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Abstract:

Introduction/purpose: Organophosphates are widely used nowadays. They
have applications as pesticides, drugs, plasticizers, flame retardants, or
chemical warfare agents. Their acute toxicity is ascribed to inhibiting
acetylcholinesterase (AChE), a key enzyme in the transmission of nerve
impulses in animals. Their toxic effects manifest by acetylcholine
accumulation in the nerve synapses and can lead to paralysis or death.
Organo-thiophosphate pesticides (OPs) are used in large quantities. Their
oxo-analogs can also be found in the environment due to oxidation. Once
accumulated in the environment, they exhibit toxic effects on non-target
organisms.

Methods: The hydrolysis of OPs in different pH was systematically
analyzed, and their neurotoxic effects were evaluated. The concentration of
the investigated pesticides during decomposition was monitored by ultra-
performance liquid chromatography (UPLC). At the same time, a decrease
in the toxicity of the treated samples was observed by measuring the activity
of the enzyme AChE.

Results: OPs decompose rapidly in alkaline aqueous solutions but are
highly stable in acidic solutions. Chlorpyrifos hydrolyzes the fastest and
dimethoate the slowest. The toxicity of these OP solutions decreases over
time, indicating that more toxic products were not formed.

Conclusion: The presented results can provide a sound basis for further
efforts to find simple and efficient decomposition methods of OPs.

Keywords: organophosphate, pesticide, pH stability, toxicity.

Introduction

Water pollution is one of the biggest problems in modern society
because it affects many different aspects; however, its most significant
impact is on human health. Because of its vital importance, its quality must
be within strictly defined limits. That is why it is necessary to continuously
monitor the concentrations of toxic pollutants, including organophosphate
pesticides (OPs), and reduce their presence as much as possible.
Effective removal from water is also necessary to control the level of these
compounds in food and the environment (Bootharaju & Pradeep, 2012; He
et al, 2015; Rasmussen et al, 2015; Wang et al, 2013).

Extensive use of OPs leads to soil and water contamination (Peshin
et al, 2020; Silva et al, 2019), OP residues in food (Baker et al, 2002), and
public health impacts (Kunstadter et al, 2001; London et al, 2002). In
addition to the inevitable acute and chronic impact on humans,
overreliance on OPs for pest control has led to many problems for other
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species (Greaves & Letcher, 2017). Severe contamination of aquatic
ecosystems by OPs can lead to mass mortality of aquatic organisms. That
is why it is necessary to purify wastewater containing OPs before mixing it
with other waters.

Depending on the persistence of particular OPs, they remain in the
environment for a long time or are transformed into a more toxic form. Due
to the high solubility of organophosphates (OPs) in water and their low
persistence in soil, they have a strong potential to run off into surface water
and leach into groundwater (Van Scoy et al, 2016). The most important
degradation pathways of OPs in the environment are microbial
degradation, hydrolysis, oxidation and photolysis (Van Scoy et al, 2016;
Acimovi¢ & Vasic¢ Aniéijevi¢, 2022). These processes often produce oxo-
forms as end products through photocatalytic oxidation and microbial
metabolism, which is problematic due to the extreme toxicity of these
compounds. On the other hand, hydrolytic degradation is the main
inactivating route of OPs in the environment and usually does not yield
oxo-forms as end products. The hydrolysis of OPs mainly depends on pH
and temperature (Aniéijevi¢ et al, 2022).

Dimethoate (DMT), malathion (MLT), and chlorpyrifos (CPF) are well-
known contact and systemic OPs that have been in use for years. They
are used against many insects in agriculture (Anicijevi¢ & Lazarevic¢-Pasti,
2020). The acute toxicity of OPs is primarily due to their inhibition of
acetylcholinesterase (AChE), an enzyme critical for proper nerve function
(Ani¢ijevic & Karkali¢, 2022). The oxidation of organo-thiophosphates
results in the formation of oxo-analogs, which are even more toxic to AChE
than the parent compounds. These oxo-analogs can also form in the
environment due to various oxidizing agents in water and soil (Lazarevi¢-
Pasti et al, 2016; Vasic¢ Anicijevi¢, 2020).

This work aims to investigate the half-life of OP hydrolysis in aquatic
environments across a pH range of 3.00 to 9.00 and to track the toxicity of
OP solutions over time. Understanding these factors is essential for
developing effective strategies to remove OPs from water. Toxicity is
assessed by measuring AChE inhibition through an enzyme assay, as
AChE inhibition is widely used as a biomarker in environmental monitoring
(Grue et al, 1991; Legradi et al, 2018), indicating the eco-neurotoxicity of
cholinesterase-inhibiting compounds.
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Materials and methods

Stability of organophosphate in the aqueous buffer
solution

The stability of OPs in media with different pH values was investigated
in a phosphate buffer solution with a concentration of 50 mmol dm=3 (made
with deionized water) with a pH value ranging from 3.00 to 9.00, in
according with the pH range supported by the UPLC system. The 1x10™*
mol dm™ OP solutions were incubated at 25 °C in an orbital shaker-
incubator (Orbital Shaker-Incubator ES-20, Grant-bio) for 10 days.
Aliguots were taken at relevant time points to measure the concentrations
of the OPs, as described in the following section. Additionally, the
decomposition of OPs at the same concentration was analyzed in tap
water samples to simulate real-world conditions. All measurements were
performed in triplicate, and uncertainties were calculated using the least
significant differences (LSDs) test at a 95% significance level.

Ultra performance liquid chromatography analysis

A Waters ACQUITY Ultra Performance Liquid Chromatography
(UPLC) system was used to measure the concentration of DMT, MLT, and
CPF, together with an adjustable UV photodiode array (PDA) detector
controlled by the Empower software. Chromatographic separations were
on 1.7 ym, 100 mm x 2.1 mm ACQUITY UPLC™ BEH Cis column
(Waters).

The solutions of OP concentrations of 1x10° mol dm~were analyzed
under isocratic conditions with a mobile phase consisting of 10%
acetonitrile and 90% water (v/v). The eluent flow rate was 0.25 cm? min™,
and the injection volume was 5 mm?3. Under the described conditions, the
retention times of DMT, MLT, and CPF were (2.37 £ 0.05) min, (2.48 +
0.05) min, and (2.62 = 0.05) min, respectively. The spectra for DMT, MLT,
and CPF are shown in Figures 1 (c), 2 (c), and 3 (c) as well as their
absorption maxima. Optical detection was performed at 205 and 200 nm
for aliphatic MLT and DMT, respectively. For aromatic CPF, 230 nm was
chosen from three characteristic absorption maxima at 200, 230, and 290
nm. The spectra for DMT, MLT, and CPF are shown in Figures 1 (c), 2 (c),
and 3 (c).

The concentrations of OPs were determined using linear calibration
curves which were constructed from standard pesticide solutions across a
broad concentration range.

267

Anicijevi¢, V. et al, Stability and neurotoxic impact of organophosphate pesticides in agueous environments, pp.264-281



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

Neurotoxic measurements

AChE inhibition measurements were performed to track and quantify
changes in the toxicity of OPs and to investigate whether hydrolysis under
different pH conditions leads to the formation of more toxic compounds.
These transformation products could have harmful effects at
concentrations below the detection limits of Ultra Performance Liquid
Chromatography (UPLC). AChE activity was measured using a modified
version of Ellman’s procedure (Ellman et al, 1961). The in vitro
experiments were performed by the exposure of 0.5 IU commercially
purified AChE from electric eel to the OP solutions obtained in adsorption
experiments at 37 °C in 50 mmol dm~2 phosphate buffer (PB) pH 8.00 (final
volume 0.650 cm?®). The enzymatic reaction was initiated by adding
acetyltiocholine-iodide (ASChl) and 5.5’-dithiobis-2-nitrobenzoic acid
(DTNB) as a chromogenic reagent. The reaction was allowed for 8 minutes
before being stopped with 10% sodium dodecyl sulfate (SDS). The
reaction product, thiocholine, reacts with DTNB to form 5-thio-2-
nitrobenzoate, measured by its optical absorbance at 412 nm. It should be
noted that in these measurements, the enzyme concentration was
constant and set to give an optimal spectrophotometric signal.

The following reaction shows the principle of determining AChE
activity using the Ellman test:

H,O

AChE+ASChl =—=A ChE-ASChIV A-AChE \c
H,COOH
3

SChl
DTNB \
NB

The physiological effects were quantified as AChE inhibition given as:

1% =

X 100 (1)
0

where Ag represents the AChE activity in the absence of OP, A is the AChE
activity measured after exposure to a given OP. OP solutions with an initial
concentration of 1x10™* mol dm™ were incubated in phosphate buffers (pH
3.00 to 9.00, 25 °C) and in tap water for 10 days to monitor the toxicity of
the hydrolysis products formed spontaneously.
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Results

Kinetics studies of organophosphate decomposition

The concentration of OPs was monitored in tap water and phosphate
buffers with pH ranging from 3.00 to 9.00 for 10 days using UPLC analysis.
Figures 1, 2, and 3 show the time dependence of the OP concentration.
The spontaneous decay of DMT (Figure 1), MLT (Figure 2), and CPF
(Figure 3) concentrations over time was relatively fast in neutral and
alkaline buffers, as well as in tap water (pH 6.50). A decrease in OP
concentrations was also observed in buffers with acidic pH, though it was
slower. The decay followed exponential trends in all cases, consistent with
pseudo-first-order kinetics. This outcome was expected, as the buffer
solutions maintain constant H*/OH™ concentrations over time, in alignment
with previous literature (Wolfe et al, 1977). Consequently, the hydrolysis
rate constants (kn) were obtained by fitting the experimental data to the
following equation:

C, = Coe knt (2)

where C;and Cq are the remaining OP concentrations at a given time (t)
and the initial OP concentration.

Dimethoate

The dependence of the degradation of DMT (Richendrfer & Creton,
2015, Elmorsy et al, 2022, Sparling & Fellers, 2007) with an initial
concentration of 1x10“ mol dm=on the pH value of the solution at 25 °C
and 35 °C is shown in Figure 1 (a) and (b). The results show that an
increase in the pH value increases degradation efficiency. The half-life of
DMT at pH 9.00 and 25 °C is 8 days, and at 35 °C, it is 2 days.

The results also show that an increase in temperature of 10 °C
accelerates the degradation about tenfold at pH 9.00. The less efficient
degradation at pH 8.00 and 35 °C resulted in a half-life of 9 days. It
practically means that a decrease in pH by 1 unit increases the length of
degradation 4.5 times. This applies to the pH reduction from 9.00 to 8.00.
For other changes, the pH degradation is several times longer.
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Figure 1 — Dependence of DMT degradation at pH from 3.00 to 9.00 and in tap water (pH
6.5) at 25 °C (a), 35 °C (b), and PDA spectra of concentration 1x10* mol dm (c)

Malathion

The dependence of the degradation of MLT (Richendrfer & Creton,
2015, Elmorsy et al, 2022, Sparling & Fellers, 2007) with an initial
concentration of 1x10“ mol dm=on the pH value of the solution at 25 °C
and 35 °C is shown in Figure 2 (a) and (b).
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Figure 2 — Dependence of MLT degradation at pH from 3.00 to 9.00 and in tap water (pH
6.5) at 25 °C (a) and 35 °C (b), and PDA spectra of concentration 1x10* mol dm (c)

As for DMT, the results show that an increase in the pH value leads
to an increase in degradation efficiency. The half-life of MLT at a
concentration of 1x10*mol dm=2at pH 9.00 at 25 °C is 7.5 days, and at
35 °C itis 1 day, while it completely decomposes in 10 days at 35 °C. The
presented results also show that an increase in temperature of 10 °C
accelerates the degradation of MLT several times under the given
experimental conditions (pH 9.00). This means that a decrease in pH by 1
increases the length of degradation by 2 times. As in the case of DMT, this
applies to the reduction of pH from 9.00 to 8.00; for other changes in pH,
the degradation is several times longer.
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Chlorpyrifos

The dependence of the degradation of CPF (Ubaid ur Rahman et al,
2021) with an initial concentration of 1x10* mol dm=on the pH value of the
solution at 25 °C and 35 °C is shown in Figure 3 (a) and (b).
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Figure 3 — Dependence of CPF degradation at pH from 3.00 to 9.00 and in tap water (pH
6.5) at 25 °C (a) and 35 °C (b), and PDA spectra of concentration 1x104 mol dm (c)

As in the previous cases, the results show that, with an increase in
the pH value, the degradation efficiency increases. The half-life of CPF at
a concentration of 1x10*mol dm=at pH 9.00 and 25 °C is 29 min, while at
35 °C, the value is only 4 min. The degradation of aromatic CPF at pH 9.00
is much faster than in the case of both tested aliphatic OPs. At 25 °C, the
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time required for a complete degradation of CPF is significantly shorter
than 1 d (measured in minutes) for all pH values higher than 6.00 and in
tap water.

On the other hand, at 35 °C, complete degradation is very fast for all
tested pH values and almost immediate for the basic ones. The presented
results also show that an increase in temperature of 10 °C accelerates the
degradation of CPF by 7.5 times at pH 9.00, 8.00, and 7.00. At pH values
lower than 7.00, the degradation of CPF is slowed down from 1 000 to
2 000 times when the temperature increases by 10 °C.

Toxicity assessment of organophosphate solutions

OP solutions of the initial concentration of 1x10~* mol dm™3 were left
in phosphate buffers (pH ranging from 3.00 to 9.00, 25 °C) and in tap water
for 10 days to monitor the toxicity of the spontaneous hydrolysis products.
The toxicity of the OP solution was evaluated using the AChE inhibition
assay, as already described above. Aliquots for AChE inhibition assays
were taken at the beginning of the experiment and then after 1, 2, 6, and
10 days.
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Figure 4 — Toxicity of the solutions of DMT (a), MLT (b), and CPF (c) measured during 10
days at pH from 3.00 to 9.00 for the initial concentration of Ops 1x10* mol dm-3
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In addition to measuring AChE activity inhibition over 10 days, we also
tracked changes in inhibition using the measured concentrations of DMT,
MLT, and CPF over time (Cy) and the OP inhibition curves. The results in
Figure 4 show a rapid decrease in the acute toxicity of water contaminated
with OPs at pH levels above 7.00.

Discussion

A fundamental understanding of the OP hydrolysis mechanisms is
paramount for properly planning OP disposal and removal (Tomasi et al,
2005; Anicijevi¢ et al, 2022). For example, understanding OP hydrolysis
could help optimize chemical treatments of contaminated samples to
maximize OP decomposition into non-toxic products without the need for
aggressive chemicals or excessive use of alkalis. The results in Figures 1,
2, and 3 show that the estimated half-lives of OPs in aqueous solution
decrease with increasing pH, though the relationship is not strictly linear.
Additionally, the stability of these molecules shows varied pH dependence.
Further research is needed to fully resolve the link between the OP
structure and stability at different pH levels in aqueous media.

Importantly, matrix effects in spiked tap water appear to have only a
minor impact on the rate of hydrolysis (Figure 4). Therefore, these results
can be reliably used to estimate OP half-lives in aqueous media based
primarily on pH values. However, other factors, such as microbial activity
or oxygen saturation levels, could also affect OP decomposition.
(Lockridge et al, 2019).

Finally, the data presented in Figure 4 suggest that the inhibition of
AChE activity decreased monotonically over time in all samples tested.
Therefore, by combining the results of the pH stability of OPs with their
AChE inhibition curve, the inhibition of AChE activity in the contaminated
water samples can be reliably predicted for up to 10 days (Figure 4).

Conclusion

The investigated OPs have varying half-lives, and since their half-lives
decrease rapidly with increasing pH in alkaline media, this suggests that
alkaline hydrolysis is an effective method for removing DMT, MLT, and
CPF from water. Unlike microbial degradation or photocatalytic oxidation,
alkaline hydrolysis does not result in the accumulation of more toxic
byproducts during the degradation process. Therefore, if alkaline
hydrolysis removes OPs, no particular care should be taken to monitor the
degradation process because the risk of toxic product formation is
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negligible. Matrix effects in tap water were found to have a negligible
impact on the rate of OP hydrolysis, making the presented data reliable for
estimating OP half-lives in contaminated water. Additionally, toxicity data,
measured as AChE inhibition, can be used to assess acute toxicity
following water contamination. Estimates for periods longer than ten days
can be derived by combining stability data with AChE inhibition curves for
OPs. However, these results should be interpreted cautiously, and further
systematic studies are recommended to evaluate the hydrolytic stability of
OPs fully.
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Resumen:

Introduccién/objetivo: Los organofosforados se utilizan ampliamente en la
actualidad. Tienen aplicaciones como pesticidas, farmacos, plastificantes,
retardantes de llama o agentes de guerra quimica. Su toxicidad aguda se
atribuye a la inhibicion de la acetilcolinesterasa (AChE), una enzima clave
en la transmisién de impulsos nerviosos en animales. Sus efectos téxicos
se manifiestan por la acumulacion de acetilcolina en las sinapsis nerviosas
y pueden provocar paralisis o0 muerte. Los pesticidas organotiofosforados
(OP) se utilizan en grandes cantidades. Sus oxoanalogos también se
pueden encontrar en el medio ambiente debido a la oxidacion. Una vez
acumulados en el medio ambiente, presentan efectos toxicos en
organismos no objetivo.

Métodos: Se analizé sistematicamente la hidrélisis de los OP a diferentes
pH y se evaluaron sus efectos neurotoxicos. La concentracién de los
pesticidas investigados durante la descomposiciéon se controld6 mediante
cromatografia liquida de ultra alta resoluciéon (UPLC). Al mismo tiempo, se
observé una disminucion de la toxicidad de las muestras tratadas midiendo
la actividad de la enzima AChE.

Resultados: Los OP se descomponen rapidamente en soluciones
alcalinas acuosas, pero son muy estables en soluciones Aacidas. El
clorpirifos se hidroliza mas rapido y el dimetoato, mas lentamente. La
toxicidad de estas soluciones de OP disminuye con el tiempo, lo que indica
gue no se formaron productos més toxicos.

Conclusion: . Los resultados presentados pueden proporcionar una base
sélida para futuros esfuerzos encaminados a encontrar métodos de
descomposicion de OP simples y eficientes.

Palabras claves: organofosforado, pesticida, estabilidad del pH,
toxicidad.
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CtabunbHOCTb N HEMpOTOKCU4eckoe aenctane ocopopraHnyeckux
nectMungoB B BOAHOW cpeae

BriadaH V. AHMuneBuY?, KoppecnoHaeHT, Tamapa Tacuy®,
BedpaH MunaHkosu4y®, PadosaH M. Kapkanuu?,
Tamapa [. Nasapesuy-Martm®

? YHusepcuteT 060poHsl B I. Benrpas, BoeHHas akagemus,
r. benrpag, Pecny6nuka Cepbus
6 Benrpaackuii yHuBepceuTeT, IHCTUTYT siaepHbIX Hayk «BuHua» — MHetutyT

HaLMoHanbHoro 3HaveHus ans Pecny6nukn Cepbus,
r. benrpag, Pecny6nuka Cepbus

PYBPUKA TPHTW: 87.15.00: 3arpsis3HeHue okpyxatoLLern cpefbl. KoHTponb
3arpsisHeHus
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Pesrome:

Beederue/uenb: OpeaHogocghambl  WUPOKO — UCMOb3YOMCs 8
cospemeHHoM mupe. OHU UCroNb3yomcs 8 Kadecmee rnecmuyudos,
niekapcme,  niiacmugbukamopos,  aHmurnupeHoe  unu - b6oesbix
ompasnsruwux sewecms. Vix ocmpasi moKcuU4HoCcmb 0b6BSICHSemcs
UHeubuposaHuem  auemusnxonuHacmepasbl  (AX3),  Krro4Yyesozo
epmeHma nepedaqyu HEPS8HbIX UMIY/IbCO8 Y XUBOMHbIX. WX
mokcuyeckoe delicmeue nposieisemcs HakornieHueM ayemusixonuHa
8 HEPBHbIX CuHaricax U MoXem rfpusecmu K napasudy umu cMmepmu.
TuogbocpamopeaHudeckue (O®) necmuyudbl UCHONL3YIOMCS 8
bonbwux Konudecmeax. Mx oOkcoaHanoau Mo2ym fonacme 8
OKpyXarowyto cpedy ecrnedcmeue OKucneHusi. Hakannueasicb 8
OKpyXatoujel cpede, OHU OKa3blgarom moKcu4yeckoe gosdelicmeue Ha
Heuernesble opeaHUu3Mbl.

Memodei: B xode uccredogaHuss cucmemMamu4yecku npoeodusiuch
aHanu3 audponusa necmuyudos O® 6 pasnuyHbix ycrnosusix pH u
OUEHKa UX Helipomokcu4yeckoz2o eo30elicmeusi. KoHueHmpayuro
uccnedyembix  necmuyudoe O® 8 ripouecce  pasfioKeHUs
KoHmMponupoganucb Memodom ceepxaghghekmusHol XKUOKOCMHOU
xpomamoezpacpuu  (COXKX).  OOHospemMeHHO  npu  U3MepeHuu
akmusHocmu ¢hepmeHma AX3 Habnodanock CHUXeHUE moKcu4Hocmu
obpabomaHHbix 0bpa3uos.

Pesynbmamei: lNecmuyudbi O@ bbicmpo pasna2armcsi 8 Wes104HbIX
B800HbIX pacmeopax, HO OHU 4Ype3ebiyaliHo cmaburibHbl 8 KUCIIbIX
pacmeopax. Xnoprupughoc audponusyemcsi bbicmpee, a dumemoam —
melneHHee. TOKCUYHOCMb 3MUX  pacmeopos8 CO B8PEMEHEM
CHWXaemcs, 4mo yKka3bieaem Ha mo, 4mo 60s5iee MOKCUYHbIE
npodykmbl He obpa3sytomcsi.
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Bbigodbl: [Momumo moeo, npedcmasneHHble pes3ynbmambsl Mo2ym
cmamb  xopoweli OcHoeoll 8 OasibHeliweM [OUCKe npocmbIX U
aghgpekmusHbIx Memodoes pasznoxeHuss O® necmuyudos.

Knrwyesbie crnosa: opeaHogocham, necmuyud, ph cmabunbHocme,
MOKCUYHOCMb.

CTabuUIHOCT 1 HEYPOTOKCUYHM yTULLaj opraHogocdaTHUX nectuumaa y
BOEHVM cpeanHamMa

BriadaH J. Annhunjesuh?, aytop 3a npenucky, Tamapa Tacuh®,

BedpaH MunaHkosuh®, PadosaH M. Kapkanuh?,

Tamapa [. Nazapesuh Mawtun®

aYHuBepanTteT onbpaHe y beorpaay, BojHa akagemuja,
Beorpag, Penybnuka Cpbuja

5 YuusepauteT y Beorpagy, VIHCTUTYT 3a HykneapHe Hayke ,BuHya” -
MHCTUTYT 0of HaumoHanHor 3Havaja 3a Peny6nuky Cpbujy,
Beorpag, Penybnuka Cpbuja

OBJIACT: Hayka O XWBOTHOj CpeAMHU, h13nyKa Xxemuja
KATEITOPWUJA (TUIM) YITAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: OpeaHoghocchamu daHac umajy wupokKy rnpumeHy. Kopucme ce
Kao necmuyudu, fiekosu, nracmugbukamopu, ycriopugayu riameHa unu
Xemujcku 6ojHU azeHcu. Hbuxoea aKymHa MmoOKcu4YHOcm ce npurucyje
UHXUbuyuju auemunxonuHecmepase (AChE), Krby4yHo2 eH3uma y rpeHocy
HepeHUX umriyrica Ko0 )xueomura. TOKCUYHU eghekmu ce MaHugbecmyjy
aKymynayujoM auemurixonuHa y HepeHUM cuHarcama u moay dosecmu 00
napanuse unu cmpmu. OpeaHomuoghochamHu (O®) necmuyudu ce
Kopucme y 8enluKuM Konu4duHama. Hbuxosu okcoaHano3u ce makohjie moay
Hahu y xueomHoj cpeduHu ycned okcudauuje. Kada ce akymynupajy y
JKUBOMHOj CpeduHu, ucrosrbasajy MOKCUYHe echekme Ha HeuurbaHe
opeaHu3me.

Memode: Cucmemamcku je aHanu3upaHa xudponusa O® necmuyuda y
pasznudumum pH ycriogsuma, npu Yyemy cy rpouerseHa HUuxoea Heypo-
mokcudyHa dejcmea. KoHueHmpauyuja ucriumugaHux O® necmuyuda
mokom pasnazarba rnpaheHa je mMe4yHOM XpomamoepadbujoM yrnmpa-
nepgpopmarHce (UPLC). UcmospemeHo, npumeheHo je cmarere
MOKCUYHOCMU MpemupaHux y3opaka MepereM akmueHOCmU eH3UuMa
AChE.

Pesynmamu: OpeaHomuogocghamHu necmuyudu ce 6p30 pasnaxy y
arnkanHuM 800eHUM pacmeopuma, anu cy eeoma cmaburnHu y Kucernum
pacmeopuma. Xnopriupugoc ce xudponusyje Hajopxe, a dumemoam
Hajcriopuje. TokcuyHocm pacmeopa osux O® necmuyuda ce 8peMeHOM
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cmMarbyje, Wwmo ykasyje Ha mo 0a Ce MOKCUYHUjU Mpou3sodu Hucy
ghopmuparnu.

Sakrbyyak: [NpukasaHu pesynmamu mMoey npyxumu 0obpy ocHosy 3a
Oarbe Hariope y fpoHarnaxery jeOHocmasHuUX U eghukacHux memoda 3a
pasepadry O® necmuyuda.

KmbyyHe pe4qu: opeaHogocghamu, necmuuudu, pH cmabunHocm,
mokKcu4YHocm.
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