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1. Attached for the Committee’s consideration is a paper received from Dr J Harrison and Dr J Phipps at the NRPB on particulate doses to tracheobronchial lymph nodes and their consequences, in response to the Committee’s request. (M3 para 91).
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The behaviour of inhaled particles, including transfer to and accumulation in tracheobronchial lymph nodes (TBLN), was extensively reviewed by ICRP in the revision of the respiratory tract model (ICRP 1994).  Many postmortem measurements have been made of concentrations of materials in human lungs and TBLN.  It is clear that for poorly soluble materials, concentrations in TBLN can exceed average concentrations in lung tissues by factors of up to around 20.  The information falls into four main categories: environmental exposure to weapons fall-out, particularly plutonium; environmental exposures to natural long-lived radionuclides, particularly thorium isotopes; occupational exposures to actinides, mainly plutonium; and, occupational exposure to mine dusts.  Values vary with generally greater ratios for thorium and lower for uranium (intermediate for plutonium).  The ICRP (1994) model of the respiratory tract includes slow transfer to TBLN (0.00002 d-1 from the “alveolar interstitial” region, AI3) to achieve a concentration ratio of 20 after 10,000d (about 30 years). Figures 1 and 2 show model predictions of equivalent dose to lungs, TBLN and red bone marrow for the case of constant chronic intake for 3 years from 1 year of age, considering inhalation of Type M (default solubility) and Type S (insoluble) 239Pu, respectively.  For Type M lung deposits, red bone marrow doses from dissolved 239Pu are substantially greater than TBLN doses from 239Pu particles cleared via the lymphatics.  For Type S, TBLN doses exceed lung doses after about 5 years in this example, but for continuous intake throughout childhhood, TBLN doses would be less than or similar to lung doses throughout this period and would only exceed lung doses during adulthood.    

Risks of malignancy following irradiation of lymph nodes have not been quantified but are considered to be low (Baverstock and Thorne 1989, ICRP 1994, The Royal Society 2001).  Since the target cells for the induction of leukaemia and lymphoma are generally taken to be multipotential stem cells and the immediate lineage-restricted stem cells and progenitors, the haemopoietic bone marrow is the important target tissue.  Measurements of the distribution of stem cells (CFU-S) in mice have shown that they can be found in lymph nodes but only at the very low levels found in circulating blood, representing a very small proportion of the total number of these cells.

Animal and human data support the conclusion that risks associated with TBLN irradiation are low.  Hahn et al (1999) exposed dogs by inhalation to insoluble aerosols of either 239PuO2 or 144Ce incorporated into fused aluminosilicate particles (FAP).  TBLNs developed haemangiomas and haemangiosarcomas, but not lymphoid tumours, after 144Ce (23 in 94 dogs) but not 239Pu irradiation (192 dogs).  Doses to TBLN were reported as 1-4000 Gy from 239Pu and 7-770 Gy from 144Ce.  The difference in response was attributed to the greater tissue penetration of the energetic beta particles from 144Ce and irradiation of endothelial cells of the myocardium and atria of the heart.  Lung cancers were seen at average lung doses > 2Gy from 239Pu (123 tumours; doses 1.6 – 58 Gy) and > 60 Gy from 144Ce (28 tumours; doses 0.2 – 1200 Gy). Patients irradiated with X-rays for ankylosing spondylitis did show a significant excess (P < 0.01) of unspecified lymphatic leukaemia (3 cf. 0.38 expected) and non-Hodgkins lymphoma (16 cf. 7 expected) but a more significant excess (P < 0.001) of acute myeloid leukemia (17 cf. 4.3 expected) and unspecified myeloid leukaemia (4 cf. 0.7 expected).  There have been no reports of lymphoid tumours from studies of 239Pu exposed workers at the Mayak plant in Russia, the British Nuclear Fuels plant at Sellafield, and Los Alomos and Rocky Flats in the USA (WHO 2001).  There has been no evidence of induced lymphoid malignancies in US and UK uranium workers or thorium oxide workers (The Royal Society 2001). Studies of patients given injections of the thorium-232 oxide colloid, Thorotrast, showed that leukaemias included both myeloid and lymphoid forms (WHO 2001).  Alpha doses from retained particles were delivered predominantly to liver, spleen and bone marrow but particles were also retained in lymph nodes.  Overall, the incidence of myelodysplastic syndrome and non-chronic lymphoid leukaemia were increased 5 to 20-fold in the combined German, Danish and Japanese studies (Andersson et al 1993, 1995, Mori et al 1999a,b, van Kaick et al 1999). The possibility cannot be ruled out that lymph node irradiation may have contributed to this incidence of lymphoid leuakemia.  However,  the overall incidence of leukaemia is explainable in terms of irradiation of the bone marrow and is consistent with a low RBE (1-2) for alpha particles (WHO 2001, Harrison and Muirhead 2003).

ICRP (1994) concluded that the risk of malignancy due to TBLN irradiation is less than 1/100th of the total risk to the respiratory tract, and probably substantially less.  A weighting factor of 0.001 was assigned to TBLN to represent their contribution to total risk of malignancy in the respiratory tract. Weighting factors of 0.333 were assigned to the bronchial, bronchiolar and alveolar-interstitial regions.   
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Figure 1. Equivalent dose to lungs, TBLN and red bone marrow after constant chronic intake for 3 years from 1 year of age, considering inhalation of Type M (default solubility) 239Pu (1Bq d-1). 
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Figure 2. Equivalent dose to lungs, TBLN and red bone marrow after constant chronic intake for 3 years from 1 year of age, considering inhalation of Type S (insoluble) 239Pu (1Bq d-1).
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Type M

		

		Type M Pu-239 1-yr-old, chronic intake starting at age 1y, lasting for 3y

						LNth		Lung		RBM

		1w		7		1.27E-07		6.18E-05		6.83E-07

		2w		14		7.38E-07		2.22E-04		3.51E-06

		3w		21		2.20E-06		4.60E-04		8.90E-06

		4w		28		4.84E-06		7.62E-04		1.71E-05

		5w		35		8.95E-06		1.12E-03		2.83E-05

		2m		60		3.85E-05		2.66E-03		9.50E-05

		6m		180		6.01E-04		1.22E-02		1.11E-03

		9m		270		1.43E-03		1.99E-02		2.66E-03

		1y		365		2.54E-03		2.79E-02		4.97E-03

		2y		730		7.56E-03		5.70E-02		1.85E-02

		3y		1095		1.26E-02		8.35E-02		3.64E-02

		10y		3650		1.82E-02		9.05E-02		9.30E-02

		30y		10950		2.00E-02		9.23E-02		1.16E-01
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Type S

		

		Type S Pu-239 1-yr-old, chronic intake starting at age 1y, lasting for 3y

						LNth		Lung		R.B.M.

		1w		7		8.47E-08		6.92E-05		7.18E-09

		2w		14		6.64E-07		2.51E-04		3.84E-08

		3w		21		2.20E-06		5.26E-04		1.01E-07

		4w		28		5.14E-06		8.79E-04		2.01E-07

		5w		35		9.88E-06		1.30E-03		3.44E-07

		2m		60		4.66E-05		3.17E-03		1.26E-06

		6m		180		9.53E-04		1.57E-02		1.88E-05

		9m		270		2.67E-03		2.67E-02		5.07E-05

		1y		365		5.51E-03		3.90E-02		1.04E-04

		2y		730		2.60E-02		9.02E-02		5.11E-04

		3y		1095		6.11E-02		1.45E-01		1.21E-03

		10y		3650		3.83E-01		2.24E-01		5.81E-03

		30y		10950		8.69E-01		2.37E-01		9.20E-03
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Type M

		

		Type M Pu-239 1-yr-old, chronic intake starting at age 1y, lasting for 3y

						LNth		Lung		RBM

		1w		7		1.27E-07		6.18E-05		6.83E-07

		2w		14		7.38E-07		2.22E-04		3.51E-06

		3w		21		2.20E-06		4.60E-04		8.90E-06

		4w		28		4.84E-06		7.62E-04		1.71E-05

		5w		35		8.95E-06		1.12E-03		2.83E-05

		2m		60		3.85E-05		2.66E-03		9.50E-05

		6m		180		6.01E-04		1.22E-02		1.11E-03

		9m		270		1.43E-03		1.99E-02		2.66E-03

		1y		365		2.54E-03		2.79E-02		4.97E-03

		2y		730		7.56E-03		5.70E-02		1.85E-02

		3y		1095		1.26E-02		8.35E-02		3.64E-02

		10y		3650		1.82E-02		9.05E-02		9.30E-02

		30y		10950		2.00E-02		9.23E-02		1.16E-01
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		Type S Pu-239 1-yr-old, chronic intake starting at age 1y, lasting for 3y

						LNth		Lung		R.B.M.

		1w		7		8.47E-08		6.92E-05		7.18E-09

		2w		14		6.64E-07		2.51E-04		3.84E-08

		3w		21		2.20E-06		5.26E-04		1.01E-07

		4w		28		5.14E-06		8.79E-04		2.01E-07

		5w		35		9.88E-06		1.30E-03		3.44E-07

		2m		60		4.66E-05		3.17E-03		1.26E-06

		6m		180		9.53E-04		1.57E-02		1.88E-05

		9m		270		2.67E-03		2.67E-02		5.07E-05

		1y		365		5.51E-03		3.90E-02		1.04E-04

		2y		730		2.60E-02		9.02E-02		5.11E-04

		3y		1095		6.11E-02		1.45E-01		1.21E-03
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