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HYGIENIC ASSESSMENT OF THE CHEMICAL WEAPONS DESTRUCTION FACILITIES IN THE CONTEXT OF 
RELIEVING THE CONSEQUENCES OF THEIR OPERATION AND SUBSEQUENT CONVERSION THEREOF

After elimination of the chemical weapons, it is necessary to relieve the consequences of operation of the chemical weapons destruction facilities (CWDF). 

This study aimed to assess the results of such relieve activities from the hygienic point of view. The assessment allows considering partial conversion of the 

CWDFs' infrastructure for civil purposes. At four CWDFs, the sites of contamination of equipment and infrastructural components with degradition products of 

organophosphorous agents (OPA) and blister agents (BA) were identified. The technologies that enabled analysis of the samples taken were high performance 

liquid chromatography with tandem mass spectrometry, gas chromatography–mass spectrometry, gas chromatography–tandem mass spectrometry, and atomic 

absorption spectroscopy with electrothermal atomization. The analysis revealed contamination of building structures, equipment, utility lines, waterproofing, heat-

insulating, and other materials inside the CWDF process buildings, regardless of their purpose, with OPA and BA degradation products. In the absence of hygienic 

standards and information on their toxicity, it was impossible to assess the hazard thereof. In all the samples taken, the residual content of toxic substances was 

below the limit of detection of the measurement methods applied, i.e., none was found. The article presents a methodology for a stepwise hygienic assessment of 

the CWDF infrastructure to be converted and develops recommendations for its subsequent safe use. The conclusions state expediency of development of hygienic 

standards for the OPA and BA degradation products and development and certification of the relevant measurement procedures.
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Д. В. Гуляев

ГИГИЕНИЧЕСКАЯ ОЦЕНКА ОБЪЕКТОВ ПО УНИЧТОЖЕНИЮ ХИМИЧЕСКОГО ОРУЖИЯ 
ПРИ ЛИКВИДАЦИИ ПОСЛЕДСТВИЙ ДЕЯТЕЛЬНОСТИ И ПЕРЕПРОФИЛИРОВАНИИ 

После уничтожения химического оружия необходимо проводить работы по ликвидации последствий деятельности объектов по уничтожению 

химического оружия (ОУХО). Целью работы было провести гигиеническую оценку результатов ликвидационных мероприятий для возможности 

вовлечения части производственной инфраструктуры ОУХО в хозяйственный оборот. На четырех ОУХО выявляли места загрязнения оборудования 

и элементов производственной инфраструктуры продуктами деструкции фосфорорганических отравляющих веществ (ФОВ) и отравляющих веществ 

кожно-нарывного действия (ОВ КНД). Пробы анализировали методами высокоэффективной жидкостной хроматографии с тандемным масс-

селективным детектированием, газовой хроматомасс-спектрометрией, газовой хроматографии с тандемным масс-селективным детектированием 

и атомно-абсорбционной спектроскопии с электротермической атомизацией. Выявлено загрязнение строительных конструкций, оборудования, 

коммуникаций, гидроизоляционных, теплоизоляционных и других материалов, находящихся внутри производственных зданий ОУХО, вне зависимости от 

их предназначения, продуктами деструкции ФОВ и ОВ КНД, оценить степень опасности которых в отсутствие гигиенических нормативов и информации 

о токсичности не представлялось возможным. Во всех отобранных пробах остаточное содержание отравляющих веществ находилось ниже предела 

обнаружения методик выполнения измерений (не обнаружено). Представлена методика поэтапного гигиенического обследования необходимой к 

передаче инфраструктуры ОУХО с разработкой рекомендаций для последующего безопасного использования. Сделан вывод о целесообразности 

обоснования гигиенических нормативов продуктов деструкции ФОВ и ОВ КНД, разработки и аттестации методик выполнения измерений.
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In 1992, the Russian Federation (RF) signed the Chemical 
Weapons Convention (CWA) and undertook obligations to 
destroy chemical weapons stockpiles [1]. The country passed 
legislation to ensure implementation of the obligations under 
this international treaty [2, 3].

The RF had storage facilities for chemical ammunition 
filled with organophosphorous agents (OPA), such as Vx, 
sarin, soman, and blister agents (BA), such as sulfur mustard, 
lewisite, and their mixtures. The chemical weapons stockpiles 
were destroyed at seven new chemical weapons destruction 
facilities (CWDF) built and commissioned at various times. 
The job of designing and constructing these facilities entailed 

development of solutions ensuring safety of operation of the 
CWDFs and deployment of the monitoring system that meets 
high requirements. There were developed regulatory and 
methodological documents governing organization of sanitary 
and epidemiological supervision and control, protection 
of industrial space and the environment, and health of the 
personnel and population.

The last piece of chemical munitions was destroyed 
in September 2017. Thus, the process of destroying RF's 
chemical weapons stockpiles was completed.

One of the problems to be solved under the Federal Target 
Program for the Destruction of Chemical Weapons Stockpiles 
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Table 1. Number of samples taken at a CWDF

CWDF Total samples taken Wipe samples Solid samples of fragments of building structures and engineering infrastructure

1 218 62 156

2 238 62 176

3 219 98 121

4 321 161 160

Total 996 383 613

Fig. Sampling at the chemical weapons destruction facilities

in the Russian Federation [2] is relieving the consequences of 
operation of the chemical weapons storage and destruction 
facilities.

As CWDFs see the chemical weapons destruction process 
to completion, measures are taken to neutralize the facilities 
and make them safe and ready for subsequent conversion, 
including degassing of internal and external surfaces, 
dismantling equipment and building structures and cutting 
them into measured pieces, degassing of fragments, thermal 
neutralization, and waste landfilling.

Potentially, not just the destroyed chemical agents (CA) but 
also their toxic degradation products may contaminate building 
structures, equipment, utility infrastructure, waterproofing, 
heat-insulating, and other materials inside the buildings of 
facilities, which is a hazard.

The monitoring system designed to enable protection of 
people and the environment from the CA stays online and works 
during the CWDF operation consequences relieve process.

Conversion of a CWDF generates the risk of contamination 
of the process space and the environment with toxic substances 
adsorbed by the building structures and equipment.

Currently, there are active hygienic safety regulations for CAs that 
specify the maximum permissible concentration, MPC; maximum 
permissible level, MPL; tentatively safe exposure level, TSEL; 
approximate permissible concentration, TPC. There were also 
developed the methods ofmeasurement of the CA concentrations 
in the process space and the environment, at the site, on the skin 
and personal protective equipment, and in the wastes.

There were developed design documents describing the 
process of relieving the consequences of operation of CWDFs. 
These documents were reviewed and approved by the sanitary 
and epidemiological examination board. However, in order 
to preserve public funds and in the interests of industries 
supporting the state's defense capabilities and security 
(including production of gunpowders and explosives, active 

pharmaceutical ingredients and medicines, and waste disposal 
facilities treating hazard class I and II wastes), it was decided to 
partially preserve the process equipment and the engineering 
infrastructure elements signed for elimination, with the aim to 
convert them.

This study aimed to assess the results of such relieve 
activities from the hygienic point of view. The assessment allows 
considering partial conversion of the CWDFs' infrastructure for 
civil purposes, development and testing of the methodology 
of a phased hygienic examination necessary for the CWDF 
infrastructure conversion. It also enables recommendations for 
subsequent safe use. 

METHODS

The first stage implied wipe sampling the surfaces of process 
equipment and elements of industrial infrastructure, collection of 
solid samples of fragments of building structures and elements 
of industrial infrastructure (floors, walls, inlet ventilation systems, 
power supply, lighting, heating, fire extinguishing systems) in 
order to identify the areas contaminated the most with the OPA 
and BA degradation products (Table 1; Figure).

The technologies that enabled analysis of the residual 
content of the OPA and BA degradation products were high 
performance liquid chromatography with tandem mass 
spectrometry (HPLC–MS/MS), gas chromatography-mass 
spectrometry (GC-MS), gas chromatography– tandem 
mass spectrometry (GC–MS/MS), and atomic absorption 
spectroscopy with electrothermal atomization (AAS–ETA) [4, 5].

Second stage implied wipe sampling surfaces of process 
equipment and elements of engineering infrastructure in order 
to measure the residual concentrations of OPAs and BAs by 
enzymatic methods and gas chromatography.

The data obtained were processed with STATISTICA 13.3 
(StatSoft Inc.; USA).
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Table 2. Number of control samples taken at a CWDF

CWDF
CA identified

Vx type substance sarin soman sulfur mustard lewisite

1 118 107 118 39 39

2 113 95 139 – –

3 265 161 265 – –

4 427 316 454 – –
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RESULTS

The study yielded identification of the places (parts of 
equipment, engineering infrastructure) most contaminated with 
the OPA and BA degradation products at four CWDFs.

All the premises examined were contaminated with 
organic compounds typical for OPA destruction facilities: S-2-
(diethylaminoethyl) methylphosphonothioate, methylphosphonic 
acid (MPA), isopropyl-, isobutyl-, and pinacolylmethylphosphonic 
acid (MPA), diisobutyl, dipinacolyl, and isobutyl pinacolyl esters 
of MPA, and 2,2'-bis(diethylaminoethyl) disulfide.

In addition, most samples taken at facility #1, rooms where 
BAs were destroyed, contained degradation products thereof: 
thiodiglycol, thiodiglycol oxide, and chlorovinylarsonic acid. 
A number of samples contained sulfur mustard. Arsenic was 
found in all the samples studied, with some showing values 
exceeding MPC and MPL.

It was not possible to assess the degree of hazard the 
detected chemical compounds present, since there are no 
relevant hygienic standards and information on toxicity.

Table 2 shows the results of analysis of control wipes 
taken from the surfaces (process equipment, engineering 
infrastructure) identified as the most contaminated with OPA 
and BA degradation products. The analysis aimed to determine 
the residual content thereof.

In all the samples taken, the residual content of OPA 
(Vx type substance, sarin, soman) and BA (sulfur mustard, 
lewisite, mixtures thereof) was below the limit of detection of 
the measurement methods applied, i.e., none was found.

DISCUSSION

At four CWDFs, process equipment and engineering 
infrastructure were found to be contaminated with the OPA 
and BA degradation products, which indicates that the 
facilities were previously contaminated with the CA or with the 

reaction masses generated by their processing. Most likely, the 
compounds found in surface wipes and solid samples taken 
from the building structures and engineering infrastructure 
(wiring, cable conduits, lamps) originated from the source CA 
that degraded under degassing and the influence of various 
environmental factors (humidity, temperature etc) [4].

The study allowed compiling degassing recommendations 
that incorporate measures to assess the quality thereof (the 
degree of removal of OPA, BA, and their degradation products) 
after the relief operations. If it is impossible to meet the 
requirements of hygienic standards, it is necessary to carry out 
work in full in accordance with the project documentation. 

To enable subsequent safe use of a CWDF, it is recommended 
to monitor the dynamics of the levels of OPA and BA degradation 
products for three years.

Development of the hygienic standards and methods to 
measure the CA degradation product levels (in facilities and 
the environment, the surface of personal protective equipment 
and wastes) is an important step supporting implementation 
of the recommendations after completion of the relief efforts at 
CWDFs enabling their subsequent use. 

CONCLUSIONS

The analysis revealed contamination of building structures, 
equipment, utility lines, waterproofing, heat-insulating 
and other materials inside the CWDF buildings, regardless of 
their purpose, with products of degradation of OPA and BA. 
No OPA and BA were found in the wipes taken from the 
surfaces of process equipment and elements of the engineering 
infrastructure of the CWDFs. It is advisable to develop hygienic 
standards for OPA and BA degradation products (TSEL/
MPC in the process area air, APL/MPC on the surfaces of 
process equipment and PPE, APC/MPC in building structure 
rejects) and develop and certify the applicable measurement 
procedures.
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