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Hereafter you can find the Italian Comments about the document provided by the CZ Delegation, on
the Chromium content in fertilizing products, because we think that some clarification are needed.

Our comments, remarks and integration are highlighted within the text proposed by the CZ
Delegation.

Some bibliography has been added, too.

MILESTONES

The Commission's Proposal for a Regulation on the placing on the market of CE marked
fertilising products published on 17™ of March 2016 proposes limit values for hexavalent
chromium (Cr(VI)) for all the product function categories (PFCs). Such limit derives from a very
long discussion started in 2012 in the ad-hoc Working Group 3 (Contaminants, Hygiene and other
Risks) and then continued in the Fertilizer Working Group of the DG ENTR (now DG GROW).
The proposal of Commission to limit Cr(VI) is supported by a very wide scientific literature,
the official positions of European Authorities such as EFSA, European institutions such as
the European Commission (DG-GROW, DG-JRC, DG-SANTE, DG-ENVI) and European
and international legislations on fertilizers.

The proposal of a limit for total Chromium would not guarantee that Cr(VI)-contaminated
fertilizers will be placed on the European market. While it is fundamental to avoid that Cr(VI) is
contained in the fertilizing products, the presence of Cr(Ill) in such products does not present any
risk by a health point of view.

As widely known and accepted, Cr(IIT) may be ingested safely (it is normally contained in the

dietary supplements) and there is no evidence that the transformation from Cr(IIl) to Cr(VI)
MAD/
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happens significantly under natural environmental conditions as well as in natural and cultivated
soils.
On the contrary a limit for total Chromium would impact fertilising products containing by-
products from both the leather and steel industries very negatively.
On this matter several European authorities and institutions expressed their position:

* From a health point of view, in 2010 EFSA (EFSA Journal 2010;8(12):1882) delivered a

scientific opinion affirming that Cr(III) is not carcinogenic.

= In 2014 DG JRC after a meeting with the Italian association Assofertilizzanti and Prof.
Claudio Ciavatta of the University of Bologna regarding organic fertilizers based on
tanning industry by-products (hides and skins), reported that “it should likewise be taken
into consideration that the chemical characterization of the hydrolysed hides and skins-
based fertilizers from the tanning industry revealed no detectable concentrations of Cr(VI)
(method EN ISO 17075). The hydrolysed hides and skins-based fertilizers from the tanning
industry do however contain Cr(lll), which is the non-toxic form of Cr and is very
immobile in soils as it is precipitates as Cr hydroxide and is strongly adsorbed to soil
organic colloids. Moreover, soil organic matter, Fe(ll) and other reductants are able to
decrease the possibility of the oxidation of Cr(ll1) to Cr(VI). These are the reasons why
avoid the presence of Cr(VI) in fertilizers, both organic and inorganic, represents the
best way to market fertilizers not contaminated”.

= In 2016 DG GROW D.2 in cooperation with DG ENV, DG SANTE, DG JRC and
EFSA published a note with the subject “Limiting the presence of total chromium in
fertilising products” where concluded that “there is no evidence that Cr(ll1) would have
negative effects at current exposure levels, we would consider it unjustified to establish
limit values for total Cr (thus including Cr(l11))” and that “since there is no evidence that
transformation from Cr(l1l1) to Cr(VI) can happen under natural environmental
conditions in any significant scale, that hypothesis cannot serve as justification for limit
values on total Cr”.

Our comments are highlighted in the position of the Czech Republic.

Chromium, a short review

Chromium(III) in low concentration is essential trace element for living organisms. At+hisher
fevelChromium(VI) in the environment it is highly toxic and belongs to so called toxic metals. In
soilCr is present in two forms with different oxidation states: Cr(IIl) €3+and Cr(VI) €6+. Cr(III)
€3+ has lowertoxicity and it is immobile in alkali or slightly acidic soils. Mobility is decreased
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by adsorptionand binding on the organic matter, Fe and Mn hydroxides'. Solubility of Cr(III)
€3+ increases in very acid soils, where it is presentin the form of soluble complexes (the soluble
inorganic form of Cr(Ill) is only present when soil pH is less than 47). In alkali soils it forms
slightly soluble hydroxides involved in adsorption processes'. Inpresence of O,, Cr(Ill) €:3+may
be oxidized through biotic or abiotic oxidation processes to Cr(VI). Such reaction is possible only
when particular conditions occur. Oxygen or MnQ, are possible oxidizing agents of Cr(IIl) €3+
in soil, even if Mn oxides represent the only naturally occurring oxidant of Cr(III).However
oxidation could occur with the simultaneous presence of other factors, such as: low organic matter
content, alkaline pH and high redox potential values™: all these conditions limit greatly the
possibility of oxidation.Moreover oxidation of Cr(Ill) to Cr(VI) is a phenomenon occurring very
rarely even in the presence of Mn oxides and favorable pH conditions, due to the poor availability
of mobile Cr(IIl): exchangeable trivalent Cr(IIl) is practically inexistent in soil where the pH
overcomes 5. Cr(VI) €6+ is highly toxic andmobile in soil. As strong oxidation agent it is
reduced in anoxic conditions to Cr(Ill) €3+. Reductionis promoted by organic matter (Banks et
al., 2006). In a natural environment Cr(VI) can be reduced to Cr(IIl) in the presence of organic
and inorganic electron donors (reductants) such as organic matter, Fe(Il) and sulfides'®. Organic
reductants of Cr(VI), such as organisms and residual organic materials, in presence of soluble
organic chelating agents may form soluble chelated complexes with Cr(II)*: when Cr(III) is
bound to organic complexes in soil, it becomes immobile or insoluble®. Inorganic oxidants, such
as Fe(Il) species, reduce Cr(VI) concentration and simultaneously decrease the possibility of a
transformation back to Cr(VI) because liquid Cr(IlIl) is included in Fe, Cr(OH); solids
characterized by low solubility.
=> In conclusion, only under very oxidative conditions, Cr(III) could be transformed into
Cr(VI). Under normal soil conditions, the transformation of Cr(IIl) into Cr(VI)
appears to be highly unlikely.
There are numerous reports of Cr(VI) Ex6+elimination in soil with added organic matter (Chiu et
al., 2009; Park et al., 2004; Banks et al., 2006). Organic matter may be directly oxidized by Cr(VI)
€6+, as Cr(VI) &6+ is strong oxidation agent, orCr(VI) €6+ may be reduced by microbial
activity. The sources of Cr in soil are both natural and anthropogenic. The most important natural

'p.c Adriano, “Chromium,” In: D. C. Adriano, Ed., Trace Elements in Terrestrial Environments: Biogeochemistry, Bioavailability, and Risks of
Metals, 2nd Edition, Springer-Verlag, New York, 2001, pp. 315-348

2 S.E. Fendorf, “Surface Reactions of Chromium in Soils and Waters,” Geoderma, Vol. 67, No. 1-2, 1995, pp. 55- 71. doi:10.1016/0016-
7061(94)00062-F

® C.D. Palmer and P.R. Wittbrodt, “Processes Affecting the Remediation of Chromium-Contaminated Sites,” Environmental Health Perspectives,
Vol. 92, 1991, pp. 25- 40. d0i:10.1289/ehp.919225

 R.J. Bartlett, “Chromium Cycling in Soils and Water: Links, Gap and Methods,” Environmental Health Perspectives, Vol. 92, 1991, pp. 17-24.
doi:10.1289/ehp.919217 [26] A. M. Zayed and N. Terry, “Chromium in the Environment: Factors Affecting Biological Remediation,” Plant and Soil,
Vol. 249, No. 1, 2003, pp. 139-156. doi:10.1023/A:1022504826342

®> A.M. Zayed and N. Terry, “Chromium in the Environment: Factors Affecting Biological Remediation,” Plant and Soil, Vol. 249, No. 1, 2003, pp.
139-156. doi:10.1023/A:1022504826342

® B.R. James, “The Challenge of Remediating Chromium Contaminated Soil,” Environmental Science and Technology/ News, Vol. 30, No. 6, 1996,
pp. 248-251
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source is weathering of rock. The most significant anthropogenic source is industry.
Chromium(VI) is less frequently reported as contaminant of fertilizers. On the contrary Cr(III)
contained in fertilizers based on hydrolyzed hides and skins does not represent a problem by an
environmental point of view because it is linked to the organic components and it is not present as
soluble/insoluble salt.
= A very wide scientific literature carried out for over 40 years has demonstrated that
once in soil Cr(III) contained in fertilizers based on hydrolyzed hides and skins:
= is not oxidized to Cr(V I)7’8’9’1°’11’12’13
= js not leached in the groundwaterm13
= is absorbed by plant roots only in small concentrations (and lower than the
test)'* and it was not observed contamination of the edible parts of several
crops (maize, wheat, bean, radicchio, ...)7’11
= does not increase soluble Cr concentration in soi
= does not inhibit soil microbial activity15’16’17.
More often, Cd, Zn or Cu are found as contaminants of mineral or organic fertilizers. However,
Cr(VI) also contaminates organic wastes, especially biosolids (Silveira, et al., 2003; Sloan et al.,
1997). Tannery sludge
is another source of Cr (Gondek, 2008).

Both-Cr3+and-Cr6+are-toxie-toplants—Toxicity of Cr in plants depends on its oxidation state,

being Cr(VI) much more toxic than Cr(III). Cr(IIl) produces reactive oxygen species and may be
toxic at high concentrations but the low solubility of Cr(IIl) in soil generally leads small

17,9,10

7 Silva S. (1977): Impiego di concimi organici a base di cuoio torrefatto, determinazione delle concentrazioni di cromo nei vegetali e valutazione
delle possibilita di inquinamento delle falde freatiche, in «Annali della Facolta di Agraria dell’ Universita Cattolica del Sacro Cuore, Sede di
Piacenza», Vol. 17, pp. 1-38

& Silva S., Beghi B., (1979): Problemi inerenti I'impiego di concimi organici contenenti cromo, in «Annali della Facolta di Agraria dell’ Universita
Cattolica del Sacro Cuore, Sede di Piacenza», Vol. 19, pp. 31-47

° Ciavatta C., Sequi P. (1989): Evaluation of chromium release during the decomposition of leather meal fertilizers applied to the soil, «Fertilizer
Research», Vol. 19, 1, pp. 7-11

°Govi M., Ciavatta C., Sitti L., Bonoretti G., Gessa C. (1996): Influence of leather meal fertilizer on soil organic matter: a laboratory study,
«Fertilizer Research», Vol. 44, pp. 65-72

' Ciavatta C., Gessa C. (1997): Chromium-Containing Fertilizers and their production, in: Chromium Environmental Issues, a cura di Canali S.,
Tittarelli F., Sequi P., Franco-AngeliEditore, Bologna, pp. 61-82

Silva S., Baffi C., Beone G.M. (1997): Agronomical trials with the use of chromium-containing fertilizers in Chromium Environmental Issues, a cura
di Canali S., Tittarelli F., Sequi P., Franco-AngeliEditore, Bologna, pp. 83-100

 Giacometti C., Cavani L., Gioacchini P., Ciavatta C., Marzadori C. (2011): Soil application of tannery land plaster: effects on nitrogen
mineralization and soil biochemical properties, «Applied and Environmental Soil Science», 2012, pp. 1 -9

“Santoprete G. (1997): Total chromium content in foodstuffs and evaluation of the average amount of chromium uptake, in Chromium
Environmental Issues, a cura di Canali S., Tittarelli F., Sequi P., Franco-AngeliEditore, Bologna, pp. 153-179

BA, Benedetti, M. T. Dell’Abate and F. Alianiello, “Mobility and Bioavailability of Chromium in the Soil,” Fresenius Environmental Bulletin, Vol. 1,
1992, pp. 323-329

' A. Benedetti and C. Ciavatta, “Alcuni Aspetti Relativi alla Produzione e all'lmpiego Agronomico dei Concimi a Base di Cuoio Idrolizzato ed al
Cromo in Essi Contenuto,” Agricoltura e Ricerca, Vol. 170, 1998, pp. 63-72

'S, Mocali, “Studio della Diversita Microbica in Suoli Concimati con Cuoio Idrolizzato,” Ph.D. Thesis, Universita degli Studi di Firenze, Florence,
2003
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concentrations of Cr in plants. The toxic properties of Cr(VI) are originated from its oxidizing
action and formation of free radicals during its reduction to Cr(III) within the plant cells'®
=> However the contents of Cr in plants growing in normal conditions range between
0.02 and 2 mg/kg and rarely exceed 5 mg/kgzo’“. Since the level of phytotoxicity is
around 10 mg/kg, it means that Cr is never contained at toxic levels in plants20
Cr toxicity is based on oxidative damage of cellular structures (Panda and Choudhury, 2005).
Chromium interfere with plant growth, nutrient uptake and photosynthesis, induces enhanced
generation of reactive oxygen species, causes lipid peroxidation and alters the antioxidant
activities. Plants tolerate Cr toxicity via various defense mechanisms such as complexation by
organic ligands, compartmentation into the vacuole, and scavenging ROS via antioxidative
enzymes. Thanks to such mechanisms of defence, translocation of Cr from roots to shoots is
extremely limited. Roots accumulate Cr in a quantity 10-100 folds more than shoots independently
on Cr state’”. High accumulation in roots may be due to Cr immobilization in the vacuoles of the
root cells”’. It was demonstrated that Cr(III) uptake may drastically decrease the stability of Ca-
polygalacturonates which play a key role in binding cell walls of the rhizodermis and cortical
cells. The collapse of these substances stops the passive translocation of Cr(Ill) through the
apoplast

ee&d—t—tteas—(Sh&h&d—et—al—%—l%—The food chaln is well protected from the pos51b1e excesses of Cr

in plants by a system known as “soil-plant barrier”: the term was introduced by Chaney to
describe “the waste-soil-plant-animal relationship of toxic elements”. A soil-plant barrier prevents
contamination of the food chain from trace elements limiting their levels in edible plant tissues.
Protection is carried out by one or more of the following processes:

= if the element is not soluble in soil, uptake does not occur

= if the element is absorbed by roots but it is immobilized in fibrous roots, translocation is
stopped

= phytotoxicity occurs when the element is present in edible plant tissues at concentrations
significantly lower than those harmful to humans or animals.

M. Yibing and P. S. Hooda, “Chromium, Nickel and Cobalt,” In: P. S. Hooda, Ed., Trace Elements in Soil, Wiley-Blackwell, New Jersey, 2010.

BA K. Shanker, C. Cervantes, H. Loza-Tavera and S. Avudainayama, “Chromium Toxicity in Plants,” Environment International, Vol. 31, No. 5,
2005, pp. 739-753. doi:10.1016/j.envint.2005.02.003

% A. M. Zayed and N. Terry, “Chromium in the Environment: Factors Affecting Biological Remediation,” Plant and Soil, Vol. 249, No. 1, 2003, pp.
139-156. doi:10.1023/A:1022504826342

' D. R. Sauerbeck, “Plant, Element and Soil Properties Governing Uptake and Availability of Heavy Metals derived From Sewage Sludge,” Water,
Air and Soil Pollution, Vol. 57-58, No. 1, 1991, pp. 227-237. doi:10.1007/BF00282886

2 A. Zayed, C. M. Lytle, J. H. Qian and N. Terry, “Chromium Accumulation, Translocation and Chemical Speciation in Vegetable Crops,” Planta, Vol.
206, No. 2, 1998, pp. 293-299. doi:10.1007/s004250050403

% C. Cervantes, J. Campos-Garcia, S. Devars, F. GutiérrezCorona, H. Loza-Tavera, J. C. Torres-Guzmdn and R. Moreno-Sanchez, “Interaction of
Chromium with Microorganisms and Plants,” FEMS Microbiology Reviews, Vol. 25, No. 3, 2001, pp. 335-347. doi:10.1111/j.1574-
6976.2001.tb00581.x

* T. Mimmo, L. Cavani, R. Reggiani, C. Marzadori and C. Gessa, “Interactions of Organic and Inorganic Chromium Species with Ca-
Polygalacturonate,” Biology and Fertility of Soil, Vol. 44, No. 3, 2008, pp. 521-526. doi:10.1007/s00374-007-0238-2
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=> All of these processes apply perfectly to Cr: indeed Cr(VI) is readily immobilized in soil

by adsorption, reduction and precipitation processes; only a fraction of the total Cr

concentration is available for plant uptake. When this fraction is taken up by plants,

quantities superior to 90% of absorbed Cr are retained in roots where they are

reduced to Cr(III) species in a short time. Finally phytotoxic levels of Cr in the plant

are less than 10 mg/kgzo.
Chromium(IIl) nutritional supplements are widely consumed for their purportedantidiabetic
activities.X-ray fluorescence microscopy(XFM) and X-ray absorption near edgestructure
(XANES) studies have now shown that nontoxic doses of [Cr30(OCOEt)6(OH2)3]+(A), a
prospective antidiabetic drug that undergoes similar H202 induced oxidation reactionsin the blood
as other Cr supplements, was also oxidized to carcinogenic CrVI and CrV inliving cells. Single
adipocytes treated with A had approximately 1 mm large Cr hot spots containing Crlll, C rV, and
CrVI (primarily CrVI thiolates) species. These results stronglysupport the hypothesis that the
antidiabetic activity of Crlll and the carcinogenicity of CrVI compounds arise from similar
mechanisms involving highly reactive CrVI and CrV intermediates, and highlight concerns over
the safety of CrlllI nutritional supplements
Effect of Cr content in soil on plant growth is reported in the study of Han et al.,(2004). Growth of
Brassica juncea was inhibited at soil €3+Cr(III) content higher than 500 mg kg™ and €#6+Cr(VI)
content higher than 100 mg kg'.The study was made in contaminated soils (and not natural
agricultural soils) with Cr salts (and not Cr(IIl)-containing fertilizers) — Please see the note about
the references.

=> On the contrary studies carried out using Cr(III)-containing fertilizers in agricultural

soils report negligible risks of environmental pollution”®'""*% Indeed the organic
constituents of the solid fertilizers play an important role in reducing the amount of Cr
available to plants and no traces of Cr(VI) were found in the soils collected from various
farms where these fertilizers had been used for decades to fertilize the fruit orchards®.
Generally, Cr(Ill) added to soil through these fertilizers is gradually released due to
mineralization of the organic matter: this process permits that Cr(III) is consequently fixed
into soil and then unavailable to microbial and plant metabolism.

Content of Cr in plants and soil in real conditions of the Czech Republic reports Kacalkova et al.
(2014). They performed field experiment at Cr contaminated location near Hradec Kralové.
Content of Cr in soil did not exceed the limit according to regulation13/1994 and there was limited
effect of increasing soil Cr on plant Cr content. Again, the study was made in contaminated soils
(former waste incineration plant) and not in natural agricultural soils. Nevertheless, although soil

» C. Ciavatta and P. Sequi, “Evaluation of Chromium Release during the Decomposition of Leather Meal Fertilizers Applied to the Soil,” Fertilizer
Research, Vol. 19, No. 1, 1989, pp. 7-11. doi:10.1007/BF01080680

*® A. Benedetti and C. Ciavatta, “Alcuni Aspetti Relativi alla Produzione e all'lmpiego Agronomico dei Concimi a Base di Cuoio Idrolizzato ed al
Cromo in Essi Contenuto,” Agricoltura e Ricerca, Vol. 170, 1998, pp. 63-72
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was hugely contaminated by heavy metals, it was observed that Cr availability for plants was
lower than the other heavy metals (6% Ni, 14% Cd, 1.3 % Pb, and less than 1% of Cr), it was
largely retained at roots level (6.83 mg Cr-kg', 5.04 mg Ni-kg', and 7.76 mg Pb-kg') and poorly
translocated to the above ground biomass.
Chromium is also toxic for microorganisms (Cervantes et al., 2001). Inhibitory effect on soil
microbial population observed Shi et al., (2002).The first study was carried out with Cr salts, in
the second one the study was done in highly Cr-contaminated soil (a former tannery site) - Please
see the note about the references.
=> On the contrary the main enzymatic activities of soils fertilized with Cr(III)-containing
fertilizers did not show any statistically significant differences among the samples15’26.
It was also demonstrated that adding these solid fertilizers to soil, a higher microbial

biodiversity occurs and that the higher microbial activity is maintained in years27.

References

Note: about the references on Cr issue, it is fundamental they report correct information. On the
contrary often the references are based on incorrect contextualization.

Studies and data must always be referred to:

- soils (and not other media such as water where Cr behaviour is completely different in
comparison to soil)

- soils with agricultural destination (and not polluted soils),

- the use of Cr(Ill)-containing fertilizers and not of Cr soluble salts (in the case of organic
fertilizers, Cr(IIl) is linked (chelated) to organic matter and once in soil it is slowly
released simultaneously to the slow degradation of organic matter. In this way Cr(III) is
precipitated to Cr-hydroxide, adsorbed by soil colloids and it is not more available for any
kind of transformation, including oxidation to Cr(VI)

- agronomical rates of the application of fertilizers (500-2000 kg/ha and not 10,000-20,000
kg/ha for a sludge).
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