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Inhalation: Most Common Route of Plutonium Intake for
Workers
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8 Microdistribution of Plutonium in the Lungs:

The Mayak Experience
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MWUKPOPACIPEAENEHME
MJIYTOHWA-239 B IEFKUX

PACHPE/IEJAEHHE YACTHIL *PU
N0 AHATOMHUYECKHM OTIEIAM JETKHX
Komugectro 9aeTut “# U B pasIMYHBIY OTACIAX JET-
KAXTIPABEICITO T T}l[’L"'ITﬂ (8 3. Kommectnomac THTT RO BCEM.TET-
KOM OLPEIELI0CH UCXO/3L U3 u3BecTHON dpakuuy A8 Koo,
TPCACTARTCTTT M T ARTC IPATITOTAMMAX, TT( ]6"[(.‘“) FOTHYOCTRA

HALeHH bIX L1PY aHa I K3e dacTu, Cpeinag s seex 24 ciyya-
CR (PPARITAS TCTROTO, TRCACTARTCHHAT HA ARTORATHOT PAMMAX,
coc a1 0.0039%, 12 ErK0e LU 0T0M IPUXOAIOCE B CPEL-

440 4 [{OMITCC TRO YACTHTL B OTCTC 1T PACTCT-
EMEL LIOBBOLELTLE LI LIYUMTE ILIOTHOC D Yel-
FHAHO, YTO TIOTHOCTh YaCTHII B “pyiIin-
(TNECTRETTTI BLIE (f-[)t‘,-‘ll](—.‘fil} KOTIETITa-

3AKJIIOYEHHE
BOCPEHIC TTPORCCTTA KOTFUCCTECHTIAS OTICTTRA MHRPO-
pacupedenenns “Pu B a1 KHX YEAOBE M OKA3AH0, 4T
3TO PACTIPCACTICHHC IO PAZTHIHTIM CTPVETY PHTIM 30MCH-

Tubl AEIOMI0A TRALKM LepaBiuoMepo, Hoapwoi nponeit
aRTITRHOCTI *¥ Pu B maperxmnvc (Gomce 40%), nabmomac-
MOM B OTAAAENbIE CPOKH 10CITE IPEKPAILENHA KOHTAKTE,
VKASWEBACT Ha G0Tee LTHTCIBHYIO 3870 [HRKY HYKIMIA B
FAVDOIKMX OTAEMA%, HeM HIPEACKA L BAIOT COBPEMENILIE
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Abstract — Lung tissucs from workers at the Mavak Production Association were cxamined to determine the distribution of
plutomium (Pu) aclivity in various lung compartments. Stereological sampling methods and awtoradiography were used. Pu par-
ticles were identified by micrescopic examination of antoradiographs and localised in one of six normal anatomic sites and two
sites of fibrosis {parenchymal, non-parenchymal). Particle activity was determined by counting the number of tracks emanating
from the particles. Over 50% of the Pu activity was localised in sites of fibrosis, which had significantly higher than average
activily or the lung, QOver 40% of the aclivily was in lung parenchyma, Activity in the bronchovascular interstilium was signifi-
cantly Jower than average. These results support the hypothesis that Pu activity is not uniformly distributed in the lung., with long-
term retained particles concentrated in scars of the lung. The results may signiticantly affect estimates of dose from inhaled Pu.

SHORMHC THUCCKHC MOACH, SHAYMMBIH [TPOLCHT ILIVTOHHST
JATENHBACTCA B 0varax huiposa & aerson. Cernectpa-
up dacrin ¥Pu s pyduax, cropee BCero, CYIeCTBEHHO
VMCTTBITACT OOAVICTIHE TRATICH H KITCTOR- “MATITCTICH ", Cm-
TAMMIAXCA KPHTHYECKHMH 10O Paky ABLkoro. TTosromy iiam-
TCABHAS 3ancpAKa *¥ Pu B ovarax hubpoza, BCPOSTHO, HE
LPUBOAMT K YBEIHUELMIO HOLIOWENLON 103bl 1A OPLall i
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* Non-uniform distribution of plutonium among
different anatomical components of the lung




Macrodistribution of Plutonium in the Lungs:

The Mayak Experience

BOTPOCHT PAJTIATIHOHRCH BE30TTACHOCTY Ne 3, 2005

YIK 546.795.4 1 572.025
©r 2008

MAKPOCKOITHYECKOE PACIIPEAEJTEHUE ITPOMBIHJIEHHBEX
COENUNEHUNA NYYTORMS B IETKOM YEJIOBEKA

1.7 Kvopsisuesa, A b, Coxonoed
Poceus, & Osepex, Hoxeno-Ypawweruin uncnimym duouzuxu

TIpeacrasiedbl  pPe3yNBTATBl  AHAIIHM3A  PACTIDEASASHES  OTHOCHTENBLHOD  VIETbHORK
GRTHBHOCTH TRVTOHHA MCHIY COrMCHTAMHW NETKuxX v pabotiukes [0 “Mask”, vMcpiex B
1073-1994 rr. CormacHe TONYUCHHEBIM J2EHEIN, MOKA3ATCTE HCPARHOMCPHOCTH PACIPCACICHIS
ICTVIOHRS MERCY CorMERATAMU 2ARMCHT OT MECTR TOKAIMALIAA DATA0ORVEIMIA B NETKOM, 1 €10
CPEIHSST BETHIWHE [Misi BEPXHHX CeTMERTOB B 2.6 pa3a Bbil0@ 10 CPABRERTIG ¢ AHANOIATHETM
LIOKAZATEINEM L8 IMKIUX CeUMELTOR,

* Distribution:

IPABOE JIETKOE

NPABOE JIET'KOE:

Bepxuaan moas (20 %): 1 — BepxyuieuHbii,
2 —3aHuH, 3 — nepeAHui,

Cpennsas nons (8 %): 4 — naTepanbHEI,

5 — MequAaIbHBIH.

Huzxnss noast (25 %): 6 — BepxyIeunsiii,
7 — MeauanbHbli 0a3anbHbI, 8 — nepenHuit
OazancHelil, 9 — marepanbHLIH Da3ATLALIH,
10 — 3agumii 6a3alILHE.

v independent of lung pathology and 23°Pu material solubility

v non-uniform among anatomical lobes

JIEBOE JIEI'KOE

JEBOE JIETKOE:

Bepxnaasa aoasa (23 %): Bepxnuii omoen:
|, 2 — Bepxymeuno-3annane, 3 — NepeaHni.
Huxenuii omoer: 4 — BepXHANH A3BITKOBETH,
5 — HIDKHUH A3bIYKOBBIH,

Huzknnn goas (24 %): 6 — BepxylueduHbli,
7 — orcyTeTByeT, 8 — nepenHuit 0azankHbIH,
9 — narepanbHbli OazanbHBIA, 10 — 3aaAMR
0azanBHEII.

« 239Pu normalized to weighted-average concentration in the lung: 1.48, 0.98, 0.69 for

superior, middle, and inferior lobes
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Plutonium in Respiratory Tract: the USTUR Experience

Radiochemical analysis results for respiratory tract tissues from
300+ USTUR Registrants

Trachea

e Prior to 2007:

Superior lobe

WhOle lung (Tig h t) ll;llr«?)irr:cﬂ)urismary)
Thoracic lymph nodes (LNTH) Superorioe Sy

° Since 2007: Middle lob ireor:i;ms tch

Lung lobes: superior, middle, inferior
Thoracic lymph nodes (LNTH)

Inferior lobe

Right lung Left lung

https://courses.lumenlearning.com/suny-ap2/chapter/the-lungs/
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Plutonium in Respiratory Tract: the USTUR Experience
100000 . ——
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) 239Pu LNTH-to-Lung Concentration Ratio: Effect of
Smoking
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o Biokinetic Modeling: Anatomical Region vs Dosimetric

Compartment

- ICRP human respiratory tract model (HRTM) .
divides thoracic region of the lungs into three "~ —— Feoreeie
compartments

I. bronchial (BB): trachea & airway generations 1-8

Thoracic
Bronchial

1. bronchiolar (bb): airway generations 9-16
1. alveolar-interstitial (Al) -

e ‘ Bronchiolar

 Each of the anatomical lobes contains tissues
from all three dosimetric compartments

Alveolar Interstitial

Bronchioles
Terminal Bronchioles

Respiratory Bronchioles

What about plutonium distribution
among dosimetric compartments?
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8 Plutonium in Dosimetric Compartments of the
Respiratory Tract: USTUR Special Project

Externally Funded
« EC/SOLO: Case 0269
- US DOE / JCCRER: Cases 0631, 0745, 0407
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Selected Study Cases: Summary Description

USTUR Estimated Post- | Post-mortem
Case # Smoker? Intake Material Type intake | Activity in
(kBq) (¥) Lungs (Bq)
0269~ Yes 195.07 Pu(NO;), mist 38 24.8 £0.2
0631 No 2.3 Pu(NO,), 65 6.7 £ 0.1
0745 Yes 3.7 Pu(NO,), + PuO, 59 62.3+1.2
0407 No 72.7* Refractory PuO, 43 1,784 + 37

* Extensive chelation with Ca-EDTA and Ca-DTPA

T Dumit et al. Validation of a system of models for plutonium decorporation therapy. Radiat Environ Biophys 58:
227-235; 2019

¥ Avtandilashvili et al. Maximum likelihood analysis of bioassay data from long-term follow-up of two refractory —
PuO, inhalation cases. Health Phys 103: 70-9; 2012 /
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Case 0269 Lung Dissection: Left Superior Lobe (1)

 Excision of BB // T
from the rest of | generation 2

the lobe’s tissue
(bb and Al)

BB region:
generation 3
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Case 0269 Lung Dissection: Left Superior Lobe (II)

Portion of the
bronchial tree
starting at
generation 4

BB region:
generation 4

B region:
generation 6

BB region:
generation 5

BB region:
generation 7

—

BB regiog
generatiofe

e® T s
\ )

terminal bronchioles

region: primary and
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Case 0269 Lung Dissection: Left Superior Lobe (11I)

« The Al region contains a small fraction of bb (terminal bronchioles)

Cigarette
residues (black)

Al region

bb region: terminal
bronchioles
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Case 0269 Lung Dissection: Complete

BB

. 78.57 g (21%) | | bb: 26.62 g (7%) Al 268.18 g (72%)

BB excised with no contamination by Al region
bb had very little if any Al contamination

Al region was fairly pure with some terminal bronchioles (part of bb)

which were too small to excise infiltrated along the pleura
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i 239Pu in Dosimetric Compartments of Respiratory
Tract: Individual Case Results
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239Pu in Dosimetric Compartments of Respiratory
Tract: Summary and Conclusions

239Pu normalized concentration

Compartment

BB 0.93 +0.12 0.92 (1.1) 0.75-1.13
bb 1.07 + 0.18 1.06 (1.2) 0.79 — 1.41
Al 1.00 + 0.03 1.00 (1.0) 0.95 — 1.05

* Plutonium is uniformly distributed among dosimetric compartments

* Plutonium distribution is independent of smoking status and
plutonium material solubility type
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Questions ?

m.avtandilashvili@wsu.edu
ustur.wsu.edu




