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Technical Paper  “Heavy metals” and essential trace elements

Concern has recently been expressed by environmentalists about the effect of transition metal compounds (often in-appropriately called “heavy metals”) present in oxo-biodegradable plastics. Extensive research has been carried out on potential eco-toxicity effects of particulate and extensively degraded plastics when mixed with soil. Such effects include seed germination and plant growth rates, compared with the same soil without degraded plastics [32,33], the effects on macroorganisms (worms, daphnia, etc.) in the soil [33] and on the accumulation of transition metal ions in the stems, leaves and fruit of plants during the growing season [25,34]. So far with the present range of degradable plastics used in agriculture, which incorporate fractions of a percent of transition metal ions, have no negative effects in any of the above tests. It is also recognised in horticultural practice that fragmented plastics films play a positive role as soil conditioners [35]. 

The commonly used transition metal compounds in commercial oxo-biodegradable plastics are manganese, iron, cobalt and nickel. None of these have been shown to be toxic and until recently have not been in national lists of dangerous substances. All the above transition metal ions, which are required in human nutrition, are absorbed from foodstuffs and water. They are therefore considered to be “essential” minerals required in oxygen transport systems. The non-toxicities of iron, which is present in haemoglobin, catalase and peroxidases and of manganese, required for manganese peroxidase, have never been questioned [36]. 

An Expert Group on Vitamins and Minerals of the UK Food Standards Agency has carried out a risk assessment [37] on trace elements and the following is a summary of their findings on the risk to humans of cobalt and nickel.

High concentrations of cobalt are found in fish (0.01 mg/kg), nuts (0.09 mg/kg), green leafy vegetables (0.009 mg/kg) and fresh cereals (0.01 mg/kg). Most of the cobalt ingested is inorganic. Fresh water concentrations of Co range from 0.001 to 0.01 mg/L. The mean population intake of Co is 0.012 mg/day. Cobalt is also included in some multi-constituent licensed medicines, at a maximum daily dose of 0.25 mg. Although 
cobalt is an essential trace element, Co deficiency has not been reported in humans (presumably because of its widespread availability from food and water). Gastrointestinal absorption of cobalt depends on the dose. Very low doses are almost completely absorbed, whereas larger doses are less well absorbed. Most excess cobalt is excreted in urine. The only toxicity data for cobalt reported in the literature was in 1960, when heavy beer drinkers suffered cardiomyopathy as a result of the use by the brewing industry of cobalt chloride as a “foam stabiliser” at 1.0-1.5 ppm. Ethanol and cobalt have a synergistic effect in reducing blood flow causing damage to the heart. Massive 

doses of cobalt salts (30 mg/day), evaluated  as a treatment for anaemias led to skin rashes and hot flushes. Prolonged use of cobalt “therapy” led to depression in iodine uptake.

Nickel is present in a number of enzymes in plants and microorganisms and in humans it influences iron absorption and metabolism. It is found in a variety of foods as ionic Ni, particularly in pulses and oats (0.18 mg/kg in miscellaneous cereals), and in nuts (1.77 mg/kg). Lower levels are found in water. Total intake of nickel by humans from all sources is up to 0.26 mg/day and no potential high intake groups have been identified. The average intake from food and drinking water is 0.16 mg/day. Nickel is excreted in urine and in sweat. Acute nickel exposure is associated with nausea, vomiting abdominal discomfort and diarrhoea. The lowest reported oral dose associated with acute effects of nickel in humans was 1.2 mg in a 60 kg adult. Chronic inhalation of nickel and its compounds is associated with lung cancer in humans and in animals but orally administered nickel was found not to be carcinogenic. It was the exposure of humans to nickel during mining that led to the believe that nickel is carcinogenic however it is imbibed but administration of nickel compounds orally has shown that the main effects in humans is in skin sensitisation but only over 5.6 mg.

From the above, it is now understood how and why the common transition metals are obtained by humans as essential nutrients. It will also be useful when discussing “dangerous substances” in the environment to see how they are absorbed into the food chain from the soil. In fact, the amounts of transition metal ions available to plants from common soils is very much greater than could be produced from degradable plastics in the soil are much higher than can be absorbed by plants [25]. Particular attention has been paid to cobalt and nickel for the reasons discussed above. Volcanic soils contain very high concentrations of cobalt oxide (up to 100 ppm) and nickel oxide (up to 750 ppm). Sandstone and limestone contain 90 ppm and 10-20 ppm of nickel respectively [25]. However, the amount of nickel taken up by the plant appears to have little to do with its concentration in the soil. Table 1 shows the effect on plant uptake of nickel sulphate applied to the soil to simulate the deposition of nickel from degradable polyethylene mulching films up to 180 years of application to the same soil [25]. It is 

Table 1.  The accumulation of nickel in melons (ppm, measured by atomic absorption) grown in soils containing   increasing amounts of nickel sulphate [25].
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clear that the accumulation of nickel in various parts of the plant remains constant within experimental limits, whatever the concentration of nickel in the soil. Furthermore, It can be calculated that in the ‘worst case scenario’, it would take 500 years to increase the nickel content of soil using typical nickel contents of degradable polyethylene mulching films by 1 ppm [24].

END




                        Control            60 years*     120 years*       180 years*





Leaves              17.3                   15.2               13.5                13.7


Stems                 5.0                     4.5                 5.2                  5.0


Flesh                  2.7                     2.0                 3.0                   3.2


Skin                    3.0                     3.5                 3.2                   3.0      


*The soil was sprayed with NiSO4 to give nickel concentrations in the topsoil equivalent to the accumulation from S-G mulching films used for the number of years indicated.
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