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1. Origin of Turkish Diatomaceous Earth Formulation Detech 

“Detech®” is a mixture of freshwater diatomaceous earth (DE) deposits collected from there 

different DE reserves located in Middle Anatolia of Turkey (Figure 1). “Detech®” is consisted of 

naturally occurring amorphous silica and has white-grey colour (Figure 2).  “Detech” is formulated 

by Entoteam R&D Food Agriculture Co. to use for insect pests control as an insecticide (pest 

control grade). 

 

    

Figure 1. Diatomaceous earth deposits in Turkey 

 

 

Figure 2.  The appearance of diatomaceous earth formulation Detech®. 

Detech 
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2. Total Quantitative Chemical Analysis  

 

Method: Atomic absorption spectroscopy (AAS) device was also used in the analysis of the 

elements following melting and acid removal processes. 

Institution: Quantitative chemical analysis was conducted by Accredited Mineralogy and 

Petrography Laboratory of General Directorate of Mineral, Research and Exploration 

of Turkey (MTA)   

Please see Annex 1 

Detech® is mainly composed of 80.6% (w/w) amorphous silicon dioxide (Table 1). 

Table 1. The detailed chemical compositions of diatomaceous earth formulation Detech® 

DE 

deposite 

Percentage of chemical components (%) 

*SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 

* Loss 

on 

ignition 

Detech® 80.60 4.70 1.50 4.75 0.85 0.40 0.50 <0.01 5.85 
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3. Particle Size Analysis 

Method Used: Laser Light Diffraction Technique 

Institution: Particle size analysis was conducted by Accredited Mineralogy and Petrography 

Laboratory of General Directorate of Mineral, Research and Exploration of Turkey 

(MTA)   

Median particle diameter (d(0.5)) of diatomaceous earth formulation Detech® is 14.061 µm 

(Table 2). 

Please see Annex 2 

Table 2. Particle size distribution of diatomaceous earth formulation Detech® 

DE deposits 
Particle Size** (µm) 

d(0.1) d(0.5) d(0.9) 

Detech 3.228 14.061 60.258 
** The particle diameter value that corresponds to 10%, 50% and 90% of the total particle volume in 

the volumetric cumulative particle size distribution 

 

 

Figure 3. The results of particle size analysis by laser light diffraction technique. 
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4. Scanning Electron Microscopy (SEM) Analysis 

Method: In order to determine diatom frustules, morphological and textural Characteristics of 

diatomaceous earth formulation Detech®, Scanning Electron Microscopy (SEM) 

Analysis was performed. Scanning electron microscopy (SEM) images indicates that 

diatom frustules are centric (round), cylindrical and rod shape. There are intensive diatom 

frustules present in diatomaceous earth formulation Detech® (Figure 4). 

Institution: Scanning Electron Microscopy (SEM) Analyses were performed by Scientific and 

Technological Research Implementation and Research Center of Tekirdağ Namık 

Kemal University 

Please see Annex 3 

 

          

 

Figure 4. Scanning electron microscopy (SEM) images of diatom frustules present in 

diatomaceous earth formulation Detech®. A) 5000x, B) 10000x and C) 20000x 

magnification.
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5. Analysis of Amorphous and Crystalline Silica 

Method: Mineral /phase analysis of diatomaceous earth sample was performed by using Panalytical 

Emperian  X-Ray Diffraction (XRD) device. The analyses were done in the range of 15-

70 °2Ɵ. Panalytical HighScore Plus Software and ICSD Crystal Database were used for 

hatching of peaks obtained, quantitative analysis and analysis of crystallinity (amorphous 

phase amount). Quantitative analysis was performed with Rietveld Method. For analysis 

of crystallinity, Cryst.50.rd shooting of Panalytical device was used as standard. As a 

result of XRD analysis, phases obtained and their percentages are given on following 

tables and figures. 

Institution: Analysis of amorphous and crystalline silica was performed by the chemical-analytical 

laboratory of Advance Technologies Center (ILTEM) of Kütahya Dumlupınar 

University (DPU). 

Please see Annex 4 

Table 3. Percentage of amorphous and crystalline silica in diatomaceous earth formulation 

Detech® obtained as the results of X-Ray Diffraction (XRD) analysis 

 Percentage (%) in DE deposit 

X-ray Amorphous silica 96.88% 

Crystalline silica 3.12% 

Total 100% 

 

Table 4. Percentage of crystalline silica forms in the part of total crystalline silica amount 

of diatomaceous earth formulation Detech® obtained as the results of X-Ray Diffraction 

(XRD) analysis 

Form of Crystalline silica Percentage (%) in Crystalline silica 

Quartz 1.07% 

Tridymite 1.02% 

Cristobalite 0.16% 

Hatrurite 0.29% 

Siderite 0.34% 

Feldspar 0.24% 

Total 3.12% 
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Figure 5. The peaks and phases of X-Ray Diffraction (XRD) analysis. 
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6. Physical Analyses  

6.1. pH (Power of Hydrogen) Analysis 

Method: Ten grams of diatomaceous earth formulation Detech® were stirred for 15 s with 90 

ml of double-distilled water, and the pH value was measured (Hanna pH-211). pH 

measurement was replicated three time. 

Institution: pH analysis of diatomaceous earth formulation Detech® was performed by Stored 

Product Insects Laboratory of Kahramanmaraş Sütçü Imam University 

 

Table 5. Mean pH value of diatomaceous earth formulation Detech® 

DE deposits Mean pH  value ± Standard error 

(n=3) 

Detech® 8.25 ± 0.01 

 

6.2. Loose and Tapped Bulk Density Analysis 

Method: Ten grams of diatomaceous earth formulation Detech® were put into a 100 ml 

graduated cylinder. The cylinder with DE was strongly tapped 100 times on a hard rubber 

surface and the volume noted. The results were expressed as grams per liter (g/L). Loose 

and tapped bulk density measurement were replicated three time. 

 

Institution: Loose and tapped bulk density analysis of diatomaceous earth formulation Detech® 

was performed by Stored Product Insects Laboratory of Kahramanmaraş Sütçü Imam 

University. 

 

Table 6. Average loose and tapped bulk density (g/L) of diatomaceous earth formulation 

Detech® 

DE deposits 
Loose bulk density (g/L)  

± Standard error (n=3) 

Tapped bulk density (g/L)  

± Standard error (n=3) 

Detech® 248.1 ± 5.3 300.0 ± 2.9 
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6.3. Wheat Bulk Density Reduction Analysis 

Method: By hand, 500 g of cleaned soft bread wheat variety [with 8.9% m.c. and test weight around 

84 kg/hectolitre (hL)] were mixed with 50 ppm (0.05 g/kg, or 0.025 g/500 g) of DE in a 

tightly closed glass jar by shaking for 2 min (at room temperature). The test weight was 

measured using Kett PM 650 moisture content and hectoliter measurement device. 

Measures for both untreated and treated grain, were expressed as kilograms per hectoliter 

(kg/hL). The difference in values between untreated and treated grains showed the 

reduction of test weight. 

Institution: Wheat bulk density reduction analysis of diatomaceous earth formulation Detech® 

was performed by Stored Product Insects Laboratory of Kahramanmaraş Sütçü Imam 

University. 

Table 7. Average wheat bulk density reduction (kg/hL) of diatomaceous earth formulation 

Detech® 

DE deposits Wheat bulk density reduction (kg/hL) 

Detech 2.5529 
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6.4. Adherence of DE on wheat kernels 

Method: Five hundred gram of soft bread wheat variety with 8.9% m.c. were cleaned by sieving 

thoroughly using sieve with No. 10 and  openings of 2 mm by hand for 1 min. The cleaned 

500 g sample of grain was then mixed by hand (by shaking) with 1000 ppm of DE (1 

g/kg, or 0.5 g/500 g) in a tightly closed glass jar for 1 min. Treated grain was then sieved 

thoroughly using laboratory sieve No. 10 (2 mm openings) with a lid and bottom, for 1 

min by hand to separate dust from the grain. The sieve, with closed lid and bottom, was 

left undisturbed after sieving for at least 1 min. The dust collected in the bottom of the 

sieve was then measured with a precision balance (mg). The weight was subtracted from 

500 mg, and the value was expressed as a percentage of adherence of DE on the wheat 

kernel.  

Institution: Tests for Adherence rate of diatomaceous earth formulation Detech® on wheat 

kernels was performed by Stored Product Insects Laboratory of Kahramanmaraş Sütçü 

Imam University. 

 

Table 8. Adherence rate of diatomaceous earth formulation Detech® on wheat kernels (%)  

DE deposits 
Adherence rate of DE on wheat kernels (%)  

± Standard error (n=3) 

Detech® 84.0 ± 1.7 
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7. Biological Tests Against Stored Grain Insects 

Bioassay protocol: The tested insect species were the adults of three major stored grain pests, 

Sitophilus oryzae (L.) (Rice Weevil), Rhyzopertha dominica (F.) (Lesser Grain Borer) and Tribolium 

confusum du Val. (Confused Floor Beetle). The bioassay protocol was 5 X 5 replicates (each series 

of tests was repeated three times, by preparing new lots each time). In this series of tests, the DEs 

was applied in 1-kg lots of soft bread wheat (Triticum aestivum L., variety of Elbistan Yazlığı) with 

11% moisture content (m.c) at the DE dose rates of 600 and 900 ppm (one lot per dose). The grain 

was left previously for 7 d at the appropriate conditions to equilibrate with the desired relative 

humidity levels. Based on the standard procedure, the lots were placed in glass jars, and shaken 

manually for approx. 3 min., to achieve equal distribution of the DE dust to the entire grain mass. 

There was an additional series of lots with untreated grain which serve as a control. Then, 5 samples, 

of 50 g each, were taken from each lot, and these samples were placed in small glass vials, which 

were closed, apart from a 1.5 cm hole at the top, covered with fine mesh for ventilation. After this 

procedure, 30 mixed sex adults, <15 d old were placed in each lot. The lots were placed in incubators 

set at 25±1 °C temperature and 65±5% RH. The mortality was assessed after 7 and 14 d of exposure 

in the treated substrate and 65 days later their adult numbers of new generation were determined. 

Institution: Biological tests were performed by Stored Product Insects Laboratory of 

Kahramanmaraş Sütçü Imam University. 

Table 9. Mean corrected mortality of Sitophilus oryzae, Tribolium confusum and Rhyzopertha 

dominica adults exposed for 7 days on wheat treated with diatomaceous earth formulation 

Detech® at 600 and 900 ppm concentration rate 

 

Concentration 

(ppm) 

Corrected mortality rate (%) ± S. error F and P* 

value S. oryzae T. confusum R. dominica 

600 ppm 81.1 ± 4.0 

Aa 

93.3 ± 1.9 

Aa 

23.6 ± 4.0 

Bb 

F2,6=82.25 

P<0.0001 

900 ppm 92.2 ± 4.4 

Aa 

96.6 ± 0 

Aa 

60.6 ± 2.9 

Ba 

F2,6=29.42 

P=0.0008 
Control 0 ± 0 0 ± 0 1.1 ± 1.1 

 
F and P* 

value 

F1,4=3.82 

P=0.1223 

F1,4=3.23 

P=0.1465 

F1,4=44.99 

P=0.0026 
*Two-way ANOVA was applied to the data. Means within a row with the same upper-case letter and a column 

with the same lower-case letter do not differ significantly (TUKEY test at 5% level) 

In biological tests conducted at 600 ppm concentration of diatomaceous earth formulation 

Detech® for 7 days of exposure in wheat the mortality rate of S. oryzae, T. confusum and R. 

dominica adults were 81%, 93% and 24% respectively while the highest mortality rate was recorded 

in T. confusum adults (93%) (Table 9). In biological tests conducted at 900 ppm concentration of 
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diatomaceous earth formulation Detech® for 7 days of exposure in wheat the mortality rate of S. 

oryzae, T. confusum and R. dominica adults were 92%, 97% and 61% respectively while the highest 

mortality rate was recorded in T. confusum adults (97%) 

Table 10.  Mean corrected mortality of Sitophilus oryzae, Tribolium confusum and Rhyzopertha 

dominica adults exposed for 14 days on wheat treated with diatomaceous earth formulation 

Detech® at 600 and 900 ppm concentration rate 

 
Concentration 

(ppm) 

Corrected mortality rate (%) ± S. error 
F and P* 

value S. oryzae T. confusum R. dominica 

600 ppm 96.6 ± 1.9 

Aa 

100 ± 0 

Aa 

28.4 ± 3.4 

Bb 

F2,6=117.96 

P<0.0001 

900 ppm 100 ± 0 

Aa 

100 ± 0 

Aa 

67.0 ± 2.2 

Ba 

F2,6=648.27 

P<0.0001 
Control 1.1 ± 1.1 1.1 ± 1.1 2.2 ± 1.1 

 F and P* 

value 

F1,4=3.67 

P=0.1281 

F1,4= - 

P= - 

F1,4=76.86 

P=0.0009 
*Two-way ANOVA was applied to the data. Means within a row with the same upper-case letter and a column 

with the same lower-case letter do not differ significantly (TUKEY test at 5% level). 

In biological tests conducted at 600 ppm concentration of diatomaceous earth formulation 

Detech® for 14 days of exposure in wheat the mortality rate of S. oryzae, T. confusum and R. 

dominica adults were 97%, 100% and 29% respectively while the highest mortality rate was recorded 

in T. confusum adults (100%) (Table 10). In biological tests conducted at 900 ppm concentration of 

diatomaceous earth formulation Detech® for 14 days of exposure in wheat the mortality rate of 

S. oryzae, T. confusum and R. dominica adults were 100%, 100% and 67% respectively while the 

highest mortality rate was recorded in T. confusum and S. oryzae adults (100%) 

 

Table 11. Number of adult emergence of new generation obtained from 600 and 900 ppm 

concentration of diatomaceous earth formulation Detech® exposed to Sitophilus oryzae 

adults in wheat  
 

Sitophilus oryzae  

Concentration 

(ppm) 

Number of adult emergence 

of new generation ± S. error 
P value*** Percentage reduction in 

adult number (%) ± S. error 

600 ppm 6.3±1.4 (114±34.6)** 0.016 94.0±0.7 B 

900 ppm 1.6±0.6 (114±34.6) 0.013 98.3±0.5 A 

F and P value* - - F1,4=19.07, P=0.0120 
*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter do not 

differ significantly (DUNCAN test at 5% level). ** The values in brackets are the average number of new 

generation adults obtained from the control treatment.*** The Dunnet test was used to compare the number of 

new generation adults obtained from the biological tests with the mean number of the next generation adults 

in control treatments 
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It was found that there were significant difference in between the number of new generation adults 

of S oryzae in diatomaceous earth formulation Detech® treatment at concentrations of 600 and 

900 ppm and those in the control treatment and there was percentage reduction in adult number by 

94% and 98%, respectively (Table 11). 

Table 12. Number of adult emergence of new generation obtained from 600 and 900 ppm 

concentration of diatomaceous earth formulation Detech® exposed to Tribolium confusum 

on wheat 
 

Tribolium confusum 

Concentration 

(ppm) 

Number of adult emergence 

of new generation ± S. error 
P value*** Percentage reduction in 

adult number (%) ± S. error 

600 ppm 0±0 (1.3±0.3)** 0.005 100±0 A 

900 ppm 0±0 (1.3±0.3) 0.005 100±0 A 

F and P value* - - - 

*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter do not 

differ significantly (DUNCAN test at 5% level). ** The values in brackets are the average number of new 

generation adults obtained from the control treatment.*** The Dunnet test was used to compare the number of 

new generation adults obtained from the biological tests with the mean number of the next generation adults 

in control treatments. 

It was found that there were significant difference in between the number of new generation adults 

of T. confusum in DE treatment at concentrations of 600 and 900 ppm and those in the control 

treatment and there was no new generation adults detected in DE treatments at both concentrations 

(Table 12). 

 

Table 13. Number of adult emergence of new generation obtained from 600 and 900 ppm 

concentration of diatomaceous earth formulation Detech® exposed to Rhyzopertha dominica 

on wheat 

Rhyzopertha dominica 

Concentration 

(ppm) 

Number of adult emergence 

of new generation ± S. error 
P value*** Percentage reduction in 

adult number (%) ± S. error 

600 ppm 13.3±2.9 (33±2)** 0.001 60.3±6.4 B 

900 ppm 4.6±1.4 (33±2) 0.000 85.2±5.0 A 

F and P value* - - F1,4=9.34, P=0.0378 

*One-way ANOVA was applied to the data. Means within a column with the same upper-case letter do not 

differ significantly (DUNCAN test at 5% level). ** The values in brackets are the average number of new 

generation adults obtained from the control treatment.*** The Dunnet test was used to compare the number of 

new generation adults obtained from the biological tests with the mean number of the next generation adults 

in control treatments. 
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It was found that there were significant difference in between the number of new generation adults 

of R. dominica in DE treatment at concentrations of 600 and 900 ppm and those in the control 

treatment and there was percentage reduction in adult number by 60% and 85%, respectively (Table 

13). 
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ANNEX 2. 

K16= Detech 
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