
“Down to Earth Science” 
 

     This paper is a paraphrased version of an 
original published research report entitled: 
NovaSil clay intervention in Ghanaians at high 
risk for aflatoxicosis: II. Reduction in biomarkers 
of aflatoxin exposure in blood and urine. Food 
Additives and Contaminants 25(5):622-34. This 
paper is meant to be used with school children in 
grades approximately 7 to 10, as part of a learning 
experience about the scientific method. 
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Figure 1. Aspergillus 
fungus on corn kernel 

 

 

  

 
INTRODUCTION  
      
     The Kingdom Fungi includes many different 
organisms, such as mushrooms, yeasts and molds. 
While many of the members of this group are not 
harmful, such as eating mushrooms on pizza or 
bread made using yeast, many of the members can 
be toxic to animals and people. Some species 
make very toxic compounds. One group of fungi, 
known as Aspergillus, produces a group of toxins 
called aflatoxins (1). Aflatoxins can be found in 
corn and peanuts (2). Figure 1 shows Aspergillus 
fungi growing on corn. One toxic form of 
aflatoxin is aflatoxin B1. This toxin has caused 
many problems for animals and people. Scientists 
and veterinarians found that dogs that ate dog food 
contaminated with aflatoxin B1 developed very 
bad liver and kidney problems. Some of these 
dogs even died from eating this toxin (3). If people 
eat food contaminated with this toxin, sickness 
and other negative effects can develop. Over a 
long period, aflatoxin B1 can cause cancer of the 
liver (4). Liver cancer is a major cause of death, 
particularly in developing countries (5). For some 
regions of the world, aflatoxins are unavoidable in 
food, especially in tropical areas where fungus 

grows well.  

 
Figure 2. Macaws in Peru. Munn, CA, 1994. 
Macaws: winged rainbows. Natl. Geograph. 

185:118-140. 

     So, there is a real 
problem with aflatoxins. 
To solve the problem, our 
laboratory is using “down 
to earth science.” Did you 
know that animals and 
people have been known 
to eat clay? Clay is the 
finest particle in soil (6). 
Macaws found in South 
America can eat seeds 

that are toxic to many other animals, yet they 
don’t get sick. How is this possible, you may 
wonder? After the macaws eat the seeds, they 
flock to the banks of a river to eat clay. It is 
thought that this clay could play a role in keeping 
these parrots from getting sick (7). Figure 2 shows 
these Macaws eating clay. People in many cultures 
have also been known to eat clay. This led us to 
hypothesize that animals and humans regularly 
exposed to aflatoxins could be protected if they 
ingested clay at the same time. 

     Not all clay is made equal though. Clays from 
all over the world have different structures. Our 
past research has shown that a specific clay, with a 
unique structure, can bind aflatoxin B1 (8). This 
means, that aflatoxin B1 fits tightly in the clay 
structure like a hand fits in a glove. If the toxin is 
bound to the clay, it is not able to cause its 
negative effects. The specific clay is known as 
NovaSil. In past experiments, NovaSil (NS) clay 
was added to animal feeds contaminated with 
aflatoxins and animals did not get sick (9). What’s 
more, in a study where 50 healthy humans 
volunteered to eat this clay (which was put into 
capsules) for 2 weeks, they remained healthy and 
showed no problems (10). This study made sure 
that the clay was safe for humans to eat before we 
could test to see it helped decrease aflatoxin 
levels. To test if the clay could decrease levels of 
aflatoxin that people were getting through their 
diet, we preformed the following study, using the 
scientific method to test our hypothesis.  
     To measure if a person has eaten aflatoxin B1, 
scientists can measure markers in the blood and 
urine. For example, after someone eats aflatoxin 
BB1, enzymes in the liver metabolize (or change) 
aflatoxin B1 to a new compound called aflatoxin 
M1. Aflatoxin M1 has been shown to be excreted 



in human urine and animal milk, for which the 
toxin was named. When dairy cows ate feed 
contaminated with aflatoxin B1, the marker was 
found in the cow’s milk (11); so, the name of the 
marker was called aflatoxin M1 (for milk toxin). 
Scientists and farmers knew that if a cow had 
aflatoxin M1 in its milk, that it had eaten feed 
contaminated with aflatoxin B1. It has also been 
shown that aflatoxin M1 is found in the urine from 
people who have eaten aflatoxin B1 (12). Using 
laboratory analysis, scientists are able to measure 
the amount of aflatoxin M1 in a person’s urine to 
see if they have eaten aflatoxin B1.  
     In this report, our lab analyzed urine samples 
collected from 180 participants who either took 
NS clay capsules or took no clay capsules (which 
was called the placebo control group). The 
purpose of this study was to see if aflatoxin M1 
levels were lower in people who took NS capsules 
for 3 months. If the levels were lower in the group 
of people who ate clay, then we could conclude 
that NS clay decreases aflatoxin exposure.    
 
MATERIALS AND METHODS 
 
Study population, design, and procedures  
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Figure 3. Capsules 
used in the study 

     A study site in Ghana was chosen since studies 
have shown people there are exposed to aflatoxins 
from their diet (13). Ghana is located in western 
Africa. Overall, the climate of the region is 
tropical. Over 75% of the population in the study 
area is involved in agriculture. People grow and 
eat crops such as corn, peanuts and yams (14). 
Study participants were divided into three groups: 
high dose, low dose or placebo control. The high 
dose group took 3.0 g of clay each day, the low 
dose group took 1.5 g of clay each day, and the 
placebo control group took capsules that did not 

contain any clay for 3 
months. Figure 3 shows the 
capsules used in the study. 
All of the capsules were the 
same size, shape and color. 
Participants provided urine 
samples at the beginning of 
the study (baseline), after 1 
month and 3 months of 
treatment, and 4 months (1 
month without treatment). 

 Measurement of aflatoxin M1 in urine 
 
     Aflatoxin M1 in urine was measured using the 
following method (15). The sample was mixed 
with water and acid, and then passed through an 
antibody column. An antibody binds a very a 
specific partner, by forming a bond. The shape of 
the partner has to fit exactly for the antibody to 
bind it. The partner for this particular antibody 
column was aflatoxin M1. By allowing the sample 
to slowly flow over the antibody column, we were 
able to pull the aflatoxin M1 out of the urine. Next, 
we washed the column with water and added 
methanol. The methanol literally pulled aflatoxin 
M1 off of the column. By adding methanol, we 
broke the bonds between the antibody and its 
partner, aflatoxin M1. We were then able to 
measure how much aflatoxin M1 was in the urine 
by using liquid chromatography. Chromatography, 
which means “separating colors,” is used to 
separate compounds. In principle, this concept is 
similar to what you may have learned in a lab on 
paper chromatography.      
     By passing the sample through a liquid 
chromatography instrument, we were able to 
detect a peak that represented aflatoxin M1. The 
bigger the peak, the more aflatoxin M1 was in the 
sample, and the smaller the peak, the less aflatoxin 
M1 in the sample. Figure 4 shows an example of 
the aflatoxin M1 peak detected in a urine sample. 
Every compound has what is called a retention 
time, which is the time it takes for you to see the 
peak after the sample is inserted into the 
instrument. For aflatoxin M1, the retention time 
was seen at ~15 minutes.  
     Urine can range from very concentrated to very 
dilute (think how much water you drink). To make 
sure that we did not misread our data, we divided 
the amount of aflatoxin M1 (calculated from the 
peak) by the amount of creatinine in each urine 
sample. Creatinine is a protein that stays constant 
in a person’s urine. St. Joseph’s Laboratory 
provided the creatinine values for each urine 
sample. In figure 5, we show aflatoxin M1 with the 
units picograms of aflatoxin M1 per milligram of 
creatinine (pg/mg creatinine). One gram equals 1 
trillion picograms. So, one package of sugar 
(which is ~1 gram) would equal 1 trillion 
picograms. One picogram is a very small amount!     
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Aflatoxin M1 peak 

Figure 4. Aflatoxin M1 peak in urine of study participant. Retention time equals about 15 minutes 

RESULTS 
    
    Out of the samples measured at baseline (before 
any treatment), 88.1% (140/159), had detectable 
levels of aflatoxin M1 ranging from very small to 
very large (0.02–13,297.7 pg/mg creatinine). We 
calculated the median aflatoxin M1 level for each 
group. Figure 5 shows the aflatoxin M1 levels over 
the course of the study. To see if the clay 
decreased aflatoxin M1 levels, our data analysis 
compared the different treatment groups: high 
dose (HD), low dose (LD), and placebo (PL). 
There was no significant difference in the 
aflatoxin M1 levels among the three study groups 
at baseline (PL=53.4, LD=45.5, HD=60.3) or after 
1 month (PL=24.6, LD=34.2, HD=21.0). There 
was a significant decrease in the aflatoxin M1 
levels after 3 months of taking clay, at the high 
dose level. While values for the PL and LD groups 
were similar (52.4 and 51.2), there was a 58.7% 
reduction between the PL and HD group (52.4 
reduced to 21.6).  
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DISCUSSION 
     
     The main objective of this study was to see if 
our clay could decrease aflatoxin exposure in 
humans. Results showed that taking NS clay 
reduced aflatoxin M1 levels. Aflatoxin M1 in the 
urine represents a recent exposure to aflatoxin. So, 
after eating aflatoxin B1, aflatoxin M1 can be 
measured in urine about one to two days after. 
However, after one week of eating aflatoxin, you 
could not detect aflatoxin M1 in the urine because 
it would have already been excreted. So, aflatoxin 
M1 is only a short-term measure. This study was 
the first to test if clay could reduce aflatoxin M1 
levels in humans. Other studies have used 
different interventions to see if aflatoxin was 

reduced. One study used tested chlorophyllin, 
which is a food-coloring agent derived from 
chlorophyll, the green pigment found in most 
plants (16). Here, 188 healthy adults took either 
chlorophyllin or placebo over a 4 month period. 
Researchers measured an aflatoxin marker in urine 
samples collected from participants. They found 
that taking chlorophyllin at each meal led to a 
55% reduction in median levels of the aflatoxin 
marker. This is similar to the decrease we 
observed in our study. 
       In summary, results from this study support 
the idea of using NS clay to decrease exposure to 
aflatoxins and to prevent the negative effects of 
aflatoxins in humans who eat contaminated foods. 
Future studies, for instance, 6 month and 1 year 
trials, will be required to test NS clay as a long-
term solution to the problem with aflatoxins. 
 

Figure 5. Aflatoxin M1 levels at collection times 

 
ACKNOWLEDGEMENTS     
 
    This research was supported by the United 
States Agency for International Development 
(USAID LAG-G-00-96-90013-00). 
 



   4

 REFERENCES 
 

1. Busby, WF, Wogan, GN. Aflatoxins. In: 
Seal, CD. ed. Chemical Carcinogens. ACS, 
Washington, DC (1984). pp 945-1136. 

2. CAST. 2003. Mycotoxins: Risks in plant, 
animal, and human systems. Task Force 
Report No. 139. Ames, IA: Council for 
Agricultural Science and Technology. pp 
13–85. 

3. Garland T, Reagor J. 2001. Chronic canine 
aflatoxicosis and management of an 
epidemic. In: deKoe W, Samson R, Van 
Egmond H, Gilbert J, Sabina M. eds. 
Mycotoxins and phycotoxins in 
perspective at the turn of the millennium. 
Wageningen: Ponsen & Looven. pp 231–6. 

4. Wogan, GN.  1992. Aflatoxins as risk 
factors for hepatocellular carcinoma in 
humans. Cancer Res. 52:2114s-8s. 

5. Wild, CP, Hall, AJ. 2000. Primary 
prevention of hepatocellular carcinoma in 
developing countries. Mutat Res. 462:381–
93. 

6. Brady, N, Well, R. The Nature and 
Properties of Soils. New Jersey: Prentice 
Hall, 2002.   

7. Gilardi, JD, Duffey, SS, Munn CA, Tell, 
LA. 1999. Biochemical functions of 
geophagy in parrots: detoxification of 
dietary toxins and cytoprotective effects. J 
Chem Ecol 25:(4)897-922.  

8. Phillips, TD.  1999. Dietary clay in the 
chemoprevention of aflatoxin-induced 
disease. Toxicol Sci. 52:118-26. 

9. Phillips, TD, Afriyie-Gyawu, E, Wang, J-
S, Williams, J, Huebner, H. 2006. The 
potential of aflatoxin sequestering clay. In: 
Barug D, Bhatnagar D, van Egmond HP, 
van der Kamp JW, van Osenbruggen WA, 
Visconti A. eds. The Mycotoxin Factbook. 
The Netherlands: Wageningen Academic 
Publishers. pp 329-46. 

10. Wang, J-S, Luo, H, Billam, M, Wang, Z, 
Guan, H, Tang, L, Goldston, T, Afriyie 
Gyawu, E, Lovett, C, Griswold, J, Brattin, 
B, Taylor, RJ, Huebner, H, Phillips, TD. 
2005. Short-term safety evaluation of 
processed calcium montmorillonite clay 
(NovaSil) in humans. Food Addit Contam 
22:270-9. 

11. Patterson, DP, Glancy, EM, Roberts, BA. 
1980. The ‘carry-over’ of aflatoxin M1 
into the milk of cows fed rations 
containing a low concentration of aflatoxin 
B1. Food Cosmet Toxicol 18; 35-7.  

12. Groopman, JD, Wogan, GN, Roebuck, 
BD, Kensler, TW. 1994. Molecular 
biomarkers for aflatoxins and their 
application to human cancer prevention. 
Cancer Res. 54:1907s-11s. 

13. Jolly, P, Jiang, Y, Ellis, W, Awuah, R, 
Nnedu, O, Phillips, T, Wang, J-S, Afriyie-
Gyawu, E, Tang, L, Person, S, Williams, J, 
Jolly, C. 2006. Determ-inants of aflatoxin 
levels in Ghanaians: sociodemographic 
factors, knowledge of aflatoxin and food 
handling and consumption practices. Int J 
Hyg Environ Health. 209:345-58. 

14. District Health Directorate, Ejura, Ashanti 
Region, Ghana. 2005. pp 1–2. 

15. Groopman, JD, Hasler, JA, Trudel, LJ, 
Pikul, A, Donahue, PR,Wogan, GN.  1992. 
Molecular dosimetry in rat urine of 
aflatoxin-N7-guanine and other aflatoxin 
metabolites by multiple monoclonal 
antibody affinity chroma-tography and 
immunoaffinity/high performance liquid 
chromatography. Cancer Res. 52:267-74.  

16. Egner, PA, Wang, JB, Zhu, YR, Zhang, 
BC, Wu, Y, Zhang, QN, Qian, GS, Kuang, 
SY, Gange, SJ, Jacobson, LP, Helzlsouer, 
KJ, Bailey, GS, Groopman, JD, Kensler, 
TW.  2001. Chlorophyllin intervention 
reduces aflatoxin-DNA adducts in 
individuals at high risk for liver cancer. 
Proc Natl Acad Sci USA 98:14601-6

 


