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As the result of carrying out a series of numerical experiments, the following estimation of the relative error of
thermophysical liquid characteristics defining was obtained, subject to how accurate the temperatures are measured
and in what way these temperature characteristics are used in calculation.

Absolute error Relative error of defining thermal conductance 4, % Relative error of defining thermal
of temperature diffusivity a, %
measurement 47, C
OnTg,Tj Ol’ng,Tb Ol’lT],Tb OIsz,T3 OHTQ,T}, OnTj,Tb
0,005
2,78 0,18 0,18 7,18 0,35 0,35
0,01
5,55 0,36 0,35 14,71 0,69 0,69
0,05
27,69 1,83 1,74 83,22 3,45 3,31
0,1
- 3,77 3,50 - 6,91 6,70

As it is seen from the table, the least error is obtained when the temperature T; is used on the last but one section
of the measuring part and the bulk liquid temperature T}, at a sensor output. In whole, judging by the table, it is pos-
sible to assume that the relative error of thermal conductance defining makes up about 3...5% and the error of ther-
mal diffusivity defining makes up about 7...8 diffusivity %.
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Introduction

The mineral and trace elements content in honey samples could give an indication of environmental pollution
and herewith also an indication of the geographical origin of honey [ Anklam 1998].

Some areas, in where there is a human activity, have heavy metal pollution due to different sources such as home
wastes, straw and traffic wastes. Plant which grown under the effects of these pollutants can contain different range
of heavy metals. High heavy metal concentrations in plant body can cause increasing of heavy metal concentrations
in honey bee because bees collect pollens from different kind of flowers [Demirezen and Aksoy 2005].

The target of this investigation was to verify the content of some mineral elements in six kinds of Yemeni hon-
eys.

Materials and Methods

Chemicals

All chemicals were ultra pure grade. HNO3 (Merck/Germany); H,O, (BDH/England); H,O (Milli-Q UV- Plus
system, Millipore Corporation, USA).

Standard Working Solutions

1. Multi-element calibration standard (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, K, Li, Mg,
Mn, Na, Ni, Pb, Rb, Se, Sr, Ti, U, V, Zn). Matrix per volume: 5% HNO; per 100 ml. Concentration of elements:
1000 pg/L. (Perkin Elmer, USA). 2. Multi- element calibration standard (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs,
Cu, Fe, Ga, Hg, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, T1, U, V, Zn). Matrix per volume: 5% HNO; per 100 ml.
Concentration of elements: 200 pg/L. (Perkin Elmer, USA). 3) K, Na, Ca, Mg, Fe, Matrix per volume: 5% HNO;
per 100 ml. Concentration of elements: 1000 pug/L. (Perkin Elmer, USA).
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Honey Samples

Twenty one honey samples were collected directly from the beekeepers during 2005 - 2006 harvest from differ-
ent locations in Lawdar region(Abyan Governorate, Yemen) and classified according to their botanical Origin to six
kinds (see table 1). All honey samples were free from granulation, placed in plastic jars and kept at room tempera-
ture.

Samples Digestion

Samples were digested according to 920,180 method (A.O.A.C. 2000b). 12.5 ml of 75% HNO; and 1.5 ml of
H,0, were added to 5g of each honey sample within a Pyrex glass. The acid was evaporated on an electrically heat-
ed metal sheet at 100 - 120 °C, and then the residue was transferred to a volumetric flask (25 ml) with distilled wa-
ter. Blank digestion was also carried out in the same way, but in the absence a honey samples.

Analysis of Honey Samples

The analyzed metals (13 metals in each sample) were divided into two groups:

First group: Al, Mn, Co, Ni, Cd, Cu, Pb, and Hg (see Table 2), was determined by the Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS, Perkin Elmer model ELAN DRC II, U.S.A). The operating parameters for
ICP-MS are indicating in Table 3.

Second group: Na, Ca, K, Mg, Fe and Al (see Table 4) were determined by Atomic Absorption Spectrometry
(AAS, flame system model AAnalyst 800 PerkinElmer, USA). All the elements rates, that found in this study, were
expressed by milligram or microgram per litter (mg/kg or pg/kg).

Statistical Analysis

Data were subjected to analysis of ANOVA, the least significant difference (LSD) at 5% probability and correla-
tion using the Statistical Package for the Social Sciences (SPSS) Ver. 12, software for windows.

Results and Discussion

The analyzed thirteen minerals, for discussion, were divided into three groups: the major, heavy and toxic ele-
ments. The total mean content of the analyzed thirteen minerals were 2152.46 mg/kg in sider, 1950.16 mg/kg in
Somarah, 1281.98 mg/kg in Sisban, 1134.93 mg/kg in Maraee. 982.90 mg/kg in Kasas and 774.23 mg/kg in Mae-
ruah honeys.

1) The Major Elements: This group contains K, Ca, Na and Mg. The results in the table 5, showed that K and Ca
were, quantitatively, the most abundant among the other studied elements in all samples, followed by Na and Mg.
The highest concentration of K, which its concentration influenced by the botanical origin of honey, was observed in
Sider and Somarah honey kinds. Wide range of K content was found, where 3118.85 mg/Kg was the highest value
found in sample 3, while the lowest (112.62 mg/kg) was in sample 20. The above results were lower than that found
by Golob et al., (2005), in Slovenian honey. Kaakeh and Gad EL-Hak, (2005), found that the range of K content was
273.5 - 5340.9 mg/l, and its range content in Sidir honey 1719.2 - 3007.2 mg/l, this corroborated our results. Also
our results-mostly- in agreement with Fernandez et al., (2005), Torres et al., (2005), Saleh, (2005), Marcelo et al,
2007, Bagci et al, 2007, Saif-ur-Rehman, 2008 and EL-Fadaly et al., (1999), who determined the K content, and in
some Yemeni honeys, Dhapa (621.0ppm), Samer (1608.0 ppm), and Merbeiy (1539.0 ppm). Abo-Tarboush et al.,
(1993), reported that the concentration of K in Sidir was higher than that found in other Saudi honey kinds. As we
can see from the table 8 there was a positive correlation (P= 0.01) between: K and total element content (R= 0.955)
and K and Mg content (R= 0.609).0On the other hand there was a negative correlation (P= 0.01) between K and Ca
content (R= - 0.535). The minimum concentration of Ca (116.755 mg/kg) seems in sample 1, while the maximum
(890.950 mg/kg) was in sample 14. These results were in accordance with the results of Hassan and Abd El-Aal,
(1997); Conti, (2000); Golob et al., (2005) and Lachman et al., (2007) Marcelo et al, 2007, Bagci et al, 2007 and
Saif-ur-Rehman, 2008. The results obtained by AL-Fadaly et al, (1999), were disagreeing with our findings. The
highest value of Na was (153.53 mg/kg) found in sample 10 and the lowest value was (16.89 mg/kg) in sample 1.
These values were in agreement with Saleh, (2005), but lower than that found by Latorre et al., (1999); Conti,
(2000), and Nafea and Tharwat, (2006) and Saif-ur-Rehman, 2008. The lowest concentration (11.96 mg/kg) of Mg
was in sample 18 and the highest concentration (190.98 mg/kg) was in sample 3. Somarah honey has the highest
content (96.96 mg/kg), while the lowest content was (43.33 mg/kg) in Maeruah honey. These values were higher
than that observed by Uren et al., (1998); Rashed and Sultan, (2004), Downey ef al., (2005) and Marcelo et al, 2007.

2) The Heavy metals: Fe, Al, Mn, Ni, Co and Cu all are the members of this group. Their data are shown in the
table 6. The lowest content of Fe was (0.17 mg/kg) in sample 1 and the highest content was (14.21 mg/kg) in sample
14. The maximum mean value for Fe was in Sisban honey followed by Somarah, Maraee, Kasas, Sidir and Maeruah
honeys respectively. In previous studies, Uren et al., (1993), reported that the range of Fe content was 4.90 - 19.7
ppm, and Rashed and Sultan, (2004), reported that the range of Fe content was 58 - 202 pg/g and Macelo et al, 2007,
observed that the mean Fe content was 6.34 mg/kg. As illustrated in the table 6, the Al content in samples 6 and 12,
which were collected from Aleyenn zone of Lawdar region, contrary to that of other samples, was quite very high.
However, our results about Al content were lower than that reported by Lachman et al., (2007), and Fredes and
Montenegro (2006), while, higher than results obtained by Al -Khalifa and Al - Arify, (1999). The concentration of
Mn varied from the lowest of 0.041 mg/kg in sample 1 to the highest 0.424 mg/kg in sample 14. The high content of
Mn was in Maeruah honey and the lowest in Sidir honey. The concentration of Mn in our study is in agreement with
the results of Al -Khalifa and Al - Arify, (1999) and Marcelo et al, 2007, but disagree with the high Mn content
found by Kucuk et al, (2007). The lowest concentration of Cu was 0.033 mg/kg, which was found in sample 10 and
the highest 1.561 mg/kg in sample 7. In the studied honey kinds, the highest value was 0.62 mg/kg in Somarah and
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the lowest value was 0.08 mg/Kg in Maraee honey. Our findings for the Cu content were lower than those reported
by Caroli et al, (2000); Braziewicz et al., (2002); Atrouse et al, (2004), Terrab et al, (2005), Goloob et al, (2005),
Downey et al, (2005) and Hernandez et al., (2005), However, the similar results were observed by loannidou et al,
(2005), Staniskiene et al, (2006) Marcelo et al, 2007 and Saif-ur-Rehman, 2008. The Ni amount in the studied sam-
ples ranged from 040 mg/kg (sample 10) to 1.434 mg /kg (sample 20). The mean values for Ni content in the honey
Kinds were 0.074; 0.079; 0.107; 0.116; 0.117; 0.524 mg/kg in Sidir, Kasas, Maeruah, Somarah, Sisban and Maraee
honeys respectively. As we can see from our findings, the Ni content was lower than the results published by Matei
et al, (2004); Rashed and Soltan, (2004); Golob et al, (2005) and Lachman et a/, (2007). Mn and Ni have concentra-
tions -mostly in all samples- ranged below 0.12 - 1,2 mg/kg and 0.2 - 2.5 mg/kg, the recommended daily intake in
Romania for Mn and Ni respectively (Matei et al, 2004). Excluding sample 6 (118,92 mg/kg), all samples had a Co
content varying from 0.380 pg /kg (sample 4) to 11.910 ug /kg (sample 3). However, our findings were less than
that reported by Rashed and Sultan, (2005), on the other hand they were in agreement with the finding of loannodou
et al., (2005), and Terrab et al., (2005).

3) Toxic elements: Air and water contain heavy metals from industry and traffic which can also contaminate the
bee colony and its products. The air can contain lead and cadmium, while cadmium can also be transported via wa-
ter and soil to the plants to reach the nectar and the honeydew [Bogdanov et al. 2003].

Table 7 gives values of the studied toxic elements (Pb, Cd and Hg).

The Pb content (both isotopes) in all samples varying from ~ 0.014 mg/kg (sample 9) to ~ 0.220 mg/kg (sample
2). On the other hands, the maximum mean value of Pb content was (0.079 mg/kg) in Sisban honey kind, while the
minimum mean value was (0.040 mg/kg) found in Maraee honey kind. It was noticeable that the samples from Em-
magl (2,7, 11, and 21), Lawdar (13 and 15) and Aleyenn (6, 12 and 14) showed high levels of Pb. The reason might
be that possibly apiaries are located at a distance not far from the polluted habitat in this area near the roads. How-
ever, the results in the present study are lower than those reported by Caroli et a/, (2000); Bratu and Georgescu,
(2005); Golob et al, (2005) and Munoz and Palmero, (2006).

Cd also is a toxic heavy metal and non essential for human health and the most important sources of pollution
with it are metal industry, plastics and sewers [Demirezen and Aksoy 2005]. As we can see from the Table 7, Cd
was not detected in most of the analyzed honey samples. It was detected only in 5 samples (7, 11, 13, 14, and 18).
The highest values were 5.45 pg / Kg in sample 7 and 19.07 pg / Kg in samplel1, while the Cd content in the other
three samples was ranged from 1.45 (sample 14) to 0.08 pg /kg (sample 13). The appearance of Cd in honeys was
stated in some articles such as: Ioannidou et al, (2005), who reported that the range of Cd content in Greece honey
was from 0.038 mg/kg to 0.222 mg/kg; Vinas ef al, (1997), stated that the range of Cd content in Spanish honey was
varied from not detected to 5.4 ng/g [Przybylowski 2001], in Polish honey found that the range of Cd is 0.025 -
0.07mg/kg and Rashed and Soltan, (2004), reported that the range of Cd in Egyptian honey varied from 0.01 - 0.50
ng/g (DW).

In Furopean legislation, the maximum allowable content of Pb and Cd in honey is 1.0 and 0.5 mg/kg respective-
ly [Bogdanov et al. 2003]. All the values of Pb and Cd were in this investigation lower than the above legislation.

Hg, which was detected only in seven samples (1, 10, 11, 14, 16, 17 and 18), have concentrations ranged too
much below 0.5 mg/kg, the certified value for Hg in the Italian honey [Vorlova and Celechovska 2000]. Our find-
ings were also much lower that the finding of Khan et al, 2005, who found that the Hg content in Pakistan honey
ranged from 0.05 to 1.35 mg/kg. On the other hand our results were higher than the findings of Celechovska and
Vorlova, 2001, and Vorlova and Celechovska, 2000, which are 0.67-2.93 and 1.05-1.91 pg/kg respectively in the
Czech honeys.

Statistical analysis

Means in a column (Tables 5-7) not sharing the same superscript are significantly different at p<0.05. Data pre-
sented in Table 8 show that significant correlations were observed between the mineral elements of the studied hon-
eys.

Conclusion

1. The concentration of K in Sider and Somarah honey samples was higher than other honey kinds, and both
honey Kinds (Sider and Somarah) are good source for it.

2. Lawadar honey samples were not free of the toxic metals, but their concentrations were well below the permit-
ted levels and do not pose any serious concern to human health.

3. The high variation of the trace element levels, observed in the studied honey samples, is likely due to the dif-
ferent impact of common anthropogenic pollution sources (e.g. traffic, coal/wood combustion and water) in the vi-
cinity of the gathering areas, where the beehives were placed.

4. The variation between our and previous studies may be due to: a) the different sources (plant sources) of hon-
eys, b) the different methods of extracting, of honey from the hives and methods, and analysis.
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Table 1. Shows Location and Names of Studied Honey Kinds

Type of Honey
Location Serial No
Scientific Name Common Name Arabic Name

DAMAN 1
EMMAGL 2

Ziziphus spina-christs (1) Sidir Ailb ALROQOB 3
AL-GOF 4
ALHADN 5
ALEYENN 6

Acacia Somarah Sumar EMMAGL 7
ALHADN 8
ALSORAH 9

; ; ALHADN 10

fczlpvfeoi;l])rza Inarticulate Kasas Sal ——— =
ALEYENN 12
LOWDER 13

Proso pis juliflora Sisban Moskeet ALEYENN 14
LOWDER 15
ALHADN 16

Maerua crassfolia forssk Maerua Maeruah ALROQOB 17
QUATH 18
ALHADN 19

Multifloral Maraee Maraee ALROQOB 20
EMMAGL 21

Table 2. Elements Which Analysed by ICP-MS

Analyte Al Mn Co Ni Cu Cd Hg Pb

Mass 27 55 59 60 63 65 113 201 202 207 208

e

Table 3. Operating parameters for ICP — MS
Plasma Power 1200 Watt

Plasma Gas Flow Rate

Ar 15.0 L/Min

Auxiliary Gas Flow Rate

Ar 1.20 L/Min

Neeblizer Gas Flow Rate

Ar 0.9 L/Min

Plasma Temperature

5000 - 7000 °C
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Table 4. The Wavelength and Detection Limits of Elements Which Analyzed by AAS

Analyte Wave Length A (nm) Lamp Detection Limits ppb
Na 330.2 0.3
K 404.4 0.3
Ca 4227 HCL 1.5
Mg 285.2 0.15
Fe 248.3 5.0
Table 5. The Content of K, Ca, Na, and Mg in Honey Samples
Kinds of Noof | K(mgKg) Ca (mg/Kg) Na (mg/Kg) Mg (mg/Kg)
Honey Sample | Mean SD RSD% | Mean | SD RSD% | Mean | SD RSD% | Mean | SD | RSD%
1 988.60 | 1470 | 149 | 11676 | 475 | 407 | 16.89 | 035 |2.07 | 2293 |051 ]| 222
Ziziphus |2 2081.20 | 18.16 | 0.87 | 191.88 | 0.84 | 044 | 8492 |192 | 226 | 4260 |022] 052
spina- 3 3118.85 | 22.03 | 0.71 | 26525 | 112 | 042 | 4731 |088 |1.86 | 190.98 | 1.29 | 0.68
f;r(‘ijg 4 1639.65 | 77.42 | 472 | 179.26 | 0.54 | 0.30 | 83.84 | 579 | 6.91 34.83 | 2.31 | 6.63
5 1321.85 | 1553 | 1.17 | 14766 | 451 | 3.05 | 3460 | 12.10 | 34.97 | 35.03 | 3.17 | 9.05
Mean 1830.03 180.16 | 53.51 65.27°
a a
ene 1358.90 | 25.24 | 1.86 | 28164 | 3.42 | 121 | 8157 | 13.84 | 16.97 | 100.90 | 8.83 | 8.75
cacia
(Somarah)l || 7 1707.50 | 15.39 | 0.90 | 40741 | 1.30 | 032 | 9344 |138 | 148 | 139.10 | 1.28 | 0.92
8 1074.40 | 134.66 | 12.53 | 29526 | 2.18 | 0.74 | 3779 |7.15 | 1892 | 50.89 | 4.30 | 8.45
Mean 1380.27 328.10 70.93 96.96
a ab a a
9 520.50 | 1025 | 1.97 | 45047 | 800 | 1.78 | 42.00 | 172 | 4.10 | 46.23 | 0.47 | 1.02
Euphorbia
inarticulate | 10 198.96 | 2.62 132 | 40554 | 896 | 221 | 15353 | 3.19 | 208 |69.93 | 131|187
?El;vvei;lf 1 42143 | 9.06 215 | 29159 | 21.71 | 745 | 42.09 |3.90 | 927 | 3296 | 066 | 2.00
sas
12 490.83 | 21.06 | 429 | 466.74 | 6.14 | 132 | 11985 | 2.74 | 229 | 7232 | 040 055
Mean 407.93 403.59 89.37 55.36
a a a
Prosopis 13 82520 | 3536 | 429 | 403.80 | 1.80 | 045 | 109.06 | 3.46 | 3.17 | 38.11 | 0.02 | 0.05
juliflora 14 22514 | 4.28 190 | 890.95 | 2255 | 253 | 115.96 | 5.02 | 4.33 | 74.86 | 6.03 | 8.06
ez 15 61025 | 4042 | 6.62 | 35068 | 32.05 | 914 | 6325 | 064 | 101 | 3454 | 0.36 | 1.04
Mean 553.53 548.48 96.09 49.17
Maerua 16 150.66 | 7.68 510 | 518.40 | 6.89 | 1.33 | 12125 | 159 | 1.31 | 4713 | 1.38 | 2.93
t?;fsssslf"ha 17 160.66 | 7.84 488 | 590.60 | 16.81 | 2.85 | 13565 | 3.00 | 2.21 | 70.90 | 2.84 | 4.01
(Maeruah) | 18 161.59 | 17.20 | 10.64 | 243.44 | 2090 | 859 | 19.13 | 078 | 407 | 11.96 | 1.30 | 10.87
Mean 157.64 450.81 92.01 43.33
19 45385 | 522 115 | 457.04 | 877 | 192 | 11766 | 079 | 067 | 4418 | 033 | 0.75
multifloral | 21 112.62 | 1.09 097 | 49521 | 1073 | 217 |51.92 | 400 | 770 | 2934 | 058 | 1.98
(Maraee) | | 69320 | 474 | 068 |483.49 | 1152 | 238 | 6883 | 202 | 293 | 5941 | 0.02 | 0.03
Mean 2119.89 478.58 79.47°2 44 .31

Any two means within a column having the same letters are not significant difference at (p < 0.05).
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Table 6. The Content of Fe, Al, Mn, and Ni in Honey Samples

Kinds of Honey No of Fe (mg/Kg) Al (mg/Kg) Mn (mg/Kg) Ni (mg/Kg)
Sample | Mean ) RSD% Mean SD RSD% | Mean SD RSD% Mean SD RSD%
1 0.170 0112 | 65882 |0.473 0.004 |0.846 | 00414 |0.0006 | 1.449 0.0469 0.0005 1.066
. 2 1.330 0.007 | 0.526 1.276 0.020 | 1.567 | 0.0598 | 0.0010 | 1.672 0.0686 0.0010 1.458
Szgféglc‘l‘:;sts (Sidin) 3 3.775 0.238 | 6.305 1.723 0.047 | 2727 |0.1797 | 0.0027 | 1.503 0.1692 0.0025 1.478
4 1.700 0.019 | 1.118 2.816 0.067 | 2379 |0.2077 | 0.0049 | 2.359 0.0551 0.0015 2.722
5 0.730 0.029 | 3.973 0.834 0.001 | 0.120 | 0.0445 | 0.0003 | 0.674 0.0321 0.0010 3.115
Mean 1.541° 1.424° 0.1066 0.0744°
6 2.085 0.067 | 3.213 11.882 | 0.179 | 1.506 | 0.1657 | 0.0022 | 1.328 0.1598 0.0015 0.939
Acacia (Somarah) = 2.615 0.085 | 3.250 1.033 0.022 |[2130 |0.1149 |0.0017 | 1.480 0.1292 0.0005 0.387
1.930 0.071 | 3.679 2.308 0.016 | 0.693 | 0.1802 | 0.0010 | 0.555 0.0598 0.0005 0.836
Mean 2.210° 5.074 2 0.1536 0.1163°
9 2.340 0.288 | 12.308 | 1.728 0.005 |0.289 |0.2029 |0.0020 | 0.986 0.0590 0.0008 1.356
i‘;l;ﬁgﬁ:t‘e 10 0.720 0.056 |7.778 0.868 0.031 |[3.571 |0.1449 |0.0072 | 4.969 0.0401 0.0018 4.40
schweinf (Kasas) | || 2.095 0.147 | 7.017 2111 0.113 |[5.353 |0.1824 |0.0066 | 3.618 0.0559 0.0033 5.903
12 1.575 0.013 | 0.825 19.194 | 0.027 |0.141 | 0.1984 | 0.0011 | 0.554 0.0825 0.0015 1.818
Mean 1.683 2 5.975° 0.1822 0.05942
- 13 1.935 0.058 | 2.997 2.336 0.020 | 0.856 | 0.1792 | 0.0012 | 0.670 0.1188 0.0020 1.684
fsrf;;ﬁl‘)s JHIET (. 14201 | 0.033 | 0.232 3.830 0.008 | 0.209 | 0.4242 | 0.0036 | 0.849 0.1709 0.0023 1.346
15 1.310 0.081 |6.183 1.512 0.003 |[0.198 | 0.1586 | 0.0011 | 0.694 0.0618 0.0010 1.618
Mean 5.816° 2.559° 0.2540 0.1172°
‘ 16 1.510 0.122 | 8.079 2.490 0.031 | 1.245 |0.2197 | 0.0036 | 1.639 0.0983 0.0020 2.035
?gj‘;f?ﬁ:jiﬁ‘;‘ 17 1.290 0.081 | 6.279 0.852 0.035 |4.108 [0.3958 | 0.0009 | 0.227 0.0669 0.0005 0.747
18 1.680 0.139 | 8.274 3.344 0.018 | 0.538 | 0.1500 | 0.0006 | 0.40 0.1573 0.0020 1.272
Mean 1.493° 2.229° 0.2552 0.1075°
_ 19 2.485 0.113 | 4.547 2.529 0.014 | 0.554 |0.1608 | 0.0022 | 1.368 0.0806 0.0003 0.372
g’fﬂ;ﬁg“l 20 2110 | 0.084 |3.981 | 1636 |0025 | 1528 |01876 | 0.0042 | 2.239 14335 0.0405 2.825
21 1.115 0.044 | 3.946 1.104 0.014 | 1.268 | 0.0779 | 0.0015 | 1.926 0.0590 0.0008 1.356
Mean 1.903 ® 1.756° %1421 0.5244°

Any two means within a column having the same letters are not significant difference at (p < 0.05).




Table 6. Continued: The Content of Co and Cu in Honey Samples

Kinds of Hone No of Sample Co (ng'Ke) Cu 63 (mg/Ke) Cu 65 (mg/Ke)
Y Mean SD RSD% Mean SD RSD% Mean SD RSD%
1 0.660 0.010 5.200 0.0678 0.0012 1.6962 0.0700 0.0018 2.5000
Ziziphus 2 8.385 0.020 1.200 0.1037 0.0002 0.1929 0.1025 0.0022 2.1462
spinachrists 3 11.910 0.040 1.500 0.2307 0.0019 0.8237 0.2268 0.0024 1.0582
(Sidir) 4 0.380 0.011 2.900 0.0770 0.0013 1.6892 0.0750 0.0020 2.5986
5 5.465 0.011 0.200 0.0638 0.0002 0.3134 0.0625 0.0002 0.3198
Mean 5.360 @ 0.1086° 0.1065°
o 6 118.920 0.110 0.400 0.1810 0.0018 0.9666 0.1770 0.0020 1.1019
(Somarah) 7 1.750 0.016 0.900 1.5377 0.0228 1.4827 1.5837 0.0301 1.9007
8 1.570 0.014 1.400 0.1116 0.0005 0.4031 0.1092 0.0009 0.7786
Mean 40.747° 0.6101° 0.6233?
9 2.395 0.010 2.400 0.0496 0.0004 0.8057 0.0477 0.0003 0.5243
E‘;I;th‘)ﬂfl? 10 1.910 0.008 0.400 0.0348 0.0022 6.1720 0.0321 0.0017 5.3042
1n: 1culate
schweinf (Kasas) | 11 2.765 0.010 1.100 0.1335 0.0055 4.0819 0.1290 0.0046 3.5264
12 0.665 0.000 2.100 0.1123 0.0002 0.1336 0.1103 0.0003 0.2267
Mean 1.9342 0.0826° 0.0798°
- 13 2.165 0.020 3.800 0.0849 0.0005 0.5298 0.0827 0.0004 0.4233
fsr?:tf;’ri)”“hﬂora 14 1.655 0.010 2.100 0.1618 0.0016 0.9890 0.1580 0.0017 1.0761
15 2.090 0.010 1.500 0.0559 0.0008 1.4311 0.0545 0.0009 1.5593
Mean 1.970° 0.1009 ° 0.0984%°
N 16 1.300 0.000 1.900 0.1294 0.0017 1.2751 0.1241 0.0024 1.9332
crassfolia forssk | 17 10.315 0.010 0.600 0.0433 0.0004 0.9245 0.0409 0.0003 0.7330
(Maeruah) 18 2.250 0.010 1.500 0.0844 0.0004 0.4148 0.0822 0.0002 0.1824
Mean 13.865 2 0.0857 ° 0.0824°
. 19 2.875 0.010 0.900 0.0716 0.0013 1.7465 0.0688 0.0010 1.3808
X/}‘;ﬁz;al 20 1.000 0.000 0.500 0.1119 0.0033 2.9041 0.1077 0.0030 2.7391
21 7.810 0.030 1.700 0.0581 0.0014 2.4086 0.0555 0.0015 2.6119
Mean 3.895° 0.0805° 0.0773°

Any two means within a column having the same letters are not significant difference at (p < 0.05).




Table 7. The Content of Pb, Hg and Cd in Honey Samples

Kinds of No of | Pb 207 (mg/kg) Pb 208 (mg/kg) Hg 201 (pg/kg) Hg 202 (png/kg) Cd (pg/kg)
Honey Sam- | Mean RSD% | Mean RSD% Mean RSD% | Mean RSD% | Mean RSD%

ple

1 0.0509 0.982 | 0.0504 | 1.40 274 |1.095 | 264 [1.136 | ND ND
Ziziphus 2 0.2232 1434 | 0.2168 | 1.1061 | ND ND ND ND ND ND
spinachrists | 3 0.0467 1.071 | 0.0450 | 1.111 | ND ND ND ND ND ND
(Sidir) 4 0.0427 2576 | 0.0415 | 2.892 | ND ND ND ND ND ND

5 0.0149 1.342 | 0.0148 | 1.351 | ND ND ND ND ND ND
Mean 0.0757 ° 0.0737° 0.49° 0.53° nd
Acacia 6 0.0791 0.379 | 0.0783 | 1.149 | ND ND ND ND ND ND
(Somarah) 7 0.0509 2.554 | 0.0493 | 2637 | ND ND ND ND 545 | 1.835

8 0.0324 0.309 | 0.0313 | 0.959 | ND ND ND ND ND ND
Mean 0.0541 2 0.0530° ND ND 1.82°
Euphorbia | 9 0.0142 0.704 | 0.0141 | 0.709 | ND ND ND ND ND ND
inarticulate | 10 0.0150 8.0 0.0147 | 7483 [216 [6.944 [209 |6.220 | ND ND
schweinf 11 0.1605 3240 |0.1579 | 3293 [458 [1965 | 450 |1.778 | 19.05 | 2.625
(Kasas) 12 0.0961 1.041 | 0.0928 | 0.647 | ND ND ND ND ND ND
Mean 0.0714° 0.0699° 1.44° 1.65° 476°
Prosopis 13 0.1005 0.398 | 0.0977 | 0.818 | ND ND ND ND 0.075 | 102.67
juliflora 14 0.0818 1467 | 00798 | 1629 [325 |0615 |343 |1.166 |1.45 | 3.448
(Sisban) 15 0.0555 1441 | 0.0542 |2.030 | ND ND ND ND ND ND
Mean 0.0793° 0.0773° 1.08° 1.14° 0.51°
Maerua 16 0.0651 1.833 | 0.0644 | 1.863 | 15.12 | 0.794 | 15.03 | 0.998 | ND ND
crassfolia | 17 0.0433 |4.388 |0.0429 |3497 |584 [1.027 |574 |1220 | ND ND
forssk 18
(Maeruah) 0.0315 3175 | 0.0304 |3.300 |1.97 |2538 |1.78 |2810 | 063 | 15873
Mean 0.0466 ° 0.0459° 7.64° 751° 0.21°
Multifloral | 19 0.0364 1.923 | 0.0353 | 1416 | ND ND ND ND ND ND
(Maraee) 20 0.0357 2521 | 0.0347 |3.746 | ND ND ND ND ND ND

21 0.0482 1.867 | 0.0474 | 2532 | ND ND ND ND ND ND
Mean 0.0401 2 ND ND ND

Any two means within a column having the same letters are not significant difference at (p < 0.05).
ND= not detected.

Table 8. Pearson Correlations Among Honey Samples Factors

Elements K Ca Na Mg Fe Al Cu Mn Pb Co | Ni Hg | Cd total
Ca - 1 140 .048 - - - =275
Pearson 535%* 583%* | 544 677 | 106 | .836 J765%* | 085 | .131 | .197 | .298 | .054 | 228
Correlation | .012 .006 .001 .000 741
Sig. 646 571 | 393 | .190 | .815
(2-tailed)
Na -.260 .583 1 206 .194 .070 A466* 101 - - -.079
Pearson 254 .006 .369 .399 228 | 763 .033 .663 | .020 | .138 | .291 | .171 | .734
Correlation
Sig. 320 932 | .549 | .201 | .459
(2-tailed)
Mg .609%* | 140 206 1 250 143 - - - -
Pearson .003 .544 .369 275 147 | .527% | 536 061 | 288 | .084 | .124 | .023 | .764**
Correlation .014 792 .000
Sig. 525 295 | 718 | .593 | 922
(2-tailed)
Fe .073 194 250 1 .094 .086 | - 122
Pearson 754 .677%% | 399 275 .059 | .686 644%* 1 710 | .027 | .068 | .044 | .059 | .597
Correlation .001 .002
Sig. .801 907 | .768 | .851 | .800
(2-tailed)
Al -.068 106 228 147 .059 1 - 137 181 - - - -.008
Pearson 770 .646 .320 525 .801 .059 555 432 | 424 | .040 | .121 | .081 | .972
Correlation 799

.056 | .864 | .601 | .728
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Sig.
(2-tailed)

Cu

Pearson
Correlation
Sig.
(2-tailed)

316
163

.048
.836

.070
763

527*
.014

.094
.686

.059

799

-.113
.627

.007
976

.001

.996

.009

968

.097

.676

251

273

388
.082

Mn
Pearson
Correlation
Sig.
(2-tailed)

-.373
.095

765%*
.000

466*
.033

.143
.536

.644%*
.002

137

555

113
.627

.068
71

.020

932

.083

721

.348

122

.018

.937

-.170
461

Pb

Pearson
Correlation
Sig.
(2-tailed)

208
365

-.085
714

101
.663

-.061
7192

.086
710

181

432

.007
976

-.068
71

.094

.686

110

.634

.062

789

421

.058

203
377

Co

Pearson
Correlation
Sig.
(2-tailed)

205
373

-.131
571

.020
932

.288
205

-.027
907

424

.056

.001
996

-.020
932

.094
.686

.014

952

118

611

.080

730

242
290

Ni

Pearson
Correlation
Sig.
(2-tailed)

-.189
412

197
393

-.138
.549

-.084
718

.068
768

.040

.864

.009
968

.083
721

.110
.634

.014

952

.106

.648

077

739

-.086
710

Hg
Pearson
Correlation
Sig.
(2-tailed)

-.397
.075

298
190

291
201

-.124
.593

.044
851

121

.601

.097
.676

.348
122

.062
789

118

611

106

.648

.160

490

-.357
112

Cd
Pearson
Correlation
Sig.
(2-tailed)

-.082
123

-.054
815

-171
459

-.023
922

.059
.800

.081

728

251
273

.018
937

421
.058

.080

730

077

739

.160

490

-.116
.617

Total
Pearson
Correlation
Sig.
(2-tailed)

955%*
.000

=275
228

-.079
734

764%*
.000

122
.597

.008

972

.388
.082

-.170
461

203
377

242

290

.086

710

357

112

116

.617

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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JIOJIMHHA S OPUEHTALIMSI HEPABHOBECHBIX HOCUTEJIEH 3APSIJIA B KPUCTAJIIAX
TP OJJTHO- 1 IBYX®OTOHHOM BO3BYXJIEHNN

Apewes U. I1., I'pomosa E. C., booynos E. H.
Iemep6ypeckuil 2ocydapcmeeHHblil YHUGepcumem nymeu coooujeHust

BBenenue

HByx¢oronnoe noriomenue (JJPII) B kpucramiax o0b1aHO M3ydaercst o Bo30Oyxnaemoii npu DI momunec-
ueHuuu 1 portonpooaumoctu [bonu-bpyesud 1965: 3; bpennxun 1973: 4; Kosanenko B. ®. 2003: 7]. C npyro#
CTOPOHBI, CAaMH SIBJICHUS JIIOMUHECIICHIMU ¥ (OTOMPOBOIUMOCTH YacTO yJOOHEe HCCIeI0BaTh IPH JABYX(OTOHHOM
BO30yIK/IeHHH, YeM NpU 0IHO(OTOHHOM, M3-3a 00JIee OJHOPOJHOTO MO 00BEMy XapakTepa Bo30yXIeHHUs CpeIbl IPH
J®II. OcoOblit HHTEpEC MPEACTABIAIOT UCCICIOBAHUS JTFOMUHECIICHIIUH U (DOTOMPOBOAMMOCTH B KpPHCTAIaX Ky-
OMYeCcKOW CUMMETPHU C MHOTOJIONIMHHBIM YHEPIeTUUECKHM CIHEKTPOM (XalbKOTE€HH bl CBHHIA, KDEMHHS, TepMaHHs
u ap.). Jleno B TOM, 4TO B 3THUX MaTepuagax M3-3a pasyinuus MPOIOJILHON U rmonepedHol 3G QeKTHBHBIX MacC HOCH-
Tesel 3apsiaa Bo30yKIEHUE 3IEKTPOHHO-IBIPOYHBIX Map B pa3inuyHble SHepreTudeckue noiauHs! npu JPIT cunsHO
3aBUCHT OT HAlpaBJICHUS JIMHEHHOH MONApU3aMy U3TyYCHNS! HAKauYKH OTHOCHTEIILHO OCEH CHMMETPHH KpHCTaIa
(ipu 01HOOTOHHOM HAKaYKe TaK)Ke MMEEeTCs MOIAPHU3aLOHHAs 3aBUCUMOCTD, HO Ooiiee cinabas). Takum oOpazom,
€CIIM BPeMsl MEKIOJIMHHOTO PACCESHHUS HEPAaBHOBECHBIX HOCHTENECH OOJIbIIe BPEMEHHU KU3HH HOCHUTEIECH OTHOCH-
TEJIbHO MEX30HHOH PEKOMOHMHAIMH, TO BO3MOXKHO OCYIIECTBJICHHE CEJICKTHMBHOTO 3allOJHEHMS JOJMH WM Tak
Ha3bIBAGMOMW JIONMHHON opueHTauuu Hocurteneid. [Ipu aTomM pekomOuHanmonHoe u3nyuenue (PU) momxHO OBITH
YaCTUYHO JINHEWHO Monsgpu3oBaHHBIM. [lo crenenu nuneitHol nongpusanuu P MosxeT ObITH onpesesaeHo oTHoIIe-
HHUE YHOMSIHYTBIX BPEMEH, a MPU WX OTHOLICHWH, MHOTO OOJBLIEM €AMHHIBI, MOXKET OBITh OIpEAEIeHa CTEICHb
aHMU30TPONHU PPEKTUBHBIX MacC B SHEPreTHYECKUX JOJIMHAX. [IpM ITOCTAaTOYHO MHTEHCHUBHBIX HaKaukax, KOTAa
PU cranoButcst crumynupoBanHbiM (CPU), cenekTuBHOE 3amoJHEHHE JTOJMH TPOSBISETCS OCOOCHHO SIPKO: TIPH
M3MEHEHHUHU HalpaBJIeHUs JIMHEIHON MonIpu3auy HaKauku UMeeT MECTO MEpHOINYecKas MO HHTEHCUBHO-
ctH U creneHn nossipusanun CPU, mpudyeM MakcuMaibHAs CTENeHb MOJSPU3ALNK CTUMYIHpoBaHHoro PU 3naum-
TEJILHO BBIIIIE, YEM JUISl CIIOHTaHHOTO.

CenexTUBHOE 3aII0JIHEHNE SHEPTeTHYECKNX JOJIMH (JIOJTMHHAs OPHEHTAINsI HEPAaBHOBECHBIX HOCHTENEeH) HAOIIO-
nanock B kpuctamax PbTe npu onqHOPOTOHHOM BO30YX/I€HHN JMHEHHO MOISPHU30BAaHHBIM CBETOM I10 YaCTHYHOM
moJsipuzoBaHHOCTH crioHTaHHOro PU [Lavallard 1975: 12], mpu nByxdororHOM Bo30yxaeHnu B PbTe [Apemes
1975: 1, Apemies 1976: 2] u PbSe [[JanutueBckuii 1982: 5] 1o cuibHO#M MOAYJIAIUH HHTEHCUBHOCTH U CTEIICHH I10-
nsipuzaumu CPU npu n3aMeHeHUn HamnpaBlieHUs JTMHEHHOW MOJSIpU3alyy Hakayku. [Ipu HenmpsMoM 01HO(GOTOHHOM
BO30y>K/ieHHH B Si 3TO sSBJICHHE ObLJIO 0OHAPY)KEHO MU HCCIEeNOBAaHUU LUKIOTPOHHOro pe3oHanca [Kaplyanskii
1976: 11]. B mpuHIMne KONMHHAS OPUEHTALUS MOXET OBITh OOHapy)KeHa TaKkke M NMPH M3MEPEHUH aHU30TPOIHU
¢doronpooaumoctu [Genzow 1978: 9].

Kak yxe ObIO OTMEYEHO, HEOOXOIUMBIMH YCIOBHSAMHU CEJIEKTHBHOTO 3allOJHEHHS DHEPTeTHUECKUX JOJIMH B
KpHCTaJUlaX KyON4ecKOH CHMMETPHH C MHOTOJIOJMHHBIM SHEPIeTHIECKUM CIIEKTPOM IIPH ONTHYECKOH HAaKadKe sIB-
JSI0TCA 1) pasnuyue NpoJoabHOU 71, U MoNepedHod m; 3(PQeKTUBHBIX Macc HocuTeNneil B JOMMHAX U 2) BBIION-

HEHUE YCJIOBUA T, < T,

ss' 2

race 7, — BpeM: JXU3HH HCPABHOBCECHBIX HOCHUTEJICHH OTHOCHUTEIIFHO MEX30HHOM peKOM6I/I-
Haouu, 7., - BPCMs MCXKIOJIMHHOI'O pacCesiHHs HCPAaBHOBECHBIX HOCHTEIICH. HpI/I JAOCTATOYHO HU3KUX TEMIICpaTy-

pax BTOpOE YCJIOBHE YacTO OKa3bIBAETCs BHIMTOJHEHHBIM [ApemeB 1975: 1; Apemes 1976: 2; Hanumenckmii 1982:
5; Kaplyanskii 1976: 11; Lavallard 1975: 12].

CremneHb CeIEKTUBHOCTH 3aMOJHEHMSI SHEPTETUIECKUX JOJMH 3aBUCUT TaKXKe OT XapakTepa Bo3OyxmeHus (0.1-
HO- ¥ JIBYX()OTOHHOE) M OT HaIpaBJICHUsI BEKTOPA MOJSPHU3AINHN JTHHEHHO TOJISIPU30BAHHOTO CBETA HAKaYKU OTHO-
CUTENBHO KyOM4YeCKUX Ocelt KpucTamia. B ciaydae MTMHEHHON CIOHTAHHOW PEKOMOMHAIIMY TI0 CTETICHH TOJISIPU3aAIAN
PU mosxer ObITH OmpezeneHo oTHoweHue 7, /7, . COOTBETCTBYIOIIMIA pacyeT OyaeT HPOBEACH HA NMPUMEPE KPHU-

CTaJUIOB XaJIbKOTEHUI0B CBUHIIA.
Pe3yabTaThl pacuera u 00Cy:KaeHHe
XaJ’[BKOFeHI/I}lBI CBHHIA MPUHALJICKAT K KJIACCY MOJYIIPOBOJIHUKOBBIX COGJII/IHCHI/Iﬁ A4B6 1 KpUCTAJJIN3YIOTCA B
Kyoudeckoii permerke tuna NaCl, Toueunas rpymnma cummeTpuu O, BaneHTHas 30Ha ¥ 30HA MPOBOJUMOCTH B HUX
OTIMCBHIBAIOTCS MHOTO3JUTHUIICOMIHOW MOJETBIO, MPUYEM 3JUTMIICOMABI BEITAHYTH B HampaBieHusx [111] (Touxa L
30nb1 bpummiosna) (Puc. 1).
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