
November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index

Index

absorbed dose 8, 61, 64–66, 68,

70, 86

absorption 14, 19–20, 124

actinon 7–8, 10, 12, 14, 16, 18, 20,

22, 24, 26, 28, 30–32, 35

actinon progeny 30, 32

actinon series, basic equations

for 27, 29, 31

activity measurement 16, 21, 23,

25, 76, 81, 85

adsorption 19–20, 40

aerosol attached activity 91

aerosol concentration 9, 20, 40,

42, 44–46, 49–50, 52–53,

55–57, 91, 99, 103, 114, 125

artificial radioactive 8

measured 50

near-zero 49

aerosol deposition 41, 87, 99–100,

104, 109

aerosol diffusion coefficient 38

aerosol generation 54

aerosol mass 20

aerosol mass concentrations

124

aerosol particle atoms 55

aerosol particle concentration 37,

56

aerosol particle radius 37

aerosol particles 7, 37–38, 40,

45–46, 55–58, 91, 93–94, 101,

103, 109, 117, 127

daughter emanation-product

atom 56

nonradioactive 103, 127

nonradioactive nanometer 103

aerosol surface area 92, 94

aerosol surface area concentration

50, 91, 101

aerosols 8, 14, 20, 37–41, 45–47,

50, 53, 87, 90–91, 96, 99–101,

103, 105–107, 114–117,

124–127

alpha-active 43

local deposition of 105, 127

monodispersed 45, 96, 100

monodispersed latex 46, 50

nano-sized 110, 124

nanoparticle 100

air

particle-filtered 106

radon-exposed 92, 125

airborne activity 20, 45, 93

airborne concentration 14, 90,

123

airborne particle concentration

92, 125

alpha activity 48

alpha and beta spectrometry 13,

15, 17, 21

alpha-dose 102

alpha emitters 8, 65

alpha particle counting 15

alpha particles 8, 20, 23, 31,

43–44, 46, 49, 64

high-energy 20

alpha radiation 14, 19–20, 64, 66

absorption of 19



November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index

134 Index

alpha radioactivity 8, 12–13

alpha spectrometric

measurements 21

alpha spectrometry 14, 16, 20, 30

alpha spectroscopy

measurements 47

alpha spectrum 31

annual permissible concentration

(APC) 78, 87

APC, see annual permissible

concentration

artificial radioactive aerosols 8

atoms, unattached 37, 54, 56–57

attached activity 103, 106, 108,

127

Au 48–49

background measurement 85,

126

beta activity 16, 19

beta decays 16–17, 20

beta particles 8, 15, 17, 19–21

beta spectra 15–16, 18, 25

beta spectrometry 13–15, 17, 21

breathing zone 62, 109, 117

Brown diffusion 37

buildup activity 9

chamber calibration experiments

49

chamber exposure experiments

109

chest 73, 78–79, 85–86

coagulation constant 37–38

combined activity 19

concentration

airborne activity 16, 48

breathing zone 62

equilibrium-equivalent 42

nanoaerosol 108, 123

potential alpha energy 12–14,

53

radon decay product 82, 84

unattached activity RaA 40

condensation nuclei 39

condensation particle counters

(CPCs) 90, 110

contamination 12, 78–79, 81, 83

controlled particle source 108

CPCs, see condensation particle

counters

decay products 5, 7–10, 12, 14, 16,

18, 20, 22, 24, 26, 28, 30–32,

61–64, 66, 128–129

decay products of radon,

concentration of 7–8, 10, 12,

14, 16, 18, 20, 22, 24, 26, 28,

30, 32

deposited activity 87, 104

deposited aerosol activity 87

deposited surface area (DSA) 90,

110

detection efficiencies 16, 19–20,

42, 48–50, 69–70, 72, 90, 93

detector efficiencies 19, 21

differential mobility analyzers 90

differential mobility analyzers

(DMAs) 90, 110

diffusion batteries 36, 42–44, 46,

48–51, 58, 92–93

direct measurement, portable

instrument for 85, 87

DMAs, see differential mobility

analyzers

dose

aerosol 107

carcinogenic 64

integral absorbed alpha 65

local nanoparticle 100

nanoaerosol 109, 115

dose assessment 68, 118, 124, 129

dosimetric nanoaerosols road

map 122

DSA, see deposited surface area



November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index

Index 135

EAD, see electrical aerosol detector

ejection factor 56–57

electrical aerosol detector (EAD)

90

electrical aerosol detectors 90

electrostatic attachment 38

environmental aerosol 103, 127

environmental chamber 106–107,

128

exposure

aerosol 99, 114–115

background 102, 128

definition of 116

inhalation 124

lifetime background 102, 128

nanoaerosol 105, 127

radiation 101–102, 128

workplace 114

gamma activity 11, 64–66, 74, 78,

80, 86, 100, 104–105,

126–127

decay of 80

measurement 107

gamma-activity distribution 100

gamma activity measurement 77

general 85

gamma-background 79–80

gamma-emitters 65–66

gamma particles 103, 127

gamma radiation 8, 64, 72–73, 79,

117

gamma-radiation rate

measurement 108

gamma-radioactivity 103, 109

human studies 105, 111

inhalation 35, 61–62, 65–66, 70,

100, 104

inhaled particles dosimetry 87

LLRD, see long lived radioactive

dust

local gamma-activity deposition

experiments 108

long lived radioactive dust (LLRD)

12

lung cancer 2–3, 35, 118

lung cancer mortality 3–4,

118–119

lung deposition, local 99–100

lung dosimetry 58–59, 103, 107,

110–111

lungs

filtration ability of 66, 87

human 99–100, 102, 104, 106,

108, 110, 126

magnetic resonance imaging (MRI)

107

maximum permissible

concentration (MPC) 8, 40,

66, 85

measurement

non-invasive 87

phantom 63, 78–79, 108

miners 1–4, 35, 62–63, 68–69, 72,

76, 79, 81–87, 102, 104, 110,

118–119, 128

mines, non-uranium 63, 84–85, 87

mining 1–3

mountain sickness 1–2

MPC, see maximum permissible

concentration

MRI, see magnetic resonance

imaging

nanoaerosol deposition 102

nanoaerosol dose assessment 99,

115

nanoaerosol dosimetric road

map 115



November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index

136 Index

nanoaerosol exposure

assessment 110

nanoaerosol exposure

measurement 89

nanoaerosols 91, 99–100, 106,

108–109, 123, 125, 128

dosimetry of 100, 109, 114

polydisperse 108–109

nanometer aerosols 99, 103, 106

nanoparticle lung deposition 126

controlled protocol for study

of 106–107

nanoparticles

aerosolized 114

airborne 90, 122, 129

concentration measurements

of 90

dosimetry of 101, 114, 128

incidental 120

monodisperse 108

natural 107

polydisperse 95

smallest radioactive 100

nanotoxicity 114

non-emanating source 20–21, 25,

30

non-radioactive aerosols 32, 37,

91, 103, 117, 125

non-radioactive nanoaerosols

103, 127

dose of 103, 127

nuclear mass spectrometer 43

PAEC, see potential alpha energy

concentration

parameters

dosimetric 75–76

polydispersed aerosol 45

parametric variations 75

particle deposition in lungs,

assessment of 102–103

particle inhalation experiments

103, 127

particle measurement methods

89, 110

phantom calibration procedure

107, 109

potential alpha energy

concentration (PAEC) 12–14,

53, 66, 86

quantitative assessment 105, 127

radiation dose 45

absorbed 62

external 2

radioactive aerosols 7, 44, 50, 64,

117, 129

natural 8

radioactive decay 7, 11, 56–58, 79,

100, 103, 105

radioactive markers 100–102,

109–111, 128–129

radioactive radon progeny

particles 103, 127

radioactive transformation 9–10,

63

radioactive transformations 9–10,

63

radioactivity 2, 10, 32, 35, 39, 63

unattached 35

radiolabel 103, 127

radium 2–3, 7, 103

radium doses 2

radon 1–5, 7–10, 12, 14, 16, 18,

20, 26–28, 32, 35, 56–58, 62,

102–103, 118, 127–129

alpha decay of 91, 125

diffusion coefficient of 35–36

inhalation of 62

radon atoms 55, 103, 127

radon daughters 54–55, 57

unattached 54–55

radon decay 35, 94

gaseous 91



November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index

Index 137

radon decay product gamma

activity 69

radon decay product molecules

93

radon decay product series, basic

equations for 9

radon decay products

activity of 84–85, 87

airborne 16

gamma-radioactive 104

particulate 99

property of 91, 125

short-lived 10, 12, 16

unattached 14, 92–93

unattached fraction of 14,

44–45, 92–93

radon progeny 2–4, 6–7, 35–38,

42–44, 56, 58, 69, 71–73, 89,

91–92, 100–101, 103,

105–109, 125, 127–129

air concentration of 62

attached 42

characteristics of 7

charged 36

decay of 4, 70, 79

diffusion coefficient of

unattached fraction of

36–37

gamma-activity of 100, 102,

126

unattached 42, 53, 104, 106

unattached activity of 35–36,

38, 40, 42, 44, 46, 48, 50, 52,

54, 56, 58, 89, 111

unattached fraction of 42, 58,

89, 106, 109, 125, 128–129

radon progeny atoms 37, 58

radon progeny cluster ions 43

radon tracer 108

recoil 55–56

respirator mask exposure

apparatus 106, 128

respirators 75–76, 110, 126

respiratory protective equipment

(RPE) 126

respiratory system 35, 100, 107

respiratory zone 68

RPE, see respiratory protective

equipment

sequential gamma ray activity 84

Si semiconductor detector 15–16

single-photon emission computer

tomography (SPECT) 104

source activity 21

SPECT, see single-photon emission

computer tomography

spectrometers, single-channel

alpha particle 46

spherical polystyrene particles 92,

125

surface to volume ratio (SVR) 120,

122

surrogates 115, 117, 129

dose’s 4, 118

SVR, see surface to volume ratio

thoron 7–10, 12, 14, 16, 18, 20, 22,

24, 26–32, 35–36, 43, 84

thoron series, basic equations for

27, 29, 31

thoron decay products 31, 84

thoron progeny 27

ultrafine particles 119

underground conditions

measurements 78

uranium 1–3, 7, 63, 85

ventilation 5, 8, 39, 62, 76, 119

war gas 115



November 3, 2016 10:48 PSP Book - 9in x 6in 08-Lev-S-Ruzer-index



Ruzer
Nanoparticles in Hum

ans

A peek into the literature on the environmental health implications of the 
rapidly developing nanotechnology industry shows that the potential problem 
of exposure to airborne nanoparticles has not been adequately addressed. 
The health and safety of nanotechnology workers are of concern because 
these groups run the greatest risk of exposure to elevated concentrations 
of nanomaterials. However, a gap exists between the currently available 
particle measurement methods and those appropriate for the assessment of 
nanoaerosol exposure.

This book presents new ideas and methods to measure the surface area and 
local deposition of nanoparticles in the lungs and the true value of respirators. 
It proposes a nanoparticle dosimetric road map that can be used as a general 
strategy for the assessment of the dose, which is the most important physical 
cause of adverse effects on health in the case of nanoparticle exposure. 
The book suggests the use of 1 nm radioactive particles, called unattached 
activity of radon progeny, as a safe experimental tool for nanoparticle studies, 
including human studies. It discusses the problems related to the general 
strategy of risk assessment in nanoparticle exposure and concrete parameters 
related to dosage. The ideas presented in this book help close the gaps in our 
knowledge of aerosols in the nanometer range and improve our understanding 
of nanoparticle behavior in the air and in the human body. 

Lev S. Ruzer (1922–2014) was a researcher in the Indoor Environ­
ment Department, Environment Energy Technologies Division, at 
the Lawrence Berkeley National Laboratory, USA. He received his 
education in the former USSR and began his scientific career with 
research on dose assessment in animals exposed to radon and 

its decay products. On the basis of this theoretical and experimental work, 
he obtained his degree as a candidate of physicomathematical sciences 
(equivalent to a PhD) in 1961 from the Moscow Engineering Physics Institute. 
From 1961 to 1979, he was the founder and chair of the Aerosol Laboratory at 
the Institute of Physical-Technical and Radiotechnical Measurements, Moscow. 
The set of installations developed under his supervision for generating and 
measuring different types of aerosols was certified as the State Standard of 
Aerosols in the former USSR. This work did not have an equivalent at the time. 
His book on radioactive aerosols came out in 1968. Dr. Ruzer arrived in the 
United States in 1987 and joined the Lawrence Berkeley National Laboratory in 
1989. He published more than 130 papers, edited 2 books, authored 3 books, 
and had 3 patents to his credit. He was on the editorial boards of several 
international journals. 

ISBN 978-981-4463-16-4
V389

Nanoparticles 
in Humans

Lev S. Ruzer

Experiments, Methods, and Strategies


	Front Cover 
	Contents

	1: Radon Deadlock

	1.1: Radon and Health


	2: Measurement of the Concentration of Decay Products of Radon, Thoron, and Actinon

	2.1: Characteristics of Radon Progeny

	2.2: The Basic Equations for Radon Decay Product Series

	2.3: The General Activity Methods of Measuring Concentration of Radon Decay Products

	2.4: Measurement of Radon Decay Products in Air by Alpha and Beta Spectrometry 

	2.4.1: Measurement Procedure and Experimental Results


	2.5: Absorption of Alpha Radiation in the sample

	2.6: Measurement Procedure for Determination of Activity of RaA, RaB, RaC, and RaC' on Filter by Alpha and Beta Spectrometry (Labushkin, 1965; Ruzer et al., 1964) 

	2.6.1: 218Po (RaA) Activity Measurement

	2.6.2: 214Po (RaC') Activity Measurement 

	2.6.3: 214Pb (RaC) Activity Measurement

	2.6.4: 214Bi (RaB) Activity Measurement


	2.7: Characteristics of Thoron and Actinon Decay Products

	2.8: The Basic Equations for Thoron  and Actinon Series

	2.8.1: Thoron Series

	2.8.2: Actinon
Series

	2.9: Conclusion


	3: Unattached Activity of Radon Progeny

	3.1: Unattached Activity Properties

	3.1.1: The Attachment of Atoms of Radon Progeny to Non-Radioactive Aerosols

	3.1.2: Equilibrium Conditions between Unattached Activity, Aerosols, and Surface Activity

	3.1.3: Size (Diffusion Coefficient) Distribution of the Unattached Activity

	3.1.4: A Nuclear Mass Spectrometer for Studying Radon Progeny Cluster


	3.2: Correlation between the Unattached Activity of Radon Decay Products and Aerosol Concentration

	3.3: Measurements of Other Radon Decay Product Unattached Activity Concentration

	3.4: The Effect of Recoil Nuclei Being Knocked Off Aerosol Particles Unattached Concentration of Radon Decay Products (Kolerski et al., 1973) 

	3.5:
Conclusion

	4: Method of Direct Measurement of Activity (Dose) in Miners’ Lungs

	4.1: Introduction

	4.2: Theory of the Method

	4.3: Assessment of the Uncertainties in the Evaluation of the Dose

	4.4: Correction for the Shift of Equilibrium of Radon Progeny in the Air and in the Lungs 

	4.5 Accounting for Parametric Variations: Variations of Concentrations, Breathing Rate and Deposition Coeffcients in Real Working Conditions

	4.6: Model Measurement

	4.7: Phantom Measurements and Geometric Corrections

	4.8: Assessment of the Errors of the Direct Method

	4.9: Portable Instrument for Direct Measurement of the Activity of Radon Decay Products in the Lungs of Miners


	5: Assessment of the Nanoparticles’ Surface Area by Measuring the Unattached Activity of Radon Progeny

	5.1: The Unattached Activity of Radon Decay Products

	5.2:
Conclusion

	6: Local Deposition of Nanoparticles in the Human Lung

	6.1: Safety of Radioactive Markers in Aerosol Exposure Studies

	6.2: Assessment of Particle Deposition in Lungs

	6.3: Previous Experiments with This Method

	6.4: Human
Studies
	6.5: Controlled Protocol for Study of Nanoparticle Lung Deposition in Human Subjects

	6.6: Discussion and Conclusion


	7: Exposure and Dose in Nanoaerosols Studies

	7.1: Exposure: Definitions

	7.2: Examples of Exposure–Effect Study without Dose Assessment

	7.3: Nanoparticle: Definition

	7.4: Nanoparticles Dosimetric Road Map

	7.5: Nanoparticle Surface Area Measurements

	7.6: Nanoparticle Respirators’ True Effectiveness Measurements

	7.7: Local Lung Deposition and Dosimetry for Nanoparticles

	7.8: Human Experiment Safety Problems

	7.9:
Conclusion

	Index


	Back Cover




