical and sanitary
consequences of acute chemical trauma present modern
views on the provision of medical care in emergency situations
of chemical nature and determine the requirements for antidote
therapy of toxic lesions [8,13, 14].

With a relatively narrow range of antidote drugs approved
for use in the Russian Federation, the possibility of their targeted
use in prehospital and hospital periods is especially significant.

Given the urgency of the use of antidotes, the greatest im-
portance is their provision within a limited time span after the
lesion. This directly depends on their availability for LMOs and
medical units.

In the regions, there are difficulties of determining the range
and volume of created reserves of antidotes. There are no
methodological guidelines on the use of antidotes at the stages
of medical evacuation.

In accordance with the order of the Ministry of Health of Rus-
sia No. 298 (2017), a decision was made to significantly re-
duce the range and volume of antidotes to three names, one
of which - Infesti bacteriophage - is, in fact, not an antidote,
since it is used for the prevention and treatment of bacterial dis-
eases.

In this regard, in our opinion, it is necessary to provide an-
tidotes of these groups, first of all, to the regions, and to leave
antidotes that are applicable at later stages in the Federal Re-
serve. The reserve of recommended antidotes is to be kept in
the amounts provided by the order of the Ministry of Health of
Russia No. 1037 (2011).

Given the current shortage of clinical toxicologists in the
country, the main emergency medical care for those affected
by chemical emergencies is provided by therapists, resuscita-
tors-anesthesiologists, pediatricians, doctors and paramedics
of the emergency medical service, clinical pharmacologists,
occupational pathologists, efc. Thus, many patients with acute
poisoning get medical care in non-specialized medical insti-
tutions, which affects its quality and outcomes of acute chem-
ical injury.

The pre- and postgraduate training of medical specialists
(therapists, doctors and paramedics of the emergency med-
ical service, resuscitation specialists-anesthesiologists, etc.)
on the issues of clinical toxicology needs further improve-
ment. It should also be noted that when providing EMP, the pre-
paredness of each medical specialist to work with urgent pa-
tients plays a very important role.

The educational standard for undergraduate training in
general medicine does not allocate hours for training in clin-
ical toxicology.

Emergency and therapeutic doctors are not adequately
trained in disaster medicine and emergency toxicology, and
training programs require further improvement.

Conclusion

This article has been prepared on the basis of the experience
of the specialists of the All-Russian Center for Disaster Medicine
"Zashchita" in the elimination of the medical and sanitary con-
sequences of a chemical emergency. During the first years
since the establishment of the Disaster Medicine Service, emer-
gency situations mostly occurred at industrial facilities. Later, for



various reasons, they began to arise in other places - educa-
tional and medical institutions, nightclubs, etc. It should be noted
that in recent years the frequency of occurrence and the scale
of chemical emergencies have significantly decreased. This con-
tributed to the weakening of the alertness of the medical com-
munity, o the reduction of medical forces and means necessary
to eliminate their medical and sanitary consequences.

In such emergencies the lesions occur due to the inhalation of
polluted air, which significantly increases the role of Rospotreb-
nadzor institutions in eliminating their medical and sanitary con-
sequences, in developing methodological support, in defining
the tasks of institutions and formations as well as the time and vol-
ume of their functioning, in their equipping with modern equip-
ment and in providing methods for sanitary chemical intelli-
gence and for competent assessment of the results.

The data presented in the article show a variety of emer-
gencies that require targeted implementation of appropriate
health measures. It is advisable to improve their
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Terapiya v Lechenii Porazhennykh pri Khimicheskikh Avariyakh i Terroris-
ticheskikh Aktakh s Primeneniem Toksichnykh Veshchestv ='Antidote Ther-
apy in the Treatment of Those Affected by Chemical Accidents and Terrorist
Acts with the Use of Toxic Substances."Medical Study Guide. Moscow,
VTSMK Zashchita Publ.,, 2011, 35 p. (In Russ).

methodological support, to carry out organizational measures
to structure and increase the number of institutions and for-
mations, to improve their technical and material support,
and to increase the instruction level of medical personnel. It
is necessary to note the timeliness of the adoption of the De-
cree of the Government of the Russian Federation "Plan for the
implementation of the Fundamentals of State Policy in the Field
of Chemical and Biological Safety" dated August 28, 2019
No. 1906-r, the implementation of which will contribute to the
growth of alertness among business entities, medical structures
and will lead to the improvement of medical technologies
used in the elimination of medical and sanitary consequences
of chemical emergencies.

Assessing the overall health care capabilities of the country
in the event of a large-scale emergency of a chemical nature,
we believe that, as in the case of the COVID-2019 pandemic,
the mobilization of all medical forces and means will be re-
quired to eliminate its health consequences.
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