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Article History Introduction

Received: 09 March 2021 The Neyshabour Turquoise Mine is located at 55 km North West of
Revised: 10 May 2021 Neyshabour in latitude of E58°, 23" and longitude of N36°, 23". This
Accepted: 24 May 2021 area is situated at the Cenozoic continental magmatic arc in the north

of Sabzevar ophiolite sequence and extends to Binalood Mountains

(Spies et al., 1983; Karimpour and Malekzadeh Shafaroudi, 2013).

Rock units consist of Eocene intermediate volcanic and intrusive

_ bodies and breccia's which are the country rock of ore deposits in the

Turquoise Firouzeh area (Mohammad Nejad et al., 2011a). The Turquoise Mine

Neyshabour was suggested as the first Iron Oxide Cu-Au-U-LREE mineralized

Environmental Impacts - - -

Radioactivity system in _Iran (Karlmpoyr et aI.,_2012). The_ turquoise was formed on
the oxidation zone of this deposit. The mining procedure operates as
underground mining and mine wastes that were recycled for extraction
of turquoise were released in the vicinity of the mine area and the
surrounding Madan village. High radiometric anomaly of Uranium and
Thorium has been reported in the Firouzeh area (Karimpour and
Malekzadeh Shafaroudi, 2013). The aim of this study is to study the
gamma radioactivity of 238U, 2%2Th, and “°*K in different parts of this area
(tunnels, rock units, mine waste, habitations and water resources) and
to determine the origin of gamma radioactivity by gamma spectroscopy

*Corresponding author implement via portable gamma scintillation system (MCA) with

sodium iodide Nal (TI) detector.
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Results

The total average natural gamma radioactivity in the
mine tunnels was measured to be 98.31 cps. The
average gamma radioactivity associated with 228U in
the tunnels was 5.2 cps. The average gamma
radioactivity associated with 22Th (1.4 cps) in all
samples from the tunnels is less than 2%8U. Highest
natural gamma radioactivity associated with “°K
was measured in the mine tunnels. Trachyte rock
units and the Limonitic soils had the maximum
natural total gamma radioactivity and andesite unit
shows the least values. The high concentration of
these elements in limonitic soils was formed by
adsorption of radioactive cations by Fe Oxides. The
lowest gamma radioactivity was determined in
andesite rock units, coarse grain alluvium and
coarse grain soils. Mine wastes from the turquoise
mine are explored again by villagers and this might
cause exposure to additional dose in this way. The
average total gamma radioactivity is 75.26 cps in
mine wastes. The highest and lowest gamma
radioactivity in the mine waste was associated with
K and #2Th, respectively. There is a high gamma
radioactivity in homes that have been made by local
raw materials. Average total gamma radioactivity in
rural houses is 83.73 cps. The maximum and
minimum total gamma radioactivity was associated
with “K and 22Th, respectively. There is high
natural gamma radioactivity in mine drainage
waters and springs that which occur on marl unit.
The mine tunnels had the most gamma radioactivity
and stream sediments show the lowest gamma
radioactivity in different samples in the area. 23U,
232Th and “°K radio activities have strong positive
relationships and they probably have a similar
source. “°K has the most gamma radioactivity in this
region. Therefore, trachytic rocks are the source of
natural gamma radioactivity in the studied area.

Based on mineralogical studies on Neyshabour
turquoise mine (Mansouri Gandomani et al., 2020),
there are no radioactive elements in Turquois
mineral. There are not reliable statistics on
occupational diseases and cancer among miners
because these patients are sent to Mashhad hospitals
or migrate from this area. However, the number of
people infected by lung disease such as
pneumoconiosis and silicosis is growing and many
pensioners and old miners are suffering from
different forms of cancer such as cancer of digestive
and respiratory systems. The average number of
victims of cancer in the Madan village (next to the
turquoise mine) is more than other habitants in the
Neyshabour area. Although development of cancer
is related to several factors, but exposure to
radioactivity in job conditions, geological features,
presence of radiogenic radon gas in water and air of
the area, and presence of 28U, 2%2Th and “K in
geological formations in the region suggest that
radioactive emissions could be considered as the
key factors contributing to cancer in this region.

Discussion

The average level of natural total gamma
radioactivity associated with 2%U, #32Th and “°K in
the Neyshabour turquoise mine area was 87.78 cps.
Mine tunnels, houses, mine wastes and geological
outcrop have the highest natural total gamma
radioactivity, respectively. Trachyte rocks unit has
the highest natural gamma radioactivity and
andesite coarse-grained clastic sediments display
the lowest values. “°K has the most total gamma
radioactivity in the study area. Trachytic rocks are
the source of natural gamma radioactivity in this
region. The radioactivity of 238U, 2%2Th and “°K in
geological formations can be considered as a main
factor contributing to cancer.
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Fig. 4. Geological map of Neishabour turquoise mine (Karimpour et al., 2012) and location of radiometric stations on
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Table 1. Gama radioactivity of 28U, 22Th, and *°K at rocks units of tunnels on Nyshabour Turquoise Mine

Sample. N 28y 22Th WK
No. Local Situation Rock type (CPS) (CPS) (CPS)
10 Entrance of Mal_n Tunnel (near the Andesite 4784 1367 15.43

turquoise store)
11 Main Tunnel (15 m. after entrance) Trachyte- Andesite 4.596 1.367 14.83
12 First Intersection Breccia 4.781 1.367 15.437
13 Stair Position Andesite 4.932 1.409 15.914
14 First Shaft Position Andesite 4.780 1.367 15.437
15 Main Tunnel (30 m. after entrance) Andesite 4.780 1.368 15.450
67 Main Tunnel (173 m.) near Trachyte 8773 1925 9171
intersection
36 m. after Second Shaft (end of
68 tunnel No. 225) Trachyte 13.287 3.090 16.933
23 Stair of T23 (Depth of 7.5 m.) Trachyte- Andesite 4.583 1.101 12.855
24 Stair of T25 (Depth of 15 m.) Trachyte 4.376 1.096 12.791
25 Depth of 20m. of water well Breccia 4.172 1.105 12.898
26 Depth of 40m. of water well Andesite 4.158 1.101 12.855
27 58m. after Tunnel.No.15 Andesite 2.702 1.234 4.454
28 Main Tunnel (Tsfgm' afer 15 Andesite+ Fe- Oxides 2720 1234 4572
29 Main Tunnel, near second Shaft Breccia+ Soil 2728 1235  4.458
. Andesite+
64 Main Tunnel (40m. after entrance) Soil+Evaporites+ Salt 4.611 1.448 4.255
Andesite+
65 Main Tunnel (83m. after entrance) Soil+Evaporites + 6.372 1.428 5.598
Salt
66 Main Tunnel (143m. after entrance)  Porphyritic Andesite ~ 7.854 1.933 8.886
19 Inside of above Tunnel Breccia 4.784 1.367 15.437
22 Entrance of Zak Tunnel Porphyritic Syenite 4.158 1.101 12.855
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Fig. 5. A: Gamma radioactivity diagram associated with 2*U, 232Th, 4°K at tunnels on Nyshabour Turquoise mine, and
B: Gamma radioactivity diagram associated with 238U, 232Th, 4°K at geological units on Nyshabour Turquoise mine area
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Fig. 7. A: Gamma radioactivity diagram associated with 23U, 232Th, “°K at mine wastes on Nyshabour Turquoise mine
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Fig. 8. A: Gamma spectroscopy of 228U, 2%2Th, “°K at a Qanat on Nyshabour Turquoise mine area, and B: Gamma
radioactivity diagram associated with 238U, 232Th, 4°K at water resources of Nyshabour Turquoise mine area
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Table 2. Gama radioactivity of 238U, 22Th and “°K in ground sample, habitation and water resources of Nyshabour

Turquoise Mine area

Sample No. ; Location : Rock tsyat)lf] Slre ;ype of (22%) (Zz;l'g) ( éOFIfS)
16 623842 4039126  Corse grain sediments 4.75 1.3596 15.348
51 626829 4038456 Basalt- Andesite 4.124 1.0926 4.0488
54 623913 4038640 soil (Fe Oxide Rich) 3.570 0.8908 3.365
41 624520 4038624 Trachyte- Andesite 3.56 0.8894 3.3594
42 624555 4038607  Andesite (Mt. Content) 3.49 0.8712 3.291
43 625114 4038448 Soil 3.57 0.8908 3.365
60 634807 4034202 Gypsum, Halite 1.36 0.317 1.0726
32 623574 4039305 Andesite 0.714 0.1664 0.5629
33 624555 4038607 Basalt- Andesite 3.612 0.317 1.0726
34 623548 4039264 Alluvium 0.718 0.1672 0.5657
55 624699 4038730 Marl 7.325 1.0333 6.005
38 623772 4038916 Trachyte 7.232 1.0333 6.005
39 624303 4038546 soil (Fe Oxide Rich) 7.220 1.0316 5.995
69 623871 4039161 Trachyte 7.303 1.7569 10.214
70 623534 4039252 Trachyte 1.68 0.9083 11.199
71 624978 4038449 Limonite 7.51 0.6042 2.0958
72 624751 4038701 Marl, Sand Dune 7.188 1.1422 7.3188
37 636373 4039257 Stream Sediment 1.325 0.6348 2.6989
40 624266 4038638 Stream Sediment 1.188 0.5692 242
44 626789 4038435 Stream Sediment 1.391 0.6318 2.6864
52 626546 4038580 Stream Sediment 1.147 0.4709 1.7998
58 626054 4038696 Stream Sediment 3.605 0.9883 3.785

1 625736 4038629 Mining Waste (Rock) 5.99 1.3967 7.7
2 625694 4038629 Mining Waste (Rock) 4.673 0.9987 3.51
3 625289 4038389 Mining Waste (Rock) 4.607 0.992 3.50
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Table 2 (Continued). Gama radioactivity of 22U, 2%2Th and “°K in ground sample, habitation and water resources of
Nyshabour Turquoise Mine area

sample No. Location Rock type or type of 238y 232Th K
~ v Samples (CPS) (CPS) (CPS)
9 626350 4038694  Mining Waste (Rock) ~ 3.7671 1.0768 12.15
17 623833 4039123 Mining Waste (Rock) 3.191 0.8083 2.70
18 624296 4039453 Mining Waste (Rock) 3.5 0.8056 2.69
20 624377 4039315 Mining Waste (Rock) 3.162 0.8077 2.69
21 624564 4039663 Mining Waste (Rock) 3.5162 0.8077 2.69
50 626974 4037895  Mining Waste (Rock) 3.6558 1.5058 6.38
73 626202 4037368 Mining Waste (Rock) 5.8842 1.125 5.62
30 623863 4039149  Water (Mine Drainage)  1.1775 0.564 2.398
31 623906 4039199 Drinking water 1.1883 0.5692 242
49 626727 4037738 Water (Spring) 2.443 1.2422 4.4845
53 625559 4038349 Water (Aqueduct) 1.0481 0.6747 36855
56 626801 4038693 Water (Aqueduct) 1.2842 0.535 1.8842
59 625869 4037177 Water (Aqueduct) 3.5192 0.8083 2.7017
4 636000 4038434 Mosque (Alluvium) 3.1975 0.851 2.86
5 625887 4038188  House (Clay materials) 1.462 0.866 4.11
6 625951 4038232  House (Clay materials) 1.456 0.868 4.78
7 625906 4038472  House (Clay materials)  5.3907 1.12 4.469
8 625908 4038472  House (Clay materials)  3.8273 1.094 3.135
47 626275 4038748 House (Clay materials)  2.6158 1.085 4.962
48 626524 4037664 House (Clay materials)  3.8342 1.592 6.185
46 626335 4037488 House (Clay materials)  3.8342 1.602 6.181
57 626001 4038393 Mosque (Alluvium) 1.1864 0.568 2412
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Fig. 9. A: Gamma radioactivity diagram associated with 238U, 2%2Th, 40K at stream sediments of Nyshabour Turquoise
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area, C: The share of each of these elements at total radioactivity on Neyshabur Turquoise Mine area, D: Correlation
charts of total gamma radioactivity between 23U with “°K on Neyshabur Turquoise Mine area, E: Correlation charts of

total gamma radioactivity between 228U with 232Th on Neyshabur Turquoise Mine area, and F: Correlation charts of total
gamma radioactivity between 232Th with “°K on Neyshabur Turquoise Mine area
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