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Abstract  

 

Multiple scientists have speculated that arsenic in the environment will be leached into 

the soil, absorbed by plants grown in that soil, and passed further up the food chain. Concern 

arises because arsenic is a potential health hazard to plants, animals, and people.  Preliminary 

findings by experimentalists have validated these speculations and found arsenic in plants grown 

in contaminated soil. 

In this research we looked at soil contaminated by CCA-treated wood which is often used 

in utility poles, marine applications, residential decks, swimming pool enclosures, fences, and 

retaining walls. This research studied arsenic accumulation in four types of vegetables grown in 

the contaminated soil: carrots, beans, spinach and lettuce. Inorganic arsenic occurs mainly as one 

of two species: arsenate, As(V), a chemical analogue of phosphorous, or arsenite, As(III), the 

more toxic trivalent form. We analyzed the speciation of arsenic in the vegetables using x-ray 

absorption spectroscopy (XAS). The x-ray were produced by a synchrotron light source.  The 

results showed that the plants contained a mixture of As(III) and As(V).  Further, the 

concentrations of arsenic in the vegetables were greater than the permissible levels recommended 

by the Environmental Protection Agency. This research validates the hypothesis that arsenic 

leaching from CCA-treated wood is a potential health hazard and merits further scientific 

investigation.   
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Introduction 

 Arsenic contamination is prevalent near mining sites where purification of gold (Au), 

silver (Ag), copper (Cu), and tin (Sn) ores leave deposits of arsenic in the region (Nriagu, 1994). 

Historically, the use of arsenic based pesticides has also contaminated agricultural and residential 

areas. Furthermore, the use of CCA, chromated-copper-arsenate, treated wood has led to an 

increase in the amount of arsenic in the environment, resulting in increased scrutiny of this 

contamination. 

CCA-treated wood was first used in 1933 but an increase in production in the early 

nineteen nineties further contaminated marine and terrestrial environments (Brooks, 1996). 

CCA-treated wood is used as the main constituent of many utility poles, docks, and private 

fences because of its resistance to biological deterioration (Khan, 2006). Arsenic is released into 

the environment in both organic and inorganic forms. This research focuses on the toxic 

inorganic species of arsenate, As(V), and its more lethal reduced form of arsenite, As(III) (Katz, 

2005).  

The leaching of arsenic into the environment has become a serious problem because of 

the potential detrimental health effects. The uptake of arsenic by plants grown in contaminated 

soil poses a serious health risk that needs to be considered and eventually controlled because the 

presence of arsenic in leafy vegetables allows for easy arsenic ingestion by humans and animals. 

The leaching of arsenic into the soil is dictated by a number of factors including the weather 

conditions: the average leaching from a CCA-treated wood deck is 600 g/L (Khan, 2006). 

Types of contaminated wood are described by their retention rate, which is the amount of 

chemical, by mass, in each cubic area. The treatment of the wood is dependent on its usage: 

above ground applications receive 4 kg/m
3
 of CCA chemical treatment, utility poles are treated 
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with 9.6 kg/m
3
, and wood used in marine environments receives 40. kg/m

3 
(Khan 2006). The 

decrease of the Environmental Protection Agency’s (EPA) maximum concentration level of 

arsenic in water to 10 ppb is representative of the increased concern about the CCA-treated 

wood; however, the continued use of any of this wood is still an area of concern.  

 The investigation into the species of arsenic is important in assessing the toxicity of the 

arsenic. Arsenate, As(V), is analogous to phosphorous and competes for the same uptake carriers 

in the root plasmalemma (Meharg, 1992). The studies on arsenic toxicity have focused mainly on 

arsenate because it is the dominant form in aerobic soils. Plants grown in contaminated soil 

accumulate high levels of arsenate unless they have an altered phosphate transport mechanism 

(Meharg, 1992). Exposure to arsenate causes plants considerable stress, including inhibition of 

root growth and death (Barrachina, 1995). The arsenate, because of its similarity to the 

micronutrient phosphorous, is transported across the plasma membrane, in plant cells, via 

phosphate cotransport systems (Ullrich-Eberius, 1989). In the cell arsenate competes with 

phosphorus for ATP formation. However, it is not sufficient to focus solely on arsenate because, 

according to Katz (2005), arsenite is more toxic. Cytoplasm concentrations of arsenite and 

arsenate, the latter of which is easily reduced in the cytoplasm to arsenite, react with sulfhydryl 

groups (-SH) of enzymes and tissue proteins inhibiting cellular function and causing death 

(Ullrich-Eberius, 1989); arsenite concentrations need to be kept low in order to maintain cellular 

function (Meharg, 1994).  

 The intake of arsenic directly from soil contaminated by CCA-treated wood has 

important consequences. Previous studies have expanded on the toxicology and uptake of arsenic 

in grasses (Barrachina, 1998), rice (Wang, 2006), and ferns (Tu, 2004); less is known about 

arsenic contamination in consumer vegetables. This research investigates arsenic speciation in 
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carrots (Daucus carota), bush beans (Phaseolus vulgaris), spinach (Spinacia oleracea), and 

lettuce (Lactuca sativa) grown in CCA contaminated soil. The research is important in 

determining the toxicity and concentration of arsenic that people unknowingly consume. The 

unknowing ingestion of toxic substances is very hazardous and needs to be both monitored and 

clearly publicized. Concentrations of arsenic in carrots (Daucus carota), has important 

consequences because the edible portion of the carrot plant is directly exposed to the soil. 

Arsenic has been found in carrots in both inorganic forms (Meharg, 2002) but evidence of the 

type of arsenic located within the cortex rather than the dermis is overall more germane to 

analyzing the toxicity of ingesting a carrot grown in CCA contaminated soil. 

 Previous studies have discussed the likelihood that mycorrhizal fungi strongly influence 

the uptake of arsenic because of their role in enhancing phosphate acquisition for the host plant 

(Smith, 1997).  The relationship between arsenic and phosphorus may be crucial to determining a 

way to decrease the bioavailability of arsenic in the soil: as part of this research a study was 

conducted to find a relationship between the arsenic species in bean plants grown with and 

without a phosphorus solution.  

 Recent excitement over hyperaccumulators, like the Chinese Brake fern (Pteris vittata L.) 

drew attention to the problem of arsenic contamination. The fronds of the Chinese Break fern can 

accumulate up to 2.3% arsenic in aboveground biomass and additionally detoxify arsenic (Tu, 

2004). The Chinese Brake fern is void of organoarsenic compounds but has been shown to 

efficiently reduce As(V) to As(III) (Tu, 2002). The study of hyperaccumulators has provided 

insight into the transport mechanisms of arsenic; however, the large-scale arsenic contamination 

has maintained interest in the accumulation and speciation of arsenic in commonly grown plant 

species.  
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 The use of X-ray absorption spectroscopy (XAS) to measure arsenic species is a quick 

and unobtrusive measurement. XAS allows samples to be measured in situ with sensitivity to 

parts per million and is oxidation state specific (Parsons, 2002). XAS is divided into two regions: 

X-ray absorption near-edge structures (XANES) and X-ray absorption in fine structures 

(EXAFS). XANES analysis is important in studying arsenic because it reveals the most probable 

chemical state and atom type arrangement (Smith, 2005). XANES assigns species empirically by 

comparing samples to known standards: Arsenite has a white line energy value of 11869.0 + 0.5 

eV (Morin, 2005) and Arsenate has an energy value of 11875.0 + 0.5 eV; as well, each organic 

compound has its own white line energy value. Fig.11 and Fig.12 are examples of XANES 

scans.   

 The focus on the absorption edge allows for empirical analysis of both the pre and post 

edge. XANES is measured from 225 electron volts below the K-edge to approximately 420 eV 

above the edge. The K-absorption edge is the ionization threshold, or the energy required to 

remove a 1s electron and eject it into continuum (Smith, 2005). The white line energy, on the 

other hand, is the energy required to transfer a 1s electron to a bound orbital below the ionization 

threshold.          

 XANES scans measure spectra at a single point for a specific element. Experimental 

apparatus at the synchrotron beamline also produced X-ray fluorescence maps. These maps give 

a two-dimensional representation of the presence of up to nine different elements. Fig.7 is a map 

of arsenic (blue) and potassium (red) in a carrot leaf.      

     Methods 

 The plant samples were grown in arsenic contaminated soil collected near a fence of 

CCA-treated wood near the Research Institution. The fence had been in place for 17 years and 
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the wood was confirmed, through testing, (Cooper, 2005) of being treated with CCA. The soil 

was collected, dried, sifted, purged of all debris, including rocks, and then potted.  

 The plants were grown in Styrofoam bowls with small Styrofoam plates used to collect 

excess water and keep soil from leaking out. Seeds were purchased from Home Depot: Ferry 

Morse Carrots (Daucus carota)- Danvers #126, Burpee Organic Garden bush beans (Phaseolus 

vulgaris)- Blue Lake #274, spinach (Spinacia oleracea) – Teton Hybrid, and lettuce (Lactuca 

sativa)- Great Lakes #118 were planted. The plants represented an assortment of plant types and 

fruits: carrot root, bean pods, and leafy vegetables. The plants were grown in a greenhouse at the 

Research Institution from June 2006 to August 2006. The temperature ranged from 25 + 5˚C and 

the plants were watered twice a day. 

 Three different cycles were planted over the course of the summer: July 28
th

, August 7
th

, 

and August 14
th

. In the first cycle the four vegetables were grown and watered with both water 

and nutrients: for each vegetable 8 pots were grown with contaminated soil and 4 pots were 

grown with Miracle-Grow Potting Mix. Part of the experimental method was the production of a 

specific modified Hoagland solution, one that was chromate free. The solution was prepared 

every two weeks and contained: 2mM KH2PO4, 2mM K2HPO4, 2mM KNO3, 2 mM MgSO4, 1.5 

mM Ca(NO3)2, 0.5mM (NH4)2SO4, 46.3 M H3BO3, 10 M Fe(NO3)3, 9.15 M MnSO4, 0.73 

M Zn(SO4), 0.38 M CuSO4, and 0.089 M Na2MoO4. The two subsequent cycles studied the 

effect of a nutrient solution on the arsenic species and location: two pots of contaminated soil for 

each vegetable received nutrient solution and two received only water. Previous studies found 

that phosphate at a concentration of either 0.05 or 0.5 mol m-3 decreased the arsenic uptake in 

both tolerant and non-tolerant Holcus lanatus L. plants (Meharg, 1991). The phosphate-arsenate 
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relationship in grasses supported the importance of investigating such a relationship in 

vegetables.                 

 The samples were analyzed using X-ray fluorescence spectra and maps from a beamline 

at a synchrotron light source. The electron storage ring was operated at 3.525 GeV with a current 

range of 130-125 mA (Arai, 2004). Spectra were collected over three beam times: July 26
th
, 

August 26
th

, and August 30
th

, 2006. An X-ray microprobe was operated in focus with a silica 

(111) channel cut crystal monochromator. A beam of approximately 5 by 20 M was used to 

measure samples in spectra mode with a 9-element germanium array detector. The samples were 

measured through a Kapton tape window; the slides were inserted into a polyethylene brace and 

held in place as the samples were scanned (Cooper, 2005). 

 The vegetable samples were transported to the synchrotron in small pots. The vegetables 

were kept alive until it was time to measure spectra. The vegetables were kept in the beamline 

lab and watered on schedule in order to maintain the pre-established homeostatic conditions. 

Each vegetable sample was clearly labeled and two plants of each type were brought to the 

synchrotron. The leaves of the carrots, beans, spinach, and lettuce were scanned first with a 

progression down the plant in order to keep the samples measured in a viable condition.    

 The XANES scans and maps were analyzed using computer based data visualization. In 

particular, X26A Plot for IDL (Lanzirotti, 2006); a widget running on Interactive Data Language 

Virtual Machine 6.0. The X26A Plot was used to produce JPEG maps with different regions of 

interest (ROI) displayed through different color schemes. The X26A Plot widget converted 

spectra into eXtensible Name Service (XNS) format for use in Athena 0.8.050 (Ravel, 2006), 

part of Ifeffit 1.2.9 suite (Newville, 2006). Athena was used to compare spectra and build graphs 

of several different spectra. Linear combination fitting allowed for an overall sense of the species 
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of arsenic described by the spectra. Athena also merged scans, which smoothed out spectra taken 

from the same spot, and removed some of the noise from the spectra.                      

Results and Discussion  

 

The two major conclusions of this research are that:  

 

(1) Arsenic is present in vegetables grown in contaminated soil. All four vegetables showed 

arsenic both in the roots and in the leaves. Further experiments on vegetables grown in situ 

may be required to determine if this poses a real world health hazard to human beings.   

(2) The distribution, concentration, and speciation of arsenic in the plants vary by type of 

vegetable and is influenced by available nutrients.  

The full list of XANES scans and maps, comprising the experimental results are given in the 

appendix. The use of “file name” in this paper refers to experimental data referenced in the 

appendix and stored in a file of that name.    

The evidence for the first conclusion, that arsenic is present in both the leaves and the roots 

of all four vegetables, is shown in the appendix. There are multiple scans and maps that verify 

that arsenic is present in both the roots and leaves of carrots, beans, spinach, and lettuce plants. 

See appendix 1, column 9 (Arsenic Presence).   

The following six observations support the second conclusion: that the distribution, 

concentration, and speciation of arsenic in the plants vary by type of vegetable and are 

influenced by available nutrients. These six observations not only support the conclusion but also 

indicate potential, fruitful areas for further research.  

• Multiple maps (See below) demonstrated that the arsenic was heterogeneously distributed 

throughout the bean leaf, spinach leaf, and lettuce leaf. 



 10

• The clear XANES scans of the roots showed that the arsenic was in high enough 

concentration to cleanly overshadow the background noise. The leaves had low fluorescence 

counts, indicative of low arsenic concentrations. This was demonstrated in XANES scans of 

all four vegetables (See below). 

• The maps showed an arsenic-iron correlation in the carrot cross section. Higher 

concentrations of arsenic are associated with higher concentrations of iron (See below).  

• Carrot maps showed greater fluorescence indicating arsenic in the tips of the leaves while 

lower fluorescence counts were associated with the leaf body. The maps of the 26 day old 

and 61 day old carrots were consistent in this regard (See below).  

• The carrot root was seemingly unaffected by the introduction of the nutrient solution. That is 

the scans of carrot roots with and without nutrient solutions had similar characteristics (See 

below).  

• The bean roots were effected by nutrient solutions. The bean roots with and without nutrient 

solution had different absorption edges in the XANES scans indicating different speciation, 

that is differing percentages of As(V) and As(III). (See below) 

Arsenic distribution in beans, spinach and lettuce 

 

Maps of the leaves demonstrated the location of arsenic. The area of the map was 

described by the starting and ending point and at each step, a pixel was created. The length and 

width of the map were divided into a certain number of points depending upon the step size: 

smaller step size was indicative of a clearer map. The points on the leaves, or roots, were 

exposed to a beam at 12000 eV and the fluorescence was measured. The range of the counts was 

then used to generate a color gradient with lighter colors indicating higher arsenic 

concentrations. The maps showed that the arsenic was randomly distributed throughout the bean, 
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spinach, and lettuce leaves; there was neither more arsenic in the leaf blades nor in the veins. The 

maps were compared with photographs of the leaves to further verify that there was no 

correlation between arsenic location and physical features. The highly defined bean leaf (Fig.2), 

61 days old, yielded a map with no definition (Fig.1). Fig.1 is a one element map showing 

arsenic; a color gradient represents the fluorescence counts.   

The inability to establish a relationship between arsenic location and leaf structure based 

on our maps suggests future research to investigate the translocation of arsenic within the leaf. 

The consistent results found in the maps of all three vegetable leaves indicates a true relationship 

rather than an anomaly; however, further verification of the random distribution pattern in other 

pod producing and leafy vegetables is needed.       

Arsenic concentration: leaves vs. roots 

 

In addition to investigating the leaves, the roots were scanned and mapped. The roots 

contained higher concentrations of arsenic because of their location in the soil and ability to 

directly absorb arsenic. Analysis of the roots produced better XANES scans (e.g. file name 

as.2ccr.001); clearer scans come from higher concentrations of arsenic because the 

monochromator measures higher counts of fluorescence, overshadowing the background noise. 

The noisy scans of the vegetable leaves (e.g. file name as.2cll.003) had no defined energy peaks, 

making analysis difficult but indicating that arsenic was present. 

The leaves were studied using the maps. The maps allow for comparison of the arsenic 

concentration at various points but do not indicate arsenic species. A bean root was mapped to 

observe the overall root fluorescence and to make a comparison between the fluorescence counts 

in leaves and roots.  Comparing the counts on the map of the bean root (Fig.3) and the counts on 

the map of the bean leaf (Fig.1) we see the large difference in the counts. Fig. 3 is a two element 
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map with arsenic (blue) and zinc (red). Total arsenic concentrations for the leaves and roots is 

again needed for further comparison; moreover, for the leafy spinach and lettuce plants a deeper 

probe into arsenic concentration and location in the leaves is more important to assessing the 

health risks.      

Iron-Arsenic correlation 

 

A cross section of the carrot root was taken in order to study the location of the arsenic and to 

study the species of arsenic in different areas of the root. A motive of investigating the cross 

section was to see if there was a correlation between iron and arsenic concentration. Iron is 

known to bind to arsenic (Liu, 2006), and the complexing of the two metals in the epidermis of 

the carrot would decrease the mobility of the arsenic into the carrot. The comparison of the 

arsenic and iron maps of the carrot cross section showed that indeed there was a correlation 

between the two elements. Fig.5 is a one element map of arsenic and Fig.6 is a one element map 

of iron; the areas of intense concentration are circled. While arsenic is distributed throughout the 

carrot cross section higher concentrations are associated with higher concentrations of iron, as 

indicated by the circles on Fig.5 and Fig.6. Note the higher concentrations are near the 

epidermis. The iron may be reacting with the arsenic, inhibiting its movement into the carrot 

cortex. The uneven distribution of the arsenic and iron in the maps needs to be verified by a 

second cross section map because the fluorescence of the sample is collected at a forty-five 

degree angle from the beam, causing a margin of error. 

The speciation of the arsenic in the carrot cross section was harder to assess because of the 

thickness of the sample. The thin cross section decreased overall arsenic counts compared to the 

XANES scan of the whole carrot root; however, the edge of the cross section was slightly thicker 

than the midsection. The XANES scans of the exterior of the carrot cross section, near the edge, 
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showed a mixture of As(III) and As(V) but the XANES scans of the interior of the cross section 

weren’t as conclusive. The investigation into the arsenic species and arsenic collocation with iron 

should be further probed. In addition, analysis of a more mature carrot may reveal stronger 

conclusions.           

Arsenic distribution in carrots 

 

The maps of the carrot leaves showed higher concentrations of arsenic in the tips and 

edges of the leaves. The distribution of arsenic in the leaves did not change from 26 days (Fig.7) 

to 61 days (Fig.8). Fig.7 is a two element map of arsenic (blue) and potassium (red). Fig.8 is a 

two element map of arsenic (blue) and zinc (red). Potassium and zinc were included in the maps 

to aid in visualization. The 26 day sample (Fig.7) and the 61 day sample (Fig.8) were from the 

same planting cycle but were not the same leaf. The distribution of arsenic within the carrot leaf 

could not be identified by physical characteristics; Fig.9 is a picture of the leaf mapped in Fig.8. 

The lack of correlation between arsenic distribution and physical features within the four 

vegetables needs to be further verified but is indicated by these results.  

The effect of plant age on arsenic distribution was also an interesting facet to study. Maps 

of carrot leaves were taken at 13 days (file name map_3ccl.001, not shown), 26 days (Fig.7) and 

61 days (Fig.8). The maps revealed that arsenic was located in higher concentrations along the 

tips and edges of carrot leaves: see circled areas on Fig.7 and Fig.8. There was no variation in the 

overall arsenic distribution in the different aged plants. A further comparison of the leaves, based 

on the arsenic concentration for mass dried weight, would help to quantify the results. A 

previous study has shown average arsenic concentration in plants grown in arsenic rich 

conditions is .08-2 mg/kg dry weight (Warren, 2003).  
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Effect of nutrient solution on carrots 

The effect of a phosphorus rich nutrient solution on carrots was studied in the second, 

August 7
th

, and the third, August 14
th

, planting cycles; the nutrient solution had no visible effect 

on the color or shape of the carrot leaves. XANES spectra from twenty day old carrot roots 

grown with and without nutrient solution revealed that the nutrient solution caused no significant 

shift in the makeup of the root chemistry (Fig.11). The carrot roots measured in Figure 10 were 

in the radical phase (Fig.10).   

One continuation of the study would investigate the effect of the phosphorous solution in 

older carrots that have formed a fleshy root (e.g. Fig.4). Cross section mapping of carrots grown 

with and without nutrient solution would show the effect of increased amounts of phosphorous. 

A second study could investigate if the arsenic-iron correlation is an effect of the added iron or if 

it also occurs in unaltered systems.  

Effect of nutrient solution on beans 

 The effect of the nutrient solution on the arsenic species in bean roots (Fig.12) differed 

from the conclusion found with carrot roots (Fig.11). The comparison of thirteen day old bean 

roots revealed that the beans grown without nutrient solution had a K-edge at ~11869 eV 

whereas the beans grown with nutrients had a K- edge at ~11872 (Fig.12). The difference in the 

edge between the two root samples may be a result of the nitrogen fixing bacteria that live on the 

bean roots. Analysis of the bean nodules by the synchrotron would provide a clearer picture of 

how the arsenic interacts with the bacteria. 

 Further useful research would be to continue the study until the bean plants yield fruit. 

Sampling of the beans and bean pod skins would further show the translocation of arsenic in 

bean plants. Observing the arsenic concentration in bean pods would help describe the health 

risks that bean plants grown in CCA-treated soil pose.     
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Fig.2. A picture of the bean mapped in Fig.1. 

The bean leaf is highly defined, with 3 main 

vertical veins and many lateral veins.   

Fig.1. A map of arsenic in a bean leaf. The 

arsenic is distributed throughout the bean leaf 

with no correlation between leaf structures, e.g. 
veins, and arsenic concentration.    

Fig.3. Map of a bean root grown 

without nutrients. The blue spots 
indicate concentrations of arsenic.   

Fig.4. Picture of a 61 day carrot root. 

The carrot has matured from the 

radical phase into a fleshy root.   
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Fig.5. Map of the cross section of 

the carrot pictured in Fig.4. The 

light red areas in the upper and 

lower portions of the root represent 
higher concentrations of arsenic.    

Fig.6. Map of the cross section of the 

carrot pictured in Fig.4. This map 

shows iron concentrations in the carrot 

similar to arsenic concentrations in 
Fig.5. 

Fig.7. Map of arsenic in a 26 day old 

carrot leaf. Arsenic is concentrated in 

the tips and edges of the leaves.   
     

Fig.8. Map of arsenic in a 61 day 

old carrot leaf. Arsenic is still 

concentrated in the tips and edges 

of the leaves.    
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Fig.11. XANES scans of carrot roots grown with nutrient solution, 

as.2ccrwn, had almost the same speciation as the carrot root grown without 
nutrient solution, as.2ccr.001. The center scan represents the As(V) standard.  

Fig.10. Picture of carrot root 

scanned in Fig.11. Root is still in 
radical phase. 

Fig.9. Photograph of carrot leaf 

mapped in Fig.8.  
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Fig.12. XANES scans show a difference in arsenic speciation between the bean 

roots treated with nutrient solution, as.3cbr, and those that were only exposed to 

water, as.3cbrnn. The top two scans are of bean roots grown without nutrient 

solution, the following two scans were grown with nutrient solution and the bottom 
two scans are As(V) standards. The vertical line is at 11875eV, the edge for As(V).    

 

 

 

 



 19

 

 

File Name Run Plant Section Nutrients Days Since 

Germination 

Data 

Type 

Explanation Arsenic 

Presence  

ascbleaf.001 

ascbleaf.002 

7/26 B LEAF Yes 26 XANES Contaminated 

Bean Leaf 

YES 

msascbleaf.001     

 

7/26 B LEAF Yes 26 Map Contaminated 

Bean Leaf 

YES 

ascbroot.001 
ascbroot.002  

7/26 B ROOT Yes 26 XANES Contaminated 
Bean Root 

YES 

Map_1cbr.001 

 

8/30 B ROOT Yes 61 Map Contaminated 

Bean Root 

YES 

Map_3cbrnn.001   

 

8/30 B ROOT No 13 Map Contaminated 

Bean Root 

YES 

as.3cbr.001 
as.3cbr.002 

8/30 B ROOT Yes 13 XANES Contaminated 
Bean Root 

YES 

msasccleaf.001   
 

7/26 C LEAF Yes 26 Map Contaminated 
Carrot Leaf 

YES 

mfasccleaf.001     

 

7/26 C LEAF Yes 26 Map Contaminated 

Carrot Leaf 

YES 

asccroot.001 

asccroot.002 

asccroot.003 
asccroot.004 

asccroot.005 
asccroot.006 

 

7/26 C ROOT Yes 26 XANES Contaminated 

Carrot Root 

YES 

Map_1ccr.001 8/30 C Cross 
Section 

Yes 61 Map Contaminated 
Carrot Root 

Cross Section 

YES 

as.1ccr.001 

as.1ccr.003

        
 

8/30 C Cross 

Section 

Root 

Yes 61 XANES Contaminated 

Carrot Root 

Cross Section: 
Peripheral 

YES 

as.1ccr.002 
as.1ccr.004

        

 

8/30 C Cross 
Section 

Root 

Yes 61 XANES Contaminated 
Carrot Root 

Cross Section: 

Middle 

YES 

as.1ccr.101 

as.1ccr.102
        

 

8/30 C Cross 

Section 
Root 

Yes 61 XANES Contaminated 

Carrot Root 
Cross Section: 

Peripheral 

YES 

as.1ccr.003 
as.1ccr.004 

as.1ccr.005 

as.1ccr.006   
 

8/30 C Cross 
Section 

Root 

Yes 61 XANES Contaminated 
Carrot Root 

Cross Section: 

Middle 

YES 

Map_1ccl.001        

 

8/30 C LEAF Yes 61 Map Contaminated 

Carrot Leaf 

YES 

Map_3ccl.001        

 

8/30 C LEAF Yes 13 Map 

(Fast) 

Contaminated 

Carrot Leaf 

YES 

as.1ccr.101 8/30 C ROOT Yes 61 XANES Contaminated 
Carrot Root  

YES 

as.2ccr.001 
 

8/30 C ROOT No 20 XANES Contaminated 
Carrot Root 

YES 

as.2ccrwn.001 

as.2ccrwn.002 
as.2ccrwn.003  

8/30 C ROOT Yes 20 XANES Contaminated 

Carrot Root 

YES 

as.3ccrnn.001 
as.3ccrnn.002 

as.3ccrnn.003  

8/30 C ROOT No 13 XANES Contaminated 
Carrot Root 

YES 

as.3ccr.001  
 

8/30 C ROOT Yes 13 XANES Contaminated 
Carrot Root 

YES 

asclleaf.001 

asclleaf.002 

7/26 L LEAF Yes 26 XANES Contaminated 

Lettuce Leaf 

YES 

asclroot.001 

asclroot.002 
asclroot.003 

7/26 L ROOT Yes 26 XANES Contaminated 

Lettuce Root 

YES 

Map_3cll.002 8/26 L LEAF Yes 5 Map Contaminated 

Lettuce Leaf  

YES 

Map_1cll.001 8/26 L LEAF Yes 53 Map Contaminated 

Lettuce Leaf  

YES 

Map_3cllnn.001 8/26 L LEAF No 5 Map Contaminated 
Lettuce Leaf  

YES 

as.2cll.003 8/26 L LEAF Yes 13 XANES Contaminated 

Lettuce Leaf  

YES 

as.2cll.003 8/26 L LEAF Yes 13 XANES Contaminated 

Lettuce Leaf  

YES 

Map_3cll.002 8/26 L LEAF Yes 5 Map Contaminated 

Lettuce Leaf  

YES 

Map_1cll.001 8/26 L LEAF Yes 53 Map Contaminated 
Lettuce Leaf  

YES 

Map_3cllnn.001 8/26 L LEAF No 5 Map Contaminated 

Lettuce Leaf  

YES 

msascsleaf.001 

 

7/26 S LEAF Yes 26 Map Contaminated 

Spinach Leaf 

YES 

ascsroot.001 
ascsroot.002 

7/26 S ROOT Yes 26 XANES Contaminated 
Spinach Root 

YES 

as.2csl.001 
as.2.csl.003 

8/26 S LEAF Yes 13 XANES Contaminated 
Spinach Leaf 

YES 

Appendix 1 
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