JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

SAFE TREATMENT OF EXPIRED MEDICINES
Blagovesta Vladkova’, Luka Arbaliev', Veronika Karadjova?

"University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, b_vladkova@yahoo.com
2University of Chemical Technology and Metallurgy, Sofia, vkar@mail.bg

SUMMARY: Every household has medicaments that have become time-expired. In this case, the following issues arise: what to do with these medicaments, how
medical waste is treated, and what potential environmental impacts such medicines would have. In an attempt to answer these questions, a study was carried out in
two directions. In the first direction, matters of administrative nature were clarified, such as correspondence with institutions, structures and organisations involved in
this activity, as well as public awareness of the approaches applied. An experimental part was also carried out, namely experiments with soils contaminated with
drugs and tracking the development of crops in such soils.
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PE3IOME: [MouTtn BB BCAKO €HO JOMaKWMHCTBO CE CMyyBa fa ce cbbepaT nekapcTsa, KOUTO C BPEMETO Ca OCTapenu U CPOKbT UM Ha FOAHOCT € M3Tekb. B TakbB
Ccryyaii Bb3HMKBA BbMNPOCHT KakBO Aa Ce HanpaBu C Te3l MeaukaMeHTH, kak ce TpeTupaTt oTnagbLuTe, Kakeu 6uxa noTeHUMamnHuTe Bb3aeicTBie BbpXy OKoNHaTa
cpega. B onut fa ce otroBopu Ha Tean Bbnpock 6e HanpaBeHO NpoyYBaHe B [Be HanpaBNEHWst — MPUIOXHA YacT, CbCTOSILA CE B KOPECTOHAEHLMS C KI0HOBM
ObpKaBHW CTPYKTYPU M OpraHu3aluM, U3siCHsBaHe Ha npobrema W MpeanoXeHus 3a YBENM4YaBaHe Ha CTeneHTa Ha WHKOPMUPAHOCT Ha HACENEHMETO;

eKCnepumeHTanHa 4acT — U3BbpLUBaHE Ha NPaKTUY4ECKN ONUTU CbC 3aMbPCEHN C NeKkapcTea No4BK U NpocneaABaHe pa3BUTUETO Ha NOCEBU B TakMBa NOYBU.

KnioyoBu AYMU. MEOUKaMEeHTU, TpeThpaHe Ha oTnadbLUu, U3TEKbI1 CPOK Ha roAHOCT, 34paBe, OKOMHa cpeaa, '/CTOI7|‘W|BO passutme

Introduction

The problem with the collection and treatment of waste from
household chemicals (empty packs of detergents, paints,
varnishes, etc.) as well as expired medicaments is particularly
relevant. The trend in recent years is for the flow of such waste
to be managed. Thus, and the culture of separate collection of
waste was imposed on the population.

This article is part of a conducted overview of the current
status of the topic for the treatment of pharmaceutical waste
from the households. The material discusses two directions-
results of correspondence with key institutions (the Ministry of
Health, BDA /the Bulgarian Drug Agency/, etc.) as well as the
completed experimental part [31, 32].

The correspondence with different control authorities has
shown gaps in the algorithms for providing information to the
community. People are not responsible and committed to the
common culture of treating household waste (household
chemistry, old medicines, etc.). The lack of a single media
bearer and the low information of society as a whole contribute
to this situation, too.

The experiment aims to trace how the soil composition
contaminated with expired medicines changes and,
subsequently, to monitor the crops to be planted in this soil and
their growth. It has been found that different medicaments
affect the composition and the properties of the soil solution

and, consequently, the growth of crops. Conducting of such
tests is topical, both in environmental and in agricultural
aspects, as it makes it possible to obtain information of the
ongoing processes in the soil [1, 2].

Setting the Experiment

For the represent studies, an approach was chosen in which
plots were used separately with soil from a random uncovered
area which is not prepared or pre-treated. The soil was placed
in monolithic containers (pots) wiose volume and height were
adapted to the needs of talking samples.

Seven pots of soil were prepared (Fig. 1), in five of them the
selected medicaments were placed (pots Ne 8, 10, 11, 12, and
13) and in one of the pots @ mixture of the powdered
medicaments was placed. In the last pot (Ne14), only soil from
a randomly selected uncovered area was placed, which served
as a benchmark.
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During the experiment, several types of expired "pharmacy" were selected arbitrarily. Their composition and
medicaments which the authors have at their home properties are described in Table 1 [1].
Table 1.
medicine Composition Undesirable medicine effects Quantity
Atenolol 50 mg Additional ingredients: L .
, lactose  monohyadrate, wheat  starch, Rash o n"ch/ng,' swelllng_of the fac_e
Medicament . . . and / or difficulty in breathing, pain in
) microcrystalline ~ cellulose,  sodium  starch | . . . . 6g
(film-coated tablets) . o . " | joints, with or without fever, redness,
glycollate,  gelatin, talc, silicon dioxide, . . .
. ; . severe diarrhea with bleeding
magnesium stearate, sparing white
Magnesium citrate 600 mg
Magnesium 98.6 mg
Medicament Other Ingredients: sucrose, powdered Diarrhea 21
(tablets) cellulose, citric acid, xanthan gum, calcium 9
kakonoat,  sodium  cyclamate,  flavoring
materials, coloring agent E 104
20 mg Dorzolamide like ; Lo N
.. (Dorzolamidovhidrohlorid) and 5 mgTimolol (as Faqlal SW.e”’”Q’ ltcf?y Skin, d”f’"‘!’ty
Medicine 3 ! L breathing, hives, burning and stinging
Timololovmaleat).  excipient  substancecs . . .
(eye drops - . ; . eyes, change in taste, buming| 5ml
) mannitol, hydroxyethy! cellulose, sodium citrate, T L
solution) . . . . sensation in the eye, itching of the eye,
sodium hydroxide, benzalkonium chloride, water . 2,
for injecti blurred vision, headache, dizziness,
or injections
Nausea, vomiting, loss of appetite,
Medicine 4 diarrhea, oral candidiasis, fever, skin
(powder solution for Cefazolin sodium 1.048 g rashes, in patients with renal| 1g
injection) insufficiency, nephritis, hepatic reaction
and others.
Cefaclor 5OQ mg. as (cefaclormonohydrate). Rash or itching, swelling of the face
- Other  Ingredients:  Hampuee  HuwecmeH - . . L
Medicine 5 and / or difficulty in breathing, pain in
2/lloKoIam, MaeHesueg cmeapam, XenamuH, | . . . . 49
(hard capsules) joints, with or without fever, redness,
mumaHo8 OuoKcuo, €PUMPO3UH, } . ’
severe diarrhea with bleeding
UHOUROKaPMUH
Medicine 6
(Mixture of ) ) .
powdered Me:(t)?oilol, Magnesium Diasporal, Cefazolin, 102¢
pharmaceutical
forms)

Note: The names of the medicaments used for the studies are not indicated to avoid conflict with the manufacturer

Conducting the experiment

Sample preparation

The first stage of the preparation of the samples was
powdering the tablet forms of pharmaceutical products and the
preparation of a powder mixture. Such a preparation is not
applicable to the capsules which are in manufactured in a
powder form and the drops - they come in a liquid form [1].

The next step is the weighing of the medicaments to
determine the exact quantities to be placed in the soil studied

(Figure 2).

Fig. 2. Sample preparation

The samples (medicaments) were placed in soil under
normal atmospheric conditions on 30t March 2018. The sites
prepared for testing are shown in Figure 3.
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Fig. 3. Sowing the seeds of radishes

On 2nd April 2018, the pots with the time-expired
medicament samples were planted with radish seeds (fig. 3).
The experience with the planting of crops aimed to check the
effect of medicines on the plants. The sowing was chosen due
to the rapid growth of the radishes and its large contact surface
with the soil.

The contents of the pot and the precise amounts of
medicaments therein are presented in Table 2.

Table 2.
Distribution of the drugs in the individual pots with samples
Quantities
SRy Medicinal product placed in the
sample pot soil
Pot Ne8 Medicinal product 1 4g
Pot No. 9 A mixture of the medicinal 10.2
(mixture) product 6 <9
Pot Ne10 Medicinal product 2 149
Pot Ne11 Medicinal product 4 029
Pot Ne12 Medicinal product 5 3g
Pot Ne13 Medicinal product 3 5ml
Pot No. 14 BENCHWMARK- Free of
benchmark . no
medicinal products
sample

Figures 4, 5, and 6 illustrate a crop image material and
show the growth of the crops at different stages of the study,
tracking the effect of the medicaments or lack of such (pot 14)
on the radishes.

Fig. 5. Image of the crops from 26th April 2018.
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Fig. 6. Image crop of radishes on 8t May 2018

Analysis of soil samples

The study of structure and properties of the soil solution
gives valuable information on ongoing soil processes and is of
important theoretical and practical importance [3-5, 10, 11].

In a study of soils in practice, @ number of analyses can be
carried out and their selection depends on the needs. Analyses
may include:

1. Microbiological indicators
2. Physiochemical Indicators:
Determination of pH
Determination of total and organic carbon
Determination of total nitrogen (Kjeldahl)
e  Determination of nitrate nitrogen, ammoniac nitrogen
and total soluble nitrogen
e Determination of phosphorus
Determination of carbonates
Analysis of metals
Determination of water and acid-soluble sulphates
Determination of total sulphur
Determining the mechanical structure
General exchangeable acidity/Free hydrogen
Determination of mercury
Determination of the specific electrical conductivity
Bulk density
Dry matter/moisture content

Two methods of analysis were selected to study the effects
of the selected medicaments on the soil solution - for the
determination of pH and metals which are not notably
expensive and at the same time provide information on the
changes occurred as a result of the medicaments [4-9].

The tests carried out complied with the requirements for soil
sampling, namely:

e  Soil samples were taken in dry weather;

e  The samples were taken from a depth of 0-30 cm;

e The transportation and storage of the test sample
was carried out in a in a way which ensured steadiness in the
composition of the sample taken for analysis from the time of
collection at the time of testing (Fig. 7).
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Fig. 7.

Study of pH

To study the pH of the soil samples, a soil solution was
taken which passed through the following three stages (Fig. 8,
Table 3):

e 1. Taking of soil samples and preparation of bulk
monoliths.

e 2. Preparation of a soil solution.

e 3. Analysis of the resulting solution composition.

Fig. 8.

Table 3. Results from the pH analysis of the test samples

Sample-benchmark No. 14 * pH = 7.20, No 14 ** pH = 7.22

Sample 8* 8 9* g** 10* 10%*

pH 6.88 6.90 7.10 7.10 7.07 7.09

Sample | 11* 11* 12* 12+ 13* 13*

pH 6.98 6.91 7.02 7.02 7.10 71

Note: The numbering of the samples is as follows:

The first and the second sample of the different tested soils
taken at an interval of 30 days are marked with * and **,
respectively. In such a way, the change of pH is monitored
over time and under the influence of the atmospheric
conditions.

Analysis of metals

The test samples were prepared by the method of acid
dissolution of the sediments, sludge and soils to comply with
procedures and preparation for analysis by means of atomic-
emission spectrometry with inductively coupled plasma (ICP-
AES) [9, 11]. Samples prepared by this method were analysed
by ICP-AES, with the Prodigy High Dispersion ICP-OES
apparatus (Fig. 9 and 10).

Fig. 10. The Prodigy HighDispersion ICP-OES Apparatus
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Table 4.
Results from the ICP-OES analysis of the test samples in mmol /|
Sample
element 8 g+ 9* 9** 10* 10** 11* 11
Barium / Ba 4.982 4.443 5.831 7.011 5.342 6.339 5.311 5.568
Cadmium / Cd 0.446 0.387 0.203 0.205 0.205 0.249 0.215 0.219
Chromium / Cr 2.880 3.129 1.379 1.351 3.458 3.804 3.001 3.255
Copper / Cu 6.715 6.130 4.479 4.653 4.506 5.796 4.719 4.546
Lead /Pb 7.020 6.315 4.458 4.580 5.264 6.042 5.357 6.994
Manganese / Mn 8.253 7.209 8.175 8.089 6.024 7.057 7.533 7.555
Nickel / Ni 0.270 0412 0.322 0.333 0.304 0.399 0.356 0.386
Sodium / Na 7.759 7.718 7.442 7.312 5.388 6.913 7.343 7.156
Strontium / Sr 0.822 0.736 0.674 0.692 0.566 0.682 0.576 0.572
Cobalt / Co 0.144 0.149 0.184 0.186 0.186 0.174 0.167 0.184
Aluminum / Al 93.71 95.02 115.6 1204 98.01 122.5 114.1 1151
Calcium/ Ca 689.1 578.6 366.8 356.3 284.2 337.9 279.6 287.6
Iron/ Fe 264.8 235.3 416.5 439.5 267.8 334.6 407.3 408.6
Magnesium / Mg 100.1 88.93 87.78 85.71 62.51 71.77 66.60 74.31
Potassium/K 11.16 11.32 14.59 15.08 12.08 15.04 12.54 14.07
Zinc/ Zn 44.60 40.69 41.27 44.64 36.45 43.94 40.92 39.74
Arsenic / As 0.073 0.062 0.097 0.083 0.086 0.122 0.098 0.113
Sulfur/ S 7.158 7.357 8.320 9.460 8.520 10.93 10.92 11.71
Phosphorus / P 6.739 6.229 8.100 8.427 7.918 8.584 8.782 9.154
Tin/Sn 0.149 0.133 0.062 0.053 0.067 0.118 0.076 0.083
Sample

Element 12* 12+ 13* 13+ 14* 14
Barium / Ba 5.591 5.819 6.300 5.642 5475 5418
Cadmium / Cd 0.204 0.198 0.172 0.165 0.275 0.267
Chromium / Cr 1.895 1.890 2.551 2.517 2.192 2.464
Copper / Cu 4.330 5.101 3.610 3.642 4.032 3.987
Lead/Pb 5.818 5.782 4.583 4.212 4.676 4.716
Manganese / Mn 6.911 6.878 7.718 7.221 7.468 7.437
Nickel / Ni 0.366 0.358 0.275 0.278 0.319 0.312
Sodium / Na 7177 8.616 6.172 6.907 4.758 5.664
Strontium / Sr 0.525 0.541 0.692 0.684 0.704 0.582
Cobalt / Co 0.159 0.152 0.119 0.112 0.168 0.160
Aluminum / Al 128.3 125.3 106.7 106.1 109.8 109.7
Calcium/ Ca 266.2 275.7 342.5 326.9 346.4 327.8
Iron/ Fe 4247 435.9 305.7 297.0 365.1 357.4
Magnesium / Mg 70.52 70.05 74.91 70.31 71.65 74.48
Potassium/K 13.61 14.47 13.08 12.86 13.80 13.37
Zinc/ Zn 45.25 44.74 38.24 36.02 39.38 39.68
Arsenic / As 0.084 0.091 0.090 0.085 0.081 0.071
Sulfur/ S 11.68 11.91 10.61 10.31 10.48 10.30
Phosphorus / P 8.673 8.806 7.223 7.025 8.071 8.245
Tin/Sn 0.066 0.104 0.073 0.074 0.066 0.062

The change in the content of some of the heavy metals in the studied soils against the reference soil is presented graphically in
Figure 11.
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Fig. 11. Content of some heavy metals in the tested soils, compared to the soil-benchmark

Outcomes of the chemical analysis made:

e |t has been found that the chemical composition of
the soil solution in the tested soil is influenced by the
composition of the medicament product.

e  From all the studied soil samples in samples Ne9 and
Ne13, the pH values are close to the basic of the used soil-
benchmark pH = 7.22. In the other samples tested, the pH
values < 7, i.e. a lowering the pH was observed. The lowest
value wasrecorded with the samples Ne8 (active component
Atenolol) and Ne11 (active ingredient cefazolin sodium) (pH
~6.90)

e  From the medicaments included in the experiment,
medicaments with highest content of heavy metals such as
Cadmium (Cd), lead (Plumbum (Pb)), Manganese (Manganum
(Mn)), Tin (Stannum (Sn)), and Strontium (Sr) were observed
in soil sample Ne8 compared to sample Ne14 which is the
benchmark soil.

e  The obtained values shall not be compared to the
acceptable benchmarks for the metal content and pH in the soil
but they aimed to find a change in the composition of soils
containing medicaments relative to the benchmarked soil.

e There is a difference in the growth of the crops,
depending on the soil composition containing medicaments.
Samples Ne9 and Ne13 were with better growth. Insufficient
development of the plants was observed in the sample Ne10
(Fig. 6.).

Conclusion

The effect on the environment when disposing of time-
expired medicaments should not be overlooked. In any case,
this affects the quality and composition of the soil, and there is
a danger from the passage of harmful substances in
groundwater. The results from the chemical analyses (pH and

metals) provide the basis from which the team can further
expand their studies and conduct a more detailed research on
the impact of medicinal products on the composition and
properties of the soil and on crop growth.

Broader research and detailed analyses are needed to
establish the precise degree of influence of medicaments on
the soil composition and properties (and the ongoing soil
processes). The studies presented in the present work may be
the beginning of in-depth and comprehensive experiments with
contaminated soils with medicaments. They should be
conducted on an experimental site and with larger quantities of
medicaments.

As a result of the conducted survey, notifications and
suggestions to different institutions were submitted. Thus, the
authors hope to have made the first steps towards improving
the culture of the population in the field of waste treatment.
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