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ABSTRACT 

Mycotoxins are common dietary contaminants in most regions of the world. The frequency 

of exposure to the different families of mycotoxins is often dependent upon geographic 

location, national wealth and related agricultural and regulatory infrastructure, combined 

with how diverse a diet is available, and the degree of food sufficiency. Deoxynivalenol 

(DON) is a Fusarium mycotoxin that frequently contaminates wheat, corn and barley in 

temperate regions of the world. A number of acute poisoning incidences have been linked 

to DON contaminated foods, and chronic exposure to lower levels of DON has been 

predicted in many regions. DON is a potent animal toxin, and exposure in humans may 

cause gastroenteritis, growth faltering and immune toxicity. The ability to conduct accurate 

exposure assessment at the individual level is required in order to fully understand the 

potential health consequences of human exposure. To date, such exposure biomarkers have 

been lacking for many important mycotoxins, including DON. To better assess exposure to 

DON at the individual level we have developed a robust urinary assay, incorporating 

immunoaffinity column (IAC) enrichment and LC-MS detection. Further refinement of this 

urinary assay, by inclusion of 
13

C-DON as an internal standard was then undertaken, and 

tested within the UK. Urinary DON was frequently observed in the urine and was 

significantly associated with cereal intake. A dietary intervention study demonstrated that 

avoiding wheat in the diet markedly reduced urinary levels of DON. This biomarker 

requires further validation, but our initial data suggest it may provide a useful tool in 

epidemiological investigations of the potential health consequences of this common 

environmental toxin. 
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INTRODUCTION 

There are around 100,000 fungal species, many of which are beneficial to the environment 

or useful in medicine and certain food production processes. A number of fungal species 

can also lead to the production of structurally diverse and highly potent toxins known as 

mycotoxins (CAST 2003). There are many naturally occurring mycotoxins, with five of 

major agricultural importance: aflatoxins, deoxynivalenol (DON), fumonisins, ochratoxin 

A and zearalenone (Miller, 1995). Mycotoxin contamination of food is often heterogeneous 

(Cirilloy et al., 2003) which hinders exposure assessment using classical epidemiological 

approaches that utilise food diaries and food frequency questionnaires (Wild et al., 2001). 

With the exception of the extensive developmental and validation work conducted over 

many years for aflatoxin (reviewed by Wild and Turner 2001, 2002; Groopman et al., 2002, 

2005), a lack of biological markers, or biomarkers, still restricts our understanding of 

exposure at the individual level for the other mycotoxins commonly encountered through 

diet. As a consequence there is often awareness of frequent exposure to many potent 

mycotoxins, but a lack of appropriate ‘tools’ to conduct robust epidemiological studies to 

assess the potential health consequences. 

 

DON is a Fusarium mycotoxin found primarily on cereal crops that are used for human 

consumption and in feeds for animals (CAST 2003). Due to the stability of DON to 

processing and cooking (Jackson and Bullerman 1999; Creppy 2002; Sugita-Konishi et al., 

2006) human exposure is predicted to occur frequently (Li et al., 1999; Canady et al., 2001, 

SCOOP 2003). The toxicity of DON has been clearly established in animal studies, and 

was recently reviewed with a view to understanding the human health risks from natural 

dietary exposure (Schlatter, 2004; Pestka and Smolinski 2005). DON and other 

trichothecenes bind to the 60S ribosomal subunit, which inhibits translation and activates a 
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signaling pathway known as the ribotoxic stress response (Rotter et al., 1996, Pestka et al., 

2004). Feed refusal and vomiting are two of the most common toxic symptoms following 

DON ingestion in several species (WHO, 1990), and the emetic symptom resulted in the 

alternative name for DON of ‘vomitoxin’. There are species differences in the 

susceptibility to DON with swine being the most sensitive, chickens and turkeys 

intermediate, and ruminants having a higher tolerance (Pestka and Smolinski, 2005). In 

swine, reduced feed consumption and lower weight gain are observed following ingestion 

of feeds containing DON at < 2 ppm, whilst higher doses can cause vomiting, reduction in 

body weight and even death (Rotter et al., 1996, Prelusky et al., 1997). Consumption of 

DON contaminated cereals has been associated with several major outbreaks of human 

intoxication in certain parts of the world (Bhat et al., 1989; Luo 1994; WHO, 1990). The 

symptoms observed include nausea, vomiting, diarrhea, headache, salivation, dizziness and 

convulsions (WHO, 1990). Epidemiological data from food poisoning incidents in China 

between 1961 and 1991 imply that DON may have a role in acute human toxicity (Luo, 

1994). DON contamination in food was also implicated in a large-scale human toxicosis in 

the Kashmir Valley of India (Bhat et al., 1989) in which ~50,000 people reported vomiting 

and dizziness amongst other symptoms.  

 

DON also has potent effects on the immune system (Bondy and Pestka, 2000; Meky et al., 

2001; Gray and Pestka, 2007), including suppression of the normal immune response to 

pathogens. In addition DON exposed mice exhibit elevation of serum IgA-immune 

complexes, mesangial IgA accumulation, and hematuria (reviewed by Pestka, 2003; Pestka 

and Smolinski, 2005). These are all hallmarks of IgA nephropathy (Berger’s disease), the 

most common type of glomerulonephritis worldwide, which is of unknown etiology. 

Increased levels of serum IgA have also been observed in DON exposed swine (Tiemann et 

Page 5 of 28

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

al., 2006, Goyarts et al., 2005). In a recent review of human epidemiological data the 

possibility of DON-induced gastroenteritis, growth faltering and immunotoxicity, with a 

possible increase in susceptibility to infectious disease, were highlighted (Pestka and 

Smolinski 2005). The variations in species susceptibility to this toxin may in part reflect 

differences in intestinal detoxification to de-epoxy DON (Yoshizawa et al., 1986). A recent 

small study suggests that humans lack this putative detoxification route (Sundstol-Eriksen 

and Pettersson, 2003). This observation is suggestive that humans could be one of the 

species that are more sensitive to DON, though further investigations are warranted. 

 

EXPOSURE ASSESSMENT 

In order to understand the health effects of DON it is essential to be able to accurately 

assess intake at the individual level. Exposure assessment for dietary toxins has 

traditionally been approached by measuring levels of food contamination combined with 

estimates of food intake, thus providing population based estimates. A recent scientific 

cooperation (SCOOP 2003) task surveyed the frequency of foods, predominantly cereal-

based, that were contaminated by 16 Fusarium mycotoxins in EU member states. A total of 

44,670 food samples were analysed, including eleven countries providing data on DON. 

Fusarium mycotoxins were predominantly associated with wheat and maize-based foods. 

DON was the most frequently observed Fusarium mycotoxin, with 57% of the 11,022 

samples tested for DON being found to be contaminated. Wheat and maize were 

contaminated with DON most frequently (61% and 89% of samples tested, respectively). 

Barley, oats and rye were also contaminated albeit slightly less frequently. France had the 

highest recorded level for DON contamination of wheat (50,000µg/Kg), whilst Sweden had 

the highest mean level of DON in wheat (1427µg/Kg). For maize the highest level recorded 

was again in France (8,850µg/Kg), which also had the highest mean level (1056µg/Kg). 
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In the UK more than 600 samples were tested for DON, with around 50% positive, and a 

contamination range from 10 – 2261µg/Kg for positive samples (SCOOP 2003). Based on 

the national consumption of four major wheat based food items (bread, breakfast cereals, 

biscuits and cakes), both a mean DON intake and a high DON intake (based on consuming 

a mean amount of each food, and an amount of each food corresponding to the 95
th
 

percentile of intake, respectively) were estimated in µg/day, using the mean level of 

contamination for each item (SCOOP 2003). Data were available for both adult males and 

females, and are summarized in Table 1. The majority of exposure in adults was predicted 

to come from bread and breakfast cereals, due to their widespread contamination with 

DON and the frequent consumption of these items. Additional important sources of 

exposure are likely to include products containing wheat flour (excluding the items in 

Table 1) for example pasta, corn flour and possibly cereal-based snacks (SCOOP 2003). It 

should be noted that it is unlikely that any given individual will consume all of the food 

groups at the high level of consumption, and in the UK, average dietary intakes for DON 

(assuming an average body weight of 70.1kg) were estimated at 176ng/kg(bw)/day and 

142ng/kg(bw)/day, for males and females respectively. Based on a greater food intake per 

unit body mass, higher mean DON intakes were estimated for infants and young children 

(range 400-500ng/kg(bw)/day), with bread, breakfast cereals and cereal based snacks 

predicted to provide the major contributions to exposure.  

 

These estimates of intake are below the recommended TDI of 1000ng/kg(bw)/day (SCF, 

2002). However, these data represent mean levels, and both the quantity of food and the 

contamination levels of foods were so variable that estimates of exposure may be 10 to 20-

fold higher in individuals consuming the most contaminated foods. When compared to the 
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UK, higher levels of exposure were predicted for some of the other countries within the 

EU, notably France, The Netherlands and Germany (SCOOP 2003).  

 

In a more global assessment of DON the Joint (FAO/WHO) Expert Committee on Food 

Additives (JECFA) also estimated dietary intakes using food consumption and 

contamination data (Canady et al., 2001). Five world regions were created, European 

(which also includes Australia, Canada, US and New Zealand), Latin America, Middle 

Eastern, Far Eastern and African. Data for the exposure estimates were often limited, 

particularly outside of Europe, though crude estimates of international exposure are 

provided. The JECFA estimates are based on cereal consumers only, whilst it should be 

noted that the SCOOP data are for the population as a whole. The estimates range from a 

mean of 780ng/Kg(bw)/day in the African region (albeit based on data from South Africa 

alone) to 2400ng/Kg(bw)/day in the Middle eastern diet, with the European region having 

an estimated intake of 1400ng/Kg(bw)day. These alternative estimates suggest that globally 

the TDI for DON will be frequently exceeded. Whilst the TDI is based on a “No Observed 

Adverse Effect Level” in animals and incorporates a safety factor, humans may be 

particularly sensitive to DON compared to animals as discussed above (Sundstol-Eriksen 

and Pettersson 2003). The SCOOP (2003) report additionally highlighted some of the main 

limitations in its estimate of DON intake, and suggested that the total dietary intake by 

country should generally be considered an underestimate. 

 

Biomarker approach to exposure assessment: As mentioned above, a major obstacle to 

studying DON and human health is the heterogeneous nature of cereal contamination, 

which makes the estimation of exposure at the individual level difficult. Given the 

uncertainties in the assessment of mycotoxin exposure from dietary data, biomarkers have 
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been suggested to offer a better approach (Montesano et al., 1997; Turner et al., 1999; Wild 

and Turner 2001). Mycotoxin exposure biomarkers potentially provide data at the 

individual level and may establish the prevalence and range of exposure in a population 

(Wild and Turner 2002; Turner et al., 1999).  In response, the development of a urinary 

exposure biomarker for DON was initiated based on our understanding of the absorption 

and clearance of DON in animals. The toxicokinetics of DON in several animal species has 

previously been reviewed (Pestka and Smolinski, 2005). The absorption of DON following 

ingestion is species dependant. Swine are particularly sensitive to DON, and following 

DON ingestion, up to 80% is absorbed (Rotter et al., 1996) and plasma concentrations peak 

within 15–30 min (Prelusky et al., 1988).  In contrast, in ruminants, which are relatively 

resistant to DON toxicity, a smaller percentage of the parent compound is absorbed; in 

sheep 6-10% (Prelusky et al., 1986) and in dairy cows <1% (Prelusky et al., 1984). This 

lower level of uptake may in part reflect the greater capacity for bacterial derived de-

epoxidation of DON to DOM-1 within the ruminant gut (Rotter et al., 1996). The 

elimination half-life for DON in most species is relatively rapid, and the majority of DON 

and DON metabolites are excreted within about 24 hours (Pestka and Smolinski, 2005). 

The DON-glucuronide metabolite is observed in the serum and urine of swine (Goyarts and 

Danicke, 2006), and ruminants (Prelusky et al., 1984; Cote et al., 1986), and the urine of 

rodents (Meky et al., 2003). In swine the serum clearance profile for DON only and DON + 

DON-glucuronide are similar (Goyarts and Danicke, 2006). DON and DON-glucuronide 

excretion in the urine represented 37% and 50% of the ingested DON in rat (Meky et al., 

2003) and swine (Goyarts and Danicke, 2006), respectively.  

 

The rapid clearance of DON from serum did not make this a good matrix to assess dietary 

exposure in humans. The high level of transfer of DON to urine, combined with the relative 
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ease of collection however made this a more suitable matrix. In the first stage of 

development the clearance of DON plus a DON-glucuronide conjugate were examined in a 

rat model, and utilised immunoaffinity enrichment and LC-MS detection (Meky et al., 

2003). Immuno-affinity enrichment resulted in the loss of the DON-glucuronide and thus to 

maximize the measure of total DON, the urine samples were pre-incubated with β-

glucuronidase to release the parent toxin. 

 

In an initial test of a series of 15 female residents in Linxian County, Henan Province or 

Gejiu, Yunnan Province, China all urines were positive for DON; median 30ng/ml: range 

4-94ng (Meky et al., 2003). To our knowledge, this was the first report of DON in human 

urine. The urinary DON levels were consistent with those expected based on the range of 

cereal contamination in this region (Luo et al., 1990). The hydrolysis conditions used were 

such that several µg of DON-glucuronide in urine would be readily hydrolysed to release 

DON (Meky et al., 2003). Given that the Chinese samples contained ng/ml concentrations, 

we had considerable confidence that all DON-glucuronide present would be hydrolysed. In 

addition, increasing the β-glucuronidase concentration >20-fold gave no significant 

increase in DON recovery (unpublished observation). Further refinement of this urinary 

assay, by inclusion of 
13

C-DON as an internal standard was then undertaken using a UK 

population dataset. In the UK, wheat is the main cereal crop responsible for human 

exposure to DON (SCOOP 2003). Based on this knowledge we examined firstly, whether 

urinary DON could be detected in the UK population and, secondly, whether levels of 

urinary DON would be reduced by avoidance of wheat based products in a short-term 

intervention study. This intervention study is reviewed below; additional methodological 

detail, study design and study results have been recently published (Turner et al., 2007a).  
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Study Design: The study took place over seven days with 25 healthy adult volunteers, and 

involved two days (Day 1 and 2) of normal diet and four days (Day 3-6) of a wheat 

restricted diet. Suggestions for alternative starch based food items and meals were provided 

for the wheat restriction phase. Food diaries were kept for Days 1 and 2 (normal diet) and 

Days 5 and 6 (intervention diet). A first morning void urine sample was obtained on Day 3 

to represent the ‘normal diet’, and on Day 7 to represent the ‘intervention diet’, see Table 2. 

The study design reflects the observation that in animal models urinary DON 

predominantly reflects transfer over the first 24 to 48 hours. The wheat restricted food 

items in this study were primarily bread, breakfast cereal, cakes/biscuits and pasta, and the 

suggested alternatives were rice and potatoes.  

 

Urinary Analysis: Urinary DON was measured as described in detail by Turner et al., 

(2007a). In brief, urine samples were spiked with 
13

C-DON as an internal standard, and 

then digested overnight with 23,000 units β-glucuronidase (Type-IX, Sigma, Poole Dorset), 

to allow assessment of “total DON” (i.e. the amount of DON plus DON-glucuronide). 

Digests were then enriched for DON using immunoaffinity columns (IAC), and analysed 

by HPLC with mass spectrometric detection using selective ion recording. All DON levels 

in the urine samples were quantified by reference to the internal standard. The limit of 

quantification (LOQ) in urine for this analysis was 0.6ng DON /ml urine. Two aliquots of a 

urine sample with previously measured DON concentration were also spiked with the 

internal standard and analysed with each batch of test samples as a quality control (QC). 

The mean QC value was 10.4ng/ml with a CV of 6.1%. As first morning urine samples 

were used the final DON concentration in ng DON/ml of urine was adjusted using a 

measure of creatinine concentration in mg/ml of urine and subsequently data were 

expressed as ng DON/mg creatinine (ng/mg). 
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Twenty-five paired samples were available for urine taken corresponding to the normal diet 

and following the four-day intervention trial. During consumption of the normal diet all 

individuals had detectable urinary DON, whilst during the intervention fewer samples were 

positive (9 of 25; 36%) The mean levels of urinary DON in both ‘normal’ and 

‘intervention’ samples are shown in Table 3. The geometric mean level during normal diet 

(7.2ng DON/mg creatinine; 95% CI 4.9-10.5ng/mg) was 11 fold higher (p<0.001) than that 

during the intervention (0.6ng/mg: 95% CI 0.4-0.9ng/mg). During the consumption of the 

‘normal’ diet bread, breakfast cereals, biscuits, cakes, and pasta were consumed in amounts 

consistent with that previously reported for the UK population (Hendersen et al., 2002). 

Overall bread was the most frequent source of wheat-based foods (see Table 4). The 

intervention was implemented between days three and six and the recorded diary 

information on days five and six indicated good compliance with a reduced frequency of 

consumption of wheat-based foods. In order to compensate for this reduction there was a 

marked increase in the consumption of both rice and potatoes (see Table 4). For 

comparison, data from the Chinese urine samples have been included in Table 3. The 

samples from China appear to have slightly higher levels of urinary DON, though we 

should additionally point out that these Chinese data are not adjusted for recoveries, as an 

internal standard was not available at the time of analysis. Creatinine data were also not 

available so this adjustment was not made. 

 

More recently we have undertaken a larger survey of urinary DON in the UK (Turner et al., 

2007b). Urine samples were available from the 2000-2001 UK adult National Diet and 

Nutrition Survey (NDNS) (Henderson et al. 2002), permitting comparison of urinary DON 

excretion with specific dietary information collected for each individual. Urine samples 
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(24-hour) were collected from 1724 individuals aged 19-64 years of age. In addition 

individuals completed a detailed seven-day weighed food diary (Office for National 

Statistics 2005). The hypothesis was that cereals would provide the major contribution to 

DON exposure, thus in this study individuals were selected following stratification into 

low, medium and high cereal intake groups. Stratification was based on items that provided 

the major sources of cereal in the UK diet; these included breads (wholemeal, white, soft 

grain, other), breakfast cereals (high-fibre and other), pasta, pizza, fruit pies, biscuits and 

buns/cakes. One hundred subjects were identified for each of the following cereal 

consumption groups: low (mean 107g cereal/day; range 88-125), medium (mean 179g/day; 

range 162-195) and high (mean 300g/day; range 276-325). DON was detected in 296 of 

300 (98.7%) urine samples, and the mean and range of urinary DON levels (arithmetic 

mean of 9.0ng DON/mg creatinine; range non detectable to 48.2ng/mg) were similar to that 

reported within the ‘normal diet phase’ of the intervention study discussed above. Cereal 

intake was significantly associated with urinary DON (p<0.0005), with geometric mean 

urinary levels of 7.2 ng/mg (95%CI: 6.2-8.2ng/mg); 9.2ng/mg (95%CI: 8.1-10.5ng/mg) and 

10.9ng/mg (95%CI: 9.5-12.4ng/mg) for low, medium and high intake groups respectively, 

after adjustment for sex and BMI, see Table 3.   

 

Crude estimates of daily DON intake in the UK were reported by Turner et al., (2007a, 

2007b). These were based on: (i) the measure of urinary DON, (ii) an assumption that 35-

50% the ingested DON was being excreted in the urine (Meky et al., 2003; Goyarts and 

Danicke 2006), and (iii) an assumption that the urinary DON originated from DON intake 

in the previous 24 hours. Based on these assumptions the mean intake was calculated to be 

around half of the recommended TDI for DON ingestion which was set at 1000ng/kg(bw) 

(SCF, 2002) with some individuals expected to exceed this intake. However, these values 
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should be interpreted with caution, partly because of the uncertainty in the percentage 

transfer of DON into human urine and the fact that the kinetics of human urinary excretion 

of DON and its metabolites has not been established. In addition, it should be noted that 

specific sub-groups in the population, such as vegetarians and children, may have higher 

exposures than the general population. 

 

FUTURE WORK 

Our biomarker data for exposure to DON in the UK are in good agreement with the 

estimates from food analysis (SCOOP 2003), in that exposure is both frequent and 

predominantly associated with wheat consumption. However, whilst the food analysis data 

allows estimates at a population level our biomarker approach allows measures of exposure 

at the individual level. Given that a wide range of exposures are predicted within a 

population, the assessment of individual exposures within a study population is critical in 

order to understand the health consequences. The SCOOP (2003) survey predicts that in 

European countries such as France, Germany and The Netherlands, exposure to DON will 

be higher than the UK. In a more global consideration, Europe as a region does not have 

the highest predicted mean level of DON exposure (Canady et al., 2001). Our biomarker 

data suggest DON exposure has been under-estimated by the SCOOP survey, and this 

reinforces concerns about the potential health consequences in the UK and elsewhere. This 

urinary biomarker may also be useful in providing improved understanding of some of the 

acute poisoning incidents which have been potentially associated with DON contaminated 

foods (Luo 1994, Bhat et al.,1989). However, there are still a number of outstanding 

questions related to fully validating the urinary measure as a reliable exposure biomarker in 

order to conduct informative epidemiological studies. 
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First, what is the relationship at the individual level between DON intake and the urinary 

biomarker? This is probably the most fundamental question to be answered in the further 

validation steps. To date we have only sought to compare cereal intake with urinary DON 

levels and this limits the ability to interpret biomarker levels in a quantitative manner in 

terms of DON consumption. Second, what are the pharmacokinetics of DON and DON-

glucuronide excretion, and, what are the consequent temporal variations in this biomarker? 

To date only single time point measures of urinary DON during the consumption of a 

‘normal diet’ have been determined for a given individual. This information is important in 

being able to interpret urinary DON biomarker data in relation to recent or typical exposure 

levels. It will be necessary to include measures of the temporal variation in both DON 

intake and the urinary measure as part of these assessments. Third, does the ratio of DON 

to DON-glucuronide in urine vary by individual? The current methodology employed for 

measuring urinary DON involves the digestion of any DON-glucuronide present, to the 

parent compound, and thus the assay provides a combined measure of free and de-

conjugated DON, or “total” urinary DON. Genetic variation in this conjugation step may 

have a bearing on the toxicity of DON, and the DON/DON-glucuronide ratio should be 

assessed both between individuals and within individuals at different levels of DON 

exposure.  

 

Jelinek and colleagues reviewed the occurrence of the most important mycotoxins that 

naturally contaminate foods for human consumption (Jelinek et al., 1989). Their report 

details extensive DON contamination of grains, especially wheat, and further highlights the 

concern of co-contamination of grains by Fusarium toxins, especially for DON and 

nivalenol. They recommended that more information on co-occurrence of Fusarium toxins 

in cereals should be obtained in order to understand the potential additive or synergistic 
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effects of such exposure mixtures. We envisage that our initial development of a urinary 

marker for DON will add impetus to the development of additional mycotoxin exposure 

biomarkers. It is possible that as this field continues to expand, additional matrices may be 

investigated including sera, saliva or faeces. It is also envisaged that biomarkers of the 

effects of mycotoxin exposures will follow from this development. It is likely that one or 

more of the ‘omics’ approaches will provide a wealth of data to further understand and 

develop such biomarkers and point to new avenues of research involving mechanisms of 

action. These latter markers of biological effect may be more generic with respect to 

similar Fusarium mycotoxins such as DON and nivalenol, and thus have the utility of 

providing important information on the effect of co-exposures.  

 

In cereals, mixtures of different classes of mycotoxin naturally occur, and these may 

include deoxynivalenol (and other tricothecenes), fumonisins, ochratoxin A, zearalenone 

and aflatoxin (reviewed by Jelinek et al., 1989; Speijers and Speijers 2004). Understanding 

the risks associated with exposure to mixtures of mycotoxins is still in its infancy even in 

animal studies. In humans such studies require validated methods of exposure assessment 

in order to compare exposure to toxins both individually and in combination with health 

outcomes. In this context accurate analytical determination of a mycotoxin in a biological 

sample does not translate to a valid marker of exposure. Rather, the biomarker must be 

shown to correlate with mycotoxin intake at the individual level as was originally 

demonstrated for aflatoxins (Wild et al., 1992) and is currently being addressed in our own 

group for deoxynivalenol (Turner et al., 2007a,b) and fumonisin B1 (Gong et al., 2008). 

Eventually methodological advances such as applied to the simultaneous measurement of 

mycotoxin mixtures from cereals (Lattanzio et al., 2007a,b) may be of value for more rapid 

multi-toxin bio-monitoring.  
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SUMMARY 

To date there is overwhelming evidence that certain dietary staples based on cereal crops 

worldwide are contaminated with DON. In order to better estimate exposure we have 

developed a urinary biomarker assay (Meky et al., 2003; Turner et al., 2007a). The 

methodology is robust, with high specificity and sensitivity, incorporating immunoaffinity 

isolation of DON and LC separation with mass spectrometric detection. Furthermore, the 

incorporation of an internal standard allows adjustment for recovery. Preliminary data from 

the UK (Turner et al., 2007a,b) reveal an almost ubiquitous exposure to DON. The specific 

activities outlined above indicate the research required to more fully validate this 

biomarker as a quantitative measure of exposure. This will provide an important foundation 

to further investigate the possible health effects of DON exposure. These latter 

investigations need to consider that there are likely to be sub-groups of people who 

experience particularly high exposures, warranting future targeted surveys of these 

potentially ‘high risk’ groups. One of these sub-groups may be children for whom exposure 

is predicted to be higher than adults, and in whom there may be an increased sensitivity to 

exposure. Finally, given the reported poisoning episodes in China and India, and the higher 

average exposure levels in the Middle and Far East, it will be important to target future 

collaborative research which focuses on potential health concerns within these higher 

exposure regions. 
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Table 1: Predicted intake of DON from four specific food items (adapted from 

SCOOP 2003) 

 
 

Food item 
 

Mean* DON intake 

µg / day 
 

Male         Female 

 

High** DON intake 

µg / day 
 

Male         Female 
 

Breakfast cereal 
 

 

3.99            2.89 
 

 

10.58            7.37 
 

 

Bread 
 

 

7.46            4.69 
 

 

14.50            8.77 
 

 

Biscuits 
 

 

0.55           0.47 
 

 

1.54           1.27 
 

 

Cakes 
 

 

0.55            0.43 
 

 

1.41            1.10 
 

 

*Mean based on mean intake and mean contamination of specific foods (see SCOOP 2003) 

**High based on 95
th

 percentile intake and mean contamination of specific foods (see SCOOP 2003). 
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Table 2: Design of wheat restriction intervention (Turner et al., 2007a) 

Day        Diet Food Diary First morning urine* 
    

One Normal Yes / 

Two Normal Yes / 

Three Intervention / Yes 

Four Intervention / / 

Five Intervention Yes / 

Six Intervention Yes / 

Seven Normal / Yes 

 

Lighter shaded area represents ‘normal’ dietary period and urine collection. 

Darker shaded area represents ‘intervention’ dietary period and urine collection. 

* First morning urines are predicted to reflect intake in the previous 24-48hours. 
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Table 3: Assessment of urinary DON in UK and Chinese samples (modified from Meky et al., 2003 and Turner et al., 2007a,b) 

  

Detection rate 

 

DON (ng/ml)* 

Mean (range) 

 

DON (ng/mg)** 

GM (95% CI) 

 

Reference 

 

UK adults  -  normal diet 

                   - intervention diet 

 

25/25   (100%) 

9/25   (36%) 

 

10.8  (0.7 – 61.3) 

1.0 (nd – 8.4) 

 

7.2  (4.9, 10.5) 

0.6  (0.4, 0.9) 

 

Turner et al., 2007a 

 

 

Chinese adults 
#
 

 

15/15   (100%) 

 

30  (4 - 94) 

 

/ 

 

Meky et al., 2003 

 

UK adults
##

  - low cereal 
1
 

                   - medium cereal 
2
 

                   -  high cereal 
3
 

 

97/100 

99/100 

100/100 

 

5.4 (nd-19.8) 

7.8 (0.4-56.4) 

9.3 (2.1-44.6) 

 

7.2 (6.2,  8.2) 

9.2 (8.1,  10.5) 

10.9 (9.5,  12.4) 

 

Turner et al., 2007b 

 

 

nd  - non detected 

* ng DON /ml urine (mean and range) 

** ng DON/mg creatinine; GM - geometric mean and 95%confidence intervals 
# 
no adjustment for DON recoveries 

##
 data adjusted for age, sex and BMI 

low cereal 
1
  107g; range 88-125g 

medium cereal
2   

179g; range 162-195g 

high cereal
3   

300g; range 276-325g
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Table 4 – Average frequency of consumption of dietary staples in 25 individuals consuming 

their normal diet (average of two days), and during the wheat reduction intervention diet 

(average of two days) (modified from Turner et al., 2007a).  

 
 

 

FOOD 

GROUP 

 

Normal Diet 
 

Average Frequency 

(%) 
 

 

Intervention Diet 
 

Average Frequency 

(%) 
 

 

 
#
p - value 

 

Bread 
 

22 / 25   (88) 
 

 

1.5 / 25 (6) 
 

 

<0.001 
 

 

Breakfast Cereal* 
 

9 / 25   (36) 
 

 

0 / 25   (0) 
 

 

<0.001 
 

Cakes / Biscuits 
 

18 / 25   (72) 
 

 

4.5 / 25   (18) 
 

 

<0.001 
 

 

Pasta 
 

6 / 25   (24) 
 

0 / 25   (0) 
 

 

<0.001 
 

Potatoes 
 

9 / 25   (32) 
 

 

15 / 25  (60) 
 

 

0.016 
 

 

Rice** 
 

3 / 25   (12) 
 

 

17.5 / 25  (70) 
 

 

<0.001 
 

# T test for difference in frequency of consumption for Days 1 & 2 combined compared to Days 5 & 6 

combined  

*Excluding Rice Crispies breakfast cereal and porridge 

** Including Rice Crispies breakfast cereal 
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