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Abstrakt
Due to the increasing pollution of the natural environment, 
the amount of impurities that can accumulate in herbs and 
plants used for therapeutic purposes as medicinal plants also 
increases. As many plant materials have medicinal properties 
and have been used as medicinal remedies,they must be 
subjected to rigorous assessments according to material 
quality standards.Presently, however, there is no guarantee 
that there has been no change in the amount and content 
of medicinal bioactive substances, compared to plants used 
years ago in traditional folk medicine. At present, there are 
great prospects in the use of medical plants, especially if the 
medicinal plants are free from pollution originating from 
the contaminated natural environment. The attention of 
researchers should focus not only on seeking new bioactive 
compounds and finding new drugs in plants, but also on 
ensuring high standards of quality regarding the evaluation 
of the chemical purity of plants growing in the environment 
exposed to contamination and pollution. The combination of 
both challenges can help patients suffering from increasing 
numbers of ailments and diseases of civilization. Researchers 
must also be actively involved in the process of detection 
any harmful substances penetrating from the environment 
into plants by applying various biomedical and chemical 
techniques to detect some novel, as yet unknown threats, in 
order not to expose patients to them.
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Streszczenie
Wraz z rosnącym zanieczyszczeniem środowiska naturalne-
go zwiększa się również ilość zanieczyszczeń, które mogą 
gromadzić się w ziołach i roślinach wykorzystywanych do 
celów terapeutycznych w miarę ich wzrostu. Aby materiały 
roślinne miały właściwości lecznicze i mogły być stosowa-
ne jako środki lecznicze, należy je poddać rygorystycznej 
ocenie zgodnie z normami jakości materiałów. Obecnie nie 
ma jednak żadnej gwarancji, że nie nastąpiła zmiana ilości 
i zawartości leczniczych substancji bioaktywnych w roślinach 
wykorzystywanych do celów terapeutycznych w porównaniu 
z roślinami stosowanymi przed laty w tradycyjnej medycynie 
ludowej. Możliwości medycznego wykorzystania roślin są 
szerokie, zwłaszcza jeśli rośliny lecznicze są wolne od zanie-
czyszczeń pochodzących z zanieczyszczonego środowiska 
naturalnego. Uwaga badaczy powinna koncentrować się nie 
tylko na poszukiwaniu nowych bioaktywnych związków i od-
krywaniu nowych substancji leczniczych w roślinach, ale także 
na zapewnieniu wysokich standardów czystości chemicz-
nej roślin rosnących w środowisku narażonym na skażenie 
i zanieczyszczenie. Połączenie obu wyzwań może pomóc 
pacjentom cierpiącym na coraz większą liczbę dolegliwości 
i chorób cywilizacyjnych. Naukowcy muszą również aktywnie 
uczestniczyć w procesie wykrywania wszelkich szkodliwych 
substancji przenikających ze środowiska do roślin, stosując 
różne techniki biomedyczne i chemiczne, aby wykryć nieznane 
dotąd zagrożenia i tym samym uchronić przed nimi pacjentów.
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INTRODUCTION

The therapeutic use of herbs in medicine, in particular as 
decoctions, infusions, dry extracts, liquid extracts, tinctures 
and essential oils from medicinal plants, has been known to 
mankind for millennia [1, 2]. It is widely accepted that folk 
medicine is based on herbs and medicines of plant origin. 
The ancient knowledge on the therapeutic properties of herbs 
and medicinal plants (phytotherapy) can be found in the 
works of Greek, Chinese, Egyptian or Ayurvedic medics [1].

Currently, great interest focuses on herbs, medicinal plants 
and their preparations, as a source of active compounds and 
substances which, after isolation, are used in the therapy 
of various human diseases [3]. Pharmacognosy specialists 
are looking for plants containing high concentrations of 
bio-active substances that can be used in the therapy of 
various human diseases and illnesses [4, 5]. There is no doubt 
that plant materials are the best source for the production 
of medicines [6, 7].

On the other hand, many drugs currently used in Western 
medicine have been discovered and developed after isolation 
of some bio-active compounds from medicinal herbs and 
plants, which were first successfully used in folk medicine. 
For instance, the hypnotic and sedative effects of the opium 
poppy have long been known and used to relieve pain 
since antiquity [8], but experimental studies on the effects 
of the opium poppy on the mammalian brain led to the 
discovery of the endogenous endorphins and opioid system 
[9]. As a result, we have now morphine and other opioid 
analgesics as drugs which considerably alleviate pain and 
reduce pain sensation in humans [10, 11]. A similar situation 
is related to  marijuana, since its healing properties have 
been described in details in the work of ancient Chinese 
medics [12]. Currently, the therapeutic effects of marijuana 
have contributed to intensive research, the result of which 
is the discovery of the endogenous cannabinoid system in 
vertebrates [13, 14].

STATE-OF-THE-ART KNOWLEDGE

With the progress and development of civilization, our 
knowledge about the medicinal properties of plants used 
centuries ago in folk medicine increases. At the same time, the 
progress of civilization entails an increase in environmental 
pollution, the consequence of which is the degradation 
of plants and the development of human diseases called 
diseases of civilization [15, 16]. Unfortunately, environmental 
contamination and pollution entail a decrease in the quality 
of the plant raw material, which can accumulate not only 
heavy metals and toxins, but also herbicides, pesticides, and 
other chemicals that enter plants with water and air [17]. The 
most frequent contaminants of medicinal plants are pesticide 
residues, heavy metals, mycotoxins, polycyclic aromatic 
hydrocarbons and pyrrolizidine alkaloids [18]. Pollution of 
the environment with heavy metals causes these metals to 
penetrate plants growing on contaminated soils [19, 20]. The 
European Pharmacopeia sets limits for some popular heavy 
metals, including cadmium, lead, mercury, arsenic, cobalt, 
nickel, vanadium and thallium, which can be found in plant 
materials [21, 22]. No additional regulations need to be set for 
other heavy metals that can be detected in medicinal plants, 
including, aluminium, iron, copper and zinc [22].

Aflatoxins and mycotoxins produced by various strains 
of the fungus Aspergillus are considered harmful for people 
consuming medicinal plants [23, 24]. Microbial (bacterial) 
contamination of medicinal plants may be harmful for 
patients, unless the final products of herbal origin undergo 
ethanolic extraction or are used after contacting with boiled 
water [25]. Raw plant materials that can be used by the 
patients are usually exposed to high microbial load [26]. 
Another group of contaminants found in medicinal plants is 
polycyclic aromatic hydrocarbons (PAH), including, benzo(a)
pyrene, benzo(a)anthracene, benzo(a)fluoroanthene and 
chrysene [27, 28]. Medicinal plants are usually contaminated 
with pyrrolizidine alkaloids (PA), which are hepatotoxic and 
genotoxic with carcinogenic risks for human [29, 30].

To ensure the patients safety, all the limits of contaminants 
in the medicinal plants should not be exceeded. Analytical 
testing is required to ensure the purity of medicinal plants 
at any stage of production, from growing and cultivating 
the medicinal plants, collecting and harvesting the herbal 
materials, manufacturing and distributing the medicinal 
plants and medicinal drugs [17].

It is not possible to entirely eliminate contaminants 
from herbal medicinal plants (e.g. natural radionuclides, 
heavy metals, and chemical compounds) because they 
exist naturally in soil, air, and water as environmental 
contaminants. There is no doubt that high concentrations of 
these contaminants exist which pose a grave risk to health. On 
the other hand, some microbiological pathogens, including 
bacteria, mould and yeast, are also considered to be natural 
common contaminants of medicinal plants. Unfortunately, 
all these biologically active compounds may be harmful for 
patients in the case of their ingestion, especially in highly 
immunocompromised patients. Microbial pathogens can 
also be a main source of infections or intoxication with 
microbial metabolites.

The use of Cannabis sativa L. products under the name of ’ 
‘medical marijuana’ continues to expand rapidly across the 
world. Along with increasing interest of Cannabis treatment 
by patients with difficult-to-treat diseases (including, 
epilepsy, glaucoma, cytotoxic chemotherapy in cancer 
patients, neuropathic pain, and AIDS-related cachexia) 
[31, 32], microbiological and toxicological safety becomes 
important issues for public health and environmental 
medicine. No doubt exists that the application of ‘medical 
marijuana’ by patients also requires that raw plant material 
and herbal products should be free of toxic compounds from 
a contaminated environment. For instance, evaluation of 
the purity of Cannabis sativa preparations revealed that the 
plant materials collected from 20 different dispensaries in 
USA were contaminated with various bacterial and fungal 
strains [33]. To ensure the biological purity of Cannabis 
sativa preparations, the utmost caution is advised during all 
processes of production and distribution of this medicinal 
plant material. The safe and standardized conditions of 
preparations of Cannabis sativa material should guarantee 
microbiological purity of ‘medicinal marijuana’. Besides, 
some procedures allowing eliminating microbial pathogens 
should be implemented immediately in order not to expose 
immunosuppressed patients to the risk of danger to life.

On the other hand, the tendency of man to improve and 
select the most desired plant species and varieties may cause 
that the content of bioactive substances in plant materials may 
increase, or that these plants will become more susceptible to 
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some diseases [34–37]. Thus, the pollution and degradation 
of the environment will automatically reflect on the pollution 
of plant raw materials from which herbal medicines are 
obtained. The selection of the appropriate plant varieties 
and the cultivation of special strains of plants can play an 
important role in the process of obtaining the best plant 
materials, as is the case with ‘medical marijuana’ [7, 34]. 
Growers of ’ ‘medical marijuana’ select and cultivate only 
those strains of Cannabis sativa that have high content of 
cannabimimetic substances activating cannabinoid CB1 
and CB2 receptors, with a small amount of psychoactive 
substances [38–40].

It is widely accepted that plants can be exposed to 
contamination with heavy metals by taking toxic compounds 
directly from soil, or when watering with contaminated water 
and/or rain containing dissolved pollution from the air [41, 
42]. An increase in ionizing radiation (i.e., increased radiation 
at the sites of mining heaps) can trigger mutations in plants 
that impair their growth [43]. The question therefore arises 
whether the plant raw material and the drugs derived from 
it have the same composition and therapeutic properties as 
their counterparts used thousands or hundreds of years ago 
in folk medicine. This problem is very important because it 
applies not only to people living today, but also to the next 
generations in the future.

Additionally, the exposition of plants to various pesticides 
can contaminate the plant raw material causing, finally, 
the negative impact of phytotherapy on human health [18]. 
Although pesticides protect the plants from deleterious 
pests, they can also contribute negatively to the possibility 
of the application of medicinal materials in medicine 
[44–47]. Presently, European Pharmacopeia sets limits for 
approx. 70 various chemical compounds (pesticide residues) 
which continuously undergo updating and modifications. 
Some pesticide residue limits decrease (i.e. bromide), 
while other limits increase (i.e. pendimethaline) [48, 49]. 
High requirements concerning the purity of plant-derived 
materials allow us to maintain the content of bioactive 
substances on a desired high level that would be sufficient 
to produce therapeutic effects in patients who take the 
plant-derived medicines [50–53]. At present, to collect plant 
raw materials, we are obliged to cultivate the respective 
medicinal herbs and plants. In contrast, several decades 
or even hundred of years ago the plant raw materials were 
gathered as a result of collection of the plants by pickers. 
Presently, raw plant materials are transferred from special 
plantations to pharmaceutical companies which isolate and 
modify the raw materials, transforming them into drugs and 
herbal remedies. Since the source of plant materials could be 
contaminated due to progressing environmental pollution, 
plant raw materials have to be kept as pure as possible by 
following strict and rigorous rules and regulations [54, 55].

CONCLUSIONS

Environmental changes observed nowadays, (including 
increased pollution of water, soil and the air), rearrange 
the content of bioactive substances isolated from medicinal 
plants [56]. Therefore, to keep plant materials safe for humans 
and rich in bioactive compounds, researchers must follow 
strict and rigorous guidelines related with the detection of 
the chemical substances isolated from medicinal plants and 

herbs, and the selection of only those strains of herbs and 
medicinal plants which would offer the most favourable 
healthy effects for humans when used as plant remedies. 
Thus, the utmost caution is necessary to protect plant 
materials from contamination and pollution so as to be able 
to apply these plants as herbal remedies. There is no doubt 
that traditional (folk) medicine is still alive and phytotherapy 
with herbal remedies can offer some patients benefits related 
with the treatment of various human ailments and diseases 
of civilization with plant-derived drugs.
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