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The use of 7Be as a natural tracer for estimating soil erosion has been demonstrated 

as a promising tool. Erosion assessment was carried out using 7Be technique at an 

arid area of Egypt, located 35 km from Cairo upon a rain event of 54mm. The 

technique estimates soil erosion and deposition due to rainfall event by comparing 
7Be activity concentration at a reference site and eroded or depositional sites. Soil 

samples were collected from three fields with different land uses, uncultivated, 

prickly pear field (Opuntia) and olives field (Olea europaea). The 7Be in the reference 

site was observed in the upper 14 mm of soil surface, the reference 7Be inventory 

value was 124 ±30 Bq.m-2. 7Be inventories of the uncultivated field was lower than 

the reference inventory and ranged from 59.9 to 122.5 ±30 Bq.m-2. The 7Be 

inventories in prickly pear field ranged from 89.5 to 296.6 ±30 Bq.m-2 showing 

erosion at upslope and deposition downslope in each field, a similar behavior was 

observed at olives field where 7Be inventories ranged from 73.9 to 263.6 ±30 Bq.m-2. 

Net soil erosion rats of 37, 4.1 and 17.9 (t. ha-1) were estimated for uncultivated soil, 

Prickly pear and olives, respectively. Combining these results with visual 

observations at the three fields reveals that the main driving force of the soil erosion 

and deposition processes by rain water was the hillslope topography. From the 

assumptions of applied technique, we can conclude that it gives robust evaluation of 

soil erosion due to rainfall.   

Keywords: 
 

Soil erosion, 

Beryllium-7,  

Fallout radionuclide,  

Gamma spectrometry. 

 

 

 

 INTRODUCTION 

Soil erosion by water is an important environmental 

problem in today's world. More than 75% of the surface 

land area affected by erosion is located in developing 

countries in  Africa, Asia and Latin America, with about 

50% in Asia [1], and about 12% of the land area in the 

European Union is threatened by water erosion [2]. The 

annual cost of soil loss is estimated to be US $400 

billion per year [3, 4]. 

Successful applications of environmental 

radionuclides such as 137Cs, 210Pb and 7Be for evaluating 

soil erosion and deposition have been confirmed 

worldwide [1, 5–9]. 

In the Mediterranean region and particularly in arid 

areas, soils are very susceptible to risks of erosion, due 

to the rainfall regime (sometimes an intensive rainfall) 

which can cause extensive runoff events amplified by 

hillslope topography [10]. To meet the food demand, due 

to population increase and deterioration in soil 

productivity, it becomes essential  to cultivate land 

inappropriate for agriculture [11]. Soil erosion by wind 

is more common in the Egyptian deserts. However heavy 

and intensive rain events can happen due to the climate 

change extreme events causing soil erosion by water 

leading to removing the top fertile soil layer and causing 

land degradation.    

High-cost investments are required to combat soil 

erosion; hence it should be oriented to critical areas and 

time period during the most vulnerable season, therefore, 

comprehensive knowledge of spatial and temporal 
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variability of erosion processes is essentially needed. 

Gaining reliable information is, however, challenging.  

Conventional methods for measuring soil erosion are                  

labor-intensive and time-consuming, and data need to 

cover several decades to get a good representation of 

mean erosion rates. Furthermore, most conventional 

methods (except for geodetic method) do not provide 

information on the spatial distribution of erosion. [12] 

Isotope tracers can help meet these deficiencies as 

some radionuclides and stable isotopes occurring in the 

environment can serve as environmental tracers and 

hence facilitate the investigation of these landscape 

processes. 

Beryllium-7 (7Be) is formed in the atmosphere and it 

is  a cosmogenic radionuclide resulting from the cosmic 

ray spallation with nitrogen and oxygen atoms [13–16]. 

About three quarters of 7Be is formed in the 

stratosphere and the remaining quarter in the upper 

troposphere [17]. The 7Be fallout took place with 

precipitation and removing it from the air, and its 

deposition was found high during the summer and low 

during the winter due to the activity distributions of 7Be 

and 210Pb and the climate conditions [18]. Beryllium-7 is 

transported to ecosystems primarily as Be2+ with rainfall. 

As Be2+ ions interact with soils and vegetation, they are 

rapidly trapped by cation exchange surfaces [19]. In 

environmental samples, the 7Be is easily deduced by 

gamma spectrometry using its photopeak at 477.6 keV. 

   The distribution of 7Be concentration over a certain 

area is fundamentally uniform at a given time [20]. The 

main advantages of 7Be for surveying environmental 

processes are its continuous production rate, short half-

life and it can be detected easily by gamma 

spectrometry. It is highly adsorbed to fine particles [21], 

which are expected to be subjected to mobilization in 

hillslope systems. 

The 7Be technique was successfully applied for 

estimating soil redistribution processes associated with 

individual events of heavy rain at scales ranging from 

plot size up to field scale [6, 17, 22–29].Kaste et al. [30] 

demonstrated that most of the 7Be erosion assessment 

were carried out in wet conditions having moderate or a 

well-balanced supply of moisture, and there is                  

a deficiency of published work in arid environments 

where there are potential challenges in terms of Be-7 

sorption behavior under infiltration excess overland flow 

conditions [21, 22].  

In general, soil erosion and/or deposition rates are 

assessed using fallout radionuclides through comparing 

the inventories of the areas subjected to erosion or 

deposition with a reference plot. 

   In the present research, 7Be was used for the first time 

in Egypt to assess the potential for Be-7 to estimate     

soil erosion caused by intensive rain event over                

a range of contrasting land use practices. We        

evaluated soil erosion in an area located in an arid zone 

where uncultivated and cultivated areas were 

investigated.  

MATERIALS AND METHODS 

Site Description and Field Conditions  

The study area is located at the experimental farm of 

the Nuclear Research Center, Atomic Energy Authority, 

Egypt. The site is situated at 30°17' 52" N, 31° 24' 34 " E 

respectively, while the altitude is 20 m above the sea 

level. The soil texture of study area is classified as          

a sandy soil (Table 1) and it was divided into three  

successive fields along the direction of the slope, the first 

field is uncultivated and its slope is approximately 2.7 % 

while the second and third fields are cultivated with 

prickly pears and olives respectively and its slopes 

approximately are 2.3 and 2.6 respectively as indicated 

in Figure (1). The prickly pears farm was cultivated in 

2015 and the olives farm was established in 2000. Both 

farms are irrigated by the drip irrigation system. The 

study area located in an arid climate zone according to 

Knöppen classification. 

The annual average rainfall in the study area based on 

historical data is about 27 mm per year. On 11th and 12th 

March 2020, the area was subjected to a relatively 

intensive rain event, about 54 mm was recorded by 

meteorological station located in the study area with        

a maximum intensity of 50 mm.hr-1. Composite soil 

samples were collected from the study area on March, 

24th,2020,  

The precipitation is the main source of 7Be, therefore 

it is essential to continuously monitor the rainfall          

data as it is the main driving force of erosion.  Figure (2) 

shows the sum of daily precipitation and daily       

average, maximum and average air temperature. 
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  B)  

Fig. (1): A) Location of the study area, B) schematic representation and map of the study area where sampling 

strategy and slope of each area are illustrated for both the three fields and the reference site 

 

       A)               B) 

Fig. (2): A) Daily precipitation amount showing that intensive rainfall took place on March 11th and 12th 2020, B) daily 

average, minimum and maximum air temperature 

 

A reference site located at a flat and undisturbed area 

and very close to studied fields. The soil samples at the 

reference site were taken from square grid of 25*25m, 

consists of 5 sampling points, 4 samples at the edge of 

the grid and one sample at the center. Samples were 

taken using a stainless-steel cylinder with dimensions of 

40 cm diameter and height of 4 cm for core samples, 

while the depth increment soil samples in the center of 

the reference site were taken at sectioned core each 2 

mm interval. 

A transect strategy was adopted at the study area for 

each field. Each transect comprised 6 soil samples; the 

distance between each two constitutive samples is 60 m. 

A total of 18 composite soil samples was taken.         

Each composite sample comprised three soil cores 

collected in close proximity to capture local spatial 

variability. The texture of the study area was determined 

to be ‘sandy’ based on results from two                   

samples at each location: one upslope and one 

downslope (Table 1). 
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              Table (1): Some soil physical properties of the study area at the upstream and downstream of each field 
 

Sample location 
Depth Particle size distribution % Texture 

class 
Bulk density 

0-20 cm Sand Silt Clay 

Uncultivated Field 
Upslope 96.8 2 1.2 Sand 1.60 

Downslope 94.5 3.8 1.7 Sand 1.55 

prickly pear Field 
Upslope 96 2.4 1.6 Sand 1.50 

Downslope 95.2 2.4 2.4 Sand 1.50 

Olive field 
Upslope 95.2 3.2 1.6 Sand 1.55 

Downslope 90 9 1.0 Sand 1.45 

 

Preparing Soil Samples for Gamma Spectroscopy 

Inspection . 

The soil samples were prepared for Gamma 

spectroscopy measurements according to the IAEA 

guidelines [31]. Each individual sample was air dried     

at 80 °C for 24 hours then it was grinded and sieved       

to ≤2mm. The samples were homogenized and packed 

into cylindrical beakers sized 0.35 L suitable for Gamma 

analysis and the total weight of each sample was 

recorded . 

The 7Be activity concentration of the individual 

samples was measured using Broad energy HPGe 

gamma spectroscopy BE3830 model with cryostat     

CP5-PLUSE-SL and iPA-Sl preamplifier. FWHM:      

450 eV at 5.9 keV, FWHM:750 eV at 122keV, FWHM, 

1900 eV at 1332.5 keV) with a relative efficiency of 

30% and shielded with Lead to minimize background. 

The detector is operated by Genie 2000 software and 

calibrated mathematically using LABSOCS based Monte 

Carlo software. The 7Be activities were determined from 

the net area under full energy peak in the spectrum         

at 477.6 keV with counting time was set to 86400 

seconds. The measured activities were decay corrected to 

the time of the sample collection. 

Conversion of 7Be Inventories to Estimates of Soil 

Redistribution Rates 

Equations 1 and 2 can be used to convert the 7Be 

activity concentration (Bq.kg-1) into the total areal 

activity or inventory (Bq.m-2) [31, 32] : 
 

𝐴𝑠 =
𝐶𝑀𝑡

𝑆
                       𝐸𝑞. 1 

where : 

C = activity of the analyzed sub-sample of the core 

sample (Bq.kg-1); 

Mt = total mass of the whole core (kg); 

S = area of the horizontal core cross section (m2). 

For the depth increment samples, the areal activity of 
7Be is expressed as: 

𝐴𝑠 =
1

𝑆
∑ 𝑀𝑇𝑖𝐶𝑖

𝑖

           𝐸𝑞. 2 

where : 

Ci = activity of the ith sub-sample depth increment 

(Bq.kg-1); 

MTi= total mass of the ith sample depth increment (kg) ; 

S = area of the horizontal core cross (m2) . 
 

At the reference site, where the soil is undisturbed, 

it’s supposed that the zBe concentration C(x) [Bq.kg-1] 

has an exponential decline with soil mass depth x 

(positive downward) [kg m-2]. Soil mass depth is used to 

measure the depth in soil and is obtained by multiplying 

soil bulk density and the depth of soil layer. Therefore, 

the activity concentration at a certain depth C(x) can be 

expressed as in equation  (3 :)  
 

𝐶(𝑥) = 𝐶(0)𝑒
(

−𝑥
ℎ0

)
                   𝐸𝑞. 3 

 

where C(0) is the activity concentration on the soil 

surface. The parameter h0 is the relaxation mass depth, 

which 63.2% of the 7Be inventory can be found and is 

used to calculate the 7Be penetration into soil and it 

relates 7Be activity (Bq.kg-1) with cumulative mass depth 

(Kg.m-2). The exponential behavior of 7Be concentration 

in undisturbed soils has been confirmed by many field 

experiments [8,9,27] 

To estimate erosion or deposition in kg m-2, we     

used the conversion model proposed by other   
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researchers  [7, 22] to quantify the differences in 7Be 

inventory between the reference sites and study sites . 

Considering the distribution defined by Eq. (3), 

Changes in the sample site inventories can be 

represented as : 

𝐴(ℎ) = ∫ 𝐶(𝑥)𝑑𝑥 =
∞

ℎ

𝐴𝑟𝑒𝑓𝑒
(

−ℎ
ℎ0

)
              𝐸𝑞. 4 

Erosion rates (kg.m-2) can be estimated by comparing 

the 7Be inventories at the sample site, A (kg.m-2), to the 

reference inventory, Aref (kg.m-2). Where a mass of soil 

has been lost (h) (kg.m-2, negative). 

ℎ = ℎ0 ln (
𝐴

𝐴𝑟𝑒𝑓
)      𝐸𝑞. 5 

Deposition of material is reflected in an excess of 7Be 

inventory at the sample site with respect to the reference 

site. The depth of deposition, (h′) (kg.m-2, positive) can 

be calculated as : 

ℎ′ = 𝐴 − 𝐴𝑟𝑒𝑓/𝐶𝑑       𝐸𝑞. 6 

Where Cd (Bq.kg-1) is the mean activity concentration 

of 7Be in the deposited sediment . 

RESULTS AND DISCUSSIONS 

Reference Site 

The results showed that reference site inventory was 

124 ±30 (Bq.m-2), and the relaxation mass depth was 

estimated at 9.8 kg m-2 (equation 4). Considering the 

vertical distribution of 7Be within soil profile, the 

measured distribution shows that the 7Be is found in the 

upper layer reaching 14 mm of the soil profile (see figure 

3B). This superficial distribution of 7Be in soils has been 

found for other areas in arid regions [33, 34] and several 

regions worldwide [27, 35]. Furthermore, it is observed 

that 7Be activity shows an exponential decrease with 

increasing mass depth, and typically distribution of 7Be 

in undisturbed soil (reference sites) 

Soil Redistribution in the Studied Fields 

The uncultivated field transect comprised composite 

samples, U1 to U6. The prickly pear field comprised 6 

composite samples, P1 to P6, while the olive field 

samples were O1 to O6. 

The measured 7Be areal activity of each core (A(x)) 

along each transect is shown in Table (2). The 7Be 

inventories of the uncultivated field were lower than the 

reference inventory and it ranged from 59.9 to 122.5 ±30 

Bq.m-2 showing a 100% of water erosion process. For 

cultivated field by prickly pear, the 7Be inventories 

ranged from 89.5 to 296.6 ±30 Bq.m-2 showing erosion 

at both upstream and deposition process downstream.   A 

similar behavior was observed at the cultivated field by 

olives where 7Be inventories ranged from 73.9 to 263.6 

±30 Bq.m-2. The measured areal activity, the reference 

site inventory (Aref) and the relaxation depth (h0) were 

used in the profile distribution model to calculate both 

magnitudes of erosion (h) and deposition (h′). 

Erosion was dominant in the uncultivated field and 

the calculated gross erosion was 37 (t.ha-1) and the net 

erosion was 37 (t.ha-1) showing 100% of sediment 

delivery ratio due the intensive rain with the absence of 

ground cover. The variation in the 7Be inventory within 

the transect could be linked to the transport of soil 

particles, with observed 7Be, downslope due to the slope 

of the ground. Table (2) summarizes the results of soil 

redistribution processes for the three fields, uncultivated 

field and both cultivated with prickly pear and olives 

field.. 
 

  

Fig. (3): 7Be activity concentration (Bq.kg-1) as a function of A) cumulative mass depth (kg.m-2), B) depth (mm) 
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Table (2): Summary of Soil redistribution processes took place in the studied fields, erosion (h) / Deposition (h′)  
 

Transect 

 No. 

 

  

Sample No. Elevation (m) 

7Be 

 Inventory  
Erosion (h)  Deposition (h′) 

 

In situ Process 

(Bq.m-2) (t. ha-1) (t. ha-1) 

Uncultivated 

Field  

 

 

 

  

U1 56 122.6 1.1 - Erosion 

U2 54 98.5 22.5 - Erosion 

U3 49 59.9 71.2 - Erosion 

U4 47 92.2 29.1 - Erosion 

U5 45 46.8 95.5 - Erosion 

U6 44 121.1 2.3 - Erosion 

Prickly pears 

Field 

 

 

  

P1 41 89.5 31.9 - Erosion 

P2 39 123.6 0.3 - Erosion 

P3 40 90.3 31.0 - Erosion 

P4 35 122.4 1.3 - Erosion 

P5 31 227.3 - 15.01 Deposition 

P6 29 296.6 - 25.07 Deposition 

Olives field 

 

 

 

  

O1 30 78.0 45.5 - Erosion 

O2 28 74.0 50.6 - Erosion 

O3 26 85.2 36.8 - Erosion 

O4 23 126.3 - 0.23 Deposition 

O5 22 236.2 - 11.33 Deposition 

O6 21 263.8 - 14.12 Deposition 

 
Concerning the prickly pear field, erosion         

process was observed in the upslope four sampling 

points P1, P2, P3 and P4, whereas deposition was 

observed at P5 and P6. The calculated gross erosion for 

prickly pears field was 10.8 (t.ha-1) and the net erosion 

was 4.1 (t.ha-1) showing 38% of sediment delivery ratio 

and these values are lower than other fields because the 

common slope in the prickly pears field was 2.3 % 

which is relatively lower than the common slope of the 

other two fields. 

A similar behavior of soil redistribution was observed 

in the olive field where erosion was observed at the three 

upslope sampling points O1, O2 and O3, whereas 

deposition was observed at the downstream for sampling 

points O4, O5 and O6. The calculated gross erosion for 

olives field was 22.2 (t.ha-1) and the net erosion was   

17.9 (t.ha-1) showing 80% of sediment delivery ratio. 

The net erosion in Olives field is relatively higher than in 

Prickly Localization of erosion/deposition corresponding 

to each point is shown in Figure (4). 

The soil redistribution process confirmed also by the 

increased percentage of both silt and clay particles found 

in soil samples taken at the upslope and downslope of 

each field, silt and clay contents were found to be higher 

in the downslope field than at upslope field as shown in 

Table 1. 
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Fig. (4): A) Erosion and deposition for each point (t.ha-1), negative values referrers to erosion and 

positive for deposition and  B) relative elevation (m) across the three transects  

 

The erosion process was globally observed at the 

study area including the three fields with gross erosion 

of 23.3 (t. ha-1) and net erosion of 19.6 (t. ha-1) showing 

84% sediment delivery ratio. 

The sheet erosion is globally ranked into several 

categories, according to mass of soil loss per unit area 

per year, insignificant erosion (< 0.5 m3.ha-1), slight 

(weak) erosion (0.5- 5 t.ha-1), moderate erosion (5-15 

t.ha-1), sever erosion (15-50 t.ha-1), very severe erosion 

(50- 200 t.ha-1) and catastrophic (>200 t.ha-1) [36]. In 

Egypt, Mohamed et al. [37] studied the erosion hazard   

in the northern west coast, and they classified         

erosion risk into five classes, as; Non (< 2 t.ha-1.y-1), low 

(4-10  t.ha-1.y-1), moderate (10-20 t.ha-1.y-1), high (20-30 

t.ha-1.y-1) and very high (> 30 t.ha-1.y-1)  

The 7Be technique estimates the erosion associated 

with a certain rain event, therefore the mass of soil 

eroded or deposited calculated by 7Be technique is 

attributed to the rainfall events that take place before the 

measurements. If the obtained soil erosion values are 

integrated to the year, this heavy rain which happened on 

11th and 12th March 2020 could be taken as the main 

erosion events that cause erosion erosionwith the 

estimated erosion values of 37, 4.1 and 17.9 (t.ha-1) for 

the uncultivated field, prickly pears and olives field, 

respectively. Combining the observed results and visual 
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observations at the three fields, the main driving force of 

soil erosion and deposition processes were the hillslopes 

and microtopography. The 7Be technique would indicate 

that during this period, the soil loss values are in the 

range of low for cultivated field by prickly pears, 

moderate erosion for cultivated field by olives and 

severe erosion for uncultivated field according to the 

above-mentioned classification [37].  

CONCLUSIONS  

The performed study shows that the 7Be technique 

can be used as a robust tool to estimate the soil erosion 

caused by rain, in an arid area due to relatively intensive 

rain event. For this research, three fields were chosen in 

a desertic area, the first field was uncultivated while the 

other two fields were cultivated by prickly pears. 

A sampling campaign was performed for both the 

reference site and the three fields at the study area. 

Reference site measurements confirmed the validity of 

the reference site itself which shows an exponential 

decrease of 7Be concentration with soil depth. In 

addition, the ability to measure the concentration of 7Be 

in soil at different fields could be confirmed with the 

precision required by the technique. 

The main results obtained showed that the 7Be 

inventories of the uncultivated field were lower than the 

reference inventory and it ranged from 59.9 to 122.5 ±30 

Bq.m-2 showing a 100% of water erosion process. For 

the cultivated field by prickly pear the 7Be inventories 

ranged from 89.5 to 296.6 ±30 Bq.m-2 showing erosion 

at both upslope and deposition process downslope.        

A similar behavior was observed at the cultivated field 

by olives where 7Be inventories ranged from 73.9 to 

263.6 ±30 Bq.m-2. By applying the profile distribution 

conversion model, the obtained net erosion for the 

uncultivated field, prickly pears and olives field were 37, 

4.1 and 17.9 (t.ha-1) respectively. The erosion was 

caused by intensive rain event that took place on 11th and 

12th March 2020 prior to the soil sampling. It could also 

be concluded that the prickly pear helps to preserve the 

soil from erosion in the significant rainfall event 

compared to olive cultivation and it could be a useful 

agricultural practice to combat erosion in that area. 

It is not possible to compare the value of the erosion 

obtained with those reported for the region by other 

classical techniques, since these are reported as erosion 

rates per year. However, if the erosion value obtained 

could be extended to express the annual erosion rate, this 

area needs application of soil conservation to prevent 

erosion and to restore soil especially for the uncultivated 

field. 
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