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GAMMA ACTIVITY AS A GUIDE FOR THE BUILDING RAW MATERIALS SELECTION
AND CONTROLLING THE ENVIRONMENTAL HAZARDS

The spectrometric measurements can provide an alarm for the radiation activity and radioelement concentrations.
The activity increase over the ambient background can be achieved by well calibrated gamma-spectrometers. In com-
parison between Wadi El-Dahl and Abu Zawal quarries for building raw materials (feldspar), the activity concentration
of El-Dahl stream sediments are 54.5 and 44.5 Bq/kg for uranium and thorium respectively. While the activity concen-
tration of Abu Zawal rock quarry are 167.03 and 79.77 Bq/kg for uranium and thorium respectively. These activities
yielding effective dose rates of 0.63 mSv/y for Wadi El-Dahl stream sediments and 1.48 mSv/y for Abu Zawal rock
quarry. In summary, the spectrometric measurements are excellent selective tool to monitoring the environment against
the radiation risk. In this aspect, Wadi El-Dahl stream sediment quarry considered as the more suitable for producing
feldspar as a raw materials to building industry. In comparison, Abu Zawal rock quarry has a higher effective dose rate
exceeds the international permissible limits which is 1 mSv/y. A total of 19 feldspar samples were completely described
regarding their general chemical features by using x-ray fluorescence. From the study all the samples contain high con-
centration of barium and rubidium which can separate using different methods in order to use in different important
industry.

Keywords: ground spectrometric survey, x-ray fluorescence, feldspar.

These areas are located in the northern E. D. of
Egypt between latitudes 26°37" N and 28°45" N and
longitudes 32°27° E and 33°23" E as shown in

Introduction

Ground spectrometric survey

Ground multi-channel gamma-ray survey was
carried out over the pegmatite body to the north of
G. El-Urf granite and also over the stream sediments
of Wadi El-Dahl as two big quarries for producing
building raw materials in the Eastern Desert of

Fig. 1. The detailed spectrometric gamma-ray mea-
surements have been done along 340 equally-spaced
stations, directed N-S, with an average space of
about 20 x 20 m in-between. Global Positioning
System (GPS) instrument was used to set up the sur-

Egypt (E. D.). vey grid with Universal Transverse Mercator (UTM)

coordinate system, using World Grid as datum.

Instrumentation

Spectral gamma-ray measurements have been
conducted using a portable gamma-ray spectrometer
model GS-256 Geofyzika Brno, Czeck Republic.
This spectrometer has been calibrated using the lo-
cally-constructed Nuclear Materials Authority con-
crete calibration pads. Potassium is measured direct-
ly from the 1460 keV gamma-ray photons emitted
by “’K, where as uranium and thorium are measured
indirectly from gamma-ray photons emitted by
daughter products in their decay series. The channels
have been selected in the field and the windows for
uranium, thorium and potassium were seated at each
respective peak for each channel. Uranium is moni-
tored using gamma rays at approximately 1760 keV
from *'*Bi, thorium at 2615 keV photons from ***TI.
Measurements of uranium and thorium are normally
referred to as equivalent uranium and equivalent
thorium, i.e., eU and eTh. The corrected spectral
gamma-ray measurements were estimated from the
apparent surface concentrations of radioelements,
potassium (K, in percent), equivalent uranium (eU,

26-
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Fig. 1. Location map for El-Dahl and Abu Zawal quarries.
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in ppm), and equivalent thorium (eTh, in ppm) in the
investigated area in addition to their total gamma-ray

Table 1. Conversion of radioelement concentration

to specific activity

response (Total Count (TC), in Ur). The measuring

time was set up at 30 s to permit the accumulation of
the gamma-ray emission. The data were directly

stored in the field and dumped daily to the computer
at the office.

1 % k in rock 313 Bg/kg Ok
1 ppm U in rock 12.35 Bg/kg %0 or °Ra
1 ppm Th in rock 4.06 Bg/kg 2Th

Several methods and analytical techniques are
used to identify and characterize mineral deposits
and source rocks for the nuclear raw materials radi-
ometric investigation comprise one of the most
important techniques used for analysis of uranium
and thorium in the ores and rock samples [1, 2, 3].

Qualitative interpretation of the data

The recorded ground radioactivity levels were
found to vary widely from one place to another and
to some extent within the same place. Naturally, the

Theoretical gamma ray exposure rate and gamma
ray dose rate 1m above a plane and infinite homoge-
neous soil medium per unit radioelement concentra-
tion assuming radioactive equilibrium in the U and
Th decay series [4, 5], are represented in Table 2.

Table 2. Exposure rate, dose rate and equivalent

dose rate for K, U and Th per unit radioelement

concentration assuming radioactive equilibrium
in the U and Th decay series [4, 5]

boundaries between these levels are not sharp, but
merge into one another to various degrees. In some
cases the ground radiometric gradients representing

boundaries are steep and sharp enough to help deli-

neate the zones and different rock types of heavy
mineral concentrations which may hosting radioele-

ments. The qualitative interpretation of the ground
spectrometric survey data depends mainly upon the

Radioelement | Exposure | Dose rates, Equivalent
. dose rate,
concentration | rate, uR/h nGy/h
mSv/y
1 % k in rock 1.505 13.078 0.080
! ppm U 0.653 5.675 0.035
in rock
! ppm Th 0.287 2.494 0.015
in rock

excellent correlation between the general pattern of
the recorded measurements and the surface distribu-
tion of the various heavy mineral deposits. This has
been achieved from the previous experience gained
in the field of application of ground spectrometric
survey data could be an aid in the interpretation of
the surface geology.

Quantitative interpretation of the data

Detailed gamma-ray spectrometric survey was
conducted on a grid pattern survey of 20 x 20 m
spacing stations. The concentrations of natural ra-
dioelements, potassium, uranium, and thorium in the
investigated areas were used for calculating the spe-
cific activity, exposure rate and equivalent dose rate.
The conversion factor recommended in [4] is given
in Table 1 assuming radioactive equilibrium.

Results and discussion for ground spectrometer

Wadi El-Dahl measurements

Specific activity concentration

The calculated specific activity for the K, U and
Th measurements of the present study is given in
Table 3 where the lowest value of K specific activity
is 970 Bg/kg while the highest value is 1299 Bq/kg,
referring to the high content of potassium which can
be neglected because its low effective energy. On
the other hand, the average value of U specific activ-
ity is 54.5 Bg/kg while the average value of Th spe-
cific activity is 44.5 Bg/kg. The U and Th specific
activities calculations lie close to the permissible
limits.

Table 3. The calculated specific activities for the K, U and Th measurements (Bq/kg)
of Wadi El-Dahl, Eastern Desert, Egypt

Location Concentration | Concentration Concentration K specific U specific Th specific
number of K, % of eU, ppm of eTh, ppm activity activity activity

1 4.15 4.55 10.95 1299 56.19 44.45

2 3.7 4.55 12 1158 56.19 48.72

3 3.5 4 11.5 970 49.4 46.69

4 3.35 4.3 10.75 1048 53.10 40.8

5 3.7 4.3 11.45 1158 51.25 46.48

6 3.5 4.9 12.7 1126 60.51 5.56

7 3.45 4.45 12 1079 54.95 48.72

8 3.8 4.5 13.3 1189 55.57 35.99
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Continuation of Table 3

Location Concentration | Concentration Concentration K specific U specific Th specific

number of K, % of eU, ppm of eTh, ppm activity activity activity
9 3.95 4.1 12.1 1236 50.63 49.12
10 3.3 4.75 11.65 1032 58.66 50.75
11 3.65 43 13.25 1142 53.10 53.79

Average 3.64 4.42 11.97 1021 54.50 44.5

It is noticed that the permissible limits of specific

activity per unit mass for all building materials
studied are in the limit of world values (500; 50 and
50 Bg/kg) for Cy, Cg, and Cry, respectively [6].
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The comparison between the calculated specific
activities of Wadi El-Dahl raw materials for U, Th
and K with the international permissible limits and

Fig. 2. Comparison between U, Th, K specific activities (Bq/kg) for Wadi El-Dahl Quarry, Eastern Desert Egypt
and the International permissible limits.

195




T.IBRAHIM, Kh. ALI, A. SROOR ET AL.

Effective dose rate

Effective dose is a sum of multiples of equivalent
doses affect in the human organs concerning weigh-
ting factors. Effective dose is expressed in mSv and
usually reported annually (per year: y = 8760 h). For
environmental gamma radiation the estimate is

E=D,-t-0.7-10°,

where E is the effective dose (mSv/y); D', is the
dose rate in air (nGy/h); t is the exposure time (h)
and 0.7 - 10 is the conversion coefficient (Sv/nGy)
for human organs [7, 8].

D, = Exposure rate - 8.69 (nGy/h),

_ Doserate (nGy/h)-8760-0.7
1000000

E

for each element and the sum of all elements.

The calculated exposure rate, dose rate and effec-
tive dose for the K, U and Th measurements of the
present study are given in Table 4 and Fig. 3. Al-
though the increase of the specific activity for K but

i

1.2

1
0.8
0.6
0.4
0.2

0

the calculated value of effective dose rate in the
present study is lower than the permissible limit
"1.0 mSv/y" that recommended by the International
Commission Radiological Protection [9] as the ma-
ximum annual dose to the public members.

Table 4. Exposure rate, dose rate and calculated effec-
tive dose for the K, U and Th measurements
of Wadi El-Dahl Quarry, Eastern Desert, Egypt

Location Exposure Dose rate, Calqulated
number rate, uR/h nGy/h effective dose,
mSv/y

1 11.95 103.91 0.63

2 12.63 109.79 0.66

3 11.54 100.32 0.61

4 11.25 97.85 0.59

5 11.57 100.6 0.60

6 12.63 109.8 0.66

7 11.78 102.44 0.62

8 12.52 108.87 0.66

9 12.34 107.28 0.65

10 12.21 106.14 0.64

11 12.46 110.97 0.65
Averages 12.08 105.27 0.63

121111101 91 81 71 61 51 41 31 21 11 1

o Calculated effective dose

-~ permissible dose rate limit

Fig. 3. Comparison between calculated effective dose rate for the data from Wadi El-Dahl, Eastern Desert, Egypt
and the International permissible limits: x-axis — location of samples; y-axis — specific activities.

Wadi Abu Zawal measurements

Specific activity concentration

The calculated specific activities for the K, U and
Th measurements of the present study are given in
Table 5. The average value of K specific activity is
2541.56, it is too high referring to the high content
of potassium. The average value of U specific activi-
ty is 167.03 Bg/kg while the average value of Th
specific activity is 79.779 Bg/kg. The specific activi-
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ties of the radioelements are higher than the permis-
sible limit for each (500, 50, 50 Bg/kg respectively).

The comparison between the specific activities
and the international permissible limits for U, Th
and K respectively are shown in Fig. 4. This com-
parison ascertains the highest limits of the activities
which may represent environmental hazards for
using this locality to produce the geological raw ma-
terials for industry.
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Fig. 4. Comparison between U, Th, K specific activities (Bq/kg) and the International permissible limits:

x-axis — location of samples; y-axis — specific activities.

Table 5. The calculated specific activities (Bq/kg) for the K, U and Th measurements

from Abu Zawal quarry Eastern Desert, Egypt

Number | Total | Concentration | Concentration | Concentration | K specific U specific Th specific
of profile | count of K, % of eU, ppm of eTh, ppm activity activity activity

1 54.5 5.5 17.4 25.2 1721 214.89 102.31

2 86.5 5.1 273 93 1596 337.15 377.58

3 37 12.7 18.1 30 3975 223.53 121.8

4 34.5 13 14.1 29 4069 174.13 117.74

5 75.8 13.9 12.8 14 4350 158.08 56.84

6 75.4 11.1 16.8 10.1 3474 207.48 41.01
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Continuation of Table 5

Number | Total | Concentration | Concentration | Concentration K specific U specific Th specific

of profile | count of K, % of eU, ppm of eTh, ppm activity activity activity
7 76.2 52 28.4 31.6 1627 350.74 128.29
8 83 5.3 323 42.3 1658 398.90 171.73
9 92 5.5 34.5 46.5 1721 426.07 188.79
10 69 13.5 6.7 13.9 4225 82.74 56.43
11 65.3 10.9 8.3 21 3411 102.50 85.26
12 77.9 8.5 17.4 34.6 2660 214.89 140.47
13 63.1 7.2 6.8 40.7 2253 83.98 165.24
14 72 13.4 6.1 8.5 4194 75.33 34.51
15 74 13.9 3.2 8.6 4350 39.52 3491
16 71.8 15.4 5.9 3.8 4820 72.86 15.42
17 59.5 24 16.4 11.5 751 202.54 46.69
18 26 1.7 8.7 114 532 107.44 46.28
19 23 1.9 9 12 594 111.15 48.72
20 29 2.2 10 13 688 123.5 52.78
21 33 2.9 8 5 907 98.8 20.3
22 22 1.8 5.5 563 86.45 22.33

Averages 2541 167.03 79.77

Effective dose rate

The calculated exposure rate, dose rate and effec-
tive dose for the K, U and Th measurements of the
present study are given in Table 6.

The average calculated value of the effective
dose rate in the present study (1.48 mSv/y) is higher

than the permissible limit "1.0 mSv/y" that recom-
mended by the International Commission Radiologi-
cal Protection [9] as the maximum annual dose to
the public members.

The comparison between the calculated effective
dose rate and the International permissible limit is
shown in Fig. 5.

Table 6. Exposure rate, dose rate and effective dose for the K, U and Th measurements

Number of profile Exposure rate, uR/h Dose rate, nGy/h Calculated effective dose, mSv/y
1 26.87 233.52 1.43
2 52.19 453.56 2.76
3 39.54 343.63 2.10
4 37.10 322.36 1.97
5 33.30 289.34 1.77
6 30.57 265.69 1.63
7 35.44 307.98 1.88
8 41.21 358.10 2.19
9 44.15 383.68 2.35
10 28.68 249.25 1.52
11 27.85 242.03 1.48
12 34.08 296.20 1.81
13 26.96 234.26 1.42
14 26.59 231.07 1.41
15 25.48 221.40 1.35
16 28.12 244.37 1.50
17 17.62 153.13 0.94
18 11.51 100.03 0.61
19 12.18 105.85 0.65

20 13.57 117.94 0.72
21 11.02 95.79 0.59
22 8.86 76.98 0.47
Averages 27.86 242.10 1.48
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Fig. 5. The comparison between the calculated effective do

se rate (mSv/y) and the International permissible limits:

x-axis — location of samples; y-axis — effective dose rate.

Geochemical investigation

Generally, the stream sediment feldspar of Wadi
El-Dahl and Abu Zawal rock feldspar considered as
granitic rocks. The granitic rocks usually contain
radioactive minerals of uranium or thorium and/or
radioelement hosting minerals such as zircon, mona-
zite niobium, yttrium and others as accessories [10].
In order to identify the source of the radioactivity in
Wadi El-Dahl and Abu Zawal, some samples were
collected to apply the geochemical analysis.

A total of 19 samples were completely described
regarding their general chemical features. 12 stream
sediment samples were collected from Wadi El-Dahl
and 7 samples were collected from Abu Zawal quarry
and prepared to achieve the accessory mineral para-
genesis. The accessory minerals will measure by the
x-ray fluorescence (XRF) technique at the x-ray la-
boratory Nuclear Materials Authority, Cairo Egypt.

Description of the System

XRF technology provides one of the simplest,
most accurate and most economic analytical me-
thods for the determination of the chemical composi-
tion of many types of materials. It is non-destructive
and reliable, requires no, or very little, sample prepa-
ration and is suitable for solid, liquid and powdered
samples [11].

In this study, the XRF technique was used to de-
termine the trace element contents using PHILIPS
X’Unique-II spectrometer with automatic sample
changer PW 1510, (30 positions). This instrument is
connected to a computer system using X-40 program
for spectrometry.

The trace elements concentrations are calculated
from the program’s calibration curves which were

set up according to international reference materials,
(standards), as NIM-G, G-2, GSP-1, AGV-1, JB-1
and NIM-D.

The trace elements were measured by calibrating
the system under the conditions of Rh-target tube,
LiF-420 crystal, gas flow proportional counter,
(GFPC), coarse collimators, vacuum, 30 kV and
40 mA for the determination of V, Cr, Co, Ni, Cu,
Zn and Ga, 70 kV and 15 mA, for Rb, Sr, Y, Zr and
Nb and 100 kV and 10 mA for the determination of
Ba and Pb. The detection limit is the lowest concen-
tration, and it is function of the level of background
noise relative to an element signal [12]. The detec-
tion limit for the elements measured by XRF tech-
nique is estimated at 2 ppm for Rb, Nb, Ga, Co, Y
and Sr and at 8 ppm for Pb and Cu and 5 ppm for
other measured trace elements.

Sample preparation for x-ray fluorescence

A total of 19 samples were completely described
regarding their general These samples were col-
lected from Wadi El-Dahl as stream sediment (12
samples) and Wadi Abu Zawal (7 rock samples) in
Eastern Desert of Egypt.

For trace elements analysis, pressed powder pel-
lets were prepared by filling an alumina cup, (diame-
ter 4 cm, height 1.2 cm and weight 3 gm), with 9 gm
of crystalline boric acid covered by 1 gm of the
grounded sample, (-200 mesh grain size), and then
pressed under 12 t using semi-automatic hydraulic
press model HERZOG HTP-40.

To avoid trace elements contaminations the pow-
dered samples were subjected to complete chemical
analysis in the laboratories of Nuclear Materials Au-
thority using the wet chemical analyses for the major
oxides and XRD to analyze the trace elements.
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Analysis with the aim of knowing more chemical
characters about these rocks samples, and conse-
quently determines the environmental and health
impact due to their using as building materials.

Results and discussion for x-ray fluorescence:
i. Wadi El-Dahl

The trace elements of Wadi El-Dahl steam sedi-
ment samples are presented in Table 7.

Table 7. The concentration of the trace elements (ppm) for the selected samples
from Wadi El-Dahl steam sediment and Gabal Abu Zawal rock samples

Sﬁ:ﬁgg Cr | Co | Ni | Cul| Zn | Zr Rb | Y | Ba | Pb | St | Ga | V | Nb
1 10 | 3 6 |12 |57 |715 |169 |33 |290 |6 67 |13 |2 |12
2 19 | 3 8 |12 |59 |737 |216 |47 |110 |11 |27 |19 [4 |39
3 19 | 3 4 |11 |54 [417 [159 |39 [225 |6 |45 |23 |2 |18
4 17 | 3 6 |12 |54 |594 [253 |63 |86 16 |41 [19 |3 |63
5 14 | 3 6 |11 |47 |688 [279 |64 |104 |14 |46 |20 |2 |50
6 17 | 3 7 [11 |58 |546 246 |63 | 108 |13 |68 |18 |4 |46
7 12 | 3 7 [11 |47 [887 [248 [50 |107 |15 |68 |14 |2 |52
8 17 | 3 6 |12 |47 |475 181 |38 |225 |14 |75 |14 |2 |12
9 16 | 3 6 |11 |44 | 639 [267 |39 |92 12 |48 [17 |2 |54
10 16 | 3 6 |11 |44 |638 |261 |51 |9 14 |41 |19 |2 |41
11 15 | 3 6 |12 |57 [543 [178 |36 |293 |6 78 |14 |3 |14
12 18 | 3 7 [12 |49 |442 [169 |35 |297 |10 |64 |15 |2 |5

It clears that, samples from (1 to 12) have high
concentration of zirconium and niobium which
means a presence of uranium and thorium in this
samples. Also strontium concentration varying be-
tween (27 - 78) ppm. Strontium has a great impor-
tance, where *’Sr is a radioactive isotope with a half
- life of 28.78 years. However the contribution of
feldspar as raw material to the total specific radioac-
tivity of building materials becomes relatively small
because feldspar usually are used in relatively small

portion in raw material of glass industry and ceramic
industry. Therefore the use of feldspar from Wadi
El-Dahl area as building material is safely for human
life. From Table 7 all samples contain a high con-
centration of barium and rubidium.

ii. Wadi Abu Zawal

The trace elements of Wadi Abu Zawal rock
samples are presented in Table 8.

Table 8. The concentration of the trace elements (ppm) for the selected samples
from Wadi Abu Zawal rock samples

Sample | o\ oo | Ni | cu | zn | z Rb | Y | Ba | Pb | St | Ga | V | Nb
number
13 30 3 8 12 31 25 176 34 237 11 86 14 3 u.d.
14 15 3 7 10 51 1072 287 56 126 70 24 26 21 297
15 14 2 5 11 14 u.d. 630 90 48 34 25 31 u.d. 3
16 12 2 6 11 13 u.d. 496 65 55 26 26 27 ud. | ud
17 13 2 5 11 43 u.d. 629 84 57 21 21 25 u.d. 2
18 13 2 6 11 13 u.d. 549 77 132 29 29 24 ud. | ud
19 12 2 5 12 14 u.d. 535 74 134 31 31 21 ud. | ud
u.d. — under detection limit which is 2 ppm.
From the Table 8 it is clear that all samples con- Barium

tain a high concentration of barium and rubidium,
which can separate using different methods in order
to use in different important industry.
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Barium sulfate is important to the petroleum in-
dustry, barium oxide is used in a coating for the
electrodes of fluorescent lamps, barium carbonate is
also used in glassmaking and barium fluoride is used




GAMMA ACTIVITY AS A GUIDE FOR THE BUILDING RAW MATERIALS SELECTION

for optics in infrared applications. Barium, common-
ly as barium nitrate, is used to give green colors in
fireworks [13].

Rubidium

Rubidium has been considered for use in a ther-
moelectric generator. Other uses of rubidium include
a working fluid in vapor turbines, a getter in photo-
cell component. Rubidium is also used as an ingre-
dient in special types of glass, in the study of potas-
sium ion channels in biology. And as the vapor to
make atomic magnetometers [14].

Conclusion

The ground spectrometric survey was carried out
on the stream sediment of Wadi El-Dahl and Abu
Zawal rock quarries as building materials to obtain
the surface distribution of radioelements, K, U, Th
and total radioactivity. The measured data were
treated on the base of the specific activity for each

radioelement to calculate the yielded terrestrial le-
vels of radiation. The results clarify that the levels of
the effective dose rate for the raw materials of Wadi
El-Dahl (0.62 mSv/y) is lower than the permissible
world limit of effective dose 1.0 mSv/y" that re-
commended by the International Commission on
Radiological Protection (ICRP). Therefore, the use
of the stream sediment feldspar from Wadi El-Dahl
area as building materials is safely for human life.
On the other hand, the calculated effective dose for
the raw materials from Wadi Abu Zawal
(1.48 mSv/y) is higher than the permissible limit,
which may represent an environmental risk to use
these materials in building industry. The geochemi-
cal analysis proved that the zirconium and niobium
hosting minerals have an indication for the presence
of uranium and thorium. It is clear that all the sam-
ples contain high concentration of barium and rubi-
dium which can separate using different methods in
order to use in different important industries.
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T. Iopaxim, X. Aji, A. Cpyp, H. Bequi Eab-/lin, A. Eab-Illepma6i, 3. Eab-Tae6

BUMIPIOBAHHSA TT'AMMA-AKTUBHOCTI SIK IHCTPYMEHT
BIJBOPY CUPOBUHU JJIAA BYJAIBHUIITBA
TA JJIA KOHTPOJIIO 3A HABKOJIMIIHIM CEPEJOBHUIIEM

CriekTpoMeTpHYHI BUMIipIOBaHHS MOXKYTh HaJaTH iH(QOpPMAIIIO 010 PaaiOaKTUBHOCTI Ta KOHIIEHTpAIll pamioerne-
MeHTiB. [ligBUIIEHHS aKTHBHOCTI 30BHIIIHBOIO (GOHY MOxe OyTh 3adikcoBaHe H0Ope BiAKaNiOpPOBAHUMH TramMma-
cuekTpomerpamu. IIpoBeneHo mopiBHSHHS MK Kap’epamu Bami-ems-/lams i AGy 3aBani, 1m0 BHKOPHCTOBYIOTBCS IS
noOyBaHHS OyIiBelTbHOI CHPOBMHH (IIOJBOBOTO IIIATy). YCTAHOBIEHO, IO AKTUBHICTh KOHIIGHTpAIlil B IMOKJIagax
kap’epa Bani-enp-Jlans craHoBuTh 54,5 1 44,5 BK/KT 11g ypaHy Ta TOpPiro BiANOBIAHO. Y TOH 4Yac SK aKTUBHICTH KOH-

201



T.IBRAHIM, Kh. ALI, A. SROOR ET AL.

LEHTpaLil B MOKJIaaX KaMeHonoMHI AOy 3aBai craHoBuTh 167,03 1 79,77 Br/kr [uis ypaHy Ta Topito BixnosigHo. s
aKTHBHICTb y TIOK/Iaaax crBopioe edextrBHi n03u 0,63 M3B/pik y kap’epi Bagi-enp-/lans ta 1,48 M3B/pik y kameHOII0-
MHI AOy 3aBan. TakuM YMHOM, CIIEKTPOMETPUYHI BUMIPIOBAHHSI € BIIMIHHHUM 1HCTPYMEHTOM JUISi MOHITOPUHTY HaBKO-
JIMIIHBOTO CEPeIOBHIIA JUIsl 3aXUCTy BiJ| pajialliiHOro pu3uKy. Y LIbOMY acleKTi NOKiIaau B Kap’epi Bani-enn-/lanb
BBA)XAIOTHCsl OUTBII MPUAATHUMH JUIS TOOYBaHHS IOJbOBOTO IIMNATY SIK CUPOBUHM Ut OyziBedbHOT iHaycTpil. st mo-
piBHsIHHS, KaMeHOJIOMHSI AOy 3aBain Mae BHINY €(EKTHUBHY ITOTY)KHICTh JO3U Ta NEPEBHIIYE MIXHAPOIHI JOITYyCTHMI
HOPMH, IO CTaHOBJIATH 1 M3B/pik. MeTomoM peHTreHiBchkoi (uryopecueHii Oyno onmcano 19 3paskiB mosboBOro
LIMAaTy BiAMOBIJHO A0 IXHIX 3araJbHUX XIMIYHUX XapaKTEPUCTHUK. I3 10CiiDkeHb BUIHO, IO BCI 3pa3KH MAlOTh BHCOKY
KOHIICHTpaLio 0apito i pyOiiro, 0 MOXKYTh OYTH BUKOPHCTaHI OKPEMO B Pi3HUX BaKIMBUX Tally3sX IPOMHCIOBOCTI.
Kniouosi croea: HazeMHi CIIEKTPOMETPHYHI TOCIIKEHHS, pEHTTEHIBChKA (PITyOpECIICHIIIs, TIOTbOBHH IIITIAT.

T. Uopaxum, X. Aan, A. Cpyp, H. Bernu Jub-/Iun, A. Dap-lllepmadu, 3. dan-Taed

N3MEPEHUE I'AMMA-AKTUBHOCTH KAK MHCTPYMEHT
OTBOPA CBbIPBA JJIsI CTPOUTEJIBCTBA
U JIJI1 KOHTPOJISI 3A OKPYXAIOIIEW CPEJIOM

CreKTpoMEeTpUIEeCKHe W3MEPEHHUSI MOTYT MPEIOCTABUTh MH()OPMAIUIO O PaIMOAKTUBHOCTH M KOHICHTpAIUU pa-
J037IeMeHTOB. [IoBbIIIEHHE aKTUBHOCTH BHEUIHETO (DOHA MOXKET ObITh 3aQUKCUPOBAHO XOPOIIO OTKATHOPOBAHHBIMU
ramMmma-criekrpomerpamu. [IpoBeeHo cpaBHeHHE MEXIy Kapbepamu Baau-amb-Jlans u AOy 3aBai, HCMONB3yEeMbIX LIS
JOOBIYU CTPOUTEIBHOTO ChIPhsI (IIOJIEBOTO 1IMaTa). Y CTAaHOBIIEHO, YTO aKTHBHOCTh KOHICHTPAIMU B 3aJie)kax Kapbepa
Bamu-amp-Jlans cocraBiser 54,5 u 44,5 Br/Kr a7 ypaHa U TOpUS COOTBETCTBEHHO. B TO BpeMs kKak aKTHBHOCTH KOH-
LIEHTPAIMHK B 3aJie)kax kKameHojoMuu AOy 3aBai cocrasisieT 167,03 u 79,77 Br/kr aist ypaHa u TOPHsi COOTBETCTBEHHO.
OTa aKTUBHOCTH B 3ajiexkax co3zuaeT d¢dexruBHbie 10361 0,63 M3B/roj B Kapbepe Banu-ame-/lans u 1,48 m3B/rox B Ka-
MmeHosioMHe AOy 3aBan. Takum o0pa3oM, CIIEKTPOMETPUUECKHE M3MEPEHUs SIBJISIOTCS OTIMYHBIM MHCTPYMEHTOM ISt
MOHHUTOPHHIA OKPYKAIOIICH CPEeMIbl JJIs 3alUThl OT PAJHAIMOHHOTO PUCKa. B 3TOM acmekTe 3aiexu B Kapbepe Bamu-
anb-Jlank cuuTaroTcs 0ollee MOIXOAAIIMMH JUTS JTOOBIYN MOJICBOTO IITIaTa B KAYECTBE CHIPhS JJI CTPOUTEIHHON UHITY-
ctpuu. [y cpaBHEHHS, KaMCHOJIOMHS A0y 3aBai umeer 6oJiee BBICOKYIO 3Q(EKTHBHYIO MOIITHOCTH JI03bI U IPEBHIIIACT
MEXIyHapOJHBIC IOMYCTUMEBIC HOPMBI, cocTaBisromue 1 M3p/ron. MeTogoM pPeHTTEHOBCKOW (PIIyOpeCHEHINH OBLIO
orucano 19 o6pasioB MOJIEBOro MINaTa B COOTBETCTBUHU C MX OOIIMMH XMMHUYECKUMU XapakTepucTukamu. M3 uccnemo-
BaHM BHJHO, YTO BCEe 00pa3ilbl UMEIOT BBICOKYIO KOHIICHTPALUIO Oapust U pyOuans, KOTOPbIE MOTYT OBITh HCIOJB30-
BaHbI OT/IEJILHO B PA3HBIX BAYKHBIX OTPACIISAX MPOMBIILICHHOCTH.

Kniouegvie cnoea: Ha3eMHbIE CIIEKTPOMETPUUECKUE UCCIICOBAHHSI, PEHTIEHOBCKAsl ()JIyOpECIeHIHs, TOJIEBOIl LIMaT.
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