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ABSTRACT 

To date there are no reports of extensive scientific investigations on the 

analysis, determination or content of ricin, RCAeo (Ricinus communis agglutinin -

60 kDa) in agricultural soils. To accurately quantify the amount of ricin available 

within the soil, a modified ELISA (Enzyme Linked Immunosorption Assay) was 

developed. The ELISA followed an extraction process using an isotonic saline 

solution as a ricin carrier. The range of ricin detection was between 0.010 ^g 

ricin/g soil to 0.300 |jg ricin/g soil as contrasted with the previously employed 

radial immunodiffusion assays with a sensitivity limited tol.O mg ricin/gram soil. 

Using the modified ELISA method, the ricin content in the surrounding soil 

of germinating castor seeds planted 0.5 cm deep in 25 g of soil was detennined 

in Olton and Amarillo soils. These two soils are common agricultural soils in 

Lubbock, Texas area. Ricin was detected in both soils washed off the seeds of 

germination days four, six and eight days after seeding. Ricin was not detected in 

days two or ten after seeding. In addition, ricin was not found in any of the 

remaining soil. 

An investigation quantifying ricin within a field (30 meters by 152 meters) 

that had supported a crop of castor (Ricinus communis) in a previous growing 

season with an intermediate crop of cotton (Gossypium hirsutum), ricin was 

detected. 
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In a separate field study, ricin was also only detected during the last December 

sampling of the same year crop. Soil in this study was the Amarillo fine sandy 

loam. Half of a castor field (121 meters by 121 meters) had been pivot irrigated. 

The other half had been furrow irrigated. Ricin detected was significantly less in 

the furrow irrigated half when compared to the center pivot irrigation. 

Ricin was also noted in response to a controlled stress trial only when the 

stress consisted of a combination of saline irrigation water EC (Electro-

conductivity) of 10 dS/m and drought. No other stresses, such as heat (35.0 °C 

to 38 °C), saline irrigation or drought, alone resulted in any detectable ricin within 

the sampled the soil. This data suggests that a combination of grov\rth 

conditions combined with a specific set of external stress factors and human 

cultivation methods may play a determining role in the natural deposition ricin in 

agricultural soil as well as its long-term retention. 
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CHAPTER I 

INTRODUCTION 

Soils 

Variations in Soils 

Soils vary in abiotic and biotic composition and retention depending on 

their location, climate and usage. In addition, there are also differing 

environmental conditions that may affect soil properties and soil make up. Jenny 

(1941) stated that these soil propertiesinclude parent material, climate, 

topography, plants, biotic factors and time. The activities of humans and animals 

and the presence of plants alter individual soils. Therefore, it is not unusual for an 

undisturbed soil to be drastically different from an adjacent soil that has been 

disturbed. Because soils naturally vary with depth and composition, it is not 

surprising to observe that surface activities dictate in various ways the status and 

condition of the underlying soils. It is expected that a soil under a multiple lane 

highway to be significantly different than the neighboring countryside soil. 

Impacts on Soil 

In many respects, soils retain within their composition a historical record of 

past events (Brady and Weil, 1999). Agricultural soils are especially sensitive to 

external influences of human activity. Since humans concentrate waste and 

return it back to the soil, there exist areas, such as animal breeding farms, where 



high levels of toxic substances can be detected (Novak et al., 1995). The 

selective cultivation of commercial plants may have a profound effect on the soil. 

Some crops may be beneficial to depleted soils whereas others may leave toxic 

residues (Tisdale et al., 1993). Economic requirements often dictate the needs 

of one plant over the other. As an example, in the middle of the last century the 

Federal Government heavily promoted the cultivation of castor (Ricinus 

communis) on the Texas High Plains (ICOA, 1992). The reason was cleariy 

economically motivated since it requires high import costs. 

Soil Abuses 

Soils are not simply contaminated or altered incidentally by human activity. 

Diversion of waterways or the disposal of sewage into rivers are activities that 

may destroy the productivity of soil (Pierzysnski et al., 2000). Often accidents 

caused by negligence and administrative secrecy may render a sizeable region 

unfeasible for agriculture as shown by the Chernobyl nuclear plant accident 

(Korterpeter et al., 2001). The continent of Africa is currently suffering from 

human's ancient misguided use of land where deserts soon follow in the barren 

land left by humans (Dregne, 1993). 



Castor Plant, Toxins and World Wide Availability 

Castor Cultivation 

The cultivation of castor was encouraged for several years by the U. S. 

Government through subsidies (Atsmon, 1989). Castor is a plant that has been 

of interest throughout the worid with cultivation reported to have occurred six to 

seven thousand years ago (Moshkin, 1986c). The ancient Egyptians cultivated 

the plant for its oil in the preparation of perfumes and in lighting (ICOA, 1992). 

The U.S. Department of Agriculture (USDA, 2002) places the principal habitat of 

castor throughout the tropic and subtropics with a probable origin in Africa. In 

addition the USDA reports that throughout the worid and in differing cultures, the 

castor plant is given names such as castor bean, higuerilla, ricin, rizinus, ricino 

and castor (USDA, 2002). 

Industrial Importance 

In the 18"̂  century, expansion of castor plantations was generally due to 

the introduction of castor oil in England as a good laxative by Dr. P Kovein 

(Moshkin, 1986c). The industrial revolution of the 19"̂  century created greater 

demand for castor oil because of its effectiveness as a lubricating agent. This 

need was responsible for the existence of as many as 60 castor oil extracting 

mills in the U.S. Because of unfounded fear of the metabolites of castor 

biosynthesis such as ricin and the ricinine and the agglutinin RCA120 there was a 

resulting drastic reduction of domestic castor cultivation (ICOA, 1992). The U.S. 



Government reported over the Internet that U.S. imports of castor oil were in 

excess of 37 million Kilograms costing over $28 million in 1997 (USDA, 1998). 

Soil Contaminants 

General Conditions 

Since soil scientists have had a difficult time trying to predict and quantify 

contaminants and their mobility in agricultural soils, there have been a variety of 

techniques developed to attempt to determine and quantify these organic 

contaminants over time (Nielsen et al., 1983). Plants in agricultural fields are a 

significant contributor to organic matter addition to the field. 

Climatic Conditions 

Climatic conditions such as temperature and water are agriculturally 

important. Temperatures of 40° C during the growth of a plant can greatly 

increase the content of the protein ricin, but reduces the toxicity (Greenwood and 

Bewley, 1982). In addition, temperatures of 55° C greatly reduces the ricin in the 

plant (Ishiguru et al., 1964). The reason may be the reduction of the strong 

action of the enzymes or spontaneous break up of ricin. Ricin is concentrated in 

the endospenn of the castor seed (Moshkin, 1986c). 



Pollution 

Pollution may be widespread in soils and groundwater when improper 

disposal of organic material is a serious matter (Novak et al., 1995). Mass 

transport can be seen when water and its solutes moves through a complex 

three-dimensional interconnected network of pores and voids of non-uniform 

sizes and shapes (Davidson et al., 1983). The contaminant is usually soriDed to 

a modified matrix and transferred to a repository (Novak et al., 1995). 

Since there are no reported studies of ricin sorption, retention or 

desorbtion, the long-term influence of castor plants and ricin in agricultural soils 

are not well known. Furthermore, there are no known investigations of the effect, 

if any, of intervening crop production following a castor harvest. 



CASTOR PLANT 

Edible oil-seed 
Meal and oil cake 

Plastic 
products 

Technical 
protein 

Castor oil 

Drying oil, lacquers, dressings, paints 

Printing inks/colors, preparation of blocks 

Elizarin oil (textiles) 

for oiling silk yam 

skin softener 

manufacture of toilet soap 

hydrolic brake fluid 

lubricant for motors working 
under stress 

dehydrated oil 

Husk and capsule 
shells - source 
for hydrolysis 

rubber production of 

specific lubncating greases 

manufacturing radio condensers 

mechanical engineering 
(coolant mixtures) 

transformer oil 

cable manufacturing (plastic coating) 

medicine (laxative) 

aromatic articles, creams 

sebacic acid, capryl alcohol, 
2-octanol, rilsan/nylon 

alkyd resins 

Figure 1: Uses of the Castor oil/Castor Plant (V.A. Moshkin, 1986b) 



Commercial Uses of Castor 

The commercial use of various parts of the castor plant, as shown in the 

above (Figure 1), attests to the plants commercial importance. It is interesting to 

note that the toxic properties are not stated in Figure 1. Castor offers a 

renewable and an ecologically friendly substitute to some petroleum derivatives 

(ICOA, 1992). 

Soil Organics and Proteins 

Clays and Organic Molecules 

Mortland (1986) stated that, depending upopn the intrinsic nature and 

propertied of the organic species, the kind of exchange cation on the surfaces of 

the mineral, the water content of the system and the properties of the clay 

minerals themselves, organic molecules interact with clay mineral surfaces by a 

variety of mechanisms. These properties he described as ion exchange, 

protonation, coordination of ion dipole, hydrogen bonding, hydrophobic bonding 

on clay-organic complexes and anion adsorption. In addition, he reported on 

several clay and biochemical processes. These soil processes he identifies as 

redox effects, amino acid polymerization, purine and pyrimidine adsorption, 

nucleoside and nucleotide adsorption, catalysis and enzyme co-factors as well as 

enzyme binding to clays (hydrophobic vs ionic modes of biding). 



Soils and Proteins 

Possibly the most interesting is the case involving protonated amines or 

quartenary amonium cations, they will enter into exchange reactions with the 

metal cation normally occupying the exchange sites on the clay surface 

(Mortland and Barake, 1964). However, these organic cations can also be 

replaced by metal cations. 

Polypeptides 

Degens (1970) and reviewed by Solomon and Hawthorne (1983) have 

succeeded polymerizing amino acids into polypeptides using clays, a component 

of soils in the Texas High Plains. 

Nucleosides and Nucleotides Adsorption 

In the study of nucleoside adsorption Mortland and Lawless (1983) 

showed that the adsorption by swelling clays of the nucleoside riboflavin (vitamin 

B2) occurred at a maximum of about 500 mmol Kg'\ Hartman 91985) reported 

that a lot of the work done on nucleotide adsorption by clays was done by those 

interested in prebiotic chemistry and chemical evolution, the concept of 

primordial soup. Lawless and Edelson (1980) found that 5'-adenosine 

monophosphate (5'-AMP) was adsorbed by smectite when the soil site was 

occupied by a transition metal (Zn^* - smectite at a maximum of 95% of that 

added). It was found that that adsorption of ATP was more strongly preferred 
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over AMP (Graf and Lagaly, 1980). In addition, that dephosphorilatoion of ATP 

to ADP occurred on mineral surfaces. 

Bioterrorism and the Misuse of Castor Toxins 

Historic Records 

Bioweapons have been common throughout history (Christopher et al., 

1997). As far back as the fourteenth century the Tartars catapulted dead bodies 

over defensive walls in an attempt to infect the enemy with plague (Derbes, 

1966). Parkman (1901) reported that the British forces during the French and 

Indian War (1754-1767) used smallpox contaminated blankets to introduce 

smallpox into the Native American population. In Worid War I the Germans 

attempted to infect American Cavalry horses destined for the front (Witcover, 

1989). A more recent event in 1983 affected 763 people when the Rajneeshees 

cult contaminated salad bars in Oregon with Salmonella typhimuiium (Torek et 

al., 1997). 

Recent Practices 

Ricin was used in a bioterrorist attack when a dissident Bulgarian 

journalist was assassinated by the KGB in England while waiting for a bus in 

London's Waterloo bus station (Compton, 1988). He died three days after the 

attack. The weapon was a pellet gun disguised as an umbrella. A relatively 

painless pellet filled with ricin and coated with wax was shot into the victim. 



Markov. As the wax melted from the body's heat, the ricin was released into the 

blood (Compton, 1988). On a larger scale, a group of disgruntled survivalists, 

the Minnesota Patriots, acquired the information and means to begin large 

production of ricin to kill local government officials (Tucker and Pate, 2000). 

Their large purchases of certain commonly available preparation materials 

alerted the authorities that acted in time to prevent a mass contamination. 

Ricin as a Bioweapon 

Ricin from castor plants can be used by terrorists because of castor's 

ease of cultivation and its availability as an ornamental plant (Atlas, 1999). The 

existence of ricin in the soil indicates either an intentional contamination or a 

possible cultivation of a large castor crop (Hennessy, 2000). 

Biogenetic and Reproductive Aspects 

Genetic 

Most castor plants are commonly diploid (2n=20), whereas haploids 

(n=10) castor plants have observed. The latter's female structures, however, are 

sterile and the male produces fine pollen with low viability that is unutilized. 

Tetraploid (4n=40) plants were produced in 1939 by Sidorov and Sokolov using 

colchicine. These tetraploid plants had larger seeds and lower yield than the 

diploid plants (Perestova, 1986). 
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Reproductive 

Under normal conditions the flowers in the central spikes of the castor 

plant are self-pollinating (30-70% depending on conditions), but the flowers of the 

lateral spikes are often cross-pollinating (Moshkin, 1986a). There is a difference 

between the opening of the male flower and that of the female. The male flowers 

open uniformly and remain open for 26 to 35 days releasing fresh pollen with a 

viability of 80.3% at room temperature. Pollen viability is 76.1% for two days old 

and over 50% for five days (Nichol and Hall, 1988). 

Recent Breeding Practices 

A 15:1 ratio in F2 generation results from crosses between low ricin/RCA 

and Hale parents and a 55:9 ratio in the F3 generation suggest two recessive 

genes control the reduction of ricin/RCA (Pinkerton, 1997). The role of ricinine in 

the above genetic control findings remains to be answered. 

The Toxin 

Ricin 

Ricin is a toxin located in the endospemri of the castor seed and is 

composed of two polypeptides that are highly toxic. These polypeptides are 

known as the ricin A chain and ricin B chain. The A chain and B chain are held 

together by a disulfide bond. The B chain has the ability to bind to complex 

galactosides on the cell membranes of eukaryotic cells. After being engulfed 
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both chains are transported through the cell and eventually to the ribosomes. In 

the ribosomes the A chain depurinates the adenine located in the 28S ribosomal 

RNA subunits (Lord et al., 1994). A single ricin molecule can inactivate over 

1500 ribosomes (Olsnes and Saltredt, 1975). 

Figure 2: Ribbon representation of the ricin backbone. The A chain is the 
upper right and the B chain is on the lower left. The two lactose molecules 
bound to the B chain are each represented as pairs of discs. (Montford et 
al, 1987) 

Location and Mode of Toxicity 

Ricin was found sequestered in the protein bodies in the endosperm of the 

castor seed (Greenwood and Bewley, 1982). The ricin appears to artive as a 

single protein of 60 kDa that is cleaved resulting into two chains attached by a 

disulfide bond (ButtenA/orth and Lord, 1983). The resulting subunits of 

approximately 30 kDa each are not identical in function (Fulton et al., 1986). The 
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B chain binds to the galactose on the cell membrane (Sphyris et al., 1995). Once 

the ricin molecule is engulfed, the A chain functions to depurinate the adenine 

274 of the 28S Ribosome (Bilge et al., 1995). 

Synthesis 

Hartley and Lord (1993) stated that ricin is the best known example of RIP 

(Ribosome Inactivating Proteins). Roberts and Lord (1981) indicated that ricin 

and RCA are synthesized in equivalent amounts in the endosperm after testa 

formation when protein storage bodies are being rapidly formed. Buttenworth and 

Lord (1983), using anti-A and anti-B rabbit derived antibodies applied to a 60,500 

single peptide obtained from maturing castor seeds, found that there was a 

reaction by each antibody to that single pre-protein. They described this pre-

protein as containing the amino acid sequence for both A and B chain joined by a 

12 amino-acid sequence and a 35 amino-acid pre-sequence preceding the A-

chain. An N-terminal signal sequence believed to lie within the first 22 residues of 

the pre-sequence is cleaved during contranslational translocation of the pre-

protein across the endoplasmic reticulum (ER). 

Trafficking of Ricin 

The pro-ricin travels to the Golgi apparatus and then to the protein bodies 

by vesicles that fuse with these membrane-bound organelles. The information 

required to target the pro-ricin to the protein bodies is unknown. It does not. 
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however, reside in the N-terminal pre-sequence remaining after signal peptide 

cleavage (Wetsby, 1991). Frigerio et al. (2001), however, reported a sequence 

specific vacuolar sorting signal located within the internal pro-peptide. Hartley 

and Lord (1993) asserted that ricin is proteolytically degraded during seed 

germination. 

Ricin Determination Methods 

RID Review 

Until recently the procedure to determine ricin concentration depended on 

the use of a modified radial immunodiffusion (RID) technique (Pinkerton, 1997). 

Detection values ranged from 2.6 mg ricin-RCA/g of sample to 14.1 mg ricin-

RCA/g of sample. Pinkerton's procedure employed a variation of a RID 

methodology described by both Mancini et al. (1965) and Stansfield (1981). It 

depended on diluting 167pl of rabbit elicited anti-ricin antibody into 9.5 ml of a 

1.2% agarose/3% PEG 6000 hot solution that had been allowed to cool to 50 °C. 

The mixture was poured into specially purchased plates allowed to cool overnight 

and 2 mm wells were cut. The soil extracts as well as the various ricin standards 

were then applied to the wells at lOpI per well. The diameter of the precipitate 

ring formed around the well provided the ricin concentrations after 48 hrs of 

incubation were in maximum increments of O.lmg. 

In soils and water contamination as well as solid surfaces such as 

concrete and masonry, a method with greater sensitivity than RID is required 
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because of the volume of soil as compared to the contaminant. A significantly 

dangerous dispersal of ricin can occur that would not be detectable in the range 

detected by the RID method. 

ELISA Review 

The greater sensitivity of ELISA to detect low concentrations of ricin than 

radioimmunoassay (RIA) was reported by (Kemeny et al. (1988a). 

Consequently, ELISA has been applied to the detection of ricin in human sera 

(Khetarpal and Kumar, 1994). The indirect or sandwich assay method, often 

referred to as the 'dirty plate method', is perhaps the simplest fomn of ELISA 

(Kojaetal., 1980). 

Current ELISA Methods 

Because of the need for phosphate buffers within analysis developed to 

process the samples, the current ELISA methodologies interfere with the ability 

to detect ricin in soils (Griffith et al., 1986). Phosphates in particular tend to 

interact with a variety of minerals and constituents contained in soil (Piezynski et 

al., 2000). They may interfere with the accurate detection of ricin/RCAin soil. In 

addition, the development of an ELISA for the determination of soil ricin might 

also be modified to precisely determine the content of ricin in Ricinus communis 

seeds as well as other parts of the plant if necessary. This is important in the 

determination of the crop load factor on the soil where the crop is growing. 
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Seed Formation and Germination 

Seed Maturation 

During the period of dry weight gain, the castor seed's endosperm dry 

weight increases with onset and continuous deposition of protein (Greenwood 

and Bewley, 1982). Castor seeds are of major importance in the study of 

proteins because of their large aleurone grain or protein body formation in the 

endosperm where the ricin is sequestered (Prokofev et al., 1967). The synthesis 

of ricin (RCAeo) (Ricinus communis agglutinin - 60 KDa) begins as a single 

protein during maturation where it accumulates in the protein bodies and 

immediately undergoes cleavage into two S-S (disulfide) linked polypeptide 

dimers, termed the A chain and the B chain. Both chains are approximately 30 

kDa (Olsnes et al., 1973). The toxicity of the ricin is due to the interaction of the 

two chains, wherein the B chain binds to the mammalian cell-surface 

galactosides (Rutenber et al., 1987). The protein is endocytosed and directed to 

the Golgi network where the A chain is believed to translocate to the cytosol 

(Vitetta and Thorpe, 1991). By depurinating the specific adenine of the 28S 

ribosomal RNA, it prevents it from binding the elongation factor necessary for 

cellular protein synthesis (Endo et al., 1987). RCA120, a hemagglufinin is a 

tetramer with two similar A chains and two similar B chains (Buttenworth and 

Lord, 1983) 

16 



Seed Germination 

Between the first and second day after imbibition, there is an increase in 

the specific activity of the proteins in the cotyledons that probably support the 

eariy growth of the germinated seeds just prior to mobilization of the storage 

proteins in the endosperm (Kermode et al., 1984). The castor seeds normally 

weight 300 mg each (Atsmon, 1989). The average dry seed contains 3.5 total 

lectin which decline 50% by day 4 during germination in the endosperm as the 

seed germinates with no detectable amounts in 10 days seedlings (Youle and 

Huang, 1976). 

Active Cultivar 

Current Knowledge on Soil Effect 

No studies have been located that describe the castor plant and its 

influence on the soil of a growing castor crop. The concentration of ricin, 

however, changes depending on the place of emergence in the racime (Moshkin, 

1986a). Seeds of the castor plant vary in sizes. There are generally categorized 

into three categories: small (from 0.170mg to 0.270 mg), medium (0.270 mg to 

0.350 mg), and large (> 0.350 mg). In addition, different seed sizes may appear 

on the plant. The seed size is unrelated to plant size or yield (Greenwood and 

Bentley, 1982). It has been observed that moisture is important during flowering 

to allow for suitable size pollen (Nichol and Hall, 1988). Furthermore, about one-

third of the roots of the plant are spread in the upper 33 cm of the soil with the 
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remaining roots covering a distance of up to 89 cm. This causes the effective 

retention of moisture by the castor plant in the upper plow zone (Dvoryadinka, 

1986). If contaminafion is mainly through seeds then the size and ricin 

concentration of each seed becomes a critical parameter. 

Environmental Interests 

There is interest in environmental changes that negatively influence 

humans and other biota. Release of ricin into the environment would be such an 

influence. The adverse effect of toxic substances extends to agricultural animals 

such as birds, fish or economically important insects such a bees (Hebling et al., 

1996). Monitoring the environment is therefore of critical importance. 
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CHAPTER II 

RESEARCH OBJECTIVES 

The overall intent of this research was to evaluate and comparatively test 

for the castor's toxin, ricin, in soil to determine its relative concentrations and 

possible means of natural deposition, retention and degradation with time. The 

first objective was to develop and design a system of ricin analysis that would be 

capable of detecting small concentrafions of toxin in the soil. This system was 

needed to be precise and accurate as well as to provide reliable, reproducible 

results. The second objecfive was to evaluate ricin release into the soil during 

castor seed germination. A third objective was to determine the persistence of 

ricin in a historically cropped castor field. The fourth objecfive was the 

detennination of ricin release into the soil in a field during the growing season. A 

fifth objective was to investigate the effect of external stress factors on the 

release of ricin into the soil by castor plants. 
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CHAPTER III 

METHODS AND MATERIAL 

Ricin Detection Study Methods 

ELISA Selection 

The overriding factor for the selection of Enzyme Linked Immunosorbent 

Assay (ELISA) was that it does not require the high ricin denaturing heat of 

preparafion as needed in the Radial Immune Diffusion (RID) assay. Because of 

its simplicity the indirect or sandwich ELISA was adopted. It must be noted that 

other ELISA methods tested for ricin in human sera where the non-specific sites 

are automatically covered by other components in the sera. The ELISA method 

depends on the reaction of the antigens with their cortesponding antibodies using 

an adsorbing surface often made of highly active polystyrene. The antigen-

antibody complex is then attached to a common chemically tagged antibody. 

The new Ag-Ab-Ab is then acted upon by an added peroxidase compound and 

develops a color that increases in proportion to the concentration of the original 

Ag being evaluated. 

ELISA Modifications 

The sandwich ELISA method required two modifications to be applicable 

to soil sample testing. In the first modification, the ricin extraction solution 

avoided the use of phosphate buffers because of their possible interaction with 

other minerals in the soil. The second modification involved the addition of an 
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extra step using bovine albumin to interact with possible nonspecific attachment 

of the anti-ricin to the vacant attachment sites on the surfaces of the wells. The 

reason for the modifications in the ELISA method was two fold. Primarily, the 

presence or absence of phosphate buffer was not a required step in the ELISA 

assay of soils. This adaptation avoided the interference of the phosphates with 

the precise soil extraction of ricin. Therefore a more representative value could 

be obtained for the ricin content of soil. Any soil sequestered-ricin could be 

determined after the initial assay through comparative follow up soil extractions. 

Testing Sensitivity 

Furthermore, there is also a possibility of false-negatives due to non

specific, competitive binding of the ricin antibody with the polystyrene (Kemeny et 

al., 1988b). Indirect ELISA describe by Koja was therefore modified through an 

added incubafion step using bovine serum albumin (Sigma, Baltimore, MD) to 

reduce the likelihood of false positives. The primary ricin standard solution was 

obtained from Sigma. Its initial concentration was 3.9 mg ricin /ml solution. This 

stock standard was subsequently diluted from 0.010 |jg/ml to 0.300 pg/ml to 

obtain the various concentrations needed to acquire an assay response graph. A 

model ELX 800 Universal plate and a ELX 50 model automatic plate washer 

(Bio-Tek Instruments Inc., Woburn, MA) were used for the analysis. The data 

were electronically transmitted for calculation and reporting to a data 

management system, KC Junior Data (Bio-Tek Instruments). 
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Soil Extraction 

The extraction of ricin from soil required a saline solution of 0.137 M 

NaCI/L and 0.027 M of KCI/L of double deionized water added to the soil 

samples (1 g of soil/ml extraction solution). If the samples were retained in the 

refrigerator over 24 hrs, Na Azide was added 1 % (w/w) to avoid possible 

bacterial growth. After one hour of slow mixing (30 rpm), the soil solution was 

spun in a high speed (4 K rpm) refrigerated (5 °C) centrifuge. The supernatant 

was poured and filtered through a two-step procedure requiring a 4 pm glass 

filter followed by a 0.2 |jm membrane filter. The two filters were used to 

sequentially remove possible fine soil particles and cellular debris in suspension 

(Figure 6). 
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Figure 3: Photograph of filtration during ricin soil extraction. 

Sample Testing 

The samples and standards containing the ricin antigen (Ag) were 

dispensed in triplicate into a 96 flat bottom well microliter plates made of high 

binding polystyrene made (Corning Inc., Corning, N.Y.). Each 96 well microliter 

plate had a full set of standards. The Ag was allowed to incubate at 37 °C for 30 

minutes then triple washed using physiologically buffered saline (0.137 M NaCI/L 

and 0.027 M KCI/L with Tween 20) (pH=7 4). This was followed by the addition 

of dilute bovine albumin (5:100 w/v) as a blocking step for non-specific binding. 

The plates were again incubated at room temperature (22 °C) for 30 minutes 

then triple washed in the same manner as the previous step. Following this 

second wash, dilute (1:1000) rabbit elicited anti-ricin antibody (Ab) from Sigma 
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was added and incubated at room temperature (22 °C) for 1 hr. A third triple 

wash was performed similar to the previous washes followed by the addition of 

diluted goat elicited anti-rabbit antibody (Ab-2) (Sigma) (1:10,000) and incubated 

at room temperature (22 °C) for 1 hour. The plates were again triple washed for 

a fourth time using the identical procedure used the previous three times and 

peroxidase containing o-Phenylenediamine Dihydrochloride substrate (OPD) 

(Sigma) was also added. The plates were placed in a dark container for 1 hr. 

The absorbance of the wells was sequentially read at 450 nm wavelength. The 

procedure included three blank wells prepared using all the above steps with the 

exception of the first step where ricin or ricin containing solution was added. 

During the first step of the ELISA, the control wells were incubated empty along 

with the test wells at 37 °C for 30 minutes. The difference between this 

procedure and the published ricin method was that all published ELISA (Koja) 

methods involved ricin determination in human or animal sera. These 

procedures did not require a blocking step since albumin within human and 

animal sera react, within the wells, identically to bovine albumin. 

Germination Study Methods 

Germination Preparations 

To determine the possible release of ricin to the surrounding soil during 

seed germination, castor seeds were planted in styrofoam cups containing 25 

grams of two common High Plains soils. The soils were Amarillo fine sandy loam 
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(fine-loamy, mixed, superactive, thermic, Paleustalf) and the Olton clay loam 

(loamy, mixed, superactive, thermic, Paleustoll). The Amarillo series is a deep 

loamy soil formed in eolian deposits with slopes of 0 to 3 percent (Lubbock Soil 

Survey, 1975). The Olton soils are formed in deep loamy eolian deposits with 

slopes of 0 to 3 percent (Lubbock Soil Survey, 1975). There were five 

germination and blank replicates for each sample time and soil. Castor seeds 

were allowed to germinate in a temperature controlled germination chamber (29° 

C, 100 % humidity and total darkness) for 2, 4, 6, 8 or 10 days. Controls, 

consisting of both soils (unplanted), were also subjected to the same conditions. 

Seedling Testing 

At the scheduled time, the seedlings were removed and separated from 

the soil. The seedlings were washed in (0.138 M NaCI and 0.0027 M KCI) saline 

solution (1 ml extraction solution/gram of germination soil) to determine the 

exact ricin content per gram of total germination soil. The soil, from both the 

planted and unplanted samples, was similariy processed using a dilution of 1g 

soil/1 ml of extraction solution. The soil was separated using cold (5° C) 

centrifugation (4 K rpm). The supernatant was filtered using both a glass fiber 

macro-filter (4 \im) followed by membrane micro-filtration (0.2 ^m). The resulting 

solution was the subjected to the modified ELISA, as described above, to 

determine the ricin concentration. New standards were analyzed simultaneously 

with the sample extractions in the same 96 well microtiter plates. 
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Table 1: Geolocation readings of randomly selected sample in 
Historic Castor Field Study. 

H 

Sample Geolocation 

Sample ID 

A 

B 

C 

D 

E 

North 

West 

North 

West 

North 

West 

North 

West 

North 

West 

Degrees 

33 

101 

33 

101 

33 

101 

33 

101 

33 

101 

Minutes 

35 

53 

35 

53 

35 

53 

35 

53 

35 

53 

Seconds 

44.68 

46.15 

47.79 

45.36 

44.99 

44.56 

45.20 

43.81 

45.35 

42.98 

North 

West 

33 

101 

North 

West 

33 

101 

North 

West 

33 

101 

North 

West 

33 

101 

35 

53 

35 

53 

35 

53 

35 

53 

45.13 

46.15 

45.03 

45.30 

44.78 

43.69 

44.75 

42.91 
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Historic Castor Growth Study Methods 

Field Dimensions 

A 30 meter by 152 meter field planted with castor in 1999 two years prior 

to testing, was identified. Cotton (Gossypium hirsutum) had been planted in 

2000. The soil was identified as Amarillo fine sandy loam. The field's shorter 

sides (30 meters) faced east and west with the longer sides (152 meters) facing 

Figure 4: Aerial photograph of test 
field with castor plants 
and sampling sites 
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and I 

"*" = Central sample C 
© = Intermediate samples G, 

B, D and H 

lO 
•H 

E 

N
or

th
 

F 

1 

D 

G 

1 

Fast 

c 

iA/fii^t 

H 

B 

1 1 

S
ou

th
 

A 
30m 

Figure 5: Diagrammatic 
representation of 
sample Sites 
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north and south. Nine samples were collected and identified using geo-location 

as indicated in Tablel for accurate location in possible follow-up sampling. 

Seeding and Sampling 

The castor seeding rate had been two seeds per 0.3 meters in rows 1.2 

meters apart. Plots were furrow irrigated. Sampling was along two intersecting 

transects with a common central point. The transects were from the 

southwestern comer to the northeastern corner and from the northwestern corner 

to the southeastern corner (Figure 4 and 5). Soil collection was accomplished 

using a hand shovel to obtain the surface soil (0-5 cm). Approximately 300 

grams of soil were placed in a new plastic bag that was sealed air tight. 

Processing 

After collection, the samples were refrigerated (5 °C) overnight to lower 

the soil's temperature and slow microbial activity. Soil extraction of ricin was 

initiated by adding physiological saline (1 ml saline/g soil) to each sample after 

the soil was crushed to remove soil aggregates (25 grams/sample). The 

suspension was mixed on a slow rotary mixer (30 rpm), then spun at 4,000 rpm 

in a refrigerated centrifuge (5 °C) for 5 minutes. The supernatant was decanted 

and filtered through a coarse fiber filter (4 pm) followed by second filtration 

through a membrane micro filter (0.2 pm). The filtrate was evaluated for ricin 

using the modified ELISA method incorporating a non-specific binding blocking 
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step, as described above. Standards were analyzed simultaneously with the 

samples. 

Within Season Castor Methods 

Field Dimensions and Planting Rate 

Afield, measuring 120 m by 120 m, was surveyed using geo4ocation and 

planted with castor (Hale variety) in 2001. The plants (after a seeding rate of 2 

seeds per 0.3 meters) were spaced approximately 0.3 meters apart in 

semicircular rows spaced 1.2 meters apart. The soil was an Amarillo fine sandy 

loam soil as in the historic castor field. One plot was in the southwestern half of 

the field and furrow irrigated whereas the second adjacent plot was in the 

northeastern half pivot irrigated (Figure 6). Two modes of irrigation were 

selected to determine the possible influence of the mode of irrigation on ricin 

production. Both plots were irrigated approximately twice a week. 

Planting and Sampling Dates 

The planting was accomplished on the 1^' of June 2001. The field was 

sampled on 11'^ of June for eariy season monitoring, the 31®' of August for mid-

season monitoring and the 3"̂  of December for end of season monitoring. The 

sample locations were from the same sites as identified by geo-location (Table 2) 

and position flags. The sampling points were all randomly selected and internally 

located. Sites A-1, A-2 and A-3 samples were within the furrow irrigated half 
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while sites B-1, B-2 and B-3 were within the center pivot irrigated half of the field 

(Figure 7). With the exception of a few plants to be used in a separate trial the 

field was not harvested. After the last sampling, the field was plowed. 

Figure 6: Angle aerial photograph of Within Season Field indicating pivot/furrow 
Perimeter (August 2001) 

Sampling Collection and Testing Methods 

Collection for each soil sample was accomplished by also using a hand 

shovel to obtain the surface soil at a depth of 0-5 cm. Approximately 300 grams 

of soil were placed in a new plastic bag that was sealed air tight. All samples 

were refrigerated (5 °C) until all the sampling was completed to reduce variability 

between runs. A saline solution (0.137 M NaCI/L and 0.27 KCI/L) was added to 

the soil (1ml saline/g soil) and slowly mixed (30 rpm). The mixture was spun at 

4K rpm in a refrigerated (5 °C) centrifuge, and the supernatant carefully 

decanted. The solution was filtered twice using a glass fiber macrofilter (4 jam) 

followed by a membrane microfilter (0.2 |j.m). The ricin content of the samples 
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was determined using the modified ELISA method described above. Standards 

were run in triplicate simultaneously with the samples. 

Table 2: Geolocation readings of sample sites and field corners for the Within 
Season Castor Study 

Comers 

C-1 

C-2 

C-3 

C-4 

Sites 

A-1 

A-2 

A-3 

B-1 

B-2 

B-3 

Location 

Lat 
Long 
Lat 

Long 
Lat 

Long 
Lat 

Long 

Location 

Lat 
Long 
Lat 

Long 
Lat 

Long 
Lat 

Long 
Lat 

Long 
Lat 

Long 

Degrees 

33 
101 
33 
101 
33 
101 
33 

101 

Degrees 

33 
101 
33 
101 
33 
101 
33 
101 
33 
101 
33 

101 

Minutes 

35 
53 
35 
53 
35 
53 
35 

53 

Minutes 

35 
53 
35 
53 
35 
53 
35 
53 
55 
53 
35 

53 

Seconds 

42.09 
38.33 
45.07 
38.37 
45.04 
34.06 
42.05 

34.79 

Seconds 

42.45 
37.9 

42.93 
37.77 
42.17 
37.02 
43.61 
36.01 
44.53 
36.65 
44.83 

35.54 
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Greenhouse Stress Test Methods 

Reasons for Design 

Cotton plant used as a positive control with bare soil as a neutral control. 

The green house stress experiments consisted of applying several stresses to 

castor plants to determine any possible ricin deposition in the under growth 

conditions other than optimal. The intent was to approximate and determine the 

ricin deposition in extreme conditions encountered by castor aops during a 

planting season. The stress conditions were specifically selected to mimic saline 

as well as heat conditions in the high plains so that precise observations could be 
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made. The treatments applied in the test were heat (35 °C to 38 °C) stress, a 

saline (EC of 10 dS/m) (3.2 g NaCI + 3.2 g CaCI / L) irrigation water stress and a 

control group using normal greenhouse temperature (24 °C to 29 °C) and potable 

city water (EC = 1.6 dS/m) for irrigation. A post-treatment stress-simulating 

drought, accomplished by withholding irrigation (both normal city water and 

saline) for three weeks, occurred at the end of the testing period. 

Heat Stress 

For the heat stress, an electronically regulated temperature stress 

chamber was constructed measuring 92 cm wide X 110 cm deep X 180 cm high. 

The chamber was supported by 2.5 cm diameter plastic pipe covered with a 

transparent vinyl to allow light to penetrate (Figure 8). Using a combination of 

thermostatically controlled hot air heaters and exhaust cooling fans, the plants 

placed within the chamber were stressed with temperatures ranging from 35 °C 

to 38 °C. Three castor (Hale variety) plants were maintained in the chamber with 

one cotton plant (roundup ready, Monsanto) and one plain unplanted plowed 

Amarillo soil pot as controls. The soil used was the similar Amarillo soil used in 

the previous experiments. The seeds were planted approximately two to three 

cm deep in 38 liter pots. 
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Salt Stress 

In the salt stress treatment group, the plants were subjected to a saline 

water stress regime through the use of irrigation water with an EC of 10 dS/m. In 

this group, there were four castor plants with one cotton plant and one Amarillo 

soil pot as controls. 

Figure 8: Temperature control chamber containing samples 

Normal Conditions 

The third treatment consisted of six castor plants with one cotton plant and 

one Amarillo soil pot for control. This last treatment was a control treatment with 

irrigation consisting of standard Lubbock, Texas, city water and temperatures 

ranging from 24 °C to 29 °C. 
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Initiation of Stress 

Stress treatments were not initiated until all plants reached an average of 

15 cm to 17 cm height. Until reaching that height, all the castor plants received 

the same treatment as the normal city water plants received during the entire 

experiment. At this stage of growth the castor plants had two to three observable 

full size leaves. 

Sampling Times 

Sampling was performed prior to seedling emergence, 2 months after the 

plants reached the 17 cm height and two days after the last imgation. The 

growth period for the experiment consisted of 3 months and 10 days to the last 

watering. 

One final drought treatment was superimposed on all treatment groups by 

withholding irigation for three weeks to simulate conditions encountered in the 

High Plains. The final sampling was obtained immediately after the effect of the 

imposed drought condition. All soil samples were refrigerated (5 °C) and 

evaluated at the same time to avoid unnecessary variables using the above-

mentioned ELISA method. Standards were run in triplicates with the samples. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

ELISA Results 

ELISA and RID Results Comparison 

Attempts to determine ricin concentration in soil, using Radial Immune 

Diffusion (RID), have been unsuccessful due to the lack of sensitivity of the 

method in detecting quantities in the ranges encountered in soils. Enzyme Liked 

Immunosorbent Assay (ELISA) was selected as an improved method because of 

its reliability in detecting small quantities of ricin. 

ELISA Results 

The intial attempts using the rabbit anti ricin antibody (Poll et al., 1994) 

followed by anti rabbit goat antibody followed by peroxidase resulted in results 

that were varied greatly between replicates. It was determined that the possibility 

of non specific binding of the rabbit antibody could be the problem. As a 

modification, bovine albumin was added after the addition and incubation of ricin 

as an intervening step after several trials in a concentration of 5 to 100 (w/v). 

After several assay modifications, it was determine that a 30-minute incubation at 

37 °C of the ricin containing sample was adequate. The bovine albumin 

incubation was also selected to be 30 minutes at 21 °C. All other steps provided 

optimal results after one and one half hour. The peroxidase step required dark 
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conditions to avoid the light effect on the color development. The best 

absorbance was noted at a wavelength of 450 nm after other wavelengths from 

405 to 495 nm were evaluated. Eliminating the phosphate buffer from the soil 

extraction solution yielded higher, more reproducible results from replicate 

samples. 

standards 
Suppressed Stds 
Standard Curve 

0.05 0.10 0.15 0.20 

Concentration 

0.25 0.30 

Figure 9: Results of Standards from Final ELISA Methodology Evaluation with 
indicators showing improved linearity with deaeased concentration intervals 

The readings were then applied to a 4 parameter equation (y=(A-D)/1 + 

(x/C)^ + D), as determined by the Kc junior. The R̂  was calculated to be 0.9977 

for the equation and the constants calculated to be A=0.5836, B=1.7586, 

C=0.0207 and D=0.1546. 
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ELISA Sensitivity 

In contrast to RID, where the interpretation and manual reading of a 

precipitate is required, ELISA depends on sensors that are capable of 

distinguishing small changes in light absorbance generated by minute changes in 

ricin concentration. As presented above (Table 3), the sensitivity is highest and 

more reproducible at ricin concentrations between 0.300 pg/ml and 0.010 pg/ml. 

The linearity and accuracy improves as the upper standard concentration is 

decreased. Therefore as 0.010 pg /ml to 0.20 pg /ml shows an improvement in 

linearity, 0.010 pg /ml to 0.10 |jg /ml provides the greatest linearity between 

absorbance and concentration (Figure 9). In cases of higher concentrations, 

dilutions can be accomplished to reduce the concentration to a range that is 

within the assay. This provides a larger spectrum for detection. 

Germination Results and Discussion 

Sample Test Tracking 

The samples used for the germination study were tagged coded and 

numbered at the time of separation. These codes were specifically assigned to 

distinguish between the different soils, Amarillo or Olton. Furthermore the codes 

were ascribed to segregate the extraction as either from the washings of the 

seeds or the separated surrounding soil. The unplanted soil controls were also 

accordingly labeled using the following table. 
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The codes used for the different tested germination components were: 

aso = Amarillo soil extract only from soil with germinated seed, 

ase = Seed washing from seed germinated in Amarillo soil, 

awo = Amarillo soil extract from unplanted control soil, 

oso = Olton soil extract only from soil with gemninated seed, 

ose = Seed washing from seed germinated in Olton soil, 

owo = Olton soil extract from unplanted control soil. 

There were 5 replicates analyzed from each label. 

Ricin Detection 

It was noted that only the seed washings of the germinated seeds 

containing attached soil resulted in detectable ricin concentrations in days four, 

six and eight. The results were similar for both soils used. 

Table 3 contains the means of the results obtained in pg ricin/g soil: 
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Figure 10: Castor seeds on day two of gemnination in Amarillo and Olton soils 

Figure 11: Castor seeds on day four of germination in Amarillo soil 
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Figure 12: Castor seeds on day four of germination in Olton soil 

V ^t M i l l I I I 

\ 7 V '»P. % 

\<\\ t 

'SI ' ei 'TJ '6: '91 ' !o ri iv. 

Figure 13: Castor seeds on day six of germination in Amarillo soil 
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Figure 14: Castor seeds on day six of genmination in Olton soil 
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Figure 15: Castor seeds on day eight of germination in Amarillo and Olton 
soils 
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Figure 16: Castor seeds on day two of germination in Amarillo and Olton 
soils 

Location of Detected Ricin 

Ricin located within the castor seed was not detectable in the soil not in 

contact with the seed. Soil or particulate matter that was in direct contact with 

the seed, however, showed ricin present during the eariy stages of germination. 

For both the Olton clay loam and Amarillo fine sandy loam soils, the ricin was 

evident by day 4 and reaches its peak on day 8 after planting (Table 3). On day 

10 there was no detectable ricin present. This is possibly due to the metabolism 

of the young seedling (Hartley and Lord, 1993). There was an indication that on 

day 2 metabolism begins to act on the sequestered protein in the aleurone 

bodies. The increase in detectable ricin on day 8 may have been due to greater 
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exposure created by the elongation caused by the growth of the castor seedling 

(Figures 10 to 16). 

The below assay detection results in both the control unplanted soil 

matching those of the planted soils showed that there was no detectable ricin 

beyond the immediate surface area of the gemninating seed. 

Results of Field Testing of Historic Castor 

Ricin Detection Method 

In the historic castor study, the exact concentration of ricin within the soil 

was not known prior to testing. The testing was by nature extensive, requiring 

several dilutions of the samples. Therefore, only the results from the proper 

dilution are being reported, all others were below detection. The mean 

concentration of field from the samples tested was 0.144 \xg ricin/gram of soil 

(± 0.04). 

Persistence of Soil Ricin 

Despite the fact that the soil had been tilled and irrigated through two 

growth seasons with an alternate crop of cotton grown in the area, the modified 

ELISA method still detected measurable ricin content. It is presently unknown 

whether the positive results are due to seeds or parts of seeds remaining in the 

soil. It is speculated that some residual ricin was detectable. Several soil 

minerals have the ability to adsorb appreciable amounts of ricin (Jaynes et al.. 
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2002). However, some samples (one or two) portions or fragments of castor 

seeds that were noted during sampling. It is possible that these samples were 

the ones highest in measured ricin. 

Within Season Castor Study 

Sample Testing 

Samples from the within season castor study were all tested 

simultaneously after extraction and refrigeration (5 °C). All samples times were 

taken from within a few inches of their eariier corresponding collection, as 

determined by geoloc:ation and flag markers. At these sampling points no ricin 

concentration was detected prior to the December sampling event (Table 4). 

Table 5: Means of the December Sampling from Pivot and Furrow 
Irrigation from Within Season Castor Study 

Average SD 

Furtow 0.065 ± 0.029 

Pivot 0.835 ± 0.189 

46 



Times of Detection 

Detectable ricin concentration was recorded though only in the December 

sampling. The samples within the pivot irrigation and those within the immediate 

proximity indicated ricin concentrations. In addition, the plants within the pivot 

irrigation half of the field measured between 115 cm and 150 cm with three 

racemes containing ten to eighteen pods with three viable seeds in each (Figures 

17 and 19). The plants within the furrow in-igated half were between 30 cm and 

60 cm in height (Figures 18 to 20). They either had no visible racemes or one 

raceme with four to five pods containing one to two viable seeds. All the ricin 

contents for both the June and September sampling were below the lowest 

ELISA detectable limits. 
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Figure 17: Castor plant within the pivot imgated 
half of the field (taken September 25, 2001) 

48 



;,' 

i^f^ 

Figure 18: Castor plant within the furrow irrigated 
half of the field (taken September 25, 2001) 
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Figure 19: Northern view of pivot irrigated half of the field 
(taken September 25, 2001) 

Figure 20: Southern view of furrow irrigated half of the field 
(taken September 25, 2001) 
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Figure 21: Photograph of within season castor field with plant markers 
(taken August 3, 2001) 

Locations of Ricin Detection 

There was a higher detectable amount of ricin in the half of the field where 

pivot irrigation was administered (Figure 21). It was evident that there was a 

significant treatment difference between the two halves of the field. Furthermore, 

the presence of ricin at the end of the season cleariy indicated that the larger 

pivot irrigated plants bearing more seeds may be one of the of the contributing 

factors. 
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Stress Test 

Sampling and Testing Conditions 

The soils obtained from all samplings were determined simultaneously. 

The data was compared using between stress treatment and within stress 

treatment with two separated negative controls, the bare soil and the non ricin 

producing cotton. The results indicated a ricin content within the soil tested in 

the drought samples with the plants also stressed with saline irrigation water. No 

other samples showed ricin cxincentration. At the last watering, the plants in the 

heat stress measured 30 to 32 cm in height with two to three drying leaves while 

the salt stresses while the salt stressed plant measured 40 to 45 cm also had two 

to three smaller lighter green color leaves. The normal treatment plants 

measured 100 to 102 cm and maintained lager fully grown green leaves with side 

branches. It was noted that the plants subjected to both saline stress followed 

by the drought treatment were also brittle and dry. The plants with the heat 

treatment and the normal control plants still had sufficient elasticity when bent. 

Times of Sampling 

The data in Table 6 was obtained from the samples subjected to 

Temperature Stress (35.0 °C to 37.8 °C), Saline Stress with an EC = 10 dS/m 

and No Stress (Normal City Water with an EC = 1.6 dS/m) at normal indoor 

Temp of 23.9 °C to 29.0 °C with sampling at pre emergence, post emergence, 

last watering and 3 weeks after last watering: 
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Table 5: Averages of ricin soil content from timed sampling of stressed castor 
pots 

Sampling Time 

Plants at 31 cm 

Last watering 

3 weeks post water 

Heat Stress 

0 

0 

0 

Stress Type 

Salt Stress 

0 

0.018 

0.036 

No Stress 

0 

0.212 

0.287 
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Conditions for Soil Ricin Detection 

The results obtained indicate that the lack of or reduced soil ricin detection 

in the pots occurred under specific stress conditions. The salt stressed plants did 

provide detectable ricin within the soil, as did the normally grown plants, but at a 

10-fold lower rate. 

Comparison of Data 

The data acquired in this investigation seem explain and support the 

results obtained eariier with the active cultivar field testing. The plants grown 

under favorable conditions, such as the pivot irrigation and normal watering 

conditions produced sturdier and bigger higher seed yield plants. The lower soil 

ricin cx)ncentrations in the salt stressed also corresponds to the lower soil ricin 

results obtained in the furrow-irrigated plants where the plants were also smaller 

and contained fewer seeds. Extreme conditions such as the high heat stress 

treatment can yield underdeveloped castor plants that are neither productive nor 

release detectable ricin into their surrounding soil. It may therefore be possible 

to determine from ricin soil testing the quality and status of a previously grown 

castor crop. 
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CHAPTER V 

CONCLUSIONS 

In this study focuses on the ability to comparatively evaluate the soil's ricin 

contents using ELISA under various soil and environmental conditions. The first 

objective was to develop a sensitive reliable methodology to detect ricin in the 

soil. The development of the Enzyme Linked Immunosorbent Assay (ELISA) 

with modifications for soil extraction resulted in a methodology that was highly 

sensitive. The specific modifications of the ELISA method were the elimination of 

phosphates in the soil extraction solution and the introduction of a step that used 

albumin to block free active assay sites. The sensitivity is specially suited for soil 

extraction because of soils ability to often sequester many organic substances 

including ricin. Using the ELISA Technology provided the means by which soil 

ricin retention and contamination could be quantified. 

The second objective was to determine the release of ricin into the soil 

during castor seed germination. Using the modified ELISA, ricin detection within 

the immediate vicinity of the seed was observed in direct response to the growth 

of the seedling. Ricin (RCAeo) was detected for days 4, 6, and 8. No ricin was 

detected at days 2 or 10. 

The third objective was to detennine the persistence of ricin in a historic 

cropped castor field. Ricin was still detectable (0.144 pg ricin/g soil ± 0.04) in the 

soil after two years. It appeared that the soil retained the ricin deposited by the 
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castor plants that once grew in that field despite the fact that another crop of 

cotton had been grown in the same field. 

The fourth objective was the determination of ricin content of the soil in a 

field during a growing season. Results indicated that ricin was only detected 

after seed maturation. It was also notable that the highest levels of ricin (0.835 

pg ricin/g soil ± 0.189) were in direct relation to the size of the plants (150 cm). 

Irrigation, that yielded lager plants, increased ricin content of the soil. 

The fifth objective was to evaluate heat and osmotic stresses to determine 

the release of ricin in the soil. In this case, the data shows that certain stresses 

such as high heat and salinity affect the physiology and productivity of the castor 

plants. These factors, also observed in the two halves of the growing castor 

field, cause the castor plant to produce limited numbers of seeds that are 

underdeveloped and unable to release detectable ricin in the surrounding soil. 
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