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y-Asparagales

¥ AAS: Atomic Absorption Spectroscopy
& ICP: Inductively Coupled Plasma

# NAA: Neutron Activation Analysis

¥ XRF: X-Ray Fluorescence
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3 NAMs: Nuclear Analytical Method
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Table 1- Categories of contamination indexes

Class dimd o $a)f S = ] et Cd® as >
o Contaminated rate 5591 (3l 9 58 Gl o
&9 Cf Igeo® ]
0 Uncontaminated ol i Cf <12 Igeo <0 Cdes
; <
1 Un/Moderately S Sl 1<Cf<2? O<Igeo<1
2 Moderately bugie (Sl 2<Cf<3? 1<Igeo<2 5<Cd<10
3 Moderately/Strongl 3L bws  S24)] 2<Ipe0<3
yistongly bt S5 o g geo 10<Cd<20
4 Strongly abj Sl 3<Igeo<4
5 Strongly/Extremel 3L Hhas (5341 4<Jgeo<5
9y Yook geo 20<Cd
6 Extremely oxgll s & 5<lgeo

2 (Jorfi, et al., 2017); * (Proshad et al., 2017); ¢ (Malinowska et al., 2015).
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Table 2- Results of Relative Standard Deviation

Elements RSD 1 RSD 2 RSD 3 Avr. RSDs
polis ol diges g gl pgw gl Aiges ¥ b ol (nSile

V (pg20l5) 6.06 5.88 5.48 5.81

Mn (35) 24.35 13.06 20.39 19.27

Cr (p95) 1.93 2.42 1.34 1.89

Co (cdls) 2.54 2.37 1.91 2.27
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Figure 5- Vanadium content of saffron and soil in different area (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of
Zaveh, TS: South of Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Figure 6- Chromium content of saffron plant and soil of farm (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of Zaveh,
TS: South of Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Figure 7- Manganese content of saffron and soil of saffron farm (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of
Zaveh, TS: South of Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Figure 8- Cobalt content of saffron and soil of saffron farm (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of Zaveh,
TS: South of Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Figure 9- Zinc content of saffron and soil of saffron farm (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of Zaveh, TS:
South of Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Figure 10- Arsenic content in soil of saffron farm (ZW: West of Zaveh, ZE: East of Zaveh, ZC: Center of Zaveh, TS: South of
Torbat Heydarieh, TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh).
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Table 3- Results of Paired-sample T-test

& 3bae mhaw P value

Wdiges Cudr £lgl - e N
Paired samples p23Uly 2 e et &9
V Cr Mn Co Zn
SoS - SoC 0.452 0.407 0.979 0.200 0.028
SoC - SC 0.032 0.001 0.000 0.000 0.130
SP-SC 0.073 0.112 0.553 0.067 0.036
ST - SP 0.111 0.141 0.124 0.093 0.124
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SoS: Soil up to 15 cm; SoC: Soil around of saffron corm; SC: Saffron corm; SP: Saffron petal; ST: Saffron thread.
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Table 4- Pearson correlation coefficients of trace elements in soil farm and plant of saffron

Q9 320, (S0 i oo
Pearson correlation coefficient

ol ols 450 SB
In saffron plant In soil of saffron farm
podlly e S Soy S padlly PR QIS gy, e Syl
\ Mn Co Zn Cr \Y Mn Co Zn Cr As
i = Vo peslly  1.00
v E Mnps. 071"  1.00
5 9 Coedls 061%™ 0.60™ 1.00
ﬁg “qu Zng,, 045 0.18 0.61™  1.00
£ Crpys 0.28 0.60" 0.76™ 0.19 1.00
:;>U‘9 -0.08 -0.03 -0.01 -0.30  -0.06 1.00
o E Mngs 045 047 044 035 021 070" 1.00
;—"0 E Coclls 0.30 0.37 0.32 0.15 -0.10 042 0.35 1.00
X E gy, -056  -059° -0.70" -0.43 -0.51 0.19 0.12 -0.09 1.00
¢ E Creys -0.27 -0.26 -0.26 -0.31 0.01 -0.25  0.03 -0.51  0.20 1.00
ij -0.48 -0.50 -0.49 0.17 -0.01 -0.38  -0.73" -0.35 0.06 -0.05 1.00
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. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).
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Table 5- Contamination factor of trace elements in soil farm and saffron thread

In soil of saffron farm  ac,j0 S > In saffron thread Kolsde; Jpame y
GB;:}A #* # # # #* i GB% # # i i #* £l
TC TN TS ZC ZE ZW TC* TN* TS* ZC ZE*  ZW
ppm ppm
Vo p@slly 150 076 078 061 062 153 048 18 031 085 066 026 073 0.16

Mn 5. 437 170 177 152 133 201 150 500 ¢ 005 005 0.05 003 0.05 0.04
Cr gy 70 1860 7.96 1429 6.29 754 1355 13°P 098 148 6.13 056 3.09 0.87
Co s 8 362 379 299 419 476 2.69 10 0.02 0.02 0.03 0.02 004 0.01
n (g, 55 131 137 116 099 083 1.14 250 F 006 010 0.12 010 008 0.11

Ar Sl 5 190 163 276 337 126 216 - Rl - - ----
Cd Srgl vy 27.89 1729 2333 1679 17.92 2152 C Syl 142 250 699 097 399 1.19
PLI 55 b 245 213 224 204 221 200 H s 011 0417 024 010 020 0.09

9 S 40 Gl die; :GB wglj (5 i :ZE gl 35 50 :ZC gl oy :ZW ey s Cuyd g tTS ey Cuyd 3550 1TC ety s Coyd Jlowi (TN
2 15E g0 43 sl da JSSTas
*TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh, TS: South of Torbat Heydarieh, ZW: West of Zaveh, ZC: Center

of Zaveh, ZE: East of Zaveh, GB: Global Background in Soil & Permission Maximum Level in Food.
A(WHO, 2000), B (Imtiaz et al., 2018), © (Grygo et al., 2016), © (Basha et al., 2014), € (Gite et al., 2016), 7 (Noulas et al., 2018), ©
(Gondek, 2008), H (Antisari et al., 2011), ¥ (Repula et al., 2012).
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Table 6- Index of geo-accumulation (lgeo) of trace elements in soil farm

In soil of saffron farm  as,j S

TC* TN* TS* ZC* ZE* ZW*
V' pglly -0.98 -0.95 -1.31 -1.27 0.03 -1.66
Mn s 0.18 0.24 0.02 -0.17 0.42 0.00
Cr e 3.63 241 3.25 2.07 2.33 3.18
Co s 1.27 1.34 1.00 1.48 1.67 0.84
Zn ) -0.20 -0.13 -0.37 -0.61 -0.85 -0.40
Al Sl 0.34 0.12 0.88 1.17 -0.26 0.53

2915 &y 2ZE oglj 35 0 :ZC wdgly oy :ZW cdy yaws Ca i gin TS g yuus Cuyd 350 1TC g yuws Cu i Jlowd (TN
*TN: North of Torbat Heydarieh, TC: Center of Torbat Heydarieh, TS: South of Torbat Heydarieh, ZW: West of Zaveh, ZC:
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Abstract

In this research, concentrations of vanadium, chromium, manganese, cobalt, zinc, and arsenic were
measured in saffron and saffron farm soil in two counties of Torbat Heydariyeh and Zaveh as two main
centers of saffron production in the world using the neutron activation analysis method. The soil chromium
and cobalt concentrations of all farms were found to be much higher than the WHO level and the values of
vanadium, manganese, zinc, and arsenic were lower than the admissible level. The deficiency of essential
elements for plant growth in the soil was not found. Two statistical analyses were used to evaluate the results
of neutron activation analysis. The results of the paired t-test showed that the concentrations of vanadium,
manganese, chromium, and cobalt were similar in different soil depths, which indicated distribution of these
elements in the soil to be uniform. Also, only the zinc concentrations in the corm and its surrounding soil
were statistically significant, which could indicate a strong movement of this element from soil to saffron.
This test also showed that the distribution of the elements was uniform in the shoots. The correlation
coefficients show that the uptake of cobalt and manganese by the saffron may decrease by increasing
concentration of zinc in the soil. In addition, based on the contamination index and geo-accumulation, all soils
in Torbat Heydarieh and Zaveh are extremely contaminated by chromium. In the adjacent areas in these two
counties (south of Torbat Heydarieh and the west of Zaveh), and the central zone of Zaveh, the contamination
levels of arsenic in the soil were found to be moderate and very high, respectively. Saffron crops were
estimated uncontaminated in all farms, except in eastern Zaveh and south of Torbat Heydarieh that were
contaminated by chrome. According to both indices of load and degree of contamination, the soil of all
saffron farms were found to be highly contaminated. Soil contamination was evaluated to be extreme by the
using both pollution load Index (PLI) and contamination degree (CD). In addition, saffron threads were found
to be totally uncontaminated (except in the south of Torbat Heydarieh, where the crop was moderately
polluted), according to PLI and CD.
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