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BRIEFS. This study explored arsenic content in rice and developed a novel method of arsenic reduction in rice by soaking the grains.

ABSTRACT. Rice, a food staple for over 3.5 billion people glob-
ally, is arich source of carbohydrates and is affordable to grow and
eat. However, the inorganic arsenic content in rice is not regulated
by the World Health Organization in most countries. Exposure to
inorganic arsenic can lead to numerous health effects, ranging
from increased risk of diabetes to several types of cancer. This
study aims to evaluate this carcinogenic agent in rice and create a
method of reduction that can be used worldwide. To test this, two
experiments were designed. First, the arsenic levels were deter-
mined in rice from various continents — Asia, Europe, and North
America. It was hypothesized that Europe would have the least ar-
senic content due to the limits placed by the European Commis-
sion. Using an arsenic test kit, rice was boiled, and the residual
water was tested for arsenic, and it was determined that Europe
had the lowest average content of arsenic and North America had
the highest. In the second experiment, soaking methods were
tested to develop a home remedy. After soaking the rice in distilled
water for six hours, arsenic amounts were reduced by an average
of 73%. Through the soaking rice in water methodology, diet-
based arsenic exposure can be reduced dramatically in households
around the globe.

INTRODUCTION.

Rice is consumed in countries worldwide; however, only a limited
number of countries have placed limits of inorganic levels of arsenic
in rice [1]. Arsenic content varies based on the method of production
of the rice and the type of rice produced as brown rice typically has
more arsenic than white rice [2]. Rice is also consumed by a variety of
ethnic and age groups, specifically infants and children. Arsenic ex-
posure as a child has been linked to development of cancer and lung
and heart diseases as a young adult [3].

Arsenic is a highly toxic element that is present in two forms — or-
ganic and inorganic. In inorganic arsenic, the arsenic atom is attached
to another molecule, such as oxygen, chlorine, and sulfur, creating a
complicated structure; however, organic arsenic is harmless and pre-
sented mainly in rocks. Organic arsenic compounds are not attached
to other elements and do not contain carbon, so they have a simple
structure; however, inorganic arsenic is highly toxic and frequently
contaminates food and water [4]. Continuous exposure to inorganic
arsenic can lead to many health effects on organ systems, such as the
auditory, cardiovascular, developmental, hematologic, hepatic, nerv-
ous, renal and respiratory systems, and various types of cancer [5].

Arsenic has various sources of entry to rice grains. Arsenic is widely
used in pesticides and fertilizers, and arsenic can remain in soil for
over 45 years. Water used to grow the rice is also typically unfiltered
water that contains large amounts of pollution and chemicals [2].

To cover a broad spectrum of rice types, rice samples from Europe,
Asia, and North America were analyzed. It was hypothesized that Eu-
ropean rice would have the least arsenic content. European farms are
generally smaller and less commercialized and have decreased arse-
nic-containing pesticide usage on crops as compared to the other con-
tinents being tested. This can be attributed to the heavy use of pesti-

cides in North America and Asia where rice is a cash crop. Further-
more, during crop rotation cycles, rice is grown in the same cotton and
soy fields that contain large amounts of arsenic residue [6]. As a water-
based crop, rice soaks this residual arsenic along with additional con-
taminants from water pollution. The secondary hypothesis predicts
that soaking uncooked rice in clean water will remove some of the
residual arsenic content of contaminated rice.

MATERIALS AND METHODS.
Experiment 1.

To create the rice water, 300 mL of distilled water was added to a
beaker, which was then placed on a hot plate until the temperature
reached 100°C (boiling point). 60 grams of rice was added, and was
boiled for 7 minutes, then 100 mL of the liquid was poured into one
of the reaction bottles provided with the test kit until it was cooled to
about 22 to 28 °C. The bottle was cooled by placing it t in an ice-water
bath to speed up the cooling process. After the liquid cooled, the Quick
11 Arsenic Test Kit was used to for arsenic evaluation. First, 3.75 cubic
centimeter (cc) of the 1% reagent was added. Next, the bottle was
capped (with a regular cap) and shaken for 15 seconds. Then, 0.45 cc
of the 2™ reagent was added, the bottle was recapped and then shaken
for 15 seconds. Next, the bottle was allowed to incubate for 2 minutes
to minimize the sulfide interference. While the bottle was incubating,
the turret cap was prepared. After the incubation period, the reaction
bottle was uncapped and 0.45 cc of the 3™ reagent was added. The
bottle was then capped, shaken for 5 seconds, and then the cap was
replaced with the previously prepared turret cap. Immediately, the bot-
tle was placed in an isolated area for 10 minutes. Finally, the turret cap
and the test strip were removed, and the test strip results were rec-
orded.

Experiment 2.

First, the rice was soaked by adding 60 grams of rice in water to 150
mL of distilled water for 6 hours. After soaking, the water was drained,
and the rice was re-rinsed with 150 mL of water. Procedures from Ex-
periment 1 were then repeated.

Data Analysis

The Quick Il Arsenic Test Kit uses colorimetric analysis to determine
arsenic content in water. Using the provided color chart after complet-
ing the instruction to the rice water, the test strip was matched with the
correct color. To match the color to the most accurate color natural
sunlight was used, but not direct sunlight.

RESULTS.

In the Experiment 1, North America had the most average arsenic con-
tent at 5.4 ppb, and Europe had the least average content at 2.4 ppb
(Figure 1). Asia contained more arsenic than Europe with an average
of 5.1 ppb.

In the Experiment 2, the average reduction rate of arsenic was 73%
across all continents (Figure 2). North American arsenic content in rice
decreased from 5.4 to 1.33 ppb, Asian rice reduced from 5.1 to 1.67
ppb, and European rice reduced from 2.4 to 0.44 ppb.
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Figure 1. Average amount of arsenic in each sample of rice from each of
the three continents — North America, Asia, and Europe — in Experiment
1 with each bar representing a different sample from each continent. This

graph shows the average arsenic content before soaking and provides a com-
parison between continents to show the relative distribution of arsenic.
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Figure 2. Average arsenic content in each rice sample in Experiment 2. This
graph shows a comparison between each continent and sample to clearly
depict the variations in arsenic content.

A two-tailed t-test showed that comparing arsenic content in rice be-
fore and after soaking had a p-value less than 0.05 Results showed that
all p-values were under 0.05, stating that the data is considered statis-
tically significant. Therefore, it can be concluded that the method of
soaking can be used to reduce arsenic contamination in rice.

DISCUSSION.

Both hypotheses were proven to be correct; arsenic amounts are the
lowest in Europe as compared to other continents, and arsenic content
can be reduced by about 73% by soaking the rice overnight. In the first
experiment, North America had the most arsenic content, whereas Eu-
rope had the least content. Then, in the second experiment, the average
reduction rate was 73% between all continents. North American rice’s
arsenic content decreased the greatest amount from 5.4 to 1.33 ppb
and European rice decreased as well from 2.4 to 0.44 ppb. Thus, prov-
ing that arsenic levels can be reduced by 73% by simply soaking un-
cooked rice in clean water overnight.

Over the course of the experiment multiple observations were made.
When running the experiment, it was important to maintain precise
measurements. Even minimal excess of reagents/rice water caused the
hydrogen gas bubbles to rise and touch the test strips - disrupting test
results before the 10-minute mark was even over. Additionally, due to

the rice absorbing water at different rates, some of the rice had more
water than others after boiling. Therefore, some rice brands had to be
cooked multiple times to gather sufficient water for all three trials.
Further, during the first few trials, test strips observed in direct sun-
light were noticed to darken the strips. Disrupted trials were rerun in
low light conditions. Finally, during the first trial, after the rice was
boiled for seven minutes, the rice water was immediately poured into
the reaction bottles - without cooling which resulted in the melting of
the plastic reaction bottle. All future trials, therefore, included a cool-
ing procedure.

This experiment could be taken a step further in multiple directions. A
few include testing the arsenic content of different pesticides, compar-
ing the arsenic content in organic and non-organic rice, and soaking
the rice for 48 hours to determine if arsenic content is further removed.

The arsenic content in rice is evident in this study and emphasizes the
need to develop methods and regulations on carcinogens in food. This
method of soaking can easily be applied to families globally, and the
water used to soak the rice can also be used for hair and skin benefits.
Reducing exposure to carcinogens is vital in our world with constant
pollution of our environment, and this study provides a simple and
effect method to limit this evident contamination.
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