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Figure 11: Column and line chart types for average length of lettuce showed no significant
difference (P>0.05) after four week exposure {0 lead any concentration. Values represent the

mean +SD of five replicate samples.
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Figure 12: Column and line chart types for average length of sweet basil showed no significant
difference (P>0.05) after four week exposure {0 lead any concentration. Values represent the

mean +SD of five replicate samples.
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Figure 13: Column and line chart types for average jength of kale showed no significant
difference (P>0.05) after four week exposure to lead any concentration. Values represent the

mean £SD of five replicate samples.
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Figure 14: Column and line chart types for average length of cabbage showed no significant
difference (P>0.05) after four week exposure to lead any concentration. Values represent the

mean *SD of five replicate samples.
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4.3 Plant physiological changes

The seedling still grew in the presence of high concentrations of lead. However, the
subsequent seedlings growth (after the breakage of sesd coat) was seversly inhibited at much
lower concentrations of lead.

Mung bean, cucumber, morning glory, sweet basil, lettuce, kale, tomato, cabbage, holy
basil, and bird pepper are dicotyledonous plants. In many dicots the primary roots continues to
elongate and forms the taproot. Many smaller branch roots may grow from the taproot (Martin
and Rene, 2006). The effect of lead on root growth was observed as a decrease in the growth
of vegetables during taproot elongation, with increasing lead concentration (from 5 mg kg-1 to
30 mg kg-1). The taproot growth was decreased after exposure to lead at § mg kg-1, 15 mg
kg-1 and 30 mg kg-1 of lead concentrations as compared to the control.

EDTA was added to completely dissolve the lead nitrate solution. EDTA also caused
easier and higher rate of translocation of lead to the shoot as compared to other parts of the
plants as research done by Andrew D. Vassil and Co. in Indian mustard. EDTA destroys the
physiological barrier(s) in roots by removal of stabilizing Zn2+ and Ca2+ from the plasma
membrane. The primary effect of lead toxicity in plants is a rapid inhibition of root growth,
probably due to the inhibition of cell division in the root fip (Lee Y, 2000). So in this study Pb
and EDTA may play an importance role in decreasing a taproots elongation.

This result indicated that lead had negatively effects on root elongation of mung bean,
cucumber, morning glory, sweet basil, lettuce, kale, tomato, cabbage, holy basil, and bird
pepper. The vegetables were not tolerant to lead toxicity even at low (5 mg kg-1)
concentrations.

Afterward, each plant samples were analysed for its lead accumulated content by using
either flame atomic absorption spectrophotometer or graphite furnace atomic absorption
spectrophotometer, depending on the amount of lead present in the samples. Plants which
were treated with Jead concentrations of 5, 16 and 30 myg kg_1f'n vitro for four weeks of
exposure, lead concentration was determined. Results were focused on uptake and
accumuiation of lead in plants, Relative Growth Rate (RGR) and Bioaccumulation coefficient
(BC) of the plants.
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4.1 Study of uptake and accumulation of lead in plants
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Figure 15: Average of lead accumulation in ten common vegetables of Thailand. Vaiues

represent the mean + SD of three replicate samples at week 4.
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Figure 16: Average of lead accumulation in twelve common vegetables and herbs of Thailand.
Values represent the mean = SD of three replicale samples at week 4. (KK: Kaokor, KA:

Kanchanaburi)
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(n this study, we investigated the lead accumulation In each cultivar of twelve common
vegetables and herbs from a common medium which containegi various concentrations of lead
compounds. Concentration of lead which plants accumulated was determined by flame atomic
absorption spectrometry (FAAS) technique and graphite furnace atomic absorption spectrometry
(GFAAS) technique. Due to the limit detection of FAAS, some plants that had lead content
lower than 0.02 mg kg-1 used in this study were determined by GFAAS that can be used for
detection the lead content in plant samples with lead content higher than 1 pg kg-1. Lead was
accumulated in plant by transfer the lead metal from root to plant shoot. Most of the plant
samples were accumulated lead rise from lower concentration to higher concentration of lead
compounds. The plants also increasing accumulated lead compounds when the exposure day
was rising. Lead had effect on seed germination of Sonchus arvensis due to their low biomass
production. The heavy metal analysis of S. arvensis could not perform the test. The highest
lead accumulation was found in the forth week of lead exposed. Most of the plants showed
highest accumulation at 30 mg kg-1 of lead concentration in the media. From the result at week
4 (Figure 15), they can be categorized into three groups of plants according to level of lead
accumulations: high, moderate and low lead. Mung bean (145.2 mg kgh‘I DW)} and morning
glory {(74.7 mg I-:g'1 DW) demonstrated significantly in high lead content among ten common
vegetables. The moderate lead accumulations are cucumber (40.1 mg kg'1 DW), collard (38.1
mg kg ' DW), cabbage (33.7 mg kg” DW) and sweet basil (29.1 mg kg' DW). The low lead
accumulations were lettuce (20.2 mg kg DW), holy basil (11.7 mg kg_‘l DW), tomato (11.9 mg
kg'1 DW) and bird pepper (5.1 mg kg'1 DW). Lead metal accumulation by A. conyzoides and C.
odorafa were summarized in Figure 16 compared to ten common vegetables.

in Figure 16, both populations of A. conyzoides at week 4, the accumulation of lead was
higher in confrol than to 5 mg kg-1 of lead treated and non contaminated site (Kaokor) had
higher lead accumulated than the contaminated site {Kanchanaburi). Where as the both
population of C. odorafa at week 4, demonstrated the high level of lead accumulation of lead in
contaminated site as compared to non contaminated site with 6§ mg kg-1 treated lead
compound was higher accumulated than control,

In this study, we found that relative growth rate (RGR) of plant at week 4 was inverse
proportion to the concentration of lead contamination. Lead concentration was not significantly
affected to the growth of plants (Figure 17). Some plants can be developed themselves to
tolerate the toxic of lead and capable to growth with increasing their biomass. However, from
the results interpreted that all treated plants continued to develop new leaves and roots. At

week 4, A. conyzoides had developed their sensitivity to lead exposure in contaminated site.
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RGR of A. conyzoides at contaminated site (Kanchanaburi) was higher than those in non

contaminated site {(Kaokor). In C. odorata, the non contaminated site (Kaokor) was shown

higher relative growth rate than the contaminated site {Kanchanaburi} (Figure 18).
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Figure 17: Effect of lead on average of relative growth rate (RGR) in ten common vegetables of

Thailand. Values represent the mean + SD of three replicate samples.
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Figure 18: Effect of lead on average of relative growth rate (RGR)} in twelve common
vegetables and herbs of Thailand. Values represent the mean £ SD of three replicate sampies.
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4.3 Bioaccumulation coefficient (BC)

Average of Bioaccumulation coefficient (BC) of ten common
vegetables in Thailand
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Figure 19:; Average of bioaccumulation coefficient (BC) of ten common vegetables of Thailand.

Values represent the mean £ 3D of three replicate samples at week 4.
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Figure 20: Average of bicaccumulation coefficient (BC) of twelve common vegetables and herbs
of Thailand. Values represent the mean &+ SD of three replicate samples at week 4. {KK:

Kaokor, KA: Kanchanaburi)
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The BC at week 4 in each vegetable had same trend decreasing from low concentration

of lead accumulation to high lead accumulation. The highest _BC in each vegetable increased
from mung bean > morning glory > cucumber > collard > cabbage > sweet basil > lettuce >
holy basil > tomate > bird pepper (Figure 20). The highest BC for lead in each vegetable was
10.3, 3.2, 2.1, 1.6, 3.8, 2.7, 1.5, 1.0, 1.5, and 0.9 respectively. At 5 mg kg-1 of lead treated in
week 4 of A. conyzoides and C. odoraia in contaminated site (Kanchanaburi) were shown lower
than the noncontaminated site (Kaokor) (Figure 20).
Markert (1984) gave the values of metal concentration of normal plant with which the uptakes in
a species could be compared, and showed that the normal compositions of lead in plant are 1
mg kg'1 DW. Lead is a non-essential element and can be toxic to photosynthesis (Skérzynska-
Polit and Baszyfiski, 1997), chlorophyll synthesis (Stobart et al., 1985) abd antioxidase enzyme
(Somashekaraiah et al., 1992). In this study, all vegetables and herbs showed abnormal lead
concentration in their tissue. In general, the mean level of lead in plants collected increased
with the increased concentration of lead in media. Numerous studies have demonstrated that
heavy metal concentration in plants is a function of heavy metal content in the environment
(Xiong, 1998).

There are three indicators to define a lead hyperaccumulator: (1} the concentration of
lead in plant shoots > 1000 mg kg'1 {Barker and Brooks, 1989); (2) the concentration of lead in
shoots is 10-500 times more than that in plants from non-polluted areas (Pb 5 mg kg_1) (Shen
and Liu, 1998}, (3) the TF or shoot:root ratio >1 (Barker and Brocks, 1989, Baker et al., 1994).
In this study, although the translocation factor (TF) or shoot:root ratio was not determined but
with two above indicators can evaluated that all ten common vegetables could not be
considered as hyperaccumulator. The highest lead accumulation was mung bean (145.2 mg kg
" DW) or 0.014% of lead in total weight of plant.

In the soil, the bioavailability of lead is quite low due to low solubility of most lead
compounds, and the readily precipitation of lead hy suffate and phosphate at the root system
(Baker et al., 2000). Arvik and Zimdahl (1974) indicated that Pd uptake did not require any
energetic exposure. Lead can be taken up from the surrounding solution against concentration
gradients and deposited in large amounts in the roots (Wierzbicka, 1987). Heavy metals are
transported from roots to shoots in terrestrial plants to different parts. Different metals are
different motile and within a plant, lead is less motile than extents other Cu, Zn, and Cd
(Greger, 2004).

Most of the shoot accumulation was found in stems but not pass though leaves. Lead

deposition in the cell membrane and cell wall (Sahi et al., 2002). There was no report of plants
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with ability to solubilize lead from the soil metrix which lead in nature is insoluble form (Blaylock
and Huang, 2000).These knowledge can be explained that lead will not pass through leaves.
The vegetables that consumed only leaves and fruits (tomato, t;ird pepper) can be consumed.
However, lead may present in fruit vegetables such as tomato but in very less amount. Even
though the seed of mung bean that people consumed as sweel seed mung bean soup, the
lead may pass through the seed in very little amount because the lead was heavy molecule
and mostly accumulate in root (Hussein, Obuid-Allah et al. 2006)

The results in sweet basil confim the understanding that high heavy metal
concentrations in the growth medium may increase metal accumulation in plant fissue, but not
in the essential oil, which is the final marketable product (Zheljazkov and Warman 2003). [t can
imply that sweet-basil could be grown as an essential oii crop in contaminated seil without a
risk of coptamination of the end product, the essential oil.

Lead was not significantly effect on relative growth rate in all ten common vegstables.
But lead showed significantly effect on shoot and root length extension in bird pepper, tomato,
mung bean and holy basil (Piemyoo S., 2005). The genotypic differences in accumulation
between cultivars are important. In this study, all crops were grown at the same location so It is
expected that the deposition would have been relatively similar. In the view of the relatively high
accumulation of lead shown by mung bean and morning glory, these species would not be
suitable for edible vegetables that cuitivar in contaminated area.

For health consequences of lead in edibles, after lead is ingested, it can only adversely
affect health if it is absorbed. Adults absorb approximately 11% of ingested lead (USFDA,
1998}, and excrete approximately 50-60% of that ingested over the short term (at a half-life of
approximately 20 days) and an additional 25% over many months. The residual lead
accumulates in mineralizing tissues (i.e. bones and teeth). Children can absorb lead from 30-
75% of ingested lead (USFDA, 1998) and infant can excrete only approximately 5ug kg'1 day'1
{Ziegler et al., 1978). Accumulation of lead in women of chiid bearing age is problematic, as
transfer of lead to the fetus can occur, and lead stored to bone is mobilized during pregnancy
(hence, made available to transfer to the fetus) (Gomaa et al., 2002). Diets laden with urban-
grown herbs may substantially contribute to a person’s lead burden. For example, if a person
were to consume as little as 1 tablespoon of dried cilantro (weighing approximately 1.75 g), with
a lead concentration of 49 mg of lead per gram dry weight of sample, they would be ingesting
85.75 mg of lead. As a result, this value would contribute to their total body burden of lead, for
it exceeds the US FDA's recommended Provisional Total Tolerable Intake Levels (PTTIL) for all

age groups, which are defined at 6 mg lead/day for children up to 6 years of age, 15 mg
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leady/day for children 7 years and older, 25 mg lead/day for pregnant woman and 75 mg
lead/day for other aduits (US FDA, 1983). In 1991, the Qentre for Disease Control and
Prevention, Atlanta, United States of America provided guideline of lead poisoning in blood lead
levels is equal or more than 10 microgram per deciliter (US EPA, 2001).

However, the level of safe lead concentration in edible vegetable is not clearly
identifted. it is because of many factors influences such as amount of vegetahles that people
consumed and times that people consumed in each species of plants. However, United States
Food and Drug Administration defined the range of lead concentration in vegetable that can be
safe for consumption. It is ranging from 15-40 ppm of lead that accumulated in piant {US FDA,
1993).

These results indicate that the vegetables that lead had less effect on growth and still
low accumulation are lettuce, sweet basil, cabbage and collard respectively.

The contrast paitern of Bioaccumulation coefficient and lead accumulation pattern, Kim
et al. (2003) suggested such discrepancies arise due to variation in heavy metal concentration,
form of metat present and plant species.

The ecotype differences in A. conyzoides and C. odorata were showed significantly
different in lead accumulation in plant in both contaminated site (Karnjanburi) and non
contaminated site (Kaokor). A. conyzoides from {Kaokor) developed themselves to accumulate
lead more than the species from contaminated site (Karnjanaburi). P. Tanhan (2007} indicate
that C. odorata was that hyperaccumulator but in the study, the genotypic different effect the
accumulation of the plant. However, C. odorata has certain detoxification mechanisms within
the tissue, which altow plants to accumulate such high amount of lead (Greger, 2004). It may
be recognized that the medium lead treated instead of soil field, probably gave rise fo
enhanced uptake {Alexander P.D., 2006).

Because urban gardening is a wide spread activity with potential health impacts. The
following lists recommendations wrban gardeners may elect to follow so to lower risks

associated with gardening.

Recommendations for urban gardeners (M.E. Finster et al., 2003)

» Survey the property to determine the potential lead hazards, extent of the contamination
and location of high-risk areas.

« Plan to locate fruit and vegetable gardens away from buildings, especially if peeling paint
is evident and sites where sludge with heavy metals was applied.

+ Do not grow food crops in a soil that is contaminated to levels greater than 400 ppm.
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* Analyze lead concentration in soil samples from areas where vegetable gardens exist or
are planned. _

+ Instead, use either containers or construct raised beds, with a semi-permeable barrier
between the clean and contaminated soil.

« Where container or raised bed gardening is not possible, fruiting crops should be grown.

» Root vegetables, leafy greens and herbs should not be planted in contaminated soils.

+ Test new fopsoil before using it and annually retest the garden soil to monitor for
recontamination.

» Do not use plants grown in contaminated soils for compost.

« Use muich or a weed tarp in garden beds to reduce the potential for aerial soil dust

deposition or soil splash up on crops.

The risk of gardening in lead contaminated soil is both from the lead contamination of
the edibles and the practices that might promote ingestion of lead contaminated soil {e.g. oral
behaviors, soil track-in to the home).While there are no federal standards or guideiines for soit
lead concentration for home gardening, it is recommend that all food crops-should be grown in
a soil in which the lead concentration is less that 400 ppm, the current US regulatory soil
hazard standard that is considered safe for child play (USEPA, 2001). However, the gardener
should recognize that any regulatory cutoff point does not ensure safety and keep in mind that
background soif lead contamination levels are less than one-tenth this suggested 400 ppm soil
hazard level (Shacklette and Boerngen, 1984).

Moreover, it is important that plants grown in contaminated soils are not used for
compost, for this would result in lead recycling within a garden since most plants were shown to
accumulate lead fo some extent, particuiarly within their roots. Due to concern about directly
ingesting lead from soil adhered to the leaves, fruits or roots of crops, it is important to remove
outer leaves of leafy greens, peel vegetables when possible, and thoroughly wash all items with
a detergent before consumption. Finally, when consumed the vegetables, it Is recommended
that wash the vegetables with 1% vinegar solution (2.5 tablespoons per gailon) for 15 min to

dissolved lead contaminated on the surface skin of vegetables.
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Appendix A

Media formulation
The compositions of White (1963) used in tissue cuiture medium to study effects of lead on

germination and development of common vegetables.

Table A-1. Compositions of nutrient solution in the media
(Modified White 1963)

Used
Stock No.  Compounds Amount {(g/50ml) Stock
{mif)

KNQ, 0.8

1 200x 5
Ca (NO;) 2 2

2 MgS0,.7H,0 7.2 200x 5
MnSQO,4.4 H,O 0.053
ZnSQ0,.7 H,0O 0.030

3 200x 5
Fe (804) 5 0.035
N32804 2
KCI 1.3

4 Kl 0.015 400x 2.5
H;BO, 0.030

5 NaM,.PO4.HO 0.186 200x 5
Glycine 0.009
Nicotinic acid 0.015

6 600x 1.66
Vitamin B, 0.003
Vitamin Bg 0.030
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Appendix B

Percentage of seed germination

Table B-1: Percentage of seed germinations in four week cultures

Lead concentration

Species Omg Smgkg- 15mg Kkg- 30mg kg-
kg-1 1 1 1
Mung bean 100 100 100 100
Cucumber 85 70 75 50
Moming glory 70 80 55 80
Sweet basil 65 70 75 70
Lettuce 70 50 65 65
Kale 85 80 75 86
Tomato 95 100 100 80
Cabbage 66.67 80 73.33 66.67
Holy basil 80 80 86.67 73.33
Bird pepper 80 60 80 90
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Table B-2: Statistic analysis of percent mung bean germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Dependent Variable: % Germination

Tests of Between-Subjects Effects

Type III Sum
Source of Squares df Mean Sauare F Sig.
Corrected Model .0002 3 .000
Intercept 400.000 1 400.000
TRT .000 3 .000
Error 000 12 000
Total 400.000 16
Corrected Total .000 15
3. R Squared = . (Adjusted R Squared = .)
Post Hoc Tests
Pb Con.
Multiple Comparisons
Dependent Variable: %Germination
Mean
Difference 95% Confidence Interval
(I) Pb Con, (1) Pb Con. (1-) Std. Error Sig. Lower Bound | Upper Bound
LsD Oppm Sppm .00 .00 1.000 2
1Sppm .00 00 1.000 A
30ppm .00 .00 1.000 2
Sppm Oppm .00 .00 1.000 2
15ppm 00 .00 1.000 2
30ppm .00 .00 1.000 a
15ppm Oppm .00 .00 1.000 A
S5ppm .00 .00 1.000 3
30ppm .00 .00 1.000 2
30ppm Oppm .00 .00 1.000 A
3ppm .00 .00 1.000 2
15ppm .0D .00 1.000 2

Based on observed means.
3. Range values cannot be computed.
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Table B-3: Statistic analysis of percent cucumber germination in four week cultures

Between-Subjects Factors

Value LabeT| N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Dependent Variable: %Germination

Tests of Between-Subjects Effects

Type III Sum
Source of Squares df Mean Square F Siq.
Corrected Model 6.500° 3 2.167 3.467 .051
Intercept 196.000 1 196.000 313.600 .000
TRT 6.500 3 2.167 3.467 051
Error 7.500 12 625
Total 210.000 16
Corrected Total 14.000 15

3. R Squared = .464 (Adjusted R Squared = .330)

Post Hoc Tests

Pb Con.

Dependent Variable: % Germination

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(I} Pb Con. (1) Pb Con. (I-) Std. Error Sig. Lower Bound | Upper Bound
sh Oppm Sppm 75 .56 205 - 47 1.97
15ppm .50 .56 389 -72 1.72

30ppm 1.75* .56 .009 .53 2.97

Sppm Oppm -75 .56 205 -1.97 47
15ppm -.25 .06 563 -1.47 .97

30ppm 1.00 .56 .099 =22 2.22

15ppm Oppm -.50 .56 .389 -1.72 72
Sppm 25 .56 663 -97 1.47

30ppm 1.25* .56 .045 3.20E-02 2.47

30ppm Oppm -1.75* .56 009 -2.97 53
Sppm -1.00 .56 .099 -2.22 22

15ppm -1.25% .56 .045 -2.47 -3.20E-02

Based on observed means.
*, The mean difference is significant at the .05 level,

55




Table B-4: Statistic analysis of percent moming glory germination in four week cuitures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Dependent Variable: %Germination

Tests of Between-Subjects Effects

Ezyrmm'nﬁ MRG4520100

Type I Sum
Source of Squares df Mean Square F Sig.
Corrected Model 4,188° 3 1.396 2.913 .078
Intercept 203.063 1 203.063 423.783 .000
TRT 4,188 3 1.396 2.913 .078
Error 5.750 12 479
Total 213.000 16
Corrected Total 9.938 15
a. R Squared = .421 (Adjusted R Squared = .277)
Post Hoc Tests
Pb Con.
Multiple Comparisons
Dependent Variable: %Germination
Mean
Difference 95% Confidence Interval
(IyPb Con. (1) Pb Con. (I-2) Std. Error Sig. Lower Bound | Upper Bound
Lsb Oppm Sppm -.50 49 327 -1.57 .57
15ppm 75 49 151 -32 1.82
30ppm -.50 .49 327 -1,57 .57
Sppm Oppm .50 49 327 -.57 1.57
15ppm 1.25* 49 025 .18 2.32
30ppm .00 .49 1.000 -1.07 1.07
15ppm Oppm -.75 49 151 -1.82 .32
Sppm -1.25% 49 025 -2.32 -.18
30ppm -1.25% 49 .025 -2.32 -.18
30ppm Oppm .50 .49 327 -.57 1.57
Sppm .00 49 1.000 -1.07 1.07
15ppm 1.25* 49 025 .18 2.32

Based on cbserved means.
*. The mean difference Is significant at the .05 level.
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Table B-5: Statistic analysis of percent sweet basil germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Tests of Between-Subjects Effects

Dependent Variable: %Germination

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 5002 3 .167 364 .780
Intercept 196.000 1 196.000 427.636 .000
TRT ,500 3 167 364 780
Error 5.500 12 .458
Total 202,000 16
Corrected Total 6.000 15
3. R Squared = .083 (Adjusted R Squared = -.146)
Post Hoc Tests
Pb Con.
Multiple Comparisons
Dependent Variable: %Germination
Mean
Difference 95% Confidence Interval
{I) Pb Con. (3} Pb Con. (I-1) Std, Error Sig. Lower Bound | Upper Bound
LSD Oppm Sppm -.25 A48 611 -1.29 .79
15ppm -.50 A48 317 -1.54 54
30ppm -.25 48 611 -1.29 .79
S5ppm Oppm 25 .48 611 -.79 1.29
15ppm -.25 A48 611 -1.29 79
30ppm .00 48 1.000 -1.04 1.04
15ppm Oppm .50 48 317 -.54 1.54
Sppm .25 48 611 -79 1.29
30ppm 25 48 611 -79 1.29
30ppm Oppm .25 48 611 -79 1.29
Sppm .00 .48 1.000 -1.04 1.04
15ppm -.25 A8 611 -1.29 79

Based on observed means.
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Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Tests of Between-Subjects Effects

Dependent Variable: %Germination

Fynayii MRG4280100

Table B-8: Statistic analysis of percent lettuce germination in four week cultures

Type I Sum
source of Squares dr Mean Square F _Sig.
Corrected Model 2.250° 3 750 1.636 233
Intercept 156.250 1 156,250 340,909 .000
TRT 2.250 3 750 1.636 233
Error 5.500 12 458
Total 164.000 16
Corrected Total 7.750 15

3. R Squared = .290 (Adjusted R Squared = .113)

Post Hoc Tests

Pb Con.

Dependent Variable: Y%Germination

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(I} Pb Con. (1) Pb Con. (I-1) Std. Error Sig. Lower Bound | Upper Bound
Lsb Oppm Sppm 1.00 48 .059 -4,30€-02 2.04
15ppm .25 48 611 -.79 1.29

30ppm .25 .48 611 -.79 1.29

Sppm Oppm -1.00 .48 D59 -2.04 4.30€-02
15ppm -75 .48 143 -1.79 .29

30ppm -.75 48 143 -1.79 .29

15ppm Oppm -.25 A48 611 -1.29 .79
Sppm 75 .48 143 -.29 1.79

30ppm .00 .48 1.000 -1.04 1.04

30ppm Oppm -.25 48 611 -1.29 79
Sppm 75 48 .143 -.29 1.79

15ppm .00 .48 1.000 -1.04 1.04

Based on observed means.
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Table B-7: Statistic analysis of percent kale germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Tests of Between-Subjects Effects

Dependent Variable: %Germination

Type III Sum
Source of Squares df Mean Sguare F Sig.
Corrected Model 6873 3 229 440 .729
Intercept 264.063 1 264.063 507.000 000
TRT .688 3 .229 440 729
Error 6.250 12 521
Total 271.000 16
Corrected Total 6.937 15

3. R Squared = .099 (Adjusted R Squared = -.126)

Post Hoc Tests

Pb Con.

Multiple Comparisons

Dependent Variable: %Germination

Mean
Difference 95% Confidence Interval

(I} Pb Con.  {J) Pb Con. {I-]) Std. Error Sig. Lower Bound | Upper Bound
LsD Oppm Sppm .25 51 .633 -.86 1.36
15ppm .50 51 .347 -.61 1.61

30ppm .00 .51 1.000 -1.11 1.11

Sppm Oppm -.25 51 633 -1.36 .86
15ppm 25 .51 633 -.86 1.36

30ppm -.25 .51 .633 -1.36 .86

15ppm Oppm ~.50 51 347 -1.61 .61
Sppm -.25 51 633 -1.36 .86

30ppm -.50 .51 347 -1.61 61

30ppm Oppm .00 51 1.000 -1.11 1.11
S5ppm 25 .51 633 -.85 1.36

15ppm .50 51 .347 -.61 1.61

Based on observed means.
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Table B-8: Statistic analysis of percent tomato germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 4
Con. 2 Sppm 4
3 15ppm 4
4 30ppm 4

Dependent Variable: %Germination

Tests of Between-Subjects Effects

Type 111 Sum
Source of Squares df Mean Square F Sig.
Corrected Model 2.2502 3 750 1.200 .352
Intercept 342.250 1 342.250 547.600 000
TRT 2.250 3 750 1.200 .352
Error 7.500 12 625
Total 352.000 16
Corrected Tota! 9.750 15
a. R Squared = .231 (Adjusted R Squared = .038)
Post Hoc Tests
Pb Con.
Multiple Comparisons
Dependent Variable: %Germination
Mean
Difference 05% Confidence Interval
(I} Pb Con.  (J) Pb Con. (I-)) Std. Error Sig, Lower Bound | Upper Bound
LSD Oppm Sppm -.25 56 663 ~1.47 97
15ppm .00 56 1.000 -1.22 1.22
30ppm 75 .56 .205 -47 1.97
S5ppm Oppm .25 .56 663 -97 1.47
15ppm .25 .56 .663 -97 1.47
30ppm 1.00 .56 099 -.22 2.22
15ppm Oppm .00 .56 1.000 -1.22 1.22
5ppm -.25 .56 663 -1.47 .97
30ppm 75 .56 .205 -.47 1.97
30ppm Oppm -.75 .56 .205 -1.97 .47
oppm -1.00 .56 .099 -2.22 .22
15ppm -.75 .56 .205 -1.97 47
Based on observed means.
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Table B-9: Statistic analysis of percent cabbage germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 3
Con. 2 Sppm 3
3 15ppm 3
4 30ppm 3

Tests of Between-Subjects Effects

Dependent Variable: %Germination

Type HI Sum
Source of Squares df Mean Square F Sig.
Corrected Model 0172 3 .306 244 .863
Intercept 154,083 1 154.083 123.267 .000
TRT 517 3 306 244 .863
Error 10.000 8 1.250
Total 165.000 12
Corrected Total 10.917 11

a. R Squared = .084 (Adjusted R Squared = -.260)

Post Hoc Tests

Pb Con.

Multiple Comparisons

Dependent Variable: %Germination

Mean
Difference 95% Confidence Interval

(1) Pb Con.  (J) Pb Con. (I-1) Std. Error Sig. Lower Bound | Upper Bound
LSD Oppm Sppm -.67 01 486 -2.77 1.44
15ppm -33 91 724 -2.44 1.77

30ppm .00 91 1.000 -2.11 2.11

Sppm Oppm .67 91 486 -1.44 2.77
15ppm 33 91 724 -1.77 2.44

30ppm 67 91 .486 -1.44 2.77

15ppm Oppm 33 91 724 -1.77 2.44
Sppm -.33 91 724 -2.44 1.77

30ppm .33 .91 724 -1.77 2.44

30ppm Oppm .00 .01 1.000 -2.11 2.11
Sppm -.67 91 486 2.77 1.44

15ppm -.33 91 724 -2.44 1.77

Based on observed means.
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Table B-10: Statistic analysis of percent holy basil germination in four week cultures

Between-Subjects Factors

Value Label N
Pb 1 Oppm 3
Con. 2 Sppm 3
3 15ppm 3
4 30ppm 3

Tests of Between-Subjects Effects
Dependent Variable: %Germination

Type I Sum
Source of Squares df Mean Sguare F Sig.
Corrected Model 6672 3 222 242 .864
Intercept 192.000 1 192.000 209.455 .000
TRT 667 3 222 242 .864
Error 7.333 8 917
Total 200.000 12
Corrected Total 8.000 11

a. R Squared = .083 {Adjusted R Squared = -.260)

Post Hoc Tests

Pb Con,

Multiple Comparisons

Dependent Variable: YoGermination

Mean
Difference 95% Confidence Interval

{3 Pb Con. (1) Pb Con. (I-3) Std. Error Sig. Lower Bound | Upper Bound
LSD Oppm Sppm .00 .78 1.000 -1.80 1.80
15ppm -.33 .78 681 -2.14 1.47

30ppm .33 .78 681 -1.47 2.14

Sppm Oppm .00 .78 1.000 -1.80 1.80
15ppm -.33 78 681 -2.14 1.47

30ppm .33 78 .681 -1.47 2.44

15ppm Oppm .33 .78 681 -1.47 2.14
5ppm 33 78 .681 -1.47 2.14

30ppm .67 .78 419 -1.14 2.47

30ppm Oppm -.33 .78 681 -2.14 1.47
Sppm -.33 .78 681 -2.14 1.47

15ppm -.67 .78 419 -2.47 1.14

Based on cbserved means.
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Table B-11: Statistic analysis of percent bird pepper germination in four week cultures

Between-Subjects Factors

&'rgru"umzﬁ MRGASBO100

value Label | N
Pb 1 Oppm 2
Con. 2 Sppm 2
3 15ppm 2
4 30ppm 2

Dependent Variable: %Germination

Tests of Between-Subjects Effects

Type I Sum
Source of Squares df Mean Sguare F Sig.
Corrected Model 2.3752 3 792 1.267 .398
Intercept 120.125 1 120,125 192.200 000
TRT 2.375 3 792 1.267 .398
Error 2.500 4 625
Total 125.000 8
Corrected Total 4.875 7

3. R Squared = .487 (Adjusted R Sguared = .103)

Post Hoc Tests

FPb Con.

Dependent Variable: %Germination

Multiple Comparisons

Mean
Difference 95% Confidence Interval

(I} Pb Con.  {1) Pb Con. {I-1) Std. Error Sig. Lower Bound | Upper Bound
LSD Oppm Sppm 1.00 .79 275 -1.19 3.19
15ppm 00 .79 1.000 -2.19 2.19

30ppm -.50 .79 561 -2.69 1.69

Sppm Gppm -1.00 .79 275 -3.19 1.19
15ppm -1,00 .79 275 -3.19 1.19

30ppm -1.50 .79 .131 -3.69 .69

15ppm Oppm .00 79 1.000 -2.19 2.19
Sppm 1.00 79 275 -1.19 3.19

30ppm -.50 79 561 -2.69 1.69

30ppm Oppm .50 79 561 -1.69 2.69
Sppm 1.50 79 131 -.69 3.69

15ppm .50 79 .561 -1.69 2.69

Based on observed means.
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Appendix C

Experimental condition for lead determination with FAAS (Variance SpectrAA 55B)

Working condition Lead {Ph)
Lamp current 5 mA

Fuel Acetylene
Support Air

Flame sioichiometry Oxidizing
Wavelength 217.0 nm
Slit width 1.0 nm
Optimum working range 0.1-30 pgiml

Experimental condition for lead determination with GFAAS (GBC UltraZ)

Working condition Lead (Pb)
Lamp current 10.0 mA
Wavelength 217.0 nm
Slit width 1.0 nm
Gas flow Argon

GBC UltraZ graphite furnace program

Step Final Ramp Hold Inert Aux. Read Signal
number Temp. (C) Time (s) Time (s) Gas Gas Graﬁhics
Step 1 50 1 4 3 Off Off Off

Step 2 Inject Sample

Step 3 90 10 15 3 Off Off Off

Step 4 120 15 10 3 Off Off Off

Step 5 800 10 5 3 Off Off Off

Step 6 800 0 1 Off Off Off On

Step 7 2100 0.7 1.2 Off Oft On On

Step 8 2100 1 2 3 Off Off Off
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