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Abstract: This paper presents a short study of the
environmental factors from the uranium mines in Baita, Bihor
area and the development of a modern experimental module of
an electronic device that can measure the radioactive isotopes
from natural and industrial waters. The basic idea was to use a
PIN- based sensor which can convert radioactive isotopes
energy into readable electric signal. The electronic device was
designed to measure continuously and in real time the
radioactive isotopes from natural and industrial waters.
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1. Introduction

Baéita, Bihor is a area situated in the N-V side of
Romania, well knowed for its complex mineral
resources. With the start of exploitation and
processing of this radioactive minerals, in 1950,
the surrounding environment was contaminated
with radioactive elements like Uranium, Radium
and Radon. Although uranium mining activities
brought great benefits for industrial and science
fields, the big disadvantage is the pollution left
behind. The exploitation cessed in 1995, due to the
exhaustion of the ore deposits. [1]

The mine water derived from contaminated
sources (aquifers or surface), which now is flowing
naturally, poses threats to human and ecosystem
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1. Introducere

Situatd in N-V Romaniei, Baita, Bihor este o zona
foarte cunoscuta pentru resursele sale minerale
complexe. O data cu inceperea exploatarii si
procesarii mineralelor radioactive, in 1950, mediul
inconjurator a fost contaminat cu diverse elemente
radioactive ca Uraniul, Radiul si Radonul. Desi
activitatea de extragerea a minereului de uraniu a
adus mari beneficii pentru domeniul industrial si cel
al stiintei, marele dezavantaj este poluarea
rezultata. Exploatarea a fost oprita in anul 1995
datorita epuizarii minereului util.[1]

Apele de mina rezultate din sursele
contaminate (acvifer sau ape de suprafata),
reprezintd o reald amenintare pentru sanatatea

health that is why a complex environmental umana si ecosisteme, find necesara o

monitoring is necessary. monitorizare a factorilor de mediu cat mai
complexa.
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Today, at the outputs of the industrial water basins,
filtering batteries are organized that have the main
role the reduction of the radioactive isotopes of
Uranium and Radium content below regulation
limits (0,021 mg/dm3). Each two weeks, labs
experts take water samples and evaluate the
radioactive isotopes form water (according to
STAS 1574/1-84), then based on the results, make
recommendations.[2]

Because of the difficult procedure, sampling
time is extremely large (half month), and in
between sampling process, the water might be
contaminated with hard and longtime radioactive
particles. Another problem is that the active
materials, after filtering, become radiation
contaminated waste. A large effort for minimizing
this must be carried out, and in order to achieve
the maximum performance, it is necessary to
implement an innvovating filtering process in
batteries: the water flow should be automated
filtered only when the radiation level of particles is
higher than regulation limits.

On the other hand, the filtering batteries are
located in industrial area, not on the underground
water that washes former mines, outcropped
deposits, or local geological falls. The uncontrolled
contaminated water will flow naturally, and will
continuously  contaminate  the  surounding
environment.

All these point of view argue for careful
evaluation of the water quality form the radiation
point of view. Around the world, directly, or
indirectly water quality is evaluated real time in
measuring organized stations. Up to today, in
Romania there are not such monitoring systems.

Today’s real time measurements are focused
on using Geiger or radon methods. The Geiger tube
method is well developed and easy to be used in
the lab and dry measurement conditions.

Resuming literature, there are differences in
protection from radiation approaching methods,
because of differences between Alpha, Beta,
Gamma rays and neutrons behaviours. The
gamma rays are present in the environment, can
penetrate walls and it is difficult to block them. On
the other side, the Alpha particles, only have a
short range and generally cannot even penetrate a
sheet of paper: this is the reason that many
counter tubes cannot detect them, unless they
have a very thin mica window. Beta particles have
fewer presence, they have a longer range and can
penetrate thin sheets of metal. Most counter tubes
are mainly designed for detecting gamma rays
while, within certain limitations, also being
sensitive to beta particles.[3]

In prezent, la iesirea din bazinele industriale, apa
de mina trece prin celulele in lucru pentru
reducerea concentratiei izotopilor radioactivi de
Uraniu si Radiu sub limitele legale (0,021 mg/dm?).
La fiecare doua saptamani, laborantii iau probe de
apa pentru analiza concentratiei de Radiu si
Uraniu (conform STAS 1574/1 — 84), apoi in urma

rezultatelor obtinute, fac recomandarile
necesare.[2]
Datorita perioadei indelungate de

desfasurare a procedurii de luare a probelor si
analiza lor, apa poate fi puternic cotaminata cu
particule radioactive. Alta problema este accea c3,
dupa epurare, rasinile sintetice folosite sunt
contaminate, devenind la randul lor deseuri
radioactive. Este necesar sa se gaseasca solutii in
vederea minimizarii acestor deseuri si a reducerii
poluarii, cea mai eficienta fiind implementarea unui
sistem inovator de filtrare si anume: fluxul de apa
ar trebui filtrat in mod automat doar cand nivelul de
radioactivitate este mai mare decat limitele legale
impuse.

Pe de alta parte, celulele de filtrare sunt
amplasate in zona industriald, nu Tn zona apelor
subterane ce spala fostele locatii miniere si haldele
de steril. Apele contaminate sunt lIdsate sa curga la
intdmplare, fapt ce polueaza in mod constant
mediul inconjurator.

Toate aceste puncte prezentate mai sus
sustin necesitatea unei evaluari cat mai atente a
calitatii apelor din punct de vedere radioactiv. in
lume, direct, sau indirect, calitatea apelor este
evaluatd in timp real in diverse stati de
monitorizare. Pana in prezent, in Romania nu
exista implementate astfel de sisteme.

Masuratorile in timp real sunt realizate cu
precadere utilizand metoda Geiger sau cu radon.
Metoda bazata pe tubul Geiger este bine
dezvoltata si usor de utilizat in laborator.

Rezumand literatura, exista diferente intre
metodele de abordare ale radioprotectiei, acestea
fiind datorate diferitelor tipuri de radiatii Alfa, Beta,
Gamma cat si comportamentului neutronilor.
Razele gamma sunt prezente in mediu, pot
patrunde cu usurinta peretii si sunt dificil de stopat.
Pe de alta parte, particulele Alfa au raza scurta de
actiune, in general putand fi absorbite de o foaie
de hartie. Din aceasta cauza, multe dintre
detectoare nu le pot distinge, decat daca au o mica
fereastra din mica. Particulele Beta sunt prezente
mai rar, au o razd de actiune mai larga si pot
penetra o foaie subtire de metal. Majoritatea
contoarelor de radiatii sunt proiectate pentru
detectarea razelor gamma, si cu cateva limitari, pot
fi sensibile si la particulele beta.[3]
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As a measure of existence of Uranium, or Radium,
some part of the industry uses radon measurement
techniques. A wide variety of methods to measure

radon and its decay products have been
developed in time.
Our objective was to develop an

experimental module of an electronic device that can
measure continuously and in real time the radioactive
isotopes from natural and industrial waters. The real
time procedure was designed to respond to the
compliance requirement of the decontamination
stations with environment legislation, and second, to
prevent adverse environmental effects caused by the
hazardous waste.

2. Materials and devices

The main idea was the use of a PIN- based sensor
which can convert radioactive isotopes energy into
readable electric signal. In order to do this, we
utilized the following materials:

¢ PIN photodiodes

Semiconductor materials have introduced
new possibilities in solid-state dosimetry, allowing
registration of radiation in real time. Semiconductor
detectors are attractive for applications in radiation
dosimetry for many reasons.

When a particule strikes on the surface of
the photodiode, the electron within the crystal
structure becomes stimulated. If the light energy is
greater than the band gap energy Eg, the electrons
are pulled up into the conduction band leaving
holes in their place in the valence band. These
electron-hole pairs (e-h) occur throughout the P-
layer, depletion layer and N-layer materials.

In the depletion layer, the electric field
accelerates these electrons toward the N-layer and
the holes toward the P-layer. Therefore, the electron-
hole pairs that are generated proportionally to the
amount of the incident light are collected in the N and
P-layers. This results in a positive charge in the P-
layer and negative charge in the N-layer. [4]

At first, we utilized a PIN photodiode from
Hamamatsu, but because of the high price (100
Euro/piece), we choosed a cheaper one, from
Vishay, which has mainly the same technical
characteristics. [5, 6]

e Operational Amplifier
The operational amplifier is a DC-coupled
high-gain electronic voltage amplifier with two
differential inputs and a single-ended output. In this
configuration, it can produce an output potential
much larger than the potential difference between

Pentru a determina existenta Uraniului sau a
Radiului, o parte a industriei foloseste tehnici de
masurare ale radonului. O mare varietate de
metode au fost dezvoltate in timp pentru a
determina radonul si produsii sdi de dezintegrare.

Obiectivul nostru a fost dezvoltarea
modulului experimental al unui sistem electronic ce
poate méasura in mod continuu si in timp real
izotopii radioactivi din apele naturale si industriale.
Procedura a fost dezvoltata astfel incat sa
corespunda cererilor statiilor de epurare, conform
legislatiei de mediu, si in al doilea rand pentru a
preveni efectele adverse asupra mediului cauzate
de acesti poluanti.

2. Materiale si dispozitive

Ideea de baza a fost utilizarea unui senzor bazat
pe o dioda PIN ce poate transforma energia
izotopilor radioactivi ntr-un semnal electric
detectabil. La realizare, am folosit urmatoarele:

e Diodele PIN

Materialele semiconductoare au adus noi
posibilitati in domeniul determinarilor, permitand o
inregistrare a radiatiei in timp real. Detectoarele cu
semiconductori sunt tot mai utilizate Tn dozmietria
radiatiilor.

Cand o particuld loveste suprafata unei
fotodiode, electronii  prezenti in cristalul
semiconductor sunt excitati. Daca energia
particulelor este mai mare decét banda energetica
neocupata, electronii se deplaseaza catre zona de
conductie, lasand in urma lor goluri in banda de
valenta. Perechile de electroni-goluri apar in stratul
P, regiunea intrinseca cét si in stratul N.

In regiunea intrinsecd, campul electric
accelereaza electronii catre stratul N iar golurile
catre stratul P. Astfel, pentru fiecare cuanta
absorbita, se genereaza o pereche electron-gol, ce
este apoi absorbitd de straturile N si P. Rezultatul
este o sarcina pozitiva in stratul P si una negativa
n stratul N. [4]

Initial am utilizat o diodd PIN din gama
Hamamatsu, dar datoritd pretului ridicat (100
Euro/buc), am ales o variantd mai ieftina a
acesteia, de la Vishay, ce are Tn mare parte
aceleasi caracterictici tehnice. [5, 6]

e Amplificatorul operafional
Amplificatorul operational este un
amplificator diferential de curent continu cu curent
rezidual redus si zgomot propriu mic. Acesta
furnizeaza la iesire o tensiune egala cu replica
amplificata a tensiunii dintre cele doua intrari, are o
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e Pulse generator
We utilized a general purpose pulse
generator with high performance, that provides up
to +/- 5V and variable frequency from 10 kHz to
100 kMHz.

e Power source

Also we needed two power sources, namely:
one which provides = 5 V operating power to the
amplifier and the other one that provides the 24V
reverse bias for the PIN diode.

Power sources required special attention
because the signal applied to the operational
amplifier input rises to specific noise of normal
supply sources.

The experimental module developed on the
laboratory bench is shown in the following figure:

POWER SOURCES

NI 6008

e Generatorul de impulsuri
Am folosit un generator standard de
impulsuri, cu performante ridicate, amplitudine
de +/- 5V si o frecventa variabila intre 10 si 100
kHz.

e Sursa de alimentare

Am utilizat doud surse de alimentare si
anume: una de + 5V ce asigura alimentarea
amplificatorului operational, iar cea de 24V asigura
polarizarea inversa a diodei PIN.

Sursa de alimentare a necesitat o atentie
aparte datorita faptului ca nivelul semnalului aplicat
la intrarea amplificatorului operational se ridica la
nivelul zgomotului specific surselor obisnuite de
alimentare.

Modul experimental dezvoltat in laborator
este prezentat in figura de mai jos:

PULSE GENERATOR

Figure 1. Experimental module.

In order to achieve long time measurements
(tens of days), an experimental model was
designed around a system of data acquisition and
processing software from National Instruments.

The stand was designed to measure normal
ambient atmospheric parameters, namely the
effect of PIN diode discharge due to scattering
energy.

We used four diodes connected properly to
perform the following functions: increased
sensitivity diode scattering energy and reduction of
the influence of the ambient light (illumination is
required to be near zero).

In vederea realizarii unor mésuratori pe o
perioada indelungata (zeci de zile) a fost conceput
un model experimental Tn jurul unui sitem de
achizitie de date si software de procesare de la
National Instruments. Standul a fost conceput
pentru masurarea parametrilor  atmosferici
ambientali normali, respective efectul de descarcare
in diode PIN, datorita energie de imprastiere.

Am  folosit patru  diode  conectate
corespunzator pentru a indeplini urmatoarele
functiuni: cresterea sensibilitatii diodei la energia de
impréstiere si reducerea influentei luminii ambientale
(este necesara iluminarea aproape spre zero).
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Real time module was set to work in the
National Instrument LabView package for its
enhanced facilities.

DAQ Assistant
automatic  configuration

provides facilities for
corresponding  data

S-a folosit modulul Real time din pachetul
LabView al National Instruments pentru facilitatile
sale sporite.

DAQ Assistant ofera facilitdtile de
configurare automata a placii de achizitie de date
corespunzatoare.

acquisition.

Pyranometer .

o

4 PIN
Diodes @&y

Temperature
sensor

|

Pression
sensor
Humidity =

sensor U=

NI 6008

PC + Lab View
Real Time

Figure 2. Acquisition data system.

Amplitude and Level Measurements module
provides real-time pre-processing of the
measurement data from the data acquisition
system. This module was necessary because the
large number of data (140,000 values in 24 hours).
Thanks to the large number of data we also
needed the the so-called operation application
debugging facilities:

- threshold of measurement;
- amplitude of reference;

- table control data values;

- Live View screen.

3. Results and Discussion

For time interval between 13:38 and 14:26, the
values looks like as in the table below. The middle
column represents the measured values (along
with diodes noise). Right side value is a premium
filter of the positive values,the four PIN diodes
capturing energy scattering in the range 30-40
KEv.

Modulul Amplitude and Level Measurements
ofera pre-procesare in timp real a datelor de la
sistemul de achizitie date. Acest modul a fost
necesar datoritd numarului foarte mare de date
(140000 valori In 24 de ore). Tot datorita numarului
foarte mare de date, am avut nevoie de asa
numitele facilitdati de depanare a functionarii
aplicatiei, si anume:

- prag de masura;

- amplitudine de referinta;

- table de control valori date;

- ecran de vizualizare in timp real.

3. Rezultate si discutii

Pentru intervalul orar 13:38 - 14:26, valorile sunt
prezentate Tn tabelul de mai jos. Coloana din mijloc
reprezintda valorile masurate (impreuns cu
zgomotul diodelor). Valorile din dreapta reprezinta
o prima filtare a valorilor pozitive, cele patru diode
PIN captand energia de imprastiere in gama 30-40
KEv.
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Table 1. Measured values.

13:38:45 1.742 1.742
-3.015 0
-1.273 0
13:38:46 1.62 1.62
-2.862 0
-1.243 0
14:25:59 0.968 0.968
-2.292 0
-1.324 0
0
14:26:00 1.701 1.701

By interpreting the above values we can
observe contribution to the photoelectric effect due
to energy spreading from six sources of different
intensity: intensity of reverse current (in
microamperes) grouped into 6 classes.

Source 6 is actually natural background
radiation.

Interpretand valorile prezentate in graficul
de mai jos se observa contributii la efectul
fotoelectric datoritd energiei de imprastiere din
partea a sase surse de intensitati diferite:
intensitati ale curentului invers (in microamperi)
grupate pe sase clase.

Sursa 6 este de fapt fondul natural de
radiatii.

-1.273 0 Frecvente absolute Amplitudini
0 321 intre 14-16 unitati
6 1.62 1.62 338 intre 12-14 unitati
-2.862 0 37 intre 10-12 unitati
-1.243 0 72 intre 4-6 unitati
0 176 intre 2-4 unitati
7 0.56 0.56 9501 intre 0-2 unitati
P | = | n
12000 -
8 10000 -
8000 -
6000 +
9 B Seriesl
4000
2000
0
- 0 — : —
1 2 3 4 5 6
4 1 ﬂﬂ'!l 4 hﬂ'!l
Figure 3. Determined values graphic.
4, Costs 4. Costuri

To the achievement of the module on the
experimental stand, the following materials were
used: four Vishay diodes, a TL 072 operational
amplifier, a pulse generator, a power source + 5V,
24V and other passive components.

La realizarea modului pe standul experimental s-
au utilizat urmatoarele materiale: 4 diode de tip
Vishay, un amplificator operational TL 072, un
generator de impulsuri, o sursa de alimentare 5V,
24V si alte componente pasive.
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Table 2. Approximate costs of the experimental module.

Product Quantity Price/piece Total price
Vishay PIN diode 4 20E 80E
Integrate circuit amplifier TL 072 1 2E 2E
Pulse generator 1 40E 40E
Power supply 1 20E 20E
Related passive components 1 5E 5E

Total: 147E (aprox 660 Lei)

The costs shown in the table above are for
achieving the experimental stand module and may
vary depending on various parameters.

In case that after calibration and testing, this
module is approved for use in practice, will be
necessary to make 13 such detectors for the
studied area, which would mean a cost of about
1900 Euro.

5. Conclusion

Radioactive pollution has always been a problem,
it is almost impossible to stop radioactivity from a

mining uranium area due to both natural
background and anthropogenic activities
undertaken

By interpreting the experimental results, PIN
diode, as sensor for measurements in real time, as
International Atomic Energy Agency recommends,
becomes a measuring equipment easy to use,
inexpensive and not the last of all, portable.

Also, due to simple associated electronics,
this system can be a measuring equipment for
places where human presence is unauthorized,
being a strong point in the field of radioactivity,
thereby avoiding human exposure.

As stated, the present method requires
some improvements like: improving recieving of
results through a local and appropriate processing
system; improving the performance of supply
sources to reduce the noise of equipment;
development of specific protection techniques in
order to make simple measurements directly into
the water.
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