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Determination of N I1n-vivo

In Vivo Measurement of Body Nitrogen by Analysis of Prompt Gammas from
Neutron Capture

David Vartsky, Kenneth J. Ellis, and Stanton H. Cohn

*Brookhaven National Laboratory, Upton, New York

*A method for the in vivo determination of body nitrogen by prompt gamma photons
from neutron capture is described. An 85-Ci 23Pu-Be source provides the neutrons. The
gamma detection system consists of two 15.24 x 15.24 cm Nal(TI) detectors placed
above the patient. Absolute value of body nitrogen is determined using body hydrogen
as an internal standard. The reproducibility of the method is £3%.

J Nucl. Med. v20: 1158-1165,1979
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Determination of N in-vivo-2
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» 1. Wradiation-detection facility.
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Neutron energy E_, = 4.5 MeV

Intensity — 1= 2.3x108 ¢!

Distance to the source — 50 cm
Measurements in 8 points of body
14 healthy men

Irradiation time — 20 min

Total dose — 260 uSv

Total body N concentration

TBN= 3+0,5%



Experimental
situation

J.Sutcliffe, A review of in vivo experimental methods to
determine the composition of the human body;,
Phys.Med.Biol 41 (1996) 791

BNL, USA

University of Birmingham, England
Reactor Centre, East Kilbride, Scotland
University of Leeds, England

Toronto General Hospital, Canada

Auckland Hospital, Auckland, New Zealand

Measurements of 561 patients and 151 volunteers

TBN, TBC, TBO, TB (Ca, P, Mn, Mg....)

Composition of the human body
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Figure 6. TBN measured by prompt-gamma IVNAA in 712 subjects (561 patients and 151
normal volunteers) plotted as a function of TBW measured by dilution of tritiated water. The
data are fitted by the following equations.

patients: TBN (kg) = —0.063(£0.217) 4 (0.0395(+0.0066)) TBW (kg) r =10.846

normals: TBN (kg) = —0.041(£0.236) + (0.0449(+0.0061))TBW (kg) r = 0.838.
(Auckland research group 1983-88 (Mitra 1990)).




Puckun npu obny4yeHun

TABLE 7. Risk associated with in vivo nitrogen
measurement comparable to “every day” risks

Activity Type of Death
Modes of travel
Air (150 mi.) Accident
Air (Trans-Atlantic flight) Cancer (cosmic rays)
Car (15 mi.) Accident
Living conditions/location
5,000 ft. above sea level (3 mo) Cancer (cosmic rays)
Living in stone building (2 wk) Cancer (radon)

Employment conditions
Working in average United States factory Accident

(3 days)
Working in a United States coal mine Accident
(30 min)

Smoking (1 cigarette) Cancer

K.J.Ellis, Human body composition: in vivo methods, Physiological Rev. 80 (2000) 650
31.10 2024 5



JddhbekTBHaAA Ao03a Npu
obny4yeHunm

NMpouepypa A dhekTuBHaAA

Ao3a obny4vyeHus,
MK3B

PeHtreHorpadma 100 HeTpoHsbl
rPyAHON KIeTKU

®niooporpagms 300 # Pu/Be — 300 mk38
FPYOHOWN KNETKU
¢ MeyeHble HeNTPOHbI — 30 MK3B

KomnbroTepHas 10 000
TomMorpadgus

opraHoB 6poLLHON

NofoCTU U Tasa

KomnbroTepHas 10 000
TOoMorpadus Bcero
Tena
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Proposal from N.V.Sklifosovsky Research Institute

Element Tissue Cancerous ppm Normal ppm
K Breast 952 224/168
P Breast 578£79 223433

Kidney 440+64 122435
Liver 1309 768
Ee
Lung FSRIEECH 199+101
Prostate 1370 490
Lung 355+42 886+248
- Prostate 2240 1870
Cd Kidney 15.6+0.9 181+44

The concentration of iron having large differences between normal and
diseased tissues, ranging as large as 40% to more than 360%, which makes it a
practical element of signature in medical diagnostics using APNEI

D.Koltick, L.Nie, Associated Particle Neutron Imaging for Elemental Analysis in Medical
Diagnostics, IEEE Trans.Nucl. Sci. 60 (2013) 824-829.



OOBbeKT gocMoTpa obrny4yaertcs
ny4yKkamm ObICTPbIX HEUTPOHOB

Pernctpupyrorcs y-KkBaHTbl U3 0ObEeKTa AOoCMOTpa
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Typical time distribution

signal + background
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Cutting off the background of random coincidences allows you to reduce the
Influence of the background by 200 times.
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3ayemM OHM 3TO aenaroT?

31.10 2024

Fig. 4. Mobile inelastic neutron scattering system background mea-
surements (up to 6.7 m above the ground).
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Time/Energy distribution

[Integral 4.011e+07 '
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HeT dooHOBOro nmnka »enesa B CriekTpe obpasua
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[NlpeunmywectBa MMH

“»bonbLlas npoHukatowaa cnocobHocTb — 30 cm
“*OTHoweHne curHan/wym ynydwaetcs B 200 pas
**B03MOXHOCTb TpEXMEPHOIro onpeaeneHns

9N1IeMEHTHOU KOHLUEeHTpauum

‘*HeunTtpoHHan «drnrooporpacdun»

31.10 2024 12



HentpoHHasa oHKorpadpua

2 O0bekT gocmoTpa 30x30x30 cm pa3bmBaeTcs Ha 256
obnacten (Bokcenew)

“+OnpegensaeTcs aNeMeHTHbIN COCTaB KaXO4oro BOKCENS

‘*[1poBepsieTcss Hann4ne n3dbITKa cCoDObLITUX B 0bnacTu

nukoB Fe — 840 n 1240 MaB

31.10 2024 13



Tagged neutron method determines elemental
concentrations in 3D

Neufron generator Alpha defector

Tagged neutron method allows to find a
diamond inside the kimberlite rock
without its crushing.

Tritium targef

Shielding

The ore is irradiated by fast 14 MeV
Gamma detector  neutrons from reaction

d+t-> o +n

The 4.44 MeV gamma-line of carbon is
used to determine carbon distribution in
the ore

Diamond / ‘."’ \\ Neutron beam 12G, carbon
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« Signature of diamond is increasing of local concentration

of carbon 0o so06 30064005 Sa56 600670058500
« The place of diamond in the kimberlite rock is determined.
No false alarms on the rocks with carbon.
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etection procedu

DiamaNT GUI
DiamaNT GUI
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CocTofAHWE YCTaHOBKU

HelTpoHHEI 7
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ANecha-OeTexkTop
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CeeneHuns ob namepeHumu
Hawano: 13:43:18, 13 aerycTta 2015 roga
OnnTensHocTe (44:Mm:icc): 00:10:00
WHTeHCcKrBHOCTE: 4211077 Hic
MakcmManeHoe NpesslLUeHWe: 3.86
OnuncaHne msmepeHmi_}

kepH 6062/26 Nplh kKpolka KpynHas

‘ HavaTte naMepeHune ‘

N3MEPEHWE 100%

O Ore tray is divided
by192 regions.

O Cell size 8x8 mm.

Q In each cell a local
carbon level is
evaluated and
compared to carbon
level averaged over
sample.

O Diamond signal is
local carbon level
excess.

O Ore sorting is
carried out
automatically, no
human intervention
required.
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Possibility to work with large size ore

10000 12C, 4438 k3B
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OnpenenarTca KOHUEHTpauun 24 arieMeHToB

I5 6 74 8

P C N O

Phosphorus ~ Carbon Nitrogen Oxygen
30.974 12011 14.007 15.999

Il 12 9 13 14 16 17 19 20
Na Mg F Al Si S €l K Ca
Sodium  Magnesium  Fluorine  Aluminum Silicon Sulfur Chlorine  Potassium Calcium
22.990 24.305 18.998 26.982 28.086 32.066 35.453 39.098 40.078

25 26 28 29 30 40 82 50
@

C Mn Fe Ni Cu Zn Zr Pb Sn

Chromium  Manganese Iron Nickel Copper Zinc Zirconium Lead Tin

91 54.938 55.933 58.693 63.546 65.39 91.224 207.2 118.71

4] avamanT




HenTpoHHbIN MOAYNb

CotpyaHudecTtBO € JIHP, npoekt TANGRA
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HenTpoHHbIN MOoayNb

m  Neutron generator ING-27
manufactured by FSUE
VNIIA named after N.L.D

m |=5x107"¢t?

m 6 BGO ramma-
ICTEKTOPOB

m Silicon alpha detector -
the matrix 3x3 (10x10
mm)

4] avamanT




Neutron generator

m Neutron generator ING-27
manufactured by FSUE VNIIA

named after N.L.Dukhov
I=5x 107 ¢!

Weight — 8 kg

Height — 300 mm

Silicon alpha detector - the
matrix 3x3 (10x10 mm)

‘ : ‘ : \ DVIQMQHT




The DAN neutron generator developed by VNIIA as part of the
equipment for searching for water in the bowels of the planet Mars was
sent on November 26, 2011 as part of the NASA Curiosity rover.

‘ : ‘ : \ ﬂDMQMQHT




Gamma detectors

Type of BGO scintillator

The size of the scintillator is 76x65 mm
Recorded energies 0.5-11 MeV
Operating temperature range from +5 to +500C
Weight 3.4 kg

Overall dimensions 89 x 265 mm

Photoelectronic multiplierR6233 by
Hamamatsu

I'e=(4.42 £0.14) % on the 4.44 MeV line
[0=4.82+0.12ns
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*» CherMK (PJSC Severstal) — 2 analyzers for sinter charge
have been operating since 2021.

* NWPC JSC - an analyzer for apatite ore from the Oleniy
Ruchey underground mine was delivered.

s JSC "Evraz-ZSMK" - 2 analyzers for sintering charge have
been operating since 2022.

‘ : ‘ : \ 4 anamanT




Typical precisions

Comparison with other neutron analyzers

Al,0,,

Range % 5-20 30-65 2-10 5-20 2-20 2-15
AM-K, % 0,13 0,32 0,29 0,12 0,20 0,25 0,10

CB OMNI, %
Thermo Fisher”

NITA II™* 0,5 0,5

0,45 0,95 0,80 0,60 0,38 0,66

PEVZN 038 049 0,23 0,52
[ETSos 04 04 03 05

*[1.W.WapKos, LlemeHT 1 ero npumeHeHus, No3, ctp.90, 2015.

** MeToamKa noBepKu. AHaNM3aTop 3N1eMEeHTHOro coctaBa paamounsotonHbit NITA I, MM-33-241-2018.

***H.Kurth, D.Griffiths, Suitability of Geoscan-M elemental analyser for phosphate rock (Russian ore, 3-10% P,0s) ECI Symposium
Series, (2015).

4C.S.Lim et al, An on-belt elemental analyser for the cement industry, Appl. Radiation and Isotopes 54 (2001) 11.

>COALSCAN 9500X, Scantech

-“- A

0,60 0,42 0,58 0,45 0,94




daHTOMBLI A, B, C

* A - HopmanbHbIu
XMM. COCTaB

s B-Fe=1%

e« C-Fe=5%

OnemMeHTHbIN CcOoCTaB
Tena yenoBeka

S NECRENACE
c —18%
S L -83%

A o S = .
- W o= 0, %
RRSSREEHA - # 1H y /0 70,5
\ D N «,\x\‘\: LA . % !

CAE = C % 180

H, % 8,6
N, % 3,0
Fe, % 0,0
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[lepBble pe3ynbTaThl
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CotpyanHunyecteo ¢ BHUUA nm. [lyxoBa

 HeWTPOHHbLIN
reHepartop c 256
MeYEeHbIMMN MyYyKamm

« Pa3mep nukcenga 2x2
mm

31.10 2024 27



Llenun v 3apaun

II_

N3amepnTb Fe, C, N,O, Cawu

9NEMEHTHbIN COCTaB ewe 20 anemeHTOoB

N3mepnTb Ha ypoBHe 0.13% CKO =0.29 % B Bokcene
coaepxaHue Fe B 6onbLwiom oobeme

[MlpocTpaHcTBEHHOE 5-10 MM 8 MM nna 100%
paspeLlleHune 3anosiHeHus
BpemeHHoe 0,5-1Hc 3-4 HC

paspeLleHune

Bpems obnydyeHns  25-30 muH 20 MWH

31.10 2024 28



[TnaH paboT

*V3mepeHna Ha dpaHTOMax C MOMOLLbIO
cylwiecTBytowen annapatypbl ( 9 nnm 256 mMeyeHbIX
My4KOB).

‘*M3mepeHne 3nokadyeCTBEHHbIX ONYyXONnen B
CYLLECTBYIOLLEN annapaType.

‘*MoHTe-Kapno cumynmposaHue ycTtaHOBKU ONS
ONarHOCTUKN.

**Pa3paboTka npoekta gnarHoCTUYECKOMN YCTaHOBKM.

29
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Sample Ne17

 Strong signal of carbon was
found in one of 33 samples.

 Analysis of this sample reveals
two regions with 7 mm

diamonds.

V.Alexakhin et al., Detection of Diamonds in
Kimberlite by the Tagged Neutron Method, Nuclear
Instruments and Methods A785 (2015) 9.
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Energy distribution of gamma-quanta

Events
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Typical energy spectrum of gamma gquanta of a
sinter sample
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Concentrations of Al, Ca, C, Fe, Mg, Na, O, P, Si, Ti are measured and
converted to the corresponding oxides
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