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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

Gulyaev DV =2
Research Institute of Hygiene, Occupational Pathology and Human Ecology FMBA, Leningrad region, Russia

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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MTMIrMEHNYECKASA OLIEHKA OBBEKTOB MO YHUHTOXXEHUIO XUMUYECKOIO OPY>XXUA
MPU NNKBUOALUN NOCNEQCTBUN AEATENBHOCTU U NEPEMPO®UIIMPOBAHUN

0. B. ynses =

Hay4Ho-1ccnenoBaTensCkmin MHCTUTYT MrvieHbl, MPOoMnaTonorn 1 akonormn Yenoseka defepansHoro Meayko-6ronorM4eckoro areHTcTea,
JNeHnHrpanckas obnactb, Poccust

ocne YHUHTOXEHNS XVMUHYECKOro OpY>XUS HEOBXOAMMO MPOBOANTL PaboTbl MO NMKBMUAALMW NOCNEACTBUA AEATENbHOCTN OOBEKTOB MO YHUYTOXKEHUIO
xummdeckoro opyxus (OYXO). Liensto paboTbl 6110 NPOBECTU MMIMMEHNYECKYIO OLIEHKY Pe3ybTaToB IMKBUAALMOHHBIX MEPONPUSATUA NS BO3MOXHOCTM
BOBJIEYEHNS HaCTV MPON3BOACTBEHHOM MHPPACTPYKTypbl OYXO B X0O3ANCTBEHHbIN 060POT. Ha HeTbipex OYXO BbISBASIM MeCTa 3arpa3HeHnst 060pyA0BaHNSA
1 9NEMEHTOB MPON3BOACTBEHHOWM MH(PACTPYKTYPbI MPpoayKTaMin AeCTPYKLMM hocthopopraHnyeckinx oTpasnstolmx Bellects (POB) 1 0TpaBnstoLLIMX BELLECTB
KOXHO-HapbiBHOro Aenicteuna (OB KHL). Mpobbl aHannsnpoBan METOAaMM BbICOKOIMMEKTUBHOM XMAKOCTHON XpomaTorpadun ¢ TaHAEMHbIM Macc-
CeNeKTUBHbIM AETEKTUPOBAHNEM, ra30BOM XPOMATOMAaCC-CNEKTPOMETPUEN, Fa30BOV XpOMaTorpadun ¢ TaHAEMHbIM MacC-CeNeKTVBHbIM AETEKTUPOBAHNEM
1 aTOMHO-a6COPOLIMOHHON CMEKTPOCKOMNNUM C 3NEKTPOTEPMUYECKON aToMm3aument. BeisBNeHo 3arpsasHeHne CTPoUTeNbHbIX KOHCTRYKLMIA, 060pyaoBaHus,
KOMMYHVIKaLWIA, MMAPONSONALIMOHHBIX, TEMAOU30NALMOHHBIX U APYTX MaTepUanioB, HAXOAALLMXCS BHYTPY NPOV3BOACTBEHHbIX 3aaHMn OYXO, BHe 3aBMCMMOCTY OT
1X MpeaHasHa4eHns, npoayktammn aectpykumm OB n OB KHL, oueHUTb CTeneHb 0nacHOCTU KOTOPbIX B OTCYTCTBUE MMVEHNHECKIX HOPMATVBOB 1 MH(OpMaLmn
O TOKCWYHOCTY HE MPEACTaBANOCh BO3MOXHbIM. Bo BCex 0TOBpaHHbIX Mpobax 0CTaTo4HOE COAepKaHve OTPaBSIOLLX BELLIECTB HAXOAMIOCE HIbke npeaena
OBHapy>KeHNS METOAMK BbINOMHEHUS M3MEPeHUA (He obHapy>xeHo). NpeAcTaBneHa MeToavka MoaTanHOro MUrMeHNYecKoro obcnefoBaHns HeoOXOaANMMON K
nepepade MHMpacTpykTypbl OYXO ¢ pa3paboTkon pekoMeHaaLuin Ana nocnegytowero 6e3onacHoro uenons3osaHns. CaenaH BbiBOA O LENecoobpasHoCcTL
060CHOBaHNS MMMMEHNYECKIMX HOPMATMBOB NPoAyKToB AecTpykumm OB 1 OB KH/, paspaboTki 1 aTTecTaummi METOAVK BbINOMHEHWSI U3MEPEHNIA.

KnioyeBble CoBa: XMMUYECKOE OPYXXIie, NIMKBILALWS, OTPABNSIOLLME BELLECTBA, NPOAYKTbI ASCTPYKLMM, MMMMEHUYECKI HOPMATVIB, NepenpouiposaHie
Bknap aBtopos: /. B. [ynges — ausai nccnenosaqmns, c6op nHhopmaLn, 06paboTka 1 aHanma pesyssTaTos; peaakTpoBaHie.
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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
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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

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 | and Il 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).

Fig. Sampling at the chemical weapons destruction facilities
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Table 2. Number of control samples taken at a CWDF
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CA identified
CWDF
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 - -
RESULTS reaction masses generated by their processing. Most likely, the

The study vyielded 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
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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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