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Monitoring of carbaryl and cypermethrin concentrations
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Abstract Carbaryl (a carbamate insecticide) and
cypermethrin (a synthetic pyrethroid insecticide) are
extensively used in agriculture. However, the presence
of these insecticides in the environment constitutes a
significant source of ecological contamination. This
study determined the levels of these insecticides in
Lisungwi, Neno District, a cotton-growing area in
Southern Malawi. A total of 81 soil samples (500 g
each) were collected from six sampling points (33 in
dry season and 48 rainy season). A total of 86 water
samples (500 ml each) were collected seasonally (20
from shallow wells, 18 from streams, and 48 from
boreholes). High-performance liquid chromatography
(HPLC) was used to determine carbaryl while UV/Vis
spectrophotometer detected cypermethrin. Paired ¢ test
showed a significant (p < 0.05) difference between rainy
season carbaryl (in water and soil) and maximum rec-
ommended levels (MRL) (Canadian guidelines and
Australian Guidelines). Similarly, a significant (p <
0.05) difference between carbaryl and WHO limits and
US MRL was reported in water and soil during the rainy
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season. A similar observation was made for
cypermethrin. Specifically, carbaryl (0.083-0.254 mg/
L in surface water and 0.165-0.492 mg/L in groundwa-
ter) and cypermethrin (8.115-15.460 mg/L in surface
water and 4.48-12.18 mg/L in groundwater) concentra-
tions during the rainy season were above the recom-
mended limits. On the other hand, cypermethrin (0.01—
0.048 mg/L) in the soil samples during the rainy season
was below the recommended limits while carbaryl
(1.67-1.305 mg/L) was above the recommended limits.
Higher carbaryl and cypermethrin values were recorded
during the rainy season than the dry season. Nitrate, pH,
and EC and the insecticides (carbaryl and cypermethrin)
depicted strong correlation and significance (p < 0.05),
suggesting that these factors influenced their persistence
in both soil and water. The study provides evidence that
Lisungwi has cypermethrin and carbaryl concentrations
above the recommended limits and their presence varies
with seasons—a situation considered to be a serious
threat to both aquatic biota and humans.

Keywords Cotton - Contamination - Concentration -
Insecticides - Malawi

Introduction

Pesticides (which include insecticides, herbicides, ro-
denticides, and nematicides, among others) are detri-
mental to human health and the environment (Tariq
et al. 2007). Evidence has shown that approximately
2.5 million tons of pesticides are used globally in
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agriculture (Pimentel 1995) and the trend is exponen-
tially increasing annually (United Nations 2017). Ap-
proximately 200,000 acute poisoning deaths are caused
by pesticides annually and about 99% occur in the
developing countries (such as Malawi), where health,
safety, and environmental regulations are weaker and
less strictly applied (United Nations 2017). A World
Health Organization (WHO) report revealed that ap-
proximately 87,000 cancer cases occur annually in the
developing countries and are associated with pesticide
use (WHO 1990). The developing countries are in quan-
dary especially due to the use of banned chemicals
(Tariq et al. 2007). In Malawi, it is believed that the
cases of pesticide poisoning may be even greater than
imagined due to under-reporting as a result of data
scarcity (Soko 2018). In Malawi, some of the most
commonly used insecticides are cypermethrin and car-
baryl. Cypermethrin (Cyano-(3-
phenoxyphenyl)methyl]3-(2,2-dichloroethenyl)-2,2-
dimethylcyclopropane-1-carboxylate) is a highly active
synthetic pyrethroid insecticide, effective against a wide
range of pests in agriculture, public health, and animal
industry. The structure of cypermethrin is shown in Fig.
1.

On the other hand, carbaryl (l-naphthyl
methylcarbamate), a carbamate insecticide, was intro-
duced in 1956 by the Union Carbide Corporation to
control a broad spectrum of insects on more than 120
different crops. These crops include cereals, cotton, and
vegetables, among others. The structure of carbaryl is
shown in Fig. 2.

Currently, these insecticides (cypermethrin and car-
baryl) are the most commonly applied in agriculture
(Zhao et al. 2014, 2016; Tallur et al. 2015; Chen et al.
2012) globally. In Malawi, cypermethrin and carbaryl
are commonly applied in cotton-growing areas such as
Neno, Salima, and other districts to control a wide range
of pests (Kishimba and Mihale 2004). The effects of
carbaryl and cypermethrin exposure have been reported
by Azmi et al. (2006) in 14 different fruit and vegetable
farm station workers existing in Gadap, Karachi,
Pakistan. Tariq et al. (2007) reported a massive fish
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Fig 1 Chemical structure of cypermethrin
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Fig. 2 Chemical structure of carbaryl

killing in Rawal Lake in Pakistan as a result of carbaryl
and cypermethrin contamination. Human health risks
such as nausea, vomiting, blurred vision, coma, and
difficulty in breathing have been reported by Zhao
et al. (2014). A review of the biological monitoring of
insecticides has also made it evident that incidents of
insecticide exposure are common among field workers
especially women as a result of inadequate awareness
(Tariq et al. 2007). Several studies have reported the
detection of carbaryl and cypermethrin in soils and
water (Bano and Siddique 1991; Tariq et al. 2006) in
cotton-growing areas (Ahad et al. 2001; Tariq 2005).
Studies have shown that over 80% of the rural popula-
tion in Malawi depends on unprotected water sources
from rivers, hand-dug wells, streams, springs, and sur-
face rainwater (Makwinja et al. 2019) though it has to be
noted that access to safe drinking water and sanitation is
currently a global concern (Meride and Ayenew 2016) .
Water from these unprotected sources is heavily con-
taminated with agricultural chemicals such as inorganic
fertilizers, insecticides, and other human contamination.
In Malawi, over 80% of the rural population depends on
unprotected water sources from 178 rivers, hand-dug
wells, streams, springs, and surface runoff. It is very
apparent that water from these sources is heavily con-
taminated with agricultural chemicals such as inorganic
fertilizers, pesticides, and other human contamination
(GoM 2006). Neno District in Southern Malawi pro-
vides the best example though scientific studies associ-
ated with the accumulation of agricultural chemicals
such as insecticides in water and soil are scarcely avail-
able. Therefore, the main objective of this article was to
investigate the levels of carbaryl and cypermethrin con-
centrations in water and soil in Lisungwi, Neno South-
ern Malawi. This study was designed to provide
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baseline data and help researchers and authorities to set
up future action plans in insecticide research and control
programs in Malawi and other developing countries.

Review of the analytical method for carbaryl
and cypermethrin detection

Insecticides such as cypermethrin and carbaryl in soil
and water samples are usually determined by chro-
matography. The commonly used chromatographic
techniques include gas chromatography (GC), high-
performance liquid chromatography (HPLC), and
thin-layer chromatography (TLC). It has been ob-
served that for carbaryl, the detection limit is < 10
ng/g using GC (Nasiri et al. 2016). On the other
hand, the detection limit for carbaryl is < 0.062
png/L when HPLC is used (Qun and Rohrer 2016).
This agrees with the current study whereby the mean
detection limit for carbaryl using HPLC was 0.052
pg/L. On the other hand, using GC, the detection
limit of cypermethrin is around 0.007 pg/g
(Hernandes et al. 2014), while as for HPLC, it is
around 0.001 mg/kg (Bissacot and Vassilieff 1997).
Other techniques include spectrophotometry and
calorimetric methods. In this study, cypermethrin
residues in soil and water samples were determined
by the method of Janghel et al. (2007) with some
modifications by using UV/Vis spectrophotometer
whose detection limit was found to be 0.003 pg/L
which is almost similar to this study which was
found to be 0.0027 pg/L. Cypermethrin is hydro-
lyzed to cyanide ion in an acidic medium which in
turn reacts with bromine water to form cyanogen
bromide. The excess of bromine is removed in the
solution by the addition of potassium iodide solution
which reacts with p-aminoacetophenone reagent. Ab-
sorption of violet color is measured at 400 nm using
a UV/Vis spectrophotometer. On the other hand,
carbaryl was determined by HPLC.

Material and methods
Study area
The study was conducted in Lisungwi, Neno District,

Southern Malawi, geographically located at latitude 15°
33’ 35" South and longitude 34° 30’ 16” East. Neno

District has a total area of 1469 km? and a population of
138,291 (Government of Malawi 2018). The district has
four Traditional Authorities, which are Damba, Symon,
Chekucheku, and Mlauli. Approximately 38,000 ha of
land is used for agriculture and maize covers 90% of
arable land. Cotton is the most important cash crop
grown in the dry land of Lisungwi, where rainfall is
erratic (500-1200 mm) and temperature ranges from
8°C in the high-altitude areas to 35°C in the low-lying
areas (Nyirenda 2011). The area is mostly dominated by
Cambisol soil especially in the foot slopes and deep
Lixisol and Luvisol soil on the plateau. Figure 3 shows
the map of Malawi, the location of Neno District, and
the sampling points.

Water sampling

Water samples were collected from streams, wells,
and boreholes. These sampling points were the main
sources of drinking water for the majority of rural
communities in the area. The average depth of the
streams was 0.5 m. Shallow wells were defined as
holes drilled by the local communities to extract
drinking water from the ground and had an average
depth of 15 m. Borehole on the other hand was defined
as those drilled using the machine and typically had an
average depth of about 30 m. Water samples collected
from streams represented surface water, while sam-
ples collected from wells and boreholes represented
groundwater. The main sampling period was from
September to October 2015 representing dry season
and from February to March in 2016 representing the
rainy season. Water samples were collected using an
automatic ISCO sampler (Teledyne Isco, Lincoln, NE,
USA). Small sub-samples were taken biweekly and
pooled into a biweekly time-integrated sample that
was stored in a refrigerator during the sampling peri-
od. A total of 20 samples were collected from shallow
wells during both dry and rainy seasons with 10 sam-
ples collected from each season. Similarly, a total of
18 samples were collected from streams with 9 sam-
ples collected from each season. A total of 48 samples
with 24 from each season were collected from bore-
holes. The grab samples were collected twice a month
in September and March. Sampling periods and the
number of samples at each sampling point are present-
ed in Table 1. Water samples were preserved in a
cooler box at 4°C (Laxen and Harrison 1981) and
transported to the laboratory for analysis.

@ Springer



595 Page4 of 14

Environ Monit Assess (2020) 192: 595

/é STUDY SAMPLE SITES MAP

sroge

g o v
/A/V\_ﬂ

MAP OF NENO

Legend

®  Trading Centres

® Ground water
Surface water

Soil

®  Ground water

Surface water

Dry Season Samples

Rainy Season Sample|

Fig. 3 Map of the study area showing the sampling sites

Soil sampling

Soil samples were collected from cotton fields following
a systematic random sampling procedure suggested by
Katalin (2011). Triplicate soil samples were collected at
four corners of each rectangular cotton field and one at
the central location at the depth of up to 30 cm using a
Hand auger model S092 KIT: 80 mm % 1 m long, 4 kg in
weight (USEPA 2014). A composite sample was made
by combining the five collected soil samples (sub-
samples) using a hand shovel in a bucket. About 33
representative samples each weighing 500 g were

Table 1 Water samples from each sampling point

Sampling site  Depth (m) Dry season Rainy season Total

Shallow wells 15 10 10 20
Streams 0.5 9 9 18
Boreholes 30 24 24 48
Total - 43 43 86

Each soil sample weighed 500 g while the volume of each water
sample was 500 ml

@ Springer

collected from the sampling points during the dry season
(September to October 2015) while 48 representative
samples with an average weight of 500 g were collected
during the rainy season (February and March 2016)
from the same sampling locations. The samples collect-
ed both during dry and rainy seasons were carefully
placed in aluminum foil, fastened with masking tape,
and properly labeled. The aluminum foil was then
placed in a self-sealing polyethylene bag and then
placed in a polyurethane container with a lid to avoid
contamination. The polyurethane container was then
labeled and kept in a polyurethane cooler box containing
dry ice before transporting it to the laboratory for anal-
ysis. At the laboratory, the soil samples were kept in a
deep freezer at — 18°C before extraction.

Determination of physicochemical parameters,
phosphate, and nitrate

Water temperature and pH were measured on-site using a
mobile thermometer and a portable digital pH Meter
Model 213, respectively. Electrical conductivity (EC)
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was measured using an EC meter Model 4510 (Meride
and Ayenew 2016). Before taking the measurements, the
instruments were calibrated according to the manufac-
turer’s manual instructions. In the laboratory, phosphate
concentrations were determined using the molybdenum
blue method using a UV/Visible spectrophotometer (Mil-
ton Roy and electronic 20 models). In this method, phos-
phate in the sample is determined at 810 nm. Orthophos-
phate and molybdate ions were condensed in an acidic
solution to form phosphomolybdic acid. Upon selective
reduction (with hydrazinium sulfate), blue color was
produced. The intensity of the blue color was proportion-
al to the amount of phosphate initially incorporated into
the heteropoly acid. The intensity of the color solutions
was measured on the UV/Visible spectrophotometer. The
calibration curve was constructed by plotting the absor-
bance values against the concentration of standard solu-
tions. The straight line graph passing through the origin
according to the Beer-Lambert law was used to estimate
phosphate. Nitrates were determined by the sodium sa-
licylate method. Nitrates react with sodium salicylate
under strongly acidic conditions. Addition of excess so-
dium hydroxide solution produces the sodium salt of the
organic nitro complex. The nitro compound is soluble in
water and produces a strong yellow solution. The color
intensity is proportional to the amount of nitrate in the
sample and is measured on a UV/Visible spectrophotom-
eter at 410 nm.

Determination of carbaryl in water samples using HPLC

A volume of 100 mL of each water sample was put into
a 250-mL separatory funnel where 30 mL of methylene
chloride was added and then shaken vigorously for
about 2 min. Phases were allowed to separate and con-
sequently the organic layer was transferred into a clean
100-mL volumetric flask. The extraction was repeated
two more times using fresh portions of solvents. All
three extracts were combined in a 100-mL volumetric
flask and diluted to the mark with methylene chloride.
The extract was then filtered using a disposable
0.45-um filter into a labeled autosampler vial and then
loaded into the HPLC autosampler. The HPLC (Agilent
Technologies 1260 Infinity) was equipped with an auto-
injector (G1329b 1260 ALS) with sample loop size of
10 uL and Diode Array Detector (G1315D 1260 DAD,
Agilent) (Ahmad et al. 2001). The oven temperature was
maintained at 40°C, and the system had an Acclaim
120-C18, 150 x 3 mm ID column (particle size 3 um),

and part number 063691. A guard column (Acclaim
120-C18, 5 um, 10 x 2.1 mm ID), part number
069689, was fitted before the analytical column. The
flow rate was 0.8 mL/min and has an absorbance of 280
nm. The mobile phase (60%) consisted of acetonitrile,
5 mM ammonium acetate, acetic acid (EPA method
8318a), and distilled water (40%).

Determination of carbaryl in soil samples using HPLC

Soil portions of 2.5 £ 0.1 g were weighed and put into
separate 250-mL volumetric flasks with PTFE screw
caps. Acetonitrile of 50 mL was then added to the
portion of each sample and shaken for 2 h on a platform
shaker, as described by the EPA method 8318a (USEPA
2007). The mixture was allowed to settle for about 5-10
min and then the extract was decanted into 250-mL
centrifuge tubes to separate the solid particles from the
liquid. The extraction was repeated two more times
using 20 mL of acetonitrile and shaken for 1 h each
time. All the three extracts were combined in a centri-
fuge tube and later centrifuged at 200 rpm for 10 min.
The supernatant was carefully decanted into a 100-mL
volumetric flask and diluted to the mark with acetoni-
trile. The extract was then filtered using a disposable
0.45-um filter into a labeled autosampler vial and load-
ed into HPLC.

Calibration curve of carbaryl

Carbaryl standard was prepared by dissolving 0.050-g
insecticide in 50-mL methanol; this solution was further
diluted with methanol to a series of the final concentra-
tion of standards of 0.5, 1.0, 2.0, 3.0, and 5.0 mg/L.
Methanol of 20 pL (solvent of blank) was analyzed
before calibration of carbaryl standards starting with
the lowest standard and ending with the highest stan-
dard. Standards were loaded into the autosampler vials
and then loaded into the HPLC autosampler. Calibration
curve was constructed by plotting a peak area against
concentration.

Determination of cypermethrin in soil and water
samples

Potassium iodide and p-aminoacetophenone reagents
were obtained from Glassworld (South Africa). Dichlo-
romethane (DCM), hydrochloric acid (HCI), and sodi-
um hydroxide (NaOH) were sourced from Sigma-
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Aldrich (India). A cypermethrin stock solution (1000
ppm) was prepared by dissolving 0.1 g of pure reagent
powder in dichloromethane (DCM) solvent to 100 mL
in a volumetric flask and it was diluted to the mark using
DCM. A cypermethrin intermediate solution was made
by pipetting 10 mL of cypermethrin stock solution into a
100-mL volumetric flask and then diluting it to the mark
using DCM.

Preparation of calibration curve

To 0.5, 1, 1.5, 2, and 2.5 mL of cypermethrin working
standards, 4 mL of 20% sodium hydroxide was added in
50-mL volumetric flasks. The solution was kept for
10 min at room temperature for complete hydrolysis
and neutralized with 0.1 N HCL Then 2 mL of 0.1%
potassium iodide was added followed by one drop of
concentrated HCI, to liberate iodine and then followed
by the addition of 2 mL of 1% p-aminoacetophenone
reagent. The solutions were thoroughly shaken and kept
for 15 min for color development. A violet color was
observed and solutions were diluted to the mark with
distilled water. Absorbance for both standards and sam-
ples were measured at 400 nm using a double-beam UV/
Vis spectrophotometer (T90 model) of wavelength
range 190-900 nm with spectral bandwidth of 0.1, 0.2,
0.5, 1.0, and 5.0 nm. Calibration curve was then con-
structed by plotting absorbance against standard con-
centration and the cypermethrin content in samples was
established from the calibration graph: y = 0.0052x —

0.0002 and R’ = 0.9991. For water samples, 25 mL of
each sample was processed for analysis using the
Janghel et al. (2007) method described above.

Soil sample preparation

Soil samples were prepared by mixing 2.5 g of each soil
sample portions with dichloromethane and then filtered
using Whatman No. 40-cm filter paper. The filtrate of
each sample portion were quantitatively transferred into
separate 50-mL graduated flask and made up to the
mark with DCM. Twenty-five milliliters of each ali-
quots were taken in a 50-mL graduated tube, and then
following the Janghel et al. (2007) method described
above, the samples were analyzed.

Data analysis

The experiment for each sample was performed in trip-
licate and results were expressed as means of the three
triplicates. Data were organized using the version 2019
Microsoft office (mainly Microsoft Excel) and all sta-
tistical analyses were performed using the Paleontolog-
ical Statistics Software Version 3.14.

Results and discussion

Table 2 shows the values determined from the surface
and groundwater samples during the dry and rainy

Table 2 Physicochemical parameters, nitrate, phosphate, cypermethrin, and carbaryl in water samples

Parameters SWRS GWRS SWSDS GWSD MRL Ref

pH 6.8-7.20 4856 7.71-6.71 5.09-6.05 6.52-8.53 WHO (2011)

EC (uS/cm)  436.6-618.70 1169-142.02 681.8-890.02 1626.1-190.01 < 400 (WHO 2004)

TDS (mg/L)  142-201.62  585-608.02 340.9-420.02 813 +913.02  500-1000 (WHO 2011)

Tem (°C) 269-3191  322-40.02 25-27.02 30.9-44.02 30 WHO (2011)

NO; (mg/L) 12.03-16.40 15.95-18.02 7.1-10.06  80.31-90.02 5 WHO (2011)

PO, (mg/L) 8.98-1040  18.28-22.02 6.83-8.04  634-10.02 5 WHO (2011)

Cypermethrin ~ 8.115-15.460 4.48-12.18  0.002-7.859 0.01-17.163 0.1 1*", 0.004-0.00289™"“*" " (WHO 1989,
(mg/L) LES0). 117511 034, Bhattacharjee et al.

2012)

Carbaryl 0.083-0.254  0.165-0.492 0.000-0.105 0.07-0.101 0.0021™%5, 0.005.67@8ECSO  (EPA 2012; Beuter et al.

(mg/L) 0.05% 2019; WHO 2006)

SWRS surface water sample during the rainy season, GWRS groundwater sample during the rainy season, SWSDS surface water sample
during the dry season, GWSD groundwater sample during the dry season, WHO World Health Organization, EPA Environmental Protection
Agency, dw drinking water, agi aquatic invertebrates, fiws freshwater species, zp zooplanktons, EC effective concentration, LC lethal

concentration, MRV maximum recommended level
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seasons and those recommended by the WHO for drink-
ing water, EPA, and different authors for various aquatic
biota. In this study, the water temperature during the
rainy season was higher than the value recommended by
the WHO (WHO 2011). Water pH on the other hand
was generally within the WHO recommended limit
though groundwater in both seasons showed some level
of acidity for some samples. Electrical conductivity was
higher in all the water samples as compared with the
WHO recommended value (< 400). The results further
showed that groundwater samples had the highest TDS
above the recommended range while the rest had the
lowest values below the WHO recommended range.
The concentrations of both nitrates and phosphates were
above the WHO recommended range suggesting heavy
use of phosphate and nitrogenous fertilizer in the area
which end up contaminating the water.

Cypermethrin and carbaryl were both detected in
water (Table 2) and soil (Table 3) samples during the
rainy and dry seasons. The maximum recommended
(MRL) level for cypermethrin in drinking water is 0.11
mg/L while carbaryl is 0.05 mg/L. However, as seen
from Table 2, samples collected from groundwater and
surface water during the rainy season indicate
cypermethrin and carbaryl residues above the MRL
value. The concentration of cypermethrin and carbaryl
in surface water during the dry season appears to be
within the MRL. On the contrary, groundwater appears
to have higher cypermethrin and carbaryl concentrations
above MRL. Table 3 further shows that the concentra-
tion of cypermethrin in soil samples was below MRL.
However, this was not the case with carbaryl which had
a concentration level above MRL. Table 4 shows the
results of a paired ¢ test. As seen from Table 4, the paired
t test showed a significant (p < 0.05) difference between
rainy season carbaryl (in water and soil) and maximum
recommended level (MRL) (WHO and USA MRL).

Table 3 Physicochemical parameters, nitrate, phosphate,
cypermethrin, and carbaryl in soil samples

Parameters Rainy season Dry season
pH 6.8-7.2 5.76-6.53
EC (uS/cm) 26.5-103.5 215.2-372.6
NO;™ (mg/L) 11.43-107.94 11.34-136.48
PO,* (mg/L) 1.86-12.43 225-14.76
Cypermethrin (mg/L) 0.01-0.048 0.001-0.038
Carbaryl (mg/L) 1.167-1.305 1.154-1.246

Also, a significant (p < 0.05) difference between carba-
ryl and WHO limits and US MRL is noted in water and
soil samples during the rainy season. A similar observa-
tion was made in cypermethrin values against Canadian
guidelines and Australian guidelines. Several studies
have also detected insecticide residues in both surface
and groundwater samples (Karoly et al. 2001;
Maloschik et al. 2007). Pfeuffer (1991) and reported
high carbaryl and cypermethrin values in streams of
the USA during the spring season. Goswami et al.
(2013) also detected cypermethrin residues in soil sam-
ples in India. In Pakistan, India, and Bangladesh,
researchers such as Bhattacharjee et al. (2012) also
reported high carbaryl and cypermethrin values in river
ecosystems during the rainy season. In France, Bedos
et al. (2002) also detected cypermethrin in groundwater
while in the United Kingdom, cypermethrin concentra-
tion was reported in river systems and sediments. In
Bangladesh, the level of various harmful insecticides
such as cypermethrin and carbaryl exceeded the stan-
dard limit (Rahman and Alam 1997) in various river
systems.

Cypermethrin and carbaryl are generally toxic to
freshwater aquatic biota above MRL (de Bon et al
2014; US EPA 2003). The laboratory tests on fish have
indicated the LCs values of 0.4-2.8 pg/L (WHO 1989).
The U.S. Environmental Protection Agency report also
indicates the acute and chronic level of carbaryl of 2.1
png/L (US EPA 2010, 2012) on various aquatic biota.
Wernersson and Dave (1997) reported the LCs, values
ranging from 0.66 to 21 ng/L for exposure lasting 24 h.
Other studies have also reported LCs, levels in fish
within the range of 4 to 13 ppm (Beyers et al. 1994;
Sinha et al. 1991; WHO 1989). As seen from Table 2,
various aquatic biota in the study area are under serious
threat. Carlson et al. (1998) explained that the efficient
reaction of carbaryl and water can lead to the formation
of 1-naphthol as a primary product in natural waters
within a couple of days and this suggests that
consuming raw water from both ground and surface
sources in this study area could pose a serious health
risk. Researchers such as Downing et al. (2008) noted
that zooplankton richness, diversity, abundance, and
oxygen concentration decreased while phytoplankton
and microbial abundance increase shortly after
carbaryl concentration. These authors concluded that
despite the complete degradation of carbaryl over time,
the ecological effects of the insecticides could persist
even after degradation. Researchers such as Relyea
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Table 4 Paired sample ¢ test of cypermethrin and carbaryl (mg/L) concentration

Parameters Mean paired diff Std. deviation Std. error t value P value
DSCW vs Australian guideline 0.085 0.026 0.008 1.475 0.060™
DSCW vs Canadian guideline —-0.002 0.026 0.008 -0.221 0.830"
RSCW vs Australian guideline 0.223 0.123 0.039 5.748 0.000%*
RSCW vs Canadian guideline 0.136 0.123 0.039 3.506 0.007%*
DSCS - Australian guideline 1.189 0.038 0.012 0.393 0.070™
DSCS - Canadian guideline 1.102 0.038 0.012 0.117 0.100™
RSCS - Australian guideline 1.232 0.049 0.016 79.374 0.000%*
RSCS- Canadian guideline 1.145 0.049 0.016 73.768 0.000%*
DSCW vs DSCS —1.103 0.052 0.017 —66.496 0.000%*
RSCW vs RSCS - 1.009 0.117 0.037 -27.312 0.000%*
DSCW vs RSCW —0.138 0.126 0.040 —1.472 0.007%*
DSS vs RSCS —0.043 0.063 0.020 —2.186 0.057™
DSSCar vs US MRL -0.011 0.003 0.001 - 1.000 0.050™
DSSCar vs WHO limits —0.052 0.135 0.041 —4.269 0.046™
RSSCar vs WHO limits —3.052 0.136 0.041 —2.281 0.029*
RSSCar vs US MRL 8.180 5.808 1.751 4.671 0.001#*
DSWCar vs WHO limits 8.634 3.484 1.051 0.218 0.045™
DSWCar vs US MRL 8.139 5.805 1.750 0.650 0.061™
RSWCar vs WHO limits 8.593 3.441 1.038 8.281 0.000
RSWCar vs USA US MRL 8.180 5.808 1.751 4.671 0.001%#*
RSCar vs DSWCar 6.001 0.003 0.001 5.650 0.030*
RSSCar vs RSWCar —3.454 7.999 2412 —8.188 0.005*
DSSCar- RSSCar —-8.191 5.809 1.752 —4.676 0.001%*
DSWCar - RSWCar —8.645 3.484 1.051 -8.229 0.000%*

ns indicates not significant while ** and * indicate significance at 0.01 and 0.05 probability level of confidence

DSCW dry season cypermethrin concertation in water samples, RSCW rainy season cypermethrin concentration in water samples, RSCS
rainy season cypermethrin concentration in soil samples, DSCS dry season cypermethrin concentration in soil samples, DSSCar dry season
soil sample carbaryl concentration, RSSCar rainy season soil samples carbaryl concentration, RSWCar rainy season water samples carbaryl

concentration, DSWCar dry season carbaryl water samples concentration

(2006) and Hanazato (1991) also noted that zooplankton
richness, diversity, and abundance all declined and com-
position changed due to the known effects of carbaryl on
zooplankton.

Figure 4 shows that cypermethrin and carbary] resi-
dues in surface water and groundwater vary, with the
highest recorded during the rainy season and lowest
during the dry season. The high concentration of
cypermethrin (which was also the case with carbaryl)
in the rainy season was attributed to the application time.
Both of these insecticides are applied during the cotton-
growing season which coincides with the rainy season.
Karthigayani et al. (2014) also reported the same in
India. Székacs et al. (2015) also reported high pesticide
residues in both surface and groundwater in Hungary

@ Springer

during the rainy season and attributed it to heavy
application rates. Vig et al. (2008) also noted that the
degradation of carbaryl and cypermethrin is facilitated
by microorganisms and slow degradation has been ob-
served in anaerobic and waterlogged conditions and
increased persistence is observed in soils with high
organic matter, high clay content, reduced microbial
activity, and anaerobic conditions (Goswami et al.
2013). It should be noted that the excessive amount of
these insecticides is drained into the river systems by
drainage during the rainy season and hence increase
their concentration in the surface water. Similar findings
were also reported elsewhere by Phong et al. (2010),
Canadian Council of Ministers of the Environment
(2009), Gunasekara (2007), and Xu (2002). Kreuger
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(1988) and Tanabe et al. (2000) also noted that rainfall
associated with runoff increases the movement of pesti-
cides into nearby water bodies.

The photodegradation half-life of cypermethrin in
river water has been shown to be 0.6 to 0.7 days while
in soils the duration has been shown to be 0.6 to 1.9 days
(Takahashi et al. 1985). What this shows is that the half-
life of cypermethrin in water is shorter than in soils.
However, cypermethrin is hydrophobic as such in rivers
tends to attach itself to sediments or soil particles in
suspension, making it more persistent. Due to high
siltation rate in most Malawian rivers (including those
of the study area), the availability and persistence of
cypermethrin in water are very likely which explains
the high concentrations recorded in this study. The
carbaryl photodegradation half-life in river water has
been found to be 2.1 days (Derbalah et al. 2020) while
as in soils it is more persistent with half-life of up to 41
days being recorded (Das 1990). This indicates that
carbaryl is more persistent than cypermethrin; hence, it
will easily be found in both water and soils after its
application. On the other hand, the half-lives indicate
that the concentration of both pesticides will decrease
with duration after application in addition to the dose
rate as explained below.

In a study done by Caro et al. (1974), the results
showed that carbaryl content in the soil decreased with
an increase in duration after application. Johnson and
Stansbury (1965) on the other hand noted that the car-
baryl dose rate could significantly influence the rate of
degradation in the soil. Figure 5 shows that as the initial
dose decreases, the rate of degradation also exponential-
ly decreases, suggesting that heavy application of these
insecticides could lead to high persistence in the soil and
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water. On the other hand, degradation of cypermethrin is
affected linearly with increasing soil metal concentra-
tions (Rafique and Tariq 2015). Lisungwi area is mostly
dominated by Cambisol soils especially in the foot
slopes and deep Lixisol and Luvisol soils on the plateau.
This type of soil has a high concentration of heavy
metals. The enhanced concentration of heavy metals
and their binding with soil organic matter and clay
minerals could probably be the reason for the persis-
tence of cypermethrin during the dry season (Fig. 5).

Table 5 shows the results of the correlation coeffi-
cient of both cypermethrin and carbaryl and nitrate,
phosphate, pH, and electrical conductivity. The correla-
tion coefficient of cypermethrin and pH was — 0.735 and
significant (p < 0.01), demonstrating the strongest rela-
tionship between the two variables. The correlation
coefficient of cypermethrin and electrical conductivity
was 0.538 and significant (p < 0.05), suggesting the
existence of a relationship between the two variables.
On the other hand, a significant (p < 0.05) correlation
coefficient (0.6851) was noted in the paired relationship
between cypermethrin and nitrates while phosphate
demonstrated weaker relationship with cypermethrin
and non-significant (»p > 0.05). On the other hand, the
correlation coefficient of carbaryl and pH was — 0.792
and significant (p < 0.01) demonstrating the strongest
relationship (Table 5), while electrical conductivity was
0.622 and significant (p < 0.01). However, nitrate also
showed the existence of a relationship (— 0.574) with
carbaryl (p < 0.05). Phosphates on the other hand
showed a weaker relationship (— 0.0976) and not signif-
icant (p > 0.05).

Previous researchers agree with the present findings.
For example, Fojut et al. (2001) reported a negative
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Fig. 4 Cypermethrin and carbaryl concentration (mg/L) during dry and rainy seasons

@ Springer



595 Page 10 of 14

Environ Monit Assess (2020) 192: 595

Fig. 5 Degradation of carbaryl
with time per initial dose (mg/kg)
(Johnson and Stansbury 1965)

correlation between cypermethrin concentration in wa-
ter samples and pH. The study further noted that the
reduced pH increased the toxicity of cypermethrin
which consequently affected the physiological re-
sponses of the organisms and causes severe chemical
stress (Parithabhanu and Deepac 2014). Al-Mughrabi
et al. (1992) noted that at high pH above 6, the stability
of cypermethrin was reduced. On the other hand, Fisher
and Lohner (1986) reported a greater amount of carbaryl
in natural water at pH 4 than at pH 6 and 8. Fisher and
Lohner (1986) further explained that the hazard associ-
ated with aquatic contamination by carbaryl is affected
by pH and is more significant when contamination of
water exceeds the capacity of aquatic biota to

Table 5 Spearman correlation function of cypermethrin and carbaryl
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metabolize the chemical. Tomlin (2003) also reported
a strong negative correlation between pH and carbaryl in
the soil samples. Burauel and Bassmann (2005) also
related the pH of the soil with the persistence of insec-
ticides. Moral et al. (2000) on the other hand explained
that pH can alter the rate at which carbamates are
decomposed by hydrolysis. Hence, the persistence of
carbaryl in water under low pH could be longer due to
slow degradation (Fisher and Lohner 1986). Stephenson
and Solomon (1993) also noted that acidic soil has the
capacity of increasing the persistence of insecticides in
the soil. Soil and groundwater contamination studies
conducted by Tariq et al. (2007) also demonstrated the
potential effect buffering capacity of the soil against the

EC Nitrate

Cypermethrin pH
Cypermethrin 1
pH —0.735 (0.00%%) 1
EC 0.538 (0.04*) —0.181 (0.07™)
Nitrate —0.6851 (0.02) * —0.200 (0.05™)
Phosphates —0.037 (0.06™) —0.0182 (0.56"™)
Carbaryl pH
Carbaryl 1
pH —=0.792 (0.00%%) 1
EC 0.622 (0.00%**) 0.321 (0.00%%)
Nitrate —0.574 (0.04*) 0.212 (0.20™)
Phosphates —0.0976 (0.56™) —0.248 (0.12™)

1
0.755 (0.00%)
0.1273 (0.06™)
EC

1
0.6967 (0.04%)
0.22 (0.76™)

1
—0.073 (0.17™)
Nitrate

1
0.03 (0.03%)

" indicates not significant while ** and * indicate significance at 0.01 and 0.05 probability level of confidence
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persistence of insecticides in the soil. Abrahams (2002)
noted that soil in respect to its chemistry has a potential
of insecticide transport in contaminating water, air,
plants, food, and ultimately in human via runoff and
sub-surface drainage, interflow and leaching, and the
transfer of mineral nutrients and pesticides from the
soil into plants and animals that constitute food chain.
Fisher and Lohner (1986) also noted that the sensitivity
of aquatic organisms to toxic agents in water depends on
the chemical characteristics of the medium. In other
words, pH, EC, and dissolved oxygen influence carbaryl
and cypermethrin toxicities in both water and soil.

Conclusion

In this study, carbaryl and cypermethrin residues in both
water and soil samples were detected in a cotton-
growing area of Lisungwi, Neno District, Malawi. Their
concentration in water samples was above the WHO
MRL (0.11 and 0.05 mg/L) during the rainy season as
compared with the dry season. Cypermethrin concentra-
tion in the soil samples was below MRL while carbaryl
was above MRL. The study further shows that both
insecticides undergo degradation. It was noted that high
concentrations in both water and soil samples were
recorded during the rainy season which coincides with
heavy fertilizer and insecticide application as opposed to
the dry season. The results further showed that the
persistence of these insecticides in the soil and water
samples during the dry and rainy seasons depends on
pH, EC, and nitrate concentration in the water and soil.
These factors depicted a strong correlation and signifi-
cance. Therefore, the use of these insecticides should be
done with all precautionary measures especially in rural
areas.

Limitations

This study only focused on Lisungwi, Neno, Southern
part of Malawi. Therefore, future research must take into
consideration other cotton-growing areas in the Central
and Northern Malawi.
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