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Highlights

- Military use of persistent organic pollutants (POPs) triggers irreversible, multigenerational crises.

- The primary agent is dioxin TCDD, an extraordinarily persistent and bioaccumulative toxicant with no known
antidote, shifting the CBRN defense paradigm toward robust prophylaxis and force protection.

Relevance. The historical case of Agent Orange provides a critical precedent for understanding long-term threats from
POPs, which create persistent contaminated areas (“hotspots”) challenging force health protection, logistics, and post-
conflict site remediation.

Purpose of the study is to perform a systematic analysis of Agent Orange's composition, the toxicological mechanisms
of TCDD, and its long-term health and ecological impacts to derive actionable implications for modern CBRN defense
doctrine, training, and operational protocols.

Study base sources. Analysis relies on peer-reviewed scientific literature, reports from authoritative bodies (U.S. Institute
of Medicine, National Academies), U.S. Department of Veterans Affairs archives, data from victim organizations (e.g.,
VAVA), and historical records of Operation Ranch Hand.

Method. Employed a critical review and synthesis of data from toxicological, epidemiological, molecular-biological,
and clinical studies using comparative analysis and causal relationship assessment to build a unified operational model.
Discussion. TCDD toxicity is mediated via the aryl hydrocarbon receptor (AhR), causing systemic gene dysregulation.
This results in a wide disease spectrum, from acute chloracne to long-term oncological, neurological, endocrine, and
reproductive disorders, including transgenerational birth defects. Environmental damage is severe and persistent.
Conclusions. 1) POPs use yields strategic-level consequences for health and ecosystems. 2) The lack of an antidote
elevates the primacy of prevention, strict CBRN protocols, and area isolation. 3) Medical strategy must pivot to
long-term health surveillance. 4) Effective response requires a sustained complex of measures: hazard identification,
contamination control, external logistics, and specialized engineering remediation (e.g., thermal desorption).
Practical significance of the work. The study provides a scientific basis for CBRN defense: 1) Threat assessment
(identifying TCDD hazard and critical exposure routes). 2) Force protection (mandating full IPE use, immediate
decontamination, banning local resources). 3) Medical support (recognizing chloracne as a key marker, planning long-
term screening). 4) CBRN operations (reconnaissance of hotspots, establishing long-term restricted zones). It directly
informs the development of manuals, SOPs, and training programs for specialists.
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OcHOBHBIE MOMEHTBI

- BoenHoe mmpuMeHeHne CTOIKUX opranndeckux sarpsisunrerneit (CO3) mposonupyer HeoOpaTiMble MHOTOIIOKO/IEH-
YeCKye KPU3UCHL.

- OCHOBHBIM areHTOM siBysgeTcs AuoKcuH TXIJT — upesBBIYAIHO CTOVKMIT U OMOAKKYMYIUPYIOIIMIICA TOKCUKAHT,
He MMEIOINIT M3BECTHOTO aHTU/IOTA, YTO cMelllaeT mapagurmMy PXb 3aiuTsl B CTOPOHY aKTUBHOI IPOGUIAKTUKA 1
3allMThI INYHOTO COCTABA.

Axmyanvnocmo. Vicropudecknit cnydait ¢ «AreHtoM OpaH>XX» CTY>KUT KPUTUYECKM Ba>KHBIM IIpelefeHTOM [
MOHMMAHMA JONTOCPOYHBIX Yrpos, ucxopAmux or CO3, KOTOpble CO3/IAl0T YCTONMYMBBEIE 3arpsI3HEHHbIE PailOHbI
(contaminated areas, «<XOTCIIOTBI»). ITO CO3HAET MPOOTEMBI /I MEAUIIMHCKOTO 0becredeHnst BOJCK, IOTUCTUKU U
BOCCTaHOBJIEHVSI TEPPUTOPUU II0CIIE 3aBepIIeHNsI 00EeBbIX IEVICTBMIL.

IJenv uccnedosanusi — IpoOBECTV CUCTEMHBIN aHaMU3 coctaBa «AreHTa OpaH)X», TOKCUKOIOIMYECKMX MEXaHM3MOB
TXJ ][I, ero JOIrOCPOYHBIX TOCTEICTBIUI /ISt 30POBbS ¥ 9KOIOTMY, YTOOBI BHIBECTI IIPAKTUYECKIE PEKOMEHAALINN
IUI1 COBPEMEHHOI IOKTPUHBI, IOJIOTOBKM 1 OIlepaTUBHbBIX IPOTOK0/10B PXDb 3ammTsl.

Hcmounuxoeas 6a3a uccnedoéanus. AHaIN3 ONUPAETCs Ha PeLieH3UPyeMyI0 Hay9HYIO INTepaTypy, OTYEThl aBTOPU-
TeTHbIX opranusanuit (VMucturyt mepununsl CIIA, HanyonanbHble akafieMun), apxuBbl MMHUCTEPCTBA IO JielaM
BetepaHoB ClIIIA, faHHble opranmsanuit nocrpagasumx (Hamp., VAVA) u ncropnyeckue samicyu Onepanyn «Ranch
Hand».

Memoo uccnedosanus. Kpurudaeckuit 0630p U CUHTe3 JaHHBIX TOKCUKOIOTMYIECKIX, STIN/EMIOTIOTTIECKIIX, MOJIEKY-
JISIPHO-OMOTOrMYeCKUX Vi KIIMHUYECKUX VCCTIEIOBAHMIT C ICIIONb30BaHMEM CPaBHUTE/IBHOTO aHa/I3a 1 OLleHKM IIPH-
YMHHO-C/Ie[ICTBEHHBIX CBA3EI /I TOCTPOEHN S eAMHOI OIlepaljMOHHON MOJETN.

O6cyncoenue. Toxcrunocts TX]IT onocpenoBana apuayrieBogoposubiM perenitopoM (AhR), BbI3pIBatolnM cu-
CTeMHOEe HapyIIeHIe PeTy/IsILuy FeHOB. DTO MPUBOAUT K LMIMPOKOMY CIIEKTPY 3a00/IeBaHUIl: OT OCTPOIl XTTOpaKHe
(chloracne) 5o ;ONMTOCPOYHBIX OHKOIOIMYECKIX, HEBPOJIOTMYECKIX, SHTOKPMHHBIX U PEIIPORYKTUBHBIX PACCTPOICTB,
BKJ/II0Yasl TPaHCTeHePAL[MOHHbIE IIOPOKM PasBUTHA. DKOMOIMIECKMII yiepO ABATCS TAXKEIbIM M YCTONYMBBIM.
Bwisoowt. 1) ITpumenenne CO3 BeveT MOCTENCTBIUS CTPATEINIECKOTO YPOBHS /s 3OPOBbs U 3KocucTeM. 2) Ot-
CYTCTBIUE QHTHOTA TIOBBIIIAET BAXXHOCTD IPOMIIAKTUKY, CTPOruX NPoToKoa0B PXB 3amnTsl 1 M30/L11MH palioHa
nopaxernst CO3. 3) MeanumHcKasi cTparerys JO/DKHA ObITh IIepeOPUEeHTNPOBaHA Ha JOTOCPOYHOE MEINIIMHCKOE
HabmonieHne. 4) J¢ddeKTUBHDI OTBET TpebyeT YCTONYMBOIO KOMIIEKCA Mep: BBIABJICHNUE ONACHOCTH, KOHTPOJIb
3apakeHsl, BHEIIHsIs JIOTUCTYKA, MHAMBUAYaTbHAas JeTasaliyisi i CIelianu3MpOBaHHas NHKeHepHasl peabumnTanns
(engineering remediation), HarrpuMep, TepMuYecKast fecopOLusL.

IIpaxkmuueckan snauumocmo pabomot. Viccnenosanye obecrieduBaeT HayuHyto ocHoBY i PXDb samurer ot CO3:
1) Ouenka yrposs! (npentuduxanus onacHoctu TXJJT 1 KpUTHYeCKUX Iy Telt BO3AecTBIA). 2) 3aimmTa BOlick (0051-
3aTenpHOe mpuMeHeHue VIC3, HeMenieHHas ferasalis, 3alpeT Ha MeCTHbIe Pecypchl). 3) MenuumHckoe obecrede-
Hue (IIpU3HaHMe XIOpPAaKHe KIII0YeBbIM MapKepoM, IJIaHMPOBaHMe JOITOCPOYHOro CKpyHMHIa). 4) Onepanun PXB3
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(pasBefKa IpaHNIl XOTCIOTOB, YCTAaHOBJIEHME NONTOCPOYHBIX OTPaHMYEHHBIX 30H). OHO HAIpsAMYI MHPOPMIU-
pyeT paspabOTKy PYKOBOACTB, CTaHAAPTHBIX OllepaunnoHHbIX mpouenyp (SOPs) m mporpamm IMOATOTOBKY IS
CIIelMaINCTOB.

Kniwouesvie cnosa: «Azenm Opanc»; apunyznesodopodruiii peuenmop (AhR); soentvie eepbuyudvl; 8oiina 60 Bvem-
HaMme; MONeKyNAPHble MEXAHUIMYL; 0MOdneHHble NOCTIe0CmeUs 0N 300p06bs; mokcuuHocmy ouokcunos; TXT]T
(2,3,7,8-mempaxnopduben3o-n-0uoKkcun); aKonozuueckas kamacmpoga

Hns yumuposanus: Jlakoma A. Ilocnedcmeusi npumenenus «Azenma Opauxu»: MOKCUKONOZUS, KAUHUUe-
CKue nposenenus, omoaneHHvie NOCIEOCMBUS U mepanesmuyeckue no0xodvl. Becmuux eoiick PXB 3aujumol.
2026;10(1):25-43. EDN:gveauo.

https://doi.org/10.35825/2587-5728-2026-10-1-25-43

IIpospaunocmo dunarncosoii OesmenvHocmu: aémop He umeem GUHAHCOB0I 3aUHMEPECOBAHHOCU 8 NPedCctnas-
JIeHHBLX MAMEPUATAX UTU MEMO00aX.

Kougnuxkm unmepecos: A. Jlakoma s6nsemcss 4ieHoM pPeOaKUUOHHOL Konmeeuu xypHana «Becmuuk eoiick
PXB sawumot» (c 2023 2.), HO He uMeem HUKAK020 OMHOMWEHUS K peuleHUI0 onyOnukosamp smy cmamoio. Cmamos
Npowna NPUHAMY10 6 HypHase npouedypy pevensuposanus. O0 uHbLX KOHGAUKMAX UHINEPECO8 ABMOP He 3A6TATL.

JIcnonv3osanue ucKyccmeeHH020 UHmMeneKma: aémop KoOHYenmyanu3uposan uccnedosanue u chopmynuposan
OCHOBHbLE HAYUHDbLE 6bL800bL. [151 CPABHUMENbHO20 aHANU3a, npedcmasnentozo 6 Tabnuue 1, ucnonv3osanace Heii-
pocemv DeepSeek V3.2 (paspabomxa Depth-Search) onsi cmpyxkmypuposanusi u npedcmasnenusi uHPopmMayuy u3
yumupyemolx ucmounuxos (27, 29, 30]. Ha saxniouumenvHom smane nod20mosKku pykonucu k nybnuxkayuu peoax-
mopckas epynna ucnonvdosana VIV ons nuxeeéucmudeckoil 06pabomxu mexcma, yCmparHeHus Craumtucmu1eckux
Hecoomeemcmauti 1 obecneueHus: MepMmuHoI02U1ecK020 e0UH000PAZUSL.

Dunancuposanue: UCHOUHUKOE PUHAHCUPOSAHUS 0TI 0eKAAPUPOBAHUS HETN.

IMoctynmma 01.12.2025 r. ITocne gopaborku 20.01.2026 1. IlpunsTa k my6nukanun 27.03.2026 .

INTRODUCTION derive actionable implications for modern CBRN

Theissue of Agent Orange remainsacute more
than 50 years after the war's end, implicating
critical questions of environmental security,
public health, and social justice. The deliberate,
large-scale military use of this chemical agent
resulted in a profound and enduring man-
made catastrophe, demonstrating that the long-
term consequences of such actions can span
generations. This historical precedent serves as a
stark warning, indicating that similar ecological
and humanitarian crises could potentially befall
any other nation subjected to the wartime use of
persistent toxic substances. A deep understanding
of the established toxicological mechanisms and
epidemiological patterns is therefore essential
not only for providing aid to current victims and
rehabilitating contaminated territories but also
for developing robust preventive measures and
international frameworks to avert such disasters
in the future.

Purpose of the study is to perform a systematic
analysis of Agent Orange's composition, the
toxicological mechanisms of TCDD, and its
long-term health and ecological impacts to

defense doctrine, training, and operational
protocols.

Study base sources. Analysis relies on peer-
reviewed scientific literature, reports from
authoritative bodies (U.S. Institute of Medicine,
National Academies), U.S. Department of
Veterans Affairs archives, data from victim
organizations (e.g., VAVA), and historical records
of Operation Ranch Hand.

Method. Employed a critical review
and synthesis of data from toxicological,
epidemiological, = molecular-biological, and
clinical studies using comparative analysis and
causal relationship assessment to build a unified
operational model.

Research tasks:

To  synthesize  dispersed  historical,
epidemiological, and clinical data to establish
a comprehensive picture of the long-term
consequences of Agent Orange exposure.

To analyze and elucidate the molecular
mechanism of TCDD toxicity, focusing on the
role of the aryl hydrocarbon receptor (AhR)
signaling pathway.
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To evaluate the current approaches to medical
management and socio-legal remediation,
identifying critical gaps and future directions.

MAIN PART

Historical Context'. On August 10, 1961,
U.S. aircraft first released chemical herbicides
over the Vietnamese countryside as part of
Operation Ranch Hand. The primary objective
was to deny enemy forces jungle cover and
food by deliberately destroying forests and
crops. Among the substances used, one in
particular- Agent Orange - gained notoriety.
It contained the highly toxic contaminant
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin),
which  extensively  poisoned ecosystems,
infiltrated water supplies, and is known to
cause DNA damage. Consequently, generations
of Vietnamese civilians and foreign veterans
have suffered from cancers and other chronic
illnesses. Although the war ended in 1975, the
legacy of Agent Orange persists. It remains in the
soil and the food chain, stubbornly accumulating
in the bodies of millions.

During the war, the U.S. military deployed a
group of defoliants collectivelyknown as "rainbow
herbicides," each identified by colored stripes on
their storage drums®. Agent Orange, the most
extensively used, was a 1:1 mixture of 2,4-D and
2,4,5-T. Crucially, the production of the 2,4,5-T
component resulted in contamination with
TCDD, a dioxin compound of severe biological
toxicity. The World Health Organization classifies
TCDD as a Group 1 carcinogen (carcinogenic to
humans), with an estimated half-life in human
adipose tissue of 7-11 years, though some studies
suggest persistence for up to two decades. The
rushed and poorly regulated manufacturing
process failed to control the formation of this
contaminant. Between 1961 and 1971, American
forces sprayed over 80 million liters of herbicides
across Vietnam, approximately 43 million liters
of which were Agent Orange. Aircraft such as the
C-123 Provider conducted high-concentration
spraying, particularly in regions with Viet

Cong activity. More than 19,000 such missions
were carried out under Operation Ranch Hand.
Although the nickname "Operation Hades"
was considered during planning, it was never
officially adopted. The planning and execution
of herbicide spraying missions during Operation
Ranch Hand were strict; spray missions did not
occur with friendly forces in the area and were
often deep in hostile territory. Antipersonnel
ordinance from escort aircraft was used in
targeted areas to suppress hostile ground fire,
and friendly units were prohibited from entering
areas immediately after spraying due to possible
unexploded ordinance. Multiple safeguards
and strict adherence to protocols made direct
spraying of United States and Allied forces, or
their passage through recently sprayed areas,
very unlikely.

Additionally, helicopters, trucks, and
riverboats sprayed herbicides around bases
and along key roads, often with little regard
for the long-term effects on civilians and local
ecosystems. Heavily affected areas included
Quang Tri Province, the A Luoi Valley, and the
vicinities of Bien Hoa and Da Nang airbases,
where the storage and handling of herbicides
caused severe secondary contamination.
Repeated spraying in some regions led to
persistent environmental pollution.

Dioxin entered the soil, where it persisted for
years, particularly in clay-rich or waterlogged
areas. Its slow degradation meant that
populations continued to be exposed long after
spraying ceased. Military personnel involved in
the missions, especially those handling chemicals
without adequate protective gear, received heavy
exposure. Civilians in affected areas consumed
contaminated food and water, leading to a range
of symptoms that were difficult to diagnose at
the time.

Following exposure, a pattern of symptoms
emerged. Civilians in sprayed areas reported
unexplained skin rashes, abdominal pain,
miscarriages, and respiratory issues. American
and allied veterans developed illnesses years after

! This introductory section is adapted from the following source. URL: History Skills. Agent Orange: The Devastating
Legacy of a Chemical Weapon [Internet]. 2023 [cited 2024 Dec]. URL: https://www.historyskills.com/classroom/

year-10/agent-orange/ (date: 12.11.2025)

> A Brief Overview of Rainbow Herbicides: “Agent Orange” — a mixture of butyl esters of 2,4 D and 2,4,5 T - was
employed for defoliation of broadleaf plants and destruction of hardwood forests, including banana, rubber, breadfruit,
and coconut trees, as well as for crop denial targeting rice, cassava, and potato fields. “Agent White” - a combination
of the triisopropanolamine salts of picloram and 2,4 D - was used primarily for defoliation. “Agent Blue” — consisting
of cacodylic acid and its salts (cacodylates) — was a desiccant intended for the destruction of grassy vegetation and, in

Vietnam, specifically for rice—crop denial.

The concentrations of agents applied in Vietnam typically exceeded the rates recommended by the U.S. Department
of Agriculture for domestic herbicide use by a factor of 10 to 13 (Vietnam. Chemical Warfare: Documents of the
International Scientific Conference on Chemical Warfare in Vietnam [Vetnam. Khimicheskaia voina: Dokumenty
mezhdunarodnoi nauchnoi konferentsii po khimicheskoi voine vo Vetname]. Hanoi: Foreign Languages Publ. House;

1972. P. 42, 53, 94, 100, 113).
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returning home, often without an identifiable
cause. Dioxin accumulates in adipose tissue,
can cross the placental barrier, and disrupts
endocrine function. It can persist in the body
for decades. Research has established clear links
between dioxin exposure and a growing list of
serious diseases. The U.S. National Academy of
Sciences and the Department of Veterans Affairs
recognize associations between Agent Orange
exposure and conditions such as non-Hodgkin
lymphoma, chronic lymphocytic leukemia,
soft-tissue sarcoma, Parkinson's disease, type
2 diabetes, and others. Consequently, the VA
established a list of "presumptive conditions" for
affected Vietnam veterans. The Agent Orange Act
of 1991 formalized this recognition, mandating
ongoing reviews of health effects by the National
Academy of Sciences.

In Vietnam, the public health crisis reached
devastating proportions. Hospitals recorded
significant increases in congenital anomalies
and neurological impairments. Children were
born with limb deformities (such as syndactyly),
severe craniofacial malformations, and profound
neurological damage. Many were stillborn or
died in infancy. Institutions like Tu Du Hospital
in Ho Chi Minh City have amassed extensive
archives of such cases and provided care to
thousands of affected children. The Vietnamese
Red Cross estimates that over three million
people suffer from health problems linked
to Agent Orange, including at least 150,000
children with major birth defects. The Vietnam
Association for Victims of Agent Orange (VAVA)
posits that up to 4.8 million Vietnamese were
exposed, although this figure is debated and
lacks independent verification.

The defoliation campaign caused profound
ecological damage beyond military targets.
Agent Orange decimated entire ecosystems and
destroyed the agricultural base of many rural
communities. Over three million hectares of
forest were sprayed, with natural regeneration
often failing in poisoned soils. Dioxin entered
aquatic systems, contaminating sediments, fish,
and livestock. Coastal mangrove forests, such
as those in the U Minh and Can Gio regions,
were particularly devastated, leading to erosion,
collapse of local fisheries, and loss of critical
habitat for endangered species. Remediation
and replanting efforts have faced significant
challenges, with original biodiversity rarely fully
restored. Farmers found their land infertile, crops
failed, and livestock fell ill. The contamination of
rice paddies and fisheries led to ongoing dietary
exposure, creating a cycle of poisoning.

As the chronic health effects on veterans
and civilians became increasingly apparent,
efforts to seek accountability intensified. In

the United States, veteran advocacy groups
pushed for recognition and government action.
A landmark class-action lawsuit filed in 1979
against several chemical manufacturers,
including Dow Chemical and Monsanto, resulted
in a $180 million out-of-court settlement in 1984,
providing some compensation to U.S. veterans
but excluding Vietnamese victims. Since 2007,
the U.S. government has funded environmental
remediation and limited health programs in
Vietnam, notably at dioxin "hotspots" like Da
Nang Air Base, using methods such as thermal
desorption. However, the U.S. has avoided
accepting direct legal liability for health
damages. Legal attempts by Vietnamese victims
in U.S. courts (2004-2008) were dismissed. A
civil case brought in France in 2014 by activist
Tran To Nga against the manufacturers has kept
the international legal struggle in focus.

The intergenerational toll of Agent Orange
continues to burden families in multiple
countries. In Vietnam, birth defects are observed
insecond and third generations in heavily sprayed
areas, overwhelming family resources and often
lacking adequate specialized care. Similar health
concerns among veterans from the United States,
Australia, South Korea, and New Zealand have
led to expanded, though sometimes inconsistent,
lists of compensable conditions by their respective
governments. Many victims face protracted
battles for recognition and support. In rural
Vietnam, children with severe disabilities often
cannot access education or employment, leading
to social stigma, family isolation, and entrenched
poverty without sustained state intervention.

Victims in  Vietnam:  Epidemiology
and Challenges in Estimation. Accurate
quantification of Agent Orange victims remains
challenging, with no definitive consensus on
the numbers. According to a report by Phan [1],
Vietnamese authorities estimate that up to 4.8
million people may have been exposed to dioxin,
with approximately 3 million experiencing
adverse health effects or disabilities. Earlier
estimates, such as the 2000 assessment by
Hoang Pinh Ciu (then chairman of the National
Committee for Investigation of the Consequences
of Chemicals Used in the Vietnam War),
suggested approximately 1 million surviving
victims, including 150,000 children born with
birth defects. The Vietnam Association for
Victims of Agent Orange (VAVA) has published
incomplete estimates indicating 150,000 second-
generation, 35,000 third generation, and 2,000
fourth-generation victims in the country.

It was not until 1969 that Agent Orange and
most other herbicide mixtures were discovered
to be inadvertently contaminated with the
most toxic form of dioxin, TCDD. By the time
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Operation Ranch Hand concluded in 1971 - two
years after this contamination was identified -
at least 20 million gallons of herbicides had been
sprayed. A definitive 2003 analysis by Stellman
et al. estimated that this exposure affected
between 2.1 million and 4.8 million villagers
(Figure 1) [2, 3]°.

It is crucial to note that TCDD concentrations
in Agent Orange varied significantly. Samples
drawn from barrels selected as representative of
the manufacturers in the USAF stockpile showed

a range of 6.2 to 14.3 parts per million (p.p.m.),
with an average of 13.25 p.p.m. [2]. However,
broader analyses have calculated a wider range,
from <0.05 to 17.0 p.p.m., with a substantially
lower arithmetic mean of 2.99 p.p.m. [2].
Applying this lower mean concentration
of 3 p.p.m. (associated with the 'low dioxin’
series) to revised estimates of the total herbicide
volume leads to a new calculation for the total
amount of TCDD sprayed. This estimate grows
to approximately 221 kg, up from the 106-163 kg

Figure 1. Volumes of herbicide sprayed. a, b, c, Known volumes of Agents Orange, White, and Blue, respectively, sprayed
by U.S. military forces in the Republic of Vietham (1961-1971). Volumes are calculated per grid cell (1.2 km?) within a
geographic information system developed for this analysis. Colors correspond to volumes as shown in the key. Arrows in
a and c point to missions in Laos and the Parrot's Beak region of Cambodia. d, Grids sprayed with volumes greater than
4,800 L (representing ~10% of the total). Marker size is proportional to volume, and colors correspond to herbicide
codenames; orange markers represent all herbicides containing 2,4,5-T. Adapted from J.M. Stellman et al. [2]

PucyHok 1. O6wvembl pacnvineHHbix 2zepbuyudos. a, b, ¢ - useecmHvle 06veMbl «AzeHma Opanic», «AzeHma Yalim» u
«AzeHma Bs1t0» coomeemcmeeHHo, pachblsieHHbIX 8oeHHbIMU cusaamu CLLIA e Pecnybauke Bbemuam e 1961-1971 22. O6v-
eMbl paccyumanol 0718 omoesbHbIX AYyeek cemku ¢ wazom 0,01 zpadyca (1,2 km?), Ha komopule pa3deseH BoemHam e
2e0UH(opMayuoHHoli cucmeme, paspabomaHHoli asmopamu. Lleema Ha a, b u c coomeemcmeytom 06veMaM, YKA3aHHbIM
6 siezeHOe. CmpesiKu HA a U ¢ yKkasvlearom Ha mMuccuu e Jlaoce u 8 pezuoHe «[llonyzaliHbili Kntoe» 8 Kambooice coomeem-
cmeeHHo. D - aueliku cemku, 8 Komopbix 6b170 pachblsieHo 6osee 4800 n zepbuyudos (okosno 10 % om o6wezo 06vema).
Pazmep mapkepa yeenuuueaemcs nponopyuoHasnbHo ob6veMy, a ueema coomeemcmeyom Ko008bIM HA38aHUSM 2epbuuu-
008. Bce zepbuyuoel, codeprucawue 2,4,5-T, 0603HauYeHbl opaHycesbiMu Mapkepamu. PucyHok adanmupoedH u3 pabomeol
J.M. Stellman c coaem. [2]

* The Use of Agent Orange and Other Herbicides Was Only One Component of the Chemical Warfare in Vietnam.
From the outset of the conflict, irritants were extensively used by the U.S. armed forces, in particular the compound
CS (2 chlorobenzalmalononitrile) - a synthetic solid substance that acts as the active component of tear gas mixtures.
Over the course of the war, improved formulations CS1 and CS2 were introduced, either replacing or supplementing
the basic CS. According to an analysis of captured munitions carried out by Vietnamese chemists, standard CS
contained about 40 % of the active ingredient (o chlorobenzylidene malononitrile), with the remainder consisting
of smoke generating products and impurities. CSI was a highly purified composition (up to 95 % active ingredient)
adsorbed onto silica gel for better dispersion. CS2, also containing silica gel, was further modified to enhance its
resistance to moisture and, consequently, to prolong its persistence in the air as an aerosol. It was precisely the CS2
formulation, with its prolonged toxic effect, that was actively employed by U.S. troops in 1969-1970. Evidence of
its persistence comes from an incident in the western part of Thiia Thién Province: CS2, sprayed from aircraft in
July 1970, remained toxic until October of that year. Examinations of victims in T4y Ninh, Quang Pa, Thiia Thién
and other areas showed that exposure to CS1 and CS2 leads not only to severe irritation of the eyes and lungs, but
also to such serious consequences as chemical burns of the skin, fainting, coma, and paralysis (Vietnam. Chemical
Warfare. P. 44).
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range presented in the NAS-1974 report.
Furthermore, by applying the average TCDD
concentrations of 32.8 p.p.m. and 65.5 p.p.m.
for Agents Purple and Pink, respectively, an
additional 165 kg of TCDD can be estimated.
This brings the total to approximately 366 kg for
these three agents alone [2].

This figure does not account for herbicides
applied by the forces of the Republic of Vietnam,
potential applications by U.S. Army and Navy
units using ground and riverine equipment, or
the more than 400,000 liters of Agent Pink that
were also deployed [2].

Figures 2-4: Descriptions of Agent Orange
Victims*. Figure 5. U.S. Air Force UC-123 aircraft
spray Agent Orange in South Vietnam.

Chemistry. Agent Orange consists of
equal parts of the chlorophenoxy herbicides
2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid  (2,4,5-T).
The six herbicides used in Vietnam from 1961
to 1971 were collectively termed the "Rainbow
Herbicides." Among these, Agent Blue was the
only one that did not contain 2,4,5-T. While
evidence suggests multiple chemicals were used
for various purposes, military records document
the use of four primary herbicides. Consequently,
toxicological assessments have focused on 2,4-D,
2,4,5-T, picloram, and cacodylic acid.

An obligatory byproduct of 2,4,5-T
production is  2,3,7,8-tetrachlorodibenzo-p-

Figure 2. Nguyen The Hong Van, a 13-year-old girl born
with skin disorders and an intellectual disability. She grew
up near a site where the military stored Agent Orange
PucyHok 2. HzyeH Txe XoHz BaH, 13-nemHss 0esouka, po-
oduewascs ¢ Ko#cHbIMU 3a60/1e8aHUSMU U yMCmeeHHol om-
cmasnocmoto. OHa 8bIpoc/aa psOOM C MECMOM, 20€e 80eHHble
XxpaHunu Agent Orange

dioxin (TCDD), a highly toxic carcinogen (see
Figure 6). TCDD contaminated many herbicides
containing 2,4,5-T°.

Figure 3. Hundreds of thousands of children and
grandchildren of individuals exposed to Agent Orange suffer
from birth defects. This individual exhibits phocomelia (a
shortened arm) and dolichocephaly

PucyHok 3. ComHu mvicsau Oemeli U 6HyKoe sauuy, noo-
eepauwiuxcs eosdelicmeuro Agent Orange, cmpadarom om
8pONCOEHHbIX NOpoKose pazsumus. ¥ 0aHHO20 UHOUBUOYY-
Ma Habooaemcs pokoMenus (yKopoueHHasi pyka) u 0oau-
Xxouecpanus

Figure 4. An individual begging outside a cathedral. He
was born with a deformed arm attributed to Agent Orange,
which severely limits his employment opportunities
PucyHok 4. Yenosek, npocawuii MusocmeiHio y cobopa.
OH poduscs ¢ decpopmuposaHHoli pykoli, Umo cesiviearom
c Agent Orange, umo severely ozpaHuyueaem ezo 803MOHc-
Hocmu mpydoycmpolicmea

* A collection of historical and contemporary photographs related to Agent Orange is available in the Getty Images
archive at: URL: https://www.gettyimages.com/search/2/image?phrase=agent+orange (date: 12.11.2025).

* Institute of Medicine (US) Committee to Review the Health Effects in Vietnam Veterans of Exposure to Herbicides.
Veterans and Agent Orange: Health Effects of Herbicides Used in Vietnam. Washington (DC): National Academies
Press (US); 1994, PMID: 25144022 https://doi.org/10.17226/2141 (date: 12.11.2025).
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Figure 5. Three U.S. Air Force UC-123 aircraft spray Agent
Orange in South Vietnam [2]

PucyHok 5. Tpu camonema UC-123 BBC CLLA pacnvins-
tom Agent Orange & KOxcHom BbemHame [2]

TCDD forms as a byproduct during the
manufacture of 2,4,5-T. Its molecules contain
carbon, hydrogen, oxygen, and chlorine. TCDD
is highly lipophilic (soluble in fats and oils) but
not in water, leading to its persistence in the
environment. The primary environmental source
of TCDD is combustion and industrial processes,
but human exposure occurs predominantly
through the food chain. Both 2,4-D and 2,4,5-T
are chlorophenoxy acids with similar elemental
composition. They are water-soluble and
structurally mimic natural auxin-class plant
hormones. This mimicry disrupts plant growth
regulation, which is the basis of their herbicidal
action. Cacodylic acid (containing arsenic) was
known as Agent Blue. Picloram (containing
nitrogen) was combined with 2,4-D to form
Agent White.

In its pure form, 2,4-D is an odorless white
crystalline powder, though it may appear yellow
due to phenolic impurities. It has a melting point
of 138°C, and the free acid is corrosive to metals.
It is soluble in water and various organic solvents.
2,4,5-T is an odorless, white to light-tan solid
with a melting point of 158°C. It is non-corrosive

Figure 6. The chemical structures of the herbicides:
2,4-D (2,4-dichlorophenoxyacetic acid), 2,4,5-T
(2,4,5-trichlorophenoxyacetic acid), picloram (4-amino-
3,5,6-trichloropicolinic  acid), and cacodylic acid
(dimethylarsinic acid), as well as of the contaminant TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin)

PucyHok 6. Xumuueckue cmpykmypbl 2epbuyudos:
2,4-01 (2,4-0uxnopeHoKcuyKkcycHasa kucsaoma), 2,4,5-T
(2,4,5-mpuxnopgeHoKcuyKcycHas Kucsaoma), nukao0pam
(4-amuHo-3,5,6-mpuxanopnuKoanuHO8as Kucsoma), Kako-
dun060l Kucaomol (QUMemuaMbIWbAKOBOU Kucaomol), d
makxe KoHmamuuauma TXA4 (2,3,7,8-mempaxaopou-
6€eH300UOKCUH)

and soluble in alcohol and water, reacting with
bases to form salts and with alcohols to form
esters®.

2,4-D has been used commercially since
World War II to control broadleaf weeds on
range lands, lawns, forests, and agricultural
land; it remains a widely used herbicide approved
by regulatory bodies. Formulations include
amine salts, alkali salts, and esters, which are
mobile in soil and readily absorbed by plants.
Like 2,4-D, 2,4,5-T was developed as a herbicide
during World War II. However, its registration
was canceled in 1978 when its contamination
with TCDD during manufacturing became clear.
While 2,4-D production can also generate dioxin-
like contaminants, the proportion of highly toxic
TCDD is comparatively minimal.

The herbicidal properties of 2,4-D and
2,4,5-T are related to their ability to mimic the

¢ National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board on Population
Health and Public Health Practice; Committee to Review the Health Effects in Vietnam Veterans of Exposure to
Herbicides (Eleventh Biennial Update). Veterans and Agent Orange: Update 11 (2018). Washington (DC): National
Academies Press (US); 2018 Nov 15. PMID: 30629395. https://doi.org/10.17226/25137 (date: 12.11.2025).
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plant growth hormone indole-3-acetic acid (an
auxin). They are selective, affecting broadleaf
dicots (most weeds) but not monocots like
wheat and corn. The toxicity database for 2,4-D
is extensive. In contrast, data on the toxicity
of purified 2,4,5-T, independent of TCDD
contamination, are sparse. TCDD is significantly
more toxic than 2,4,5-T, and much of the toxicity
initially attributed to 2,4,5-T was later shown to
be caused by TCDD contamination. 2,4-D is not
metabolized to reactive intermediates capable of
interacting with DNA, and evidence supports the
conclusion that it is not a genotoxic carcinogen.
However, Sandal and Yilmaz [4] found that
lymphocytes from smokers show genotoxic
damage after exposure to 2,4-D, whereas
lymphocytes from non-smokers do not.

2,3,7,8-tetrachlorodibenzodioxin  (TCDD)
belongs to the family of dioxins. Dioxins and
dioxin-like compounds (DLCs) are persistent
organic pollutants (POPs). They are primarily by-
products of combustion or industrial processes
or, in the case of dioxin-like PCBs and PBBs,
unwanted minor components of manufactured
mixtures. Their toxicity varies up to 30,000-
fold, but they are grouped due to a common
mechanism of action: activation of the aryl
hydrocarbon receptor (AhR), albeit with vastly
different binding affinities leading to diverse
toxic potencies [5].

This family includes (see Figure 7):

o Polychlorinated dibenzo-p-dioxins
(PCDDs): Often called dioxins. There are
75 congeners, with 7 being specifically toxic.
TCDD is the most toxic.

o Polychlorinated dibenzofurans (PCDFs):
Often called furans. Of 135 isomers, 10 have
dioxin-like properties.

o Polychlorinated biphenyls (PCBs):
Polychlorinated biphenyls (PCBs): A class of
compounds consisting of a biphenyl backbone
with varying degrees of chlorine substitution,
12 PCBs have dioxin-like properties and can
form PCDFs under certain conditions.

o Polybrominated analogs of the above
classes may have similar effects.

o Note: The term “dioxin” can also refer to
1,4-dioxin, a simple chemical unit without the
toxicity of PCDDs.

Dioxins are virtually insoluble in water
but highly soluble in lipids. Therefore, they
bioaccumulate in organic matter like plankton,
plant leaves, and animal fat, and adsorb
inorganic particles like ash and soil [6]. They
are extremely stable and accumulate in the food
chain. Elimination in animals is very slow; for
example, TCDD has an estimated half-life of 7 to
9 years in humans [7, 8].

Figure 7. Major classes of dioxins and dioxin-like
compounds [5]

PucyHok 7. OcHo8Hble Kaaccbl OUOKCUHO8 U OUOKCUHNO-
006HbIX coeduHeHul [5]

Molecular Biology. As noted, dioxins and
DLCs activate the aryl hydrocarbon receptor
(AhR). The AhR is an ancient protein present in
all vertebrates, with homologs in invertebrates.
It is a member of the basic helix-loop-helix/Per-
Arnt-Sim (bHLH/PAS) family of transcription
factors and functions to modify the transcription
of numerous genes (see Figure 8) [9-14].

AhR activity is essential for normal
development and physiology. Mice lacking the
functional AhR protein (Ahr/- knockouts)
exhibit a range of pathologies, including hepatic
fibrosis, impaired vascular remodeling, and
immune system defects [5]. Crucially, these Ahr /-
mice are completely resistant to the acute lethal
and wasting effects of TCDD, demonstrating that
the AhR protein itself is the obligatory mediator
of TCDD toxicity [11]. Subsequent research has
confirmed that AhR-knockout rats and mice
show distinct hepatic and renal phenotypes and,
as expected, are insensitive to TCDD-induced
changes in gene expression [13].

The AhR is toxicologically relevant for
two primary reasons. First, it induces several
xenobiotic-metabolizing enzymes (e.g., CYP1Al,
CYPI1B1, GSTs, UGTs), a generally protective
function that can, under some conditions,
produce reactive metabolites. Second, and
more critically in this context, AhR activation
by high doses of ligands like TCDD leads to
widespread transcriptional dysregulation, which
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Figure 8. A schematic diagram of salient signaling pathways mediated by the aryl hydrocarbon receptor (AhR). The
canonical (genomic) pathway is indicated by solid black arrows, and non-canonical (non-genomic) or alternative
pathways are indicated by dashed black arrows. Intersections between these routes are marked with a solid red arrow.
Protein representations: AhR (blue bars), ARNT (light red bars), ARA9 (green bars), HSP90 (yellowish brown bars), p23
(bright red ovals). Pathway description: Canonical pathway: Binding of dioxin to the cytosolic AhR complex (1) triggers
nuclear translocation (2), heterodimerization with ARNT, and binding to dioxin response elements (DREs) in target gene
promoters, ultimately modulating their expression (3). One induced gene product, the AhR repressor (AHRR), forms a
negative feedback loop by inhibiting AhR activity. Following activation, the AhR is degraded via the ubiquitin-proteasome
system (4). Non canonical and intersecting pathways: AhR activation can rapidly elevate intracellular Ca?* levels (5).
Increased Ca?* activates Ca®*/calmodulin dependent protein kinases (CaMKs), which can modulate the efficiency of AhR
nuclear translocation. The rise in Ca** may also (through intermediate steps not shown) lead to increased expression of the
Cox2 gene. AhR can also suppress the expression of acute phase proteins (APP) via mechanisms independent of DRE binding
(6). Abbreviations: AhR - aryl hydrocarbon receptor; ARNT - AhR nuclear translocator; HSP90 - heat shock protein 90;
DRE - dioxin response element (also known as xenobiotic response element or AhR response element); AHRR - AhR
repressor; Cox2 - cyclooxygenase 2 (prostaglandin endoperoxide synthase 2); APP - acute phase proteins; CaMKs - Ca?*/
calmodulin dependent protein kinases. The figure is adapted from Lindén et al. [12]

PucyHok 8. CxemMa Kstouesbix cuzHasbHbiX nymeli, onocpedyeMblix apusyzsneeo000po0HbiM peuyenmopom (AhR). KaHoHu-
yeckuli (2eHOMHbIU) nymb 0603HAYEH CN/IOWHbLIMU YepHbLIMU CMpesaKamu, a HeKaHoOHU4YecKue (HezeHoMHble) uau asbmep-
HAmMueHble Nymu - NYHKMUpHbIMU YepHbIMU cmpesikamu. lNepeceyeHuss Mexdy smumMu nymsmu ommeueHbl chaouwHol
KpacHoli cmpeskoli. YcnoeHbie 0603HayeHus 6eakos: AhR (cuHue nonocsl), ARNT (ceemsno-kpacHslie nonocsl), ARA9 (3ene-
Hble nosocbl), HSP90 (scenmo-KkopuuHesbie nosocel), p23 (apKo-KpacHble 08anbl). OnucaHue nymeli: KaHoHuueckul nyme:
Ces3vbleaHue OUOKCUHA € Yumo30s1bHbIM KoMnsekcomM AhR (1) 3anyckaem mpaHcaokayuro peuenmopa e a0po (2), zemepo-
dumepusayuto ¢ ARNT u ceszbieaHue ¢ OUOKCUH-omeemcmeeHHbIMU 3nemeHmamu (DRE) e npomomopax zeHoe-MuwieHel,
umo 8 KOHeYHOM umoze Modysupyem ux s3kcnpeccuio (3). OduH u3 uHOyyupyembix npodykmoe - penpeccop AhR (AHRR) -
¢dopmupyem nemsaio ompuuyamesbHoli 06pamHoli ceasu, uHzubupysa akmusHocmb AhR. Mocne akmusayuu AhR Oezpa-
dupyem yepe3 ybukeumuH-npomeacomHyo cucmemy (4). HekaHoHuueckue u nepecekaroujuecss nymu: Akmueayus AhR
Mo3cem 6bIcCmpo NoebIamb 6HympuKaemouHslli ypoeeHb uoHoe Ca?* (5). MoeviweHue koHUueHmpayuu Ca?* akmusupyem
Ca**/KaneModynuH-3asucuMblie hpomeuHkuHasbl (CaMK), komopblie Mo2ym Modyaupoeamb 3¢pekmusHocmb S0epHol
mpaHcaokayuu AhR. MoebiweHue ypoeHs Ca?* makice Moxicem (Uepe3 He NOKA3AHHble NPOMeEXCYmouUHble smansl) hpu-
800UMb K ycuseHur skcnpeccuu 2eHa Cox2. AhR moxcem makie nodaensme sKkchpeccuro beskoe ocmpoli ¢pasel (APP)
nocpedcmeom MexaHu3mos, He 3asucaujux om cesasvieaHus ¢ DRE (6). Cnucok cokpaweHuli: AhR - apunyzneeodopo0dHbviii
peuenmop; ARNT - s0epHbili mpaHcaokamop AhR; HSP90 - 6enok mensaoeozo woka 90; DRE - OuokcuH-omeemcmeeH-
HbIl 31eMeHm (Mmakxce u3eecmHbIl KaK KceHobuomuk-omeemcmeeHHblli 3nemeHm usau AhR-omeemcmeeHHblIl 3n1eMeHm);
AHRR - penpeccop AhR; Cox2 - yuknookcuzeHasa-2 (npocmazaaHouH-3HOonepoKcud cuimasa 2); APP - 6esaku ocmpoli
¢aswi; CaMK - Ca?*/kanbmodynuH-3asucumMble NpomeuHKUHassbl. PucyHok adanmupoeaH us pabomol Lindén ¢ coaem. [12]
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underlies the compound's systemic toxicity [5,
Tuomisto, 2019]. The specific genes crucial for
the myriad toxic effects of dioxins are not fully
understood [17].

One concrete example of such toxicity-
related dysregulation, demonstrated by Fu et
al. [18], shows that TCDD impairs mesoderm
gene expression and cardiac differentiation in
human embryonic stem cells, indicating that
AhR activation interferes with normal cellular
differentiation programs (Figure 9).

This interference likely occurs, at least in
part, through AhR's interaction with the NuRD
(nucleosome remodeling and deacetylation)
chromatin-remodeling complex [19]. A review
by Rejano-Gordillo et al. [20] provides a
comprehensive overview of the AhR's myriad
functions in organ homeostasis (see Figure 10).

Toxicology. Dioxins are eliminated very
slowly from the human body; TCDD has a
biological half-life of approximately 7-9 years.
Consequently, it takes about 70-90 years (10 half-
lives) for the body burden to decline to roughly
0.1% of the original level, assuming no further
exposure occurs.

Exposure to Agent Orange is associated with
long-term health effects, primarily linked to its
TCDD contaminant. The current understanding
is heavily reliant on epidemiological and
retrospective studies. It is important to note
that data originating from Vietnam [21, 22] are
sometimes subject to methodological scrutiny
in the broader scientific literature and may not
be universally accepted without independent
validation.

Figure 9. Modeling dioxin toxicity using human embryonic
stem cells (hESCs). Abbreviations: AhR, aryl hydrocarbon
receptor; DRE, dioxin response elements. Adapted from Fu
etal. [18]

PucyHok 9. MooenuposaHue mokcuyHocmu OUOKCUHO8 Ha
OCHOBe ues108e4YecKux 3MOPUOHAsbHBLIX CME0/0BbIX Kile-
mok (YI3CK). CokpaweHus: AhR, apusnyzneeodopodHbil
peuenmop; DRE, OuoKcuH-omeemcmeeHHble 3/1eMeHMmbl.
PucyHok adanmupoeaH u3 pabomel Fu ¢ coaem. [18]

Figure 10. Role of the Aryl Hydrocarbon Receptor (AhR)
in the Regulation of Organ Homeostasis. Adapted from
Rejano-Gordillo et al. [20]

PucyHok 10. Yuacmue apunyzneeo0opo0dH0z20 peuenmopa
(AhR) 6 zoMeocmamuueckoli pezynayuu opzaHos. PucyHok
adanmupoeaH u3 pabomel Rejano-Gordillo ¢ coaem. [20]

The toxicity of dioxins is clinically
determined by dose, route of entry into the
human body, and duration of exposure. To
illustrate this principle, the key differences
between mass chronic poisoning resulting
from an environmental disaster (exemplified
by Agent Orange) and isolated acute poisoning
are presented in Table 1. This analysis
underscores that the same toxicant can produce
distinct patterns of disease depending on the

exposure context—a critical consideration
for epidemiological studies and impact
assessment.

Clinical Presentation of Acute Poisoning
in a TCDD Contamination Zone. From the
moment the chemical fog appears, the following
symptoms develop. A sharp, chlorine-like odor
causes throat irritation. The eyes experience
a burning sensation with profuse lacrimation
and nasal discharge. A burning heat, as if from
pepper, is felt in the nasal passages. The affected
person experiences nausea, followed by vomiting.
Uncontrollable sneezing. Severe headaches and
rapidly developing weakness (asthenia). These
symptoms were noted in almost all individuals
interviewed.

Within 24 hours, these symptoms begin to
subside. Some affected individuals complained
of eyelid swelling, dizziness, and a burning
sensation on the skin with blister formation.
Only after 3-4 days did they feel an improvement
in their condition. Asthenia can persist for 3 or
4 months with continuous tearing, remaining
the dominant symptom of acute Agent Orange
poisoning. In addition to asthenia, victims
suffered from insomnia, headaches, sexual
dysfunction, and, in women, menstrual
disorders. A milder form, ocular asthenia,
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Table 1. Comparison of mass chronic exposure to “Agent Orange” and acute dioxin poisoning

(on the example of V. Yushchenko)

Ta6nuua 1. CpasHeHue Maccoso20 xpoHuU4Yeckozo 8o3delicmaus “Agent Orange” u ocmpozo ompasseHus
ouokcuHamu (Ha npumepe B. lOweHKo)

Mass Chronic Exposure (“Agent Orange”,

Acute Oral Poisoning (on the example of
V. Yushchenko, poisoned on September 5,
2004 during dinner in a suburb of Kyiv) /

TexHuyeckas zepbuyudHas cmeck: 2,4-11 + 2,4,5-T +
TXA/[ (kak npumecs)

Parameter / Vietnam) /
. Ocmpoe nepopasnbHoe ompaeseHue
Mapamemp Maccoeoe xpoHuueckoe go3delicmaue («AzeHm
(Ha npumepe B. FOweHKo, ompasaneHH020
OpaHxc», BbemHam)
5 ceHmsbpsa 2004 2. 8o epeMs yiucuHa e
npuzopode Kueea)
Toxicant / Technical herbicide mixture: 2,4-D + 2,4,5-T +|Pure 2,3,7,8-TCDD (dioxin) /
TokcukaHm TCDD (as a contaminant) / Yucmuiti 2,3,7,8-TX[ (OuokcuH)

Route of Exposure /
INymb 8030elicmeus

Long-term (years) low-dose exposure via
contaminated environment: air (during spraying),
soil, water, food chain /

JaumenvHoe (200b1) 8030elicmeue HU3KUX 003 uepe3
3aeps3HEHHY cpedy: 8030yx (npu pacnblieHuu),
nousy, 800y, huwesyo uenb

Intentional single oral poisoning /
YMblwneHHoe 00HOKpamHoe
ompasseHue

nepopasbHoe

Epidemiology /
Snudemuosozus

Mass exposure: millions of people across vast
territories. High-risk groups: personnel directly
handling herbicides and local population /
Maccoeoe: MuanuoHol  AwOeli Ha  0OWUPHbIX
meppumopusix. [pynnel 8biCOKO20 pucka: auyad,
HenocpedcmeeHHO pabomaswue ¢ zepbuyuoamu, u
MecmHoe HaceseHue

Isolated, intentional case (political assassination
attempt) /

EOuHuyYHbIl, npedHamepeHHbIl
(noaumuyeckoe nokyweHue)

cayyat

Laboratory Marker /
JlabopamopHbili
mapkep

Complex profile: may include various dioxins and
furans. Serum TCDD levels in most veterans were
comparable to background /

KomnnaekcHass  kapmuHa:  Moxcem  eK/al4dmb
passnuyHble OUOKCUHbI U ¢ypaHbl. YpoeeHb TX//
8 cbigopomke Yy 60/bWUHCMBA 6emepdHos Obis
conocmasum ¢ (poHO8bIM

Extremely high level of only TCDD in blood
(thousands of times above normal) /
SKkcmpemasnvHo ebicoKuli yposeHb mosvko TXO/ e
Kpoeu (8 mbiCs4U pa3 ebluie HOPMbl)

Clinical Presentation /
KnauHuueckas kapmuHa

Long-term sequelae: wide spectrum of diseases
(cancer, diabetes, birth defects, etc.) associated
with chronic exposure. Due to the cumulative
effect of low doses, chloracne could develop at high
doses within 2 weeks to several months (sometimes
even after cessation of contact with TCDD) /
JlonzocpouHvie nocsedcmeus: wWuUpoKuli cnekmp
3a6onesaHuli (pak, Oouabem, hopoku pdseumus U
m.0.), CBH3dHHbIX C XPOHUYeCKUM eo30elicmauem.
W3-3a HakonumenvHozo 3cphekma HU3KUX 003
X/10pAKHe MO02/10 803HUKAMb NpuU 8bICOKUX 003ax
8 meyeHue om 2 Heleslb 00 HECKO/bKUX Mecsues
(uHo20a U nocsie npekpauwjeHus KoHmakma ¢ TX/A /)

Acute onset with systemic manifestations
(epigastric pain, nausea) and severe chloracne - a
specific marker of acute TCDD poisoning. The rash
appeared 2-3 weeks after poisoning, covering up to
40% of the body surface /

Ocmpoe Ha4yasno ¢ cucmeMHbIMU PosieaeHUsAMU (60/1b
6 anuzacmpasvHoli 06s1acmu, mowHoma) u msaxcenas
opma xnopakHe -cneyucpuyeckuli Mapkep ocmpozo
ompasneHus TXA[M. Ceinb noseunacb yepe3 2-3
Hedesiu nocsae ompasseHus, oxeamue 0o 40 %
noeepxHocmu mena

Context /
Konmekcm

Environmental disaster and war crime /
Jkonozuueckas kamacmpoda u
npecmynseHue

B80€HHOoe

A unique documented case of intentional acute
human poisoning with pure TCDD /
YHuKaneHbil 3a00KYMeHMUpPOBaHHbIl
YMblW/EHHO20 0CMpPOo20  ompadsseHus
yucmoim TXA

cayyat
uesioeeKka

Note.

lMpumeuaHue.

The table was generated using the DeepSeek V3.2 neural network based on information provided in sources [27, 29, 30].

Tabauua czeHepuposaHa Helipocembto DeepSeek V3.2. Ha ocHoge uHopmauuu, npusedeHHol 8 ucmouHukax [27, 29, 30].
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was also observed (81% of victims of chemical
attacks). The study was conducted as follows:
patients were asked to read. Initially, they could
read easily, but after some time, they complained
of poor visibility, lines merging together, then
fatigue in both eyes and an inability to continue
reading. If they attempted to read longer, they
experienced lacrimation, increased intraocular
pressure, and headaches’.

Skin manifestations (primarily chloracne)
are among the earliest consequences of Agent
Orange exposure (see Table I1).

Chloracne is a skin disease caused by
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and other diaromatic chlorinated
organic compounds. It manifests soon after
exposure to the chemicals, rather than after a
long latent period. The interval between dioxin
poisoning and the appearance of chloracne
varies significantly and depends primarily on
the dose and duration of exposure. Dioxins
accumulate in adipose tissue and are slowly
released, sustaining inflammation in the
sebaceous hair follicles. The key pathological
mechanism is hyperkeratinization of the ducts
and the formation of retention cysts. It is, in
essence, an acneiform dermatosis caused by
exposure to halogenated aromatic compounds
and serves as a characteristic cutaneous
manifestation of systemic toxicity. The most
commonly affected areas are the cheeks,
periorbital skin, ears, neck, behind the ears,
axillae, and groin. The severity of the disease
corresponds to a typical dose-response curve.
Chloracne is the only skin disease consistently
associated with exposure to Agent Orange and
TCDD. It is highly resistant to therapy and
can persist for decades after a single poisoning
event. Chloracne resolves as the serum dioxin
concentration decreases. The prognosis is
variable: in some patients, lesions may disappear
within 2 years, while in others, they remain for
life (Figures 11, 12).

The following clinical conditions have
demonstrated a  statistically  significant
association with exposure to Agent Orange or
dioxin-like compounds [23]:

Neurological: Parkinson's disease, peripheral
neuropathy, stroke.

Respiratory: Idiopathic pulmonary fibrosis.

Cardiovascular:  Hypertension, ischemic
heart disease.

Hepatobiliary: Liver disease and cirrhosis.

7 Vietnam. Chemical Warfare. P. 59-63.

Figure 11. Nguyén Ngoc Ngdn. Clinical presentation of
chloracne (“acneform dermatitis induced by chlorinated
hydrocarbons”): pustules (visible foci of acute inflammation
with pus formation) and comedones (blackheads on the
face - the visible portion of open comedones where sebum
oxidizes and darkens upon exposure to air) (Image source:
Red(dit (r/PoppingPimples.

URL: https:/www.reddit.com/.../nguy%E1%BB%85n_ng%
E1%BB%8Dc_ng%C3%A2n_chloracne...;date: 25.11.2025)
PucyHok 11. HzyeH Hzok HzaH. lMposieneHus xnopakHe
(«y2pesudHbili depmamum, 6bI36aHHbIU XA0PUPOBAHHLIMU
yz2neeodopodamu»): nycmysel (6UdUMble o4Yazu 0CMPO20
eochaseHus ¢ 06pa3oeaHueM 2HOs) U KOMeOOHb! (UepHule
MOUKU Ha Auue - 8UOUMAs 4YaCMb OMKPbIMbIX KOMeOOHO8,
20e KoJCHOe €as10 OKUCASiemcs U meMHeem npu KOHmMakme
¢ 8030yxom) (McmouHuk u3obpaxmceHus: Reddit (coobuwe-
cmeo r/PoppingPimples.

URL: https:/www.reddit.com/.../nguy%E1%BB%85n_ng%
E1%BB%8Dc_ng%C3%A2n_chloracne...; 0ama o6pawe-
Hus: 25.11.2025)

Hematological: Chronic
leukemia, Hodgkin's and
lymphoma, multiple myeloma.

Immunological: Rheumatoid arthritis.

Endocrine: Type 2 diabetes mellitus,
hypothyroidism.

Reproductive: Reduced sperm quality and
female infertility.

Oncological: Soft tissue sarcoma, laryngeal
and lung cancer, thyroid cancer, prostate cancer,
bladder cancer.

Dermatological: Chloracne (see Figures 11, 12),
Porphyria cutanea tarda®.

lymphocytic
non-Hodgkin's

8 Committee to Review the Health Effects in Vietnam Veterans of Exposure to Herbicides (Ninth Biennial Update);
Board on the Health of Select Populations; Institute of Medicine. Veterans and Agent Orange: Update 2012. Washington
(DC): National Academies Press (US); 2014 Mar 6. Appendix B, Short-Term Adverse Health Responses. URL:
https://www.ncbi.nlm.nih.gov/books/NBK195079/ (data: 25.11.20250.
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Figure 12. Chloracne and hyperpigmentation in a child from
Seveso, Italy, exposed to 2,3,7,8-TCDD. Clinical description:
Chloracne (“acneform dermatitis induced by chlorinated
hydrocarbons”), presenting with comedones and pustules.
Hyperpigmentation is a pathological darkening of skin
areas due to increased deposition of the pigment melanin,
often associated with chronic inflammation (Image source:
Schecteret al. [27])

PucyHok 12. XnopakHe u 2unepnuzmeHmayus y pebeH-
ka u3 Ceese3o (Mmasnus), nodsepzwezocs eo30elicmeuto
2,3,7,8-TX . KnuHuyeckoe onucaHue: XsopakHe («yzpe-
BUOHbILI OepmMamum, 6bi38aHHbIU XA0PUPOBAHHLIMU Yya/e-
8000p00amu»), nposieasoujeecs KomedoOHAaMu U nycmyna-
mu. flunepnuzmeHmayusi - namosio2u4yeckoe homemHeHue
yuacmkoe Koxcu 6 pe3ysibmame NoebleHHO20 omsoxce-
HUSl NU2MeHMa MesIaHUHd, Ydcmo Cés3AHHO20 C XpOoHUue-
CKUM eochasieHueM (UCMOYHUK u3o6paxceHus: Schecter ¢
coasm. [27])

Developmental: Congenital abnormalities
(heart, thyroid). The association with
developmental disorders is supported by meta-
analyses. Ngo et al. [24] reported a summary
relative risk (RR) of 1.95 for birth defects
associated with Agent Orange exposure, noting
significant heterogeneity. Vietnamese studies
showed a higher RR (3.00) than non-Vietnamese
studies (1.29). The authors also observed a dose-
responserelationship. From the perspective of this
article's author, international (non-Vietnamese)
data sometimes underestimate the scale of the
"Agent Orange catastrophe” in Southeast Asia.
Contrary views exist, with some researchers
criticizing the conclusions of such meta-analyses
as methodologically unacceptable [25]. The
issue of responsibility remains contentious,
as illustrated by corporate statements shifting
liability to the U.S. government as the specifying
and controlling entity [26].
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Treatment. Currently, there is no specific
antidote for dioxin poisoning. Management
focuses on symptomatic therapy and preventing
further exposure. This includes avoiding
consumption of potentially contaminated
products and wusing personal protective
equipment in high-risk areas. Methods to
accelerate elimination (e.g., activated charcoal)
may be used in some acute cases. Treatment
aims to manage symptoms and restore function,
potentially  involving  immunostimulants,
endocrine regulators, and dermatological
agents. A diet rich in antioxidants may help
reduce oxidative stress. An experimental study
in rats suggested that the flavonoid rutin may
facilitate dioxin elimination and attenuate
toxicity. Regular medical monitoring is
crucial for early detection and management of
complications [27, 28].

Chronic dioxin poisoning manifesting as
porphyria cutanea tarda is challenging to treat.
One reported regimen involves administering
chloroquine in a carefully titrated schedule (e.g.,
starting at 0.125 g twice daily for two weeks,
with gradual increases over several months).
Chloroquine is contraindicated in patients
with severe cardiac, renal, or hepatic disease.
Some protocols combine it with methocarbamol
(27, 28].

Skin Decontamination. The removal of
contaminated clothing can prevent further
exposure to TCDD. In an experiment, treatment
with mineral oil followed by wiping with
acetone, as well as washing with soap and water,
effectively reduced (approximately by half) the
amount of TCDD in the stratum corneum of
intact skin. This method may potentially be used
for personnel decontamination directly at the
site of Agent Orange contamination [31].

Soil Decontamination. Numerous methods
have been proposed for the remediation
of dioxin-contaminated soil, including
physical, chemical, thermal, and biological
treatments. Bioremediation is considered a
promising alternative for soil cleanup. This
approach employs microorganisms to degrade
persistent organic pollutants in contaminated
soil through anaerobic or aerobic decomposition.
Several studies have demonstrated that
microorganisms  isolated  from  dioxin-
contaminated sites are capable of degrading
these compounds. Microorganisms can utilize
dioxins as a carbon and energy source, achieving
effective dechlorination under both anaerobic
and aerobic conditions. In addition to microbial
remediation, phytoremediation - particularly
using high-biomass plants—has proven effective
and is widely applied. Laboratory and field
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experiments have shown that such plants can
adsorb dioxins [32, 33].

CONCLUSION

The analysis of the Agent Orange issue leads
to a number of critical conclusions that form a
comprehensive understanding of the long-term
consequences of using persistent toxic chemicals
for military purposes.

Scale and Persistence of the Ecotoxicological
Threat. Agent Orange serves as an example of
the transformation of a tactical asset (a defoliant)
into a strategic factor of long-term impact. Its
key toxic component - 2,3,7,8-TCDD - possesses
exceptional environmental persistence (years
to decades) and a capacity for bioaccumulation
in food chains. This leads to the formation of
persistent Contaminated Areas (CAs), often
referred to as "dioxin hotspots,” which pose a
health hazard for generations, even after a single
application.

Specificity of  Toxicodynamics and
Polymorphism of Clinical Manifestations. The
toxicity of TCDD is mediated by the activation of
the aryl hydrocarbon receptor (AhR), leading to
profound dysregulation of genes controlling the
cell cycle, differentiation, and immune response.
This explains the extremely wide spectrum
of long-term effects: from specific markers of
acute poisoning (chloracne) to the development
of oncological, neurological, endocrine, and
reproductive diseases, as well as congenital birth
defects in offspring. The clinical picture directly
depends on the nature of exposure (acute/
chronic, dose, route of intake), necessitating a
differentiated approach to diagnosis.

Lack of a Specific Antidote and the Priority
of Prophylaxis. At present, there are no effective
methods for direct detoxification or antidote
therapy for dioxin poisoning. Treatment remains
symptomatic and supportive. Under these
conditions, absolute priority must be given to
Collective and Individual Protection measures
aimed at preventing personnel contact with
contaminated objects.

Socio-Ecological Damage as a Component of
Casualty Infliction. The consequences of Agent
Orange use extend far beyond direct health
damage. They include long-term degradation of
ecosystems (forest die-off, water pollution, loss
of biodiversity), undermining of food security
and socio-economic stability in the region,
and a severe humanitarian burden in the form
of intergenerational diseases. This makes such
substances a tool of not only tactical but also
strategic environmental impact.

The historical experience of Operation
Ranch Hand is a stark warning that the use of
persistent organic pollutants in conflicts creates

irreversible consequences comparable to a large-
scale technological disaster. Understanding the
mechanisms of this catastrophe is the basis for
developing adequate Counter-CBRN measures,
protection, and recovery.

The  experience of Agent Orange
demonstrates that countering the consequences
of persistent organic pollutant use is not a one-
time Decontamination operation, but a complex
of long-term measures involving strict isolation
of the area, organization of troop Logistics based
on external resources, medical monitoring, and
complex engineering work for Site Remediation.

Practical Significance for CBRN Defense
Personnel

This analysis has direct applied significance
for the planning and execution of tasks by
CBRN defense wunits under conditions of
potential use or detection of persistent toxic
dioxin-like chemicals. Key aspects of practical
significance:

Threat Assessment and Hazard Identification:
The work provides a clear understanding that
the primary hazard stems not from the herbicide
itself, but from its by-product - TCDD, which
possesses extreme persistence and toxicity.
Critical Exposure Routes are identified:
inhalation (aerosol during spraying), oral
(contaminated water and food), and percutaneous
(contact with soil, vegetation, equipment). The
main long-term risk is secondary contamination
through food chains. Indicators of a potentially
contaminated area are highlighted: areas of mass
die-off of broadleaf vegetation with preserved
grasses, signs of chemical treatments (yellowing,
defoliation), and locations of former storage
sites and airfields where agents may have been
handled.

Organization of Protection and Control
Measures: Justification for the necessity of the
earliest and full use of Individual Protection
Equipment (IPE), including protective masks
(either filtering or insulating) and special
protective suits against Chemical Warfare Agents
(CWAs) and gloves, during any operations in
a suspected contaminated zone. TCDD can
penetrate the skin.

Algorithm for Immediate Decontamination:
prompt removal of contaminated clothing
followed by treatment of exposed skin with
soap and water or, if available, special solvents
(analogous to the methodology described using
mineral oil and acetone). This is critical within
the first hours after contact.

Prohibition on the use of local resources:
a categorical ban on the consumption of water
from open sources, locally produced food (meat,
fish, milk), and the use of local wood for fires
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in potentially contaminated areas to prevent
alimentary and inhalation intake of dioxins.

Medical Support and Surveillance: Knowledge
of specific symptom-markers: chloracne
(persistent acneiform eruptions on the face and
body) should be considered a probable indicator
of acute or subacute TCDD poisoning and serve
as grounds for in-depth examination.

Understanding the logic of long-term
consequences: allows medical services to plan
long-term dynamic Health Surveillance for
personnel at risk of exposure, with an emphasis
on screening for oncological, neurological, and
endocrine diseases.

Awareness of the impossibility of emergency
detoxification: the emphasis in personnel
briefings should be not on searching for an
"antidote," but on strict adherence to Prophylactic
Measures.

Engineering, Technical, and Reconnaissance
Tasks: Priority reconnaissance objects: chemical

storage sites, airfields, aircraft refueling and
washing areas, where the probability of "hotspot”
formation is highest. For their identification,
biological indicators (vegetation condition) and,
potentially, portable analytical methods may be
used.

Establishment of  quarantine  zones:
justification for the necessity of setting up
long-term Restricted Areas around identified
contamination foci, as the natural degradation
of TCDD takes years.

Evaluation of Decontamination methods:
knowledge of the application of thermal
desorption  technology  (high-temperature
incineration) for soil cleanup at Da Nang Air Base
provides a reference for selecting consequence
management technologies for similar objects.

This work provides a scientific and
toxicological basis for developing appropriate
manuals, instructions, and training programs
for CBRN defense specialists.

Limitations of the study / Ozpanuuenus uccnedo6anus

This study should be regarded as the first stage of a systematic analysis of the problem, setting the vector
for further scientific and practical activities in this area. The primary limitation of this article is that it is based
on the analysis of a specific historical precedent (Agent Orange) and not on contemporary adversary plans. This
limits its direct operational applicability for CBRN defense troops but simultaneously defines key directions for
their practical training. The absence of precise Threshold Toxicity Values for dioxins under combat conditions is a
notable gap. The article details the mechanisms of TCDD action but does not define precise operational parameters
critical for real-time threat assessment, such as LCt_, (median lethal concentration) or ICt,  (median incapacitating
concentration) for TCDD via inhalation or dermal routes under conditions of combat load. The toxicology of
Agent Orange was determined by a mixture of herbicides and TCDD. In a real operational environment, forces
may encounter a combination of chemical agents, Toxic Industrial Chemicals (TICs), and other factors (as seen
in Gulf War veterans), creating an unpredictable synergistic effect not studied within this work. For organizing
effective Chemical Monitoring, it is necessary to know which specific markers (metabolic intermediates, specific
proteins) and by what means can be operationally detected in the field. The article does not provide such practical
methodologies. Understanding the molecular mechanism via the AhR receptor does not answer the question of
how field detection systems, Individual Protection Equipment (IPE), or Decontamination procedures should be
modernized to effectively counter dioxins specifically. The work does not translate the acquired data into concrete
amendments to CBRN Defense Doctrine, medical support regulations, or guidelines for situation assessment in
contaminated areas. This is a fundamental problem that complicates both current threat assessment and subsequent
medical surveillance. The article does not propose mechanisms to solve this problem for future conflicts. Knowledge
of the clinical picture of chloracne does not replace regular and realistic training of personnel in operating in areas
contaminated with persistent toxic substances, including special reconnaissance procedures, extended duration
missions in IPE, and equipment decontamination. / IIpoBeeHHOe MCCIeOBaHNe CIIeflyeT pacCMaTPUBATh KaK Iep-
BBIIT 9TAIl CUCTEMHOTO aHa/IM3a MPOoOIeMbl, 3a/JalOL[UIl BEKTOP /IS Ja/bHENIIell HayTHOI U IPAKTUIECKOI [es-
TENBHOCTH B AaHHON o6mactu. OCHOBHOE OrpaHMYeHEe CTAaThbl 3aK/II0YAEeTCsI B TOM, YTO OHA IIOCTPOEHA Ha aHa-
Nn3e KOHKPETHOTO MICTOPMYECKOro mpeleneHTa («AreHtT OpaHX»), a He Ha COBPEMEHHBIX IUIAHAX IPOTUBHIUKA.
9TO OrpaHMYMBAET ee IPsIMOe OIlepaTUBHOE IpUMeHeHe [/ Boiick PXDB 3ammTel, HO OffHOBPEMEHHO OIIpefiensieT
K/II0UeBble HAIIPaB/ICHNUs [/Is UX IIPAKTUIECKOI MOArOTOBKU. OTCYTCTBIE TOYHBIX IOPOTOBBIX 3HAUEHNUIT TOKCUY-
HOCTH Ji/ISI [YIOKCUHOB B YC/IOBVSIX OO€BBIX [IeVICTBIII SIB/ISIETCS CYIeCTBEHHBIM ITPOOeIoM. B crarbe meTanpHO onu-
caHbl MexaHu3MbI ferictBusa TX]I/I, omHAaKO He OIpefe/ieHbl TOYHbIE ONlepaTUBHbIE TapaMeTPhl, KPUTUIECKN BasK-
Hble /171 OLEHKM YTPO3bI B peaibHOM BpeMen, Takue kKak LCt, (cpennss cmepTenbHas KonuenTpanus) mmu ICt, |
(cpenHsist BeIBOAsIAs U3 CTposi KoHIeHTpauysy) mast TXJ] npy MHIa/ISAIMOHHOM WIN KOXXHOM IOCTYIUIEHNH B
YCIO0BUSIX 60€BOIT HATPY3KY IMYHOrO cocTaBa. Tokcukomorns «Arenta Opamx» 06yC/IOB/IeHa CMeChIO TepONIIIOB
u TX]I]I. B peasipHOI OLlePaTUBHOI 06CTAHOBKE BOICKA MOTYT CTOJIKHYTHCS C KOMOMHAIIVE X UMIYeCKIX areHTOB,
TOKCHYHBIX NpOMbIlITeHHbIX XxuMykaToB (TTIX) u gpyrux daxkTopos (kak 9T0 HabM0OAANIOCh y BeTepaHOB BOJI-
HbI B [TepcujickoM 3a/nBe), 4TO CO3/IaeT HelpefjCKasyeMblil CuHepreTudecKuii apQexT, He M3YUIEHHBI B paMKax
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TaHHOIT paboTel. [l opranusanuy 3¢ QeKTUBHOIO XMMUYeCKOTO MOHUTOPIMHIA HEOOXO[MMO 3HATh, KaKle VIMEeH-
HO MapKepsl (IIPOMe>KyTOYHbIE IIPORAYKTHI MeTaboMM3Ma, criennuiecke 6eIKi) U C IOMOIIbI0 KAKUX CPEICTB MO-
I'yT OBITH OIIEPATUBHO BBIABJIEHBI B II0JIEBBIX YCIOBUAX. CTaTbsd He NIPEJOCTAB/IACT TAKUX IPAKTUYECKIX METOVK.
[ToHMMaHMe MONEKYIAPHOTO MeXaHn3Ma deped AhR-pelentop He oTBeyaeT Ha BOIIPOC O TOM, KaK JIOMKHBI OBITH
MOJIepHM3VPOBAHbI IIOJIEBbIe CUCTEMBI OOHAPYKEHI, CpeficTBa MHAMBMAYaabHOI 3amnThl (CV3) nnu mpouexypsl
merasauun Ajsi 9¢p¢GeKTUBHOTO NPOTUBOAENICTBUS MEHHO AUOKCHHAM. PaboTa He IepeBOAUT MOy YeHHbIe JaH-
Hble B KOHKpeTHBIe NOIIOMHEeHNA K JoKTpyHe PXD 3amyTsl, HacTaB/IeHUAM 110 MEAVIIVTHCKOMY 00eCIedeHUIO VN
PYKOBOJICTBaM IIO OIleHKe 00CTaHOBKY Ha 3apa>keHHOI MeCTHOCTU. DT0 GyHaMeHTanbHas IpobeMa, KoTopasd 3a-
TPYAHSAET KaK TeKYIYI0 OLIeHKY YT PO3BI, TaK I MOCTIeyIollee MeIUI[MHCKOe Hab oieH e. B cTaThe He IIpe/Io)KeHbl
MeXaHN3MbI PellleH st JAHHOII IPO6/IeMBl /st Oy Ay MX KOHPIMKTOB. 3HaHMe KIMHNIECKOI KaPTHUHBI XIOPAKHE He
3aMeHsAeT Pery/IsApHON U peanyiCTUIHON HOATOTOBKM TMYHOTO COCTABA K IEeMICTBIAM B 30HAX 3apaKeHMA CTOMKIMU
TOKCMYHBIMM BellleCTBaMU, BK/II0Yas 0coOble PeXKMMBI pasBeiKlL, AIuTenbHoe npebbianne B CY3 n fesaxTmba-
I[MI0 TEXHUKI.
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