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Introduction

When trying to find affordable
planting containers in the developing
world, organizations and workers all
over have promoted the use of a
readily-available waste resource: tires.
Over the years, many have asked
whether or not tires contain harmful
chemicals that could potentially be
taken up by your crops. This article is
written to communicate what we
found from our search of literature
on this topic.

Much of the literature on the subject
pertains to tires that have been
recycled into small particles. In
comparison to the side wall of a tire
container, the tire surface area in
contact with growing media is much
greater with small chunks of rubber.
Much of the information available
also pertains to toxins in the ash of burnt tires, or those leached from tire material
subjected to strongly acidic solutions. Tire garden containers, of course, are not
being converted to ash.

Furthermore, the media used to grow plants in tires is not nearly as acidic as the
solutions often used to study contaminants in tire leachate.
Nevertheless, tires do contain trace amounts of four metals that are known to be
toxic to humans. Most of the discussion below relates to metallic elements, but
there is also brief discussion of organic contaminants. The article concludes with
suggested practices to make tire gardening as safe as possible. This write-up is not
meant to be exhaustive or definitive. Depending on feedback and what we learn
going forward, we are open to follow-up articles.
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Figure 1: ECHO’s urban garden demonstration uses tires to
plant a variety of vegetables (like this hot bush pepper,
Capsicum frutescens ‘Indian Firecracker’) and fruit trees
(source: ECHO staff ).
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Trace Metals

Cadmium

Cadmium can be highly toxic to humans. Fortunately, in tires, it is only found in trace
amounts if at all. In a study in the UK, fragments of tires made by ten different
companies were exposed to an acid (pH of 2.5) solution to see how much of each
of the metals would leach out (Horner 1996). In that study, the concentration of
cadmium in the leachate was considered negligible, ranging from 0 to 3 ppm. In a
study done in Nepal, the ash of burnt tires from a company in China (Yin Zhu)
contained considerably more (27 ppm) cadmium (Shakya et al. 2006); it was the
only one of tires from four Asian companies with ash concentrations of cadmium
above 0.1 ppm. Note that even soils with no industrial pollutants contain some
cadmium. Concentration of cadmium in agricultural soils of the United States---
where there is no metal contamination from pollutants---varies from about 0.1 to
1.0 ppm (Holmgren et al. 1993). Soils near industrial sites often contain 24 or more
ppm cadmium.  

In a study done at Redeemer University College, a tire sample was found to contain
0.9 ppm cadmium. However, tire fragments soaked in solutions with pH ranging
from 3 to 8 did not leach measurable amounts of cadmium over a period of six
weeks (Berkelaar 2016). Also, lettuce plants (known for their ability to readily
accumulate cadmium) growing in hydroponic growth solutions containing tire
fragments did not contain more cadmium than plants growing in solutions with no
tires. Basically, while tires contain some cadmium, there was no evidence that it
could easily leach out of tires or be taken up by plants—at least for the time frame of
the study.

Chromium

Chromium also can have negative human health impacts. Its toxicity depends on the
form (valence state) in which it exists. Weathering of minerals results in naturally-
occurring Cr  (Ahmad et al. 2013). Of greatest concern is chromium as Cr , which
results from industrial activity (dyes, paints and the tanning of leather) and is mobile
in soil. This metal was not even mentioned in the UK study (Horner 1996). In the
Nepal study, chromium in tire ash was considered low (0.14 to 1.18 ppm). In non-
contaminated soil, chromium occurs at concentrations from 10 to 50 ppm (Risikesh
Thankur et al. 2016). Soil organic matter is able to bind (adsorb) and/or convert
(reduce) Cr  to the less toxic Cr  (Bartlett and Kimble 1976; Lee et al. 1999).

Lead
Lead is more concentrated (8.1 to 22.33 ppm according to Horner, 1996) in tires
than cadmium or chromium. Its concentration in soils ranges from 10 to 50 ppm,
with much higher amounts possible (150 to as high as 10,000 ppm) in urban areas
(Stehouwer and Macneal 2016) due to historical burning of leaded fuels. Only a
small fraction of lead in soils is available for plants (Porrut et al. 2011). It has no
essential function in plants but can be absorbed from the soil solution through the
roots. In the previously referenced UK study, the amount of lead found in the
leachates was considered negligible; however, they measured 1160 ppm lead in the
soil of a tire dump site. This fact is something to consider because it is likely the
eventual breakdown and severe degradation of the tires are the source of this
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contamination. Plants are able to take up some forms of lead and will sometimes
start to show toxicity symptoms themselves, so that is something to look out for. It
also remains to be seen how available the lead is to the plants. To complicate
matters, plants can contain concerning amounts of trace elements and not show
toxicity.

Zinc
The final trace metal is found in the greatest concentrations and has been found to
be a significant pollutant and leachate from tires: zinc. Zinc is found in considerable
quantities in tires, ranging from 2524-6012 ppm in the UK study. The Nepali study
also found very large amounts of zinc. Zinc is actually an essential micronutrient for
plants and for human beings; in humans, it has been shown to help fight the
common cold and to have other health benefits. Zinc can be toxic to humans, but in
my research I found that those amounts have to be quite high (e.g., more than 50
mg/day according to Brown et al. 2001), and symptoms will retreat by simply
discontinuing consumption of excessive amounts, due to the fact that people are
able to metabolize zinc. In a study looking at leachates from ground-up rubber tires,
zinc was said to be present in amounts that may be harmful to plants but the study
authors concluded that toxicity to humans was unlikely (EHHI 2007).

How much of an element in soil is considered unsafe?

It was difficult to glean exact values from the literature as to what constitutes safe or
unsafe soil concentrations of each the trace metals discussed above. In large part,
this is because the uptake of metals by plants varies with a number of soil-related
factors including pH, organic matter, temperature and concentration of other soil
minerals such as phosphorus or calcium. Grubinger and Ross (2007), however,
provided values from the New York Department of Environmental Conservation
(December 2006) that can serve as a starting point in assessing the upper
acceptable limit of each element for agricultural land use. Those values, in mg/kg
(ppm), are: 0.43 (cadmium); 11 (chromium); 200 (lead) and 1100 (zinc). Recognize
that 1) some metals may be naturally present in the soil placed in tires; 2) some
contaminants, especially near roadsides or in urban areas, may be from other
sources besides the tires; and 3) guidelines for other regions and countries may
differ.

Organic contaminants

These include carbon disulfide, toluene, phenol and benzene. In a separate review
of research on tire contaminants, Sullivan (2006) cited several World Health
Organization documents in stating that tires do contain potentially harmful organic
substances, but toxicity to humans would be unlikely in amounts leached from
rubber. Sullivan stated that organic contaminants are most likely to leach at high soil
pH.
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Best practices to reduce risk

Taking all these things into consideration, here are some recommendations
regarding the use of tires as planting containers:

1. First of all, do not use tires that are heavily degraded. It is probably just fine to
use tires that have been disposed of because of balding of the tread, but
avoid those that are crumbling or tearing into pieces.

2. Avoid soil contact with cut surfaces, since leaching will more likely occur
along those surfaces than others. If avoiding cut surfaces is difficult, the tire
could be lined with some sort of material to help minimize contact.

3. Consider your crop selection. Trace metals are most likely to concentrate in
the roots, with less in the leaves and stems, and even less in the fruits and
flowers. Other than the fact that root vegetables are already difficult crops to
grow in the limited space of the tire, this may be another reason to grow
fruiting vegetables instead. Also, if concerned about toxicity, avoid brassicas
(e.g. cabbage, broccoli, cauliflower), which readily accumulate trace metals.

4. Use non-acidic media with plenty of organic matter. At a soil pH near neutral
(7.0), most trace metals are less available to plants, and organic
contaminants are also less likely to leach. Organic materials such as
composted leaves and manure have an abundance of negatively-charged
exchange sites that bind positively-charged metal ions, preventing them from
being taken up by plants.
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