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Abstract

Natural antioxidants have been reported to prevent oxidative damage caused by free radicals generated during biochemical processes
and thus useful in prevention of several degenerative diseases. The present study evaluated the antioxidant value of Caesalpinia
volkensii Harms (Leguminosae) root bark that is reported to have several ethno-medicinal applications. In-vitrofree radical
scavenging and inhibition bioassays guided chromatographic separation carriedout on the root bark extracts resulted into isolation of
three cinnamic acid esters, namely triacontanyl-E-ferulate (1), tricontanyl-(E)-caffaete (2) and 30’-hydroxytriacontanyl-(E)-ferulate
(3) were isolated, along with caesaldekarin C (4) and 5-hydroxyvinhaticoic acid (5) from the potent antioxidant ethyl acetate extract.
The compounds were identified using spectroscopic techniques. Compounds 1, 2and 3exhibited significant (p<0.05) inhibition of free
radical generation in xanthine oxidase systems, scavenging of superoxide anion (O3 ), inhibition of hydroxyl radical ("OH) and
inhibition of microsomal lipid peroxidation with comparable LCs to those of respective reference standards. This is the first report on
antioxidant principles from C. volkensii and the result thus support in part the folklore use of the plant root bark to manage human
ailments.

Keywords: Caesalpiniodeae; Caesalpinia volkensii; Antioxidants; triacontanyl-E-ferrulate; 30’-hydroxytricontanyl-(E)-ferrulate.

1. Introduction phenylpropanoids®and some of which display antiviral,
antimalarial, antibacterial, anti-inflammatory and antioxidant
activities®'°, However, scarce phytochemical studies have been
carried out on the root bark of C. volkensii. Some of the ethno
medical and reported biological activities of the plant??,
prompted an investigation on its antioxidant activity as part of
an ongoing investigation for bioactive constituents of the less
common East African indigenous plant species, considered to
be threatened by extinction. This communication reports a
bioassay guided isolation of antioxidant constituents from the
root bark of C. volkensii against invitro enzymatic and non
enzymatic antioxidant activity assays.

Caesalpinia volkensii Harms (Caesalpiniaceae) is bush or liana
armed with scattered deflexed prickles found within indigenous
forests in Kenya, Uganda, Tanzania and Ethiopia®. Herbalists
prescribe a decoction of the leaves or root bark to cure malaria,
sometimes alone, but more often mixed with other plants?. The
leaf, root bark or stem bark and powered fruits decoction are
consumed to fight pain during pregnancy while powdered pods
dissolved in water are used to relieve stomachache3. Root barks
are also used to manage venereal disease, bilharzias, stomach
ulcers and retinoblastoma?. In vitro tests of leaf extracts of C.
volkensii showed anti-plasmodial activity against chloroquine-

resistant strains of Plasmodium falciparum?similarly pure 2. Experimental Section

isolates including furnaditerpenes from the plants stem and 2.1. Chemicals and instruments

roots bark showed antiplasmodial and antinociptive All the fine chemicals were analytical grade obtained from
activities*®>. In general, members of the sub-family Sigma Chemical Co. St. Louis MO, USA. Optical density of
Caesalpiniaceae contain cassane furanoditerpenes$, antioxidant reaction mixtures were recorded on UV-2450
biflavonoids’, homoisoflavones?, triterpenes and spectrophotometer ~ (Shimadzu, Japan).  Centrifugation
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performed using Biofuge Centrifuge (Sigma, U.S.A). 'H-NMR
(300 MHz) and **C-NMR (75 MHz) were recorded on CDCl;
(Aldrich) using Bruker Avance ARX 300 MHz (Bruker,
Germany) with TMS as internal standard. HREIMS: direct
inlet, 70 eV recorded using Micromass Quattro Il. IR was
performed using Perkin Elmer RXI-IR spectrometer. Kiesalgel
60 Fzs4 (Merck) TLC plates were used and p-anisaldehyde as
visualizing agent. Silica gel (Merck 60-120 mesh ASTM) and
Sephadex LH-20 (Amersham Pharmacia Biotech) were used in
column chromatographic separation.

2.2. Plant materials

The root barks of C. volkensii were collected from Gatamaiyo
forest edge (O° 55'18.34"S; 36°42'45.66"E) in Kiambu county,
Kenya. A voucher specimen (COO-CV-2010-01) was
deposited at the University of Nairobi Herbarium, Department
of Botany. Identification of the plant material was done by Mr.
Patrick C. Mutiso of the Department of Botany, School of
Biological Science of University of Nairobi, Kenya.

2.3. Extraction and isolation of compounds

The air dried root barks (105 g) were powdered and extracted
successively with 700 ml of n-hexane, chloroform, ethyl
acetate and n-butanol in cold percolation. The extracts were
concentrated to dryness under reduced pressure and controlled
temperature (40-60°C) to afford; 4 g (3.81% wi/w) n-hexane
extract (CVR-1), 12.8 g (12.19% w/w) chloroform extract
(CVR-2), 15.5 g (14.76% wi/w) ethyl acetate (CVR-3) and 5.1
g (4.86% w/w) n-butanol extract (CVR-4). The antioxidant
activities of the four extracts were determined using the
enzymatic and non- enzymatic methods.

A portion of crude CVR-3 (10 g) was subjected to column
chromatography on silica gel (200 g), eluted sequentially with
n-hexane and increasing polarity with EtOAc to give six
fractions (E1-E6). Fraction E2 afforded caesaldekarin C (4) as
white amorphous solid (56 mg). Fractional crystallization in
MeOH of E3 (2.4 g) afforded triacontanyl-(E)-ferrulic acid
ester (1) as white crystalline solid (534 mg) and the mother
liquor was passed through a small CC on silica gel to yield
more of 1 (20 mg) and 4 (67 mg). The components of E4 and
F5 (1.76 g) were comparable, thus were combined and passed
through Sephadex LH-20 to afford two fractions. The first sub-
fraction afforded more of 4 (43 mg) while the second sub-
fraction yielded 5-hydroxyvinhaticoic acid (5) from n-
hexane/dichloromethane as white amorphous solid (65 mg).
Triacontanyl-E-caffeate (3) was obtained from E6 as yellowish
brown solid (210 mg) as mixture of two compounds. Repeated
fractional crystallization afforded 5 (106 mg) as colourless

amorphous compound while preparative TLC yielded 30°-
hydroxytriacontanyl-E-ferrulate (2) (54 mg).

Compound 1 (Triacontanyl-E-ferrulate): colourless amorphous
solid, m.p 93-94°C (uncorrected). IR (KBr) v cm™ 769, 934,
1461 (aromatic C=C), 1653 (C=C), 1730 (C=0), 3428 (OH).
'H NMR (300 MHz, CDCls) 84: 0.90 (3H, t, J = 6.8 Hz, Me),
1.27 (76H, s, 38xCHy), 3.95 (3H, s, OMe), 7.08 (1H, s, H-2),
4.21 (2H,t,J=6.7 Hz, H-1"), 5.87 (1H, s, @ OH), 6.31 (1H, d,
J =16 Hz, H-8), 6.93 (1H, d, J = 8.1 Hz, H-6), 7.05 (1H, d, J =
8.1 Hz, H-5), 7.63 (1H, d, J = 16 Hz, H-7). 1*C NMR (75 MHz,
CDCl3) &c: 14.1 (Me), 22.6-31.9 (CH)28, 56.1 (OMe), 64.8
(C-1"), 114.3 (C-2), 115.4 (C-8), 1155 (C-5), 122.3 (C-6),
129.9 (C-1), 144.1 (C-7), 144.9 (C-3), 148.6 (C-4), 167.9 (C-
9). HRESIMS, m/z (rel.int); 614.5274 ([M+H]+(65) C4oH7004,
437.0 (15), 192 (10).

Compound 2 (30’-Hydroxytriacontanyl-E-ferrulate) brown
amorphous solid, m.p 97-99°C(uncorrected), IR (KBr) v cm™
3440, 2910, 1712, 1687, 1500, 960. *H NMR (300 MHz,
CDCl3) 6n: 1.16 (56H, s, 28xCHy), 3.66 (2H, t, J= 6.6 Hz, H-
307, 3.96 (3H, s, OMe), 4.21(2H, t, J= 6.5 Hz, H-1"), 5.88
(1H, s, @ OH), 6.31 (1H, d, J = 15.7 Hz, H-8), 6.93 (1H, d, J=
8.1 Hz, H-6), 7.05 (1H, s, H-2), 7.09 (1H, d, J= 7.7 Hz, H-5),
7.63 (1H, d, J= 15.8 Hz, H-7). 3C NMR (75 MHz, CDCls) 6C:
22.7-31.9 (CH,)28, 56.8 (OMe), 63.1 (C-30"), 64.8 (C-1"),
114.3 (C-2), 115.5 (C-5), 115.8 (C-8), 122.3 (C-6), 129.3 (C-
1),144.1 (C-7), 146.4 (C-4), 148.6 (C-3), 169.9 (C-9).
HRESIMS, m/z (rel. int. %) 600.5118 [M+H"*] (40), CoH7Os,
194.9 (40), 176.9 (20).

Compound 3 (Triacontanyl-E-caffeate): yellowish brown solid
m.p 113-115°C (uncorrected). IR (KBr) v cm™; 962, 1264 (C-
0), 1513 (aromatic C=C), 1731 (C=0), 1625 (C=C), 3443,
3381 (OH). *H NMR (300 MHz, CDCl3) 8H: 0.89 (3H, t, J =
6.8 Hz, Me), 1.27 (54H, s, 27xCHy), 1.72 (2H, quin, J = 6.7
Hz, H-2), 4.20 (2H, t, J = 6.7 Hz, H-1"), 5.48 (1H, s, @ OH ),
6.26 (1H, d, J = 16 Hz, H-8), 6.87 (1H, d, J =8 Hz, H-5), 6.99
(d, J =8 Hz, H-6), 7.10 (1H, br s, H-2), 7.57 (1H, d, J =16
Hz, H-7). 3C NMR (75 MHz, CDCl3) &c: 14.5 (Me), 22.6-
30.1 (CH2)27, 31.9 (C-2), 65.2 (C-17), 100.9 (C-2), 114.0 (C-
5), 115.6 (C-8), 122.4 (C-6), 127.4 (C-1), 144.1 (C-7), 145.4
(C-3), 146.4 (C-4), 167.9 (C-9). HRESIMS m/z (rel. int. %)
630.5223 [M+H*] (69); CagHesO4, 435.3 (20), 192.2 (68), 176.5
(32), 162.2 [caffeoyl]*(15).

2.4. Superoxide anion scavenging activity assay

Superoxide anions activity was performed according to the
method described by Martinez et al. ! using xanthine-xanthine
oxidase systems. About 0.1 ml of xanthine (160 uM) and 0.1
ml of nitro blue tetrazolium (320 uM) solution were added to
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0.5 ml of the test samples (100 and 200 pg /ml) and standard
drug (allopurinol, 20 pug/ml). The volume was made up to 1 ml
with phosphate buffer (100 uM, pH 8.2). About 50 pl of
xanthine-oxidase (0.04 units) was added to the system and
sonicated well to start the reaction and incubated at 37°C for 30
min in water bath then stopped by addition of 0.5 ml glacial
acetic acid. The amount of formazone formed was measured at
560 nm on a spectrophotometer.

2.5. Hydroxyl radical inhibition assay

Hydroxyl radical inhibition was assayed as described by
Halliwell et al. 2. The assay was based on quantification of the
degradation product of 2-deoxyribose by condensation with
thiobarbituric acid (TBA). Hydroxyl radical was generated by
the Fe®*-ascorbate-EDTA-H,0, system (the Fenton reaction).
The reaction mixture contained, in a volume of 1 ml, 2-deoxy-
2-ribose (2.8 pM); KH.PO4,-KOH buffer (20 pM, pH 7.4);
Fe»S04.7H,0 (100 M); EDTA (100 M); H202(1.0 M); ascorbic
acid (100 uM) and various concentrations of the test samples
(100 and 200 pg/ml) or standard drug (mannitol, 100 pu g/ml).
After incubation for 1 h at 37°C, 0.5 ml of the reaction mixture
was added to 1 ml of 2.8% trichloroacetic acid (TCA),
followed by 1 ml of 1% aqueous TBA and the mixture
incubated at 90°C for 15 min to develop colour. After cooling
to 20°C, the absorbance was measured at 532 nm against the
control (reaction mixture without test sample). Percentage
inhibition was evaluated based on the difference between the
test sample and control.

2.6. Microsomal lipid peroxidation assay

The fractions and pure isolates were tested for their inhibitory
action against microsomal lipid peroxidation invitroby non-
enzymatic inducers using TBA, Different samples
concentrations (100 and 200 pg/ml) and standard drug (a-
tocopherol, 100 pg/ml) was added to the liver homogenate.
Lipid peroxidation was initiated by addition of 1.5 ml of 20%
aqueous acetic acid, 0.2 g of sodium dodecylsulphate and 1.5
ml TBA (1% in acetic acid). The volume of the mixture was
made up to 4.0 ml with distilled water, followed by incubation
at 95°C in a water bath for 60 min. After incubation the tubes
were cooled to room temperature (25-27°C) and final volume
adjusted to 5 ml with distilled water in each tube. Five (5.0) ml
n-butanol-pyridine (15:1) mixture was added and the content
centrifuged at 3000 rpm for 10 min. The organic upper layer
was taken and optical density (O.D) of test sample tubes and
control (reaction mixture without test samples) were read at
532 nm spectrophotometrically.

2.7. Statistical analyses

Results are presented as means + standard deviation (SD). The
total variation present between control and the samples and
standard drugs were analyzed by one-way analysis of variance
(ANOVA) using the Graph pad INSTAT and statistical
significance considered at p <0.05.

3. Results and Discussion
3.1. Phytochemical analysis
Chromatographic separation and purification of CV3 the most
potent  antioxidant fraction afforded triacontanyl-E-
ferrulate(1),triacontanyl-E-caffeate (2), 30'-
hydroxytricontanyl-E-ferrulate (3), caesaldekarin C (4), and 5-
hydroxyvinhaticoic acid (5) Fig. 1. The structure of compound
4and 5 were established based on the identical spectral data of
caesaldekarin C*and 5-hydroxyvinhaticoic acid*, respectively.
Compounds 1, 2and 3displayed the molecular structural
requirement for antioxidant potential and were investigated
further against the assays described earlier.
Triacontanyl-E-ferrulate (1) was obtained as a
colourless amorphous solid, m.p 93-94°C. The molecular
formula was determined as CasH704 on the basis of high
resolution electron mass spectrometry [M+H]* m/z 614.5274.
The IR spectrum of the compound indicated the presence of
alcoholic and ester groups at 3428 and 1730 cm?, respectively.
The presence of an absorption band at 1653 cm suggested the
presence of a conjugated group, which was supported by
absorptions at 1464 and 960 cm™ (conjugated double bonds).
The *H NMR spectrum exhibited characteristic aromatic proton
signals with an ABX spin system alongside a pair of downfield
doublets for transvinylic protons typical of ferrulic acid moiety.
In the aliphatic region, a singlet observed at oy 5.87 was
assigned to phenolic hydroxyl proton while methoxylprotons
appeared as a singlet at dn 3.95. Signals for a deshielded
methylene (6n4.21, t, J= 6.7 Hz), a methylene envelope
(®u1.27, s) and a methyl triplet (840.90, s), indicated the
presence of a long alkyl chain. The *C NMR confirmed the
presence of a 4-hydroxy-3-methoxy cinnamic derivative with
resonance attributable to a carbonyl group (6c167.9), two
deshielded oxygen bearing quaternary carbons, five methine
carbons, a shielded aromatic quaternary carbon, a methoxyl
carbon and an oxymethylene carbon. Subtraction of the
elements of4-hydroxy-3-methoxy cinnamic (C1oHgO4) from the
m/z614 left an alkyl chain of m/z421 equivalents to the C 40 n-
alkyl. Therefore, the structure of compound lwas established
as triacontanyl-E-ferrulate, reported as new natural product.
The HRESIMS analysis of compound 2showed [M+H]"ion at
m/z600.5118, suggesting a molecular weight of 600 equivalent
to CsoHesOsand consistent with the structure of tricontanyl-E-
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caffeate. In spite of the apparent difference between compound
1 and 2, the 'H and ¥C NMR spectra were almost similar
except for the absence of methoxyl group in 2.

1 30"
9 "O(CH,),;CH,R'

HO
oR o
1:R=Me,R'=H ROOC" *
2.R=H,R'=H 4: R=CH,
3:R=Me, R'=0H 5:R=H

Figure 1. Compounds isolated from the ethyl acetate extract
of C. Volkensii root bark

The spectroscopic data were in good agreement with published
data for triacontanyl-E-caffaete (2)*4. The molecular formula of
30°-hydroxytriacontanyl-E-ferulate (3) was determined from
the HRESIMS spectrum as m/z 630.5223 which was 16 a.m.u
higher than mass for 1, which suggested additional OH group
to the skeleton of 1. Similarly, the'H NMR data for 3 were
comparable to that of 1 except the absence of the up field
triplet for the terminal methyl and presence of two triplets of
almost equal intensity and coupling constants at oy 4.21 and 6n
3.66 (J= 6.6 Hz each) indicating two oxymethylene groups,
ascribed to a methylene attached to ester linkage (Ar-OC-O-
CH>-R) and a methylene protons attached to hydroxyl groups (-
CH,0H), respectively. The signal for -OH group appeared at
dn 3.51 (s) and a broad singlet at 84 1.16 showed the presence
of the remaining 56H atoms for the (CH2)2s groups. The 3C
NMR was in agreement with data of 30’-hydroxytriacontanyl-
E-ferulate'® that confirmed the structure 3.

3.2. Antioxidant activities

3.1.1. Antioxidant activities of the crude extracts
Antioxidant activities of the fractions from the root bark
extracts of C. Volkensii were performed using different
enzymatic and non-ezymatic assays. The effects of the test
samples on superoxide anion (0O3) concentration was
performed against xanthine-xanthine oxidase (XO) activity
(enzymatic)which catalyses the generation of O3 and uric acid
from hypoxanthine and xanthine!®'’. The extent of XO activity
was determined by the amount of uric acid formed per minute
while 03 scavenging activity measured both enzymatically and
non-enzymatically by observing the amount of formazon
formed per minute!®®. The result for XO inhibition and
05 scavenging activities by C. volkensiiextracts are
summarized in Table 1. n-Hexane (CVR-1) and chloroform
(CVR-2) exhibited significant (P<0.05) reduction in uric acid
production with an almost equivalent reduction in superoxide

anion generation, though to a lesser extent compared to the
ethyl acetate (CVR-3) and n-butanol (CVR-4). CVR-3 and
CVR-4 fractions displayed significant (p<0.05) inhibition of
XO activity and 03 anion scavenging in the enzymatic and
non-enzymatic systems, since an additional reduction of
03 concentration was observed from the fact that less formazon
was formed in the presence of the two extracts i.e the
corresponding scavenging percentage was high for the two
fractions (CVR-3 and CVR-4). Inhibition of the activities of
XO implies no or less O accumulation, consequently less uric
acid generated. Suppose the rate of uric acid reduction equals
the rate of superoxide reduction then it implies the test samples
inhibit the actions of XO without any additional O3 scavenging
activity. In case O; scavenging activities predominates over
inhibition of XO, then less formazon chromophores are formed
(05 anions are reduced) but less inhibition of uric acid
(relatively high concentration) is observed.

The extracts of C. volkensii were examined for their ability to
acts as hydroxyl radical scavenging agent. Ferric-EDTA was
incubated with H,O, and ascorbic acid at pH 7.4; hydroxyl
radicals ("OH) were generated in free solution and detected by
their ability to degrade 2-deoxy-2-ribose into metabolites that
on heating with TBA and at low pH forms a pink chromogen??,
The extracts, CVR-2, CVR-3 and CVR-4 except CVR-1
exhibited significant (P<0.05) moderate to strong scavenging
activity of hydroxyl radical (Table 1). The polar extracts CVR-
3 and CVR-4 showed the highest percent (45 and 21%,
respectively) scavenging activity.

Lipid peroxidation is a complex process and occurs in multiple
stages. Antioxidants retard lipid peroxidation in foods
andbiological systems. In the course of this investigation, TBA
assay method**was used to detect lipid oxidation by measuring
the extent of malondialdehyde (MDA) formation as the split
product of an endoperoxide of unsaturated fatty acids resulting
from oxidation of a lipid substrate. The results for lipid
peroxidation inhibition of liver tissue (measured by the colour
intensity of MDA-TBA-complex), were excellent and in the
order of CVR-3>CVR-4>CVR-2>CVR-1, although CVR-1
showed insignificant (P<0.05) reduction in MDA formed per
hour per mg protein (Table 1).



Table 1.Effects of the C. volkensiiroot bark extracts and compounds on the generationof superoxide anions, hydroxyl radicals and lipid
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peroxidation in microsomes

Extracts (100 | Xanthine inhibition | Superoxide anion(03") Hydroxyl Microsomal lipid
a X oG A

pg/ml) (X0) enzymatic® Non-enzymatic® Radicals ((OH) peroxidation

Control 223.32 +7.42 97.68 +6.14 88.95+5.12 76.41 £5.30 87.39 £ 6.48

CVR-1 196.52 + 5.43* | 84.69+6.33* (13) [77.85 + 5.18*|70.55 * 6.00"° | 78.66 + 5.32* (10)
(12) (12) 8

CVR-2 180.89 + 6.56 *|80.14+4.88* (18) | 67.73 + 4.29* | 67.60+5.32* (11) | 70.37 + 5.22*(19)
(19) (24)

CVR-3 167.49 + 7.12* | 55.2243.14* (43) | 50.30 =+ 2.88* | 42.12+4.00* (45) | 57.77 + 5.00*(34)
(25) (43)

CVR-4 178.66 + 7.35*|70.23+5.14* (28) |63.82 =+ 3.72* | 60.41+3.89* (21) | 58.48 + 3.97*(33)
(20) (29)

Standard drug | 103. 43 % 6.49* | 21.63+1.62* (78)d 2543 + 2.32* | 40.66+2.64* 42.29 + 2.84*(52)r
(54)° (71)° @7y’

Compounds | ICsq (UM) [100 pM]

1 2.08+0.03* 0.55+0.00* 0.63+0.00* 1.83+0.01* 51.06 + 1.64(42)*

2 1.74+0.01* 0.33+0.00* 0.84+0.00* 1.65+0.01* 53.55 + 3.09(39)*

3 2.06+0.02* 0.23+0.00* 0.87+0.00* 1.12+0.00* 50.63 + 2.55(42)*

Standard 1.34+0.00** 0.20+0.00** 0.51+0.00** 1.85+0.01*° 42.29 + 2.84(51)*

drugs

Units: 2umol uric acid formed/min; ®nmol formazone formed/min; ¢ nmol MDA formed/h/mg protein, ¢, ® and " designate the standard
drugs used, allopurinol (20 pg/ml), mannit ol (100 pg/ml), o-tocopherol (100 pg/ml), respectively. Values in parenthesis are
percentage inhibition of free radical generation. Each value is means + SE of six values; *values are comparable to control positive
control at P<0.05; NS are insignificant compared to control. CVR-1, CVR-2, CVR-3 and CVR-4 are n-hexane, chloroform, ethyl

acetate and n-butanol crude extracts, respectively.

3.1.2. Antioxidant activities of the pure compounds

Compounds 1, 2 and 3 exhibited strong XO inhibition at 1Cs
values 2.38, 1.74 and 2.76 UM, respectively and also showed
03 scavenging activity in the enzymatic system (ICso values
0.55, 0.33 and 0.23 pM, respectively) comparable to those of
the standards drug allopurinol (a XO inhibitor as well as
03 anion scavenger, Table 1). Since the corresponding ICso
values of the compounds for O3 anion were lower than those
for uric acid generation (xanthine inhibition), the compounds
were considered as radical scavengers as well as XO
inhibitors!’. The higher 1Cso values observed for the non-
enzymatic system compared to the lower values in enzymatic
systems indicated two-fold effects of the compounds against
pro-oxidant and reactive O3 species.

When the three triacontanyl-E-cinnamoates [1, 2 and 3] and
mannitol were added to the reaction mixture in varying
concentration, scavenging effects of (‘OH) radical and
prevention of the degradation of 2-deoxy-2-ribose was
evidenced by the low ICso values 1.83, 1.65 and 1.12 pM,
respectively, comparable to the 1Csy of mannitol (1.85 uM,

standard drug) (Table 1). These results indicate that
triacontanyl-E-cinnamoates from C. volkensii are the primary
antioxidants compounds, which react aggressive with free
radicals, particularly ("OH), thereby terminating the radical-
chain reactions and retard the formation of hydroperoxides?.
The triacontanyl-E-cinnamoates [1, 2and 3] isolated from
CVR-3 showed inhibition of lipid peroxidation evidenced by
significant (P<0.05) reduction of MDA/h/mg protein formation
on the liver homogenate reaction mixture (Table 24). The
compounds [1, 2and 3] and o-tocopherol can transfer their
phenolic hydrogen to a peroxy free radical of a peroxidized
polyunsaturated fatty acid (PUFA), thereby breaking the
radical chain reaction and preventing further peroxidation of
PUFA in cellular and sub cellular membrane phospholipids?:.

The relatively antioxidant activity of these triacontanyl-E-
cinnamoates can be attributed to the formation of stable
antioxidation product from the caffeic acid moiety possessing
an O-dihydroxy and a, B-unsaturated carbonyl that can form
stabilized quinonoid intermediates??. The structural features of
the C. volkensii phenolics are therefore excellent antioxidants
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constituents as radical scavengers via hydrogen donation to
lipid peroxyl radicals’ comparable to known natural phenolic
antioxidants such as quercetin, rutin or catechins?®. Ferrulic
acid esters 2and 3have been noted to undergo hydrogen
donation to a radical and produce ferrulate radicals that couple
to produce stable dihydrobenzofuran structure??. These facts
are thus considered as the major contributors to the observed
activities. However, the fatty alcohol chain effects to the
polarity of the compounds might have imposed a negative
influence for the assays performed in aqueous conditions. The
antioxidant property of this plant has not been previously
reported but the antioxidant activities in related species
(Caesalpinia sappan and Caesalpinia benthamiania) have been
documented®®?*, This study is the first report of the presence of
tricontanyl-E-cinnamoates in this plant alongside known
cassane-type diterpenoids, phytochemically elaborated by
several species of Caesalpinia genus.

4, Conclusions

The antioxidant activities of n-alkyl cinnamic acid esters
observed in this study provide baseline information towards
understanding the biological significance of lipophilic extract
of Caesalpinia volkensii as antioxidants against free radical-
mediated damage in the aetiology of human diseases.The result
from this study thus demonstrated phyto-pharmacuetical
potential of the plants as additional benefits towards its
application in management of the other ailments mentioned
earlier.
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Abstract

Silver nanoparticles were synthesized using a rapid green biosynthetic method. Aqueous extract of catha edulis and euphorbia
tirucalli were used in reducing silver ions to crystalline silver nanoparticles. Characterisation of silver nanoparticles was done using
UV-Vis absorption spectroscopy and X-ray fluorescence. The nanoparticle diameter of silver was calculated using Mie scattering
equation and found to be 35 nm and 56 nm for euphorbia tirucalli and catha edulis extracts respectively. The peak absorption
wavelengths of the silver particles were found to be 425 nm for euphorbia tirucalli extract and 489nm from catha edulis extract. X-
ray fluorescence analysis was used to identify elemental silver present in the sample which confirms the result that silver
nanoparticles were synthesized. The total acidity of the extract were determined from potentiometric titration and were found to be
1.3x10*“M for catha edulis extract and 1.5x10** M for Euphorbia extract suggesting that the higher the acidic groups in the extract the
smaller the nanoparticles. This work clearly demonstrates that the method yields faster and stable silver nanoparticles and can be
utilized in synthesizing this nanoparticle.

Keywords: Green Synthesis, Nanoparticles, Mie Equation

1. Introduction In bottom up synthesis, the various nanoparticles are built up
from smaller entities such as molecules, atoms and smaller
particles (Shimomura and Sawadaishi, 2001). During
synthesis, the nanoparticles building blocks are formed first
followed by assembling to produce the final product (Thakkar
et al., 2010). This type of synthesis mostly relies on the use of
chemical as well as biological methods of production.
Optimizing nanoparticle synthesis is an immense prolific area
of research. Controlling shape, distribution and size is an
elegant process that depends on many variables like reactant
concentration, solubility, reaction rate, reduction potential,
temperature and time.

Use of chemicals in the reduction of metal ions in the liquid
phase has received special attention as it results into
monodispersed particles (Thakkar et al., 2010). Chemical
reductants that are commonly used include borohydrides,
aluminohydrides, formaldehyde, hypophosphites, oxalic salts
and tartaric acids. Organic solvents are also employed in the
chemical synthesis where they act as reducing and stabilizing
functions (Shimomura and Sawadaishi, 2001). Such solvents
play a key role during the synthesis of nanoparticles by
binding to the surface of growing nanocrystals through the
polar groups thus forming complexes with species in solutions

Nanotechnology entails designing of chemical, physical and
biological activities of substances at atomic levels (1-100 nm).
Research in this area has attracted a lot of attention because
nanoparticles have been found to have exceedingly better
characteristics compared to their microscale counterparts
(Phanjom et al., 2012; Rucha et al., 2012) in several
applications. This is due to their high surface area to volume
ratio. To this end, nanoparticles have found lots of application
in areas such as biomedical, optical and electrical fields
(Meyer et al., 2009).

The methods for production of nanoparticles are generally
classified as either a “bottom up” approach or a “top down”
approach. In top-down synthesis, the nanoparticles are
produced by size reduction of suitable starting materials
(Meyer et al., 2009; Sepeur, 2008). Size reduction is achieved
by various physical as well as chemical methods. Problems
associated with top down production methods include
imperfections in the surface structure of the resulting product.
This pose a major limitation since the surface chemistry as
well as the other physical properties of nanoparticles are
mainly dependent on the surface structure (Thakkar et al.,
2010).
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thereby controlling their chemical reactivity and stabilizing the
formed nanoparticles. These methods of preparing
nanoparticles are however, expensive and involve use of
environmentally unfriendly reductants (Phanjom et al., 2012).
Researchers are now seeking cheaper methods of preparing
these nanoparticles (Rodriguez-Ledn et al., 2013; Phanjom et
al., 2012; Ruchaet al., 2012). One such option is the green
synthesis route.

The use of plants in synthesis of nanoparticles are becoming
the most preferred method as they are considerable rapid and
often single step protocol (Dhillon et al., 2012;Kavitha et al.,
2013). Moreover, according to Raveendran et al. (2003),
biosynthetic routes provide nanoparticles of better defined
sizes and morphology as compared to other physicochemical
methods of  producing  nanoparticles.  Additionally,
nanoparticles prepared using plant extract as reducing agents
as well as stabilizing agents have been found to be nontoxic
and can be employed in medicine application.

Some commonly used plants in synthesis of nanoparticles
have beenfound to contain therapeutic compounds (Phanjom
et al., 2012). Some of these compounds include broad range of
water soluble plant biomolecules such as alkaloids, co-
enzymes, tannins, quinines, flavonoids, phenols, and
terpernoids. These biomolecules are known to mediate the
reduction of ions to nanoparticles and in the stabilization of
the same nanoparticles (Kavitha et al., 2013). This biogenic
reduction of metal ion to metal nanoparticles is quite rapid,
environmentally friendly, easily scaled up and can be
conducted at room temperature and pressure (lravani, 2011).
The enormous plant diversity thus presents a wide research
area that requires exploitation.

In this work, silver nanoparticles were synthesized using a
rapid green biosynthetic method. Aqueous extract of catha
edulisand euphorbia tirucalliwere used in reducing silver ions
to crystalline silver nanoparticles. Characterisation of silver
nanoparticles was done using UV-Vis absorption spectroscopy
and X-ray fluorescence.

2. Methodology

2.1. Extraction of Plants Extracts

Fresh leaves of catha edulis and euphorbia tirucalli stems
were dried in open air and crushed using a motar and pestle in
the laboratory into fine powder. 100g of the powder was
weighed and transferred into a conical flask. 250mls of
distilled water was added and the mixture soaked at 60°C
forl2 hours. The solution was then filtered using a Whatman
filter paper then decolourised using activated carbon to obtain
a clear filtrate. The total acidity of the two extracts were
determined using potentiometric titrations to indicate the total
reducing and stabilizing biomolecules present which are the
suggested stabilizing biomolecules. The titrations were done
using 0.1M NaOH.

2.2. Synthesis  and Characterization of  Silver
Nanoparticles

1ml of 0.01M silver nitrate solution was added to 5ml of the
extract to produce the nanoparticles.

The Ag nanoparticles solution also analysed in UV-Vis
absorption spectroscopy, X-ray fluorescence. XRF was used to
verify that the nanoparticles formed were of Ag. Uv-Vis
absorption result was applied to calculate the size of the silver
nanoparticles using Mie scattering theory using the equation
below.

(g, +2n% emu,
2N_e’D

Where;
w= full width at half maxima of the peak which
follows Lorentz shape
&= the frequency independent part of complex form
of dielectric constant
n= refractive index of water
c= the speed of light
m= mass of electron
ug=electron velocity at Fermi energy
N.= number of electrons per unit volume
e?= electron charge
D= diameter of the particle

3. Results and Discussion

3.1. Formation of Silver Nanoparticles

The formation of Ag nanoparticles was observed immediately
after silver nitrate solution was introduced in cathaedulis and
euphorbia tiracalli extract with the color changing from clear,
to milky/cloudy and finally to brown indicating formation of
the silver nanoparticles as shown in figure 1.
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Figure 1: Image of Ag nanoparticles synthesized using catha
edulis extract
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XRF results showed an absorption peak at 2.96 KeV. This is
the typical absorption energy for silver which further confirms
formation of Ag nanoparticles.
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Figure 2: XRF spectrum of synthesised Ag Nanoparticle

The synthesized Ag nanoparticles formed absorb radiation in
the visible region. The UV-vis spectrum (Figure 3) shows a
distinct peak, centered at 425 nm for Euphorbia tirucalli and a
similar absorption peak for Catha edulis was observed at 489
nm. The characteristic absorption peaks in the 400 nm region
indicates the successful synthesis of Ag nanoparticles which is
in good agreement with previous work reported by Rodriguez-
Ledn et al., 2013 and Phanjom et al., 2012. From the UV-vis
absorption peaks, the full width at half maximum was used in
the Mie equation and the average sizes of the nanoparticles
produced were determined and are presented in table 1.

Table 1: Particles sizes computed using the Mie equation

Plant extract Calculated Diameter (nm)

Catha edulis 5615
Euphorbia tiracalli 3516

The results show that Catha edulis aqueous extract produced
silver nanoparticles approximately 1.6 times larger diameter
size compared to those of Euphorbia tiracalli. The difference
was due to the types of stabilizing and reducing molecules and
their concentrations.
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Figure 3: Absorption peak of Ag Nanoparticles synthesised

using Euphorbia tirucalli extract

A typical potentiometic titrations curve used to determine the
end-point of the titration is shown in figure 4.
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Figure 4: Potentiometric titration curve of Euphorbia tirucalli
plants extract

From the curve, the endpoint was determined and used to
determine the total acidity as shown in table 2. The results
showed that the total acidity in Euphorbia tirucalli was higher
compared to that of Catha edulis. This indicates that the
stabilizing biomolecules such as phenols were more in
Euphorbia tiracalli compared to that of Catha edulis extract.

Table 2: Potentiometric titration results for the plant extracts.

Plant Extract
Catha edulis

Total Acidity (Molarity)
1.3x10™* M
1.5x10* M

Euphorbia
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4. Conclusion

In this work we have synthesized and characterized silver
nanoparticles using the plant extract of euphorbia tirucalli and
catha edulis as reducing agent. The silver nanoparticle
diameter was calculated using Mie scattering equation and
found to be 35 nm and 56 nm for euphorbia tirucalli and
catha edulis extracts respectively. The peak absorption
wavelengths of the silver particles were found to be 425 nm
for euphorbia tirucalli extract and 489 nm from catha edulis
extract. X-ray fluorescence analysis was used to identify silver
present in the sample which confirms the result that silver
nanoparticles were synthesized. The total acidity of the extract
were determined from potentiometric titration and were found
to be 1.3x10* M for catha edulis extract and 1.5x10* M for
euphorbia tiracalli extract suggesting that the higher the
acidic groups in the extract the smaller the nanoparticles.

The study demonstrates that this method yields faster and
stable silver nanoparticles and can be utilized in synthesizing
this nanoparticle. The study recommends that further work be
done on characterization of Ag nanoparticles including use of
complementary methods of SEM and TEM.
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Abstract

The analysis of environmental emissions from the biomass fuel was done through tracing of the elemental concentration of two
crucial alkali earth metals (potassium and calcium), four transition elements responsible for pollution (zinc, copper, manganese and
iron), one heavy metal (lead), six trace elements (rubidium, strontium, yttrium ,Germanium, zirconium and niobium), nitrogen,
phosphorus and one halogen gas (bromine) by colorimetric analysis (N-P-K), and XRF (all other elements). The elemental
concentrations was analyzed in the waste flowers, compact pelletized biomass carbonized fuel and ash residue.. Concentrations of the
element lead in ash implies higher than normal amount of what is expected of bottom ash, but comparable to concentrations found in
fly ash of woody biomass fuels. NPK analysis suggests that chamomile biomass flowers found at Kibwezi are high in potassium
(3.5%) and nitrogen content (2.6%).

Keywords: Carbonized, chamomile, XRF, colorimetry, NPK, trace elements

cream (protection and nurturing the skin-sensitive and dry,

. irritating skin, improves blood circulation and skin
1.0. Introduction

1.1. Chamomile- a useful medicinal plant

regeneration), herbal balm, gel, lipstick, hand cream, emollient
foot cream, shampoo, cosmetic soap, wet towels, toothpaste,
mouth wash, cosmetic tonic, cosmetic facial cream, bath salt,
bath gel, herbal alcohol solution, instant tea and herbal tea

Chamomile (a herbaceous plant) is a common name for three
plants; German Chamomile, Roman/English Chamomile and
Moroccan chamomile, all being members of the daisy family.
Naturally, it grows by the roadsides and waste places. German
Chamomile is quick and easy to grow, prefers full sun, grows 1.2. Biomass as a useful energy source
well in poor, clay soils. Commercial cultivation is best in light,
sandy loam soil with high levels of potassium. The medicinal
part of the plant is the flower. Specific extracts from the
flowers by steam distillation and solvent extraction have useful
medical properties like anti-cancer activity 6, antiviral
activity”8, antispasmodic activity® and sedative activity°, anti-
inflammatory activity’!, antiphlogistic’?, antiulcerogenic??,
antispasmodic'4, anti-oxidant activity'>16, sedative effect’.
Enhanced therapy involving combined extracts from the
flowers has also been reported®-2,

Biomass is the name given to any organic matter which is
derived from plants such as wood from forests, crops, seaweed.
Organic material left over from agricultural and forestry
processes, and organic industrial, human and animal wastes can
also be termed as biomass. It is made up of carbohydrates,
contains varying amounts of cellulose, hemicellulose, lignin
and small amounts of lipids, proteins, simple sugars and
starches. Biomass absorbs carbon dioxide to form
carbohydrates during the growing stage.

6H,0 + 6CO; + Radiant energy - CgH120 + 60,

A number of products where Chamomile has been incorporated When it is burned, or used after converting it to other types of
are available in the world market?®. These include: cosmetic fuel such as solid, liquid, and gaseous fuels (for example
charcoal, ethanol, methane), the biomass carbon reacts with
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oxygen in the air to form carbon dioxide which is released into
the atmosphere. If fully combusted the amount of carbon
dioxide produced is equal to the amount which was taken from
the atmosphere during the growing stage, so the input and
output carbon is the same. As such, biomass is said to be
carbon-neutral as it does not lead to increase in net carbon
dioxide emissions. It is classified as a renewable energy, as it
can be produced at a rate greater than it is depleted. Compared
to other renewable technologies such as solar, geothermal,
ocean tide or wind, biomass has few problems with energy
storage. As such biomass is classified as combustible materials
that can be used as an energy source. Moreover, biomass is a
versatile fuel that can produce biogas (through anaerobic
digestion), liquid fuels (by pyrolisis and liquefaction) and
electricity (from turbines turned by pressurized steam from
controlled biomass combustion). Sometimes biomass is
classified as combustible materials that can be used as an
energy source. Biomass is a renewable energy source because
its supplies are not limited. When used as a domestic or an
industrial energy source, biomass is referred to as “biofuel”,
short for “biomass-fuel”.

1.3. Environmental effects of biomass fuel

The emission of carbon monoxide, Volatile Organic
Compounds (VOC) and methane, affect the oxidation (or self-
cleaning) capacity of the troposphere by reacting with hydroxyl
radicals 30.). Trace elements such as Cadmium, Cobalt,
Chromium, Copper, Mercury, Manganese, Molybdenum,
Nickel, Lead, Tin, Vanadium and Zinc, present in some
biomass fuels can create a great environmental concern for
heavy metal emissions when the biomass is combusted. The
resulting ash can be classified into either bottom ash or fly ash.
The fly ash is the one formed on boiler pipes etc while the
bottom ash is found at the grate of incinerator and is non-
volatile. The concentrations of each element in the fuel
depends upon the source of biomass. For example, for
agricultural biomass, age of plant, growing site, distance from
the source of pollution generally determine the trace element
fraction in the fuel while for others such as wood used in
construction, past processing of the source is relevant. Volatile
ash forming elements such as Chlorine, Sulphur, Sodium,
Potassium, Arsenic, Cadmium, Mercury, Lead and Zinc play a
major role regarding gaseous and especially aerosol (very small
sized particles with diameters less than one micrometer formed
during the combustion of biomass fuels) emissions as well as

concerning  deposit  formation, corrosion and  ash
utilization/disposal. Ash deposits high in chlorine may cause
corrosion of boiler tubes. The formation of inorganic gases and
particulate matter may lead to health problems especially in
rural homes of less developed countries. The gases that are
formed and emitted to the atmosphere include environmentally
harmful gases such as suphur dioxide and hydrogen chloride.
The formation of particular matter causes deposit formation on
biolers, which in turn leads to a reduction of the heat transfer
efficiency to the steam system and may cause corrosion of the
metallic tubes. Biomass fuels are frequently used in rural areas
of the developing world, particularly Africa for cooking,
compared to natural gas, kerosene and electricity. It has been
reported that the use of these biomass fuels indoor causes
hazardous effects on the body 31-44. The health effects of
biomass smoke inhalation may not be restricted to the lungs
because biomass smoke contains fine and ultra fine particles
that readily cross the alveolar-capillary barrier and reach vital
organs of the body through circulation and this could lead to
systemic health impairment.45- 52.

1.4. Chamomile Biomass fuel.

Chamomile biomass fuel (made from the flowers of chamomile
herb) was synthesized on a laboratory scale by some of the
authors 53. They determined a number of parameters including
the Higher and Lower calorific value of the carbonized fuel
(more than 26KJ/Kg), which is higher than the typical value of
uncharred biomass fuels (8-19 KJ/kg) reported in literature 54,
but comparable to that of charred biofuels of between 22-30
KJ/kg 55-57. Table 1 below shows useful parameters related to
the carbonized chamomile fuel From previous observations 53,
the waste chamomile flowers from the solvent extraction
process were noted to attract anobiid beetles during storage
after the flowers were mixed with water in order to press them
into shapes, in preparation for the manufacture of biomass fuel.
It is therefore crucial to quantify the amounts of potassium (K),
phosphorus (P) and nitrogen (N) present in the waste
chamomile flowers so as to compare with the contents present
in organic compost and deduce if the waste chamomile flowers
(after solvent extraction) can be used as compost or organic
fertilizer. Given the fact that a great deal of flowers are
produced annually worldwide for aromatherapy, this research
explores NPK elemental composition of the chamomile flowers
and trace elemental composition of carbonized biofuel and ash.

Table 1: Data on the carbonized Chamomile biomass from previous studies®®

Parameter Value

HHV 29,379 KJ/Kg
LHV 26,662 KJ/g

Wet basis Moisture content 9.3%* (computed)
Volatile matter 71% (estimation)
Ash 13%

* Computed from the equation LHV = HHV(1-M)-2.447M >® which can be rearranged to M = (HHV-

LHV) /(HHV + 2.447) Since LHV and HHV are known.

= (estimated from the biomass weight reduction after subtracting the weight of carbonized biomass from

the uncarbonized one).
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2.0. Experimental

2.1. Digestion of chamomile biomass flowers.

Wet sample digestion method using ‘Pyrex’ glassware on an
electric hot plate in a fume hood.

Procedure

1. 0.3 g of dry well ground dry chamomile flower was
weighed into a clean dry 125 ml conical flask.

2. 4ml of concentrated H,SO4 was added and the flask swirled
to ensure that all the sample was wetted.

3. This was the heated in a fume hood, the flask (and
contents) on an electric hot plate set at “medium” heat setting.

4. The flask was removed cooled and 10 drops of 30% H20-
were added, 3-4 drops at a time, to avoid vigorous reaction of
the contents.

5. The flask was swirled, keeping contents at the bottom of the
flask. It then reheated.

6. The flask was again cooled and 6 more drops of H,O, were
added until there was a colour change , from black to dark
brown.

7. The heater was then set to high setting on the hot plate ,
while cooling, adding 6 drops of H,O, and heating again.

8. This was done till the solution was colourless on cooling,
where the last drops of hydrogen peroxide were added. A
slight colouration of the digest was noticed where it was
treated with activated charcoal. This then filtered and
transferred into 50 ml volumetric flasks.

2.2. Determination Of Total Phosphorus content with
Ph Adjustment

Reagents

1. Ammonium molybdate. (NH4) 2M00O4

2. Ammonium vanadate (NH4VOs)

3. Conc. HNO3

4. Paranitrophenol

5. Conc. Ammonium solution

6. KoPO4

Working Solutions

1. Ammonium molybdate/Ammonium vanadate mixed reagent
2. 0.5% wiv paranitrophenol

3. 1IN Nitric acid.

4. 6N agueous ammonia.

5. Standard phosphorus solution. (1000ppm).

Procedure

1. Ammonium molybdate/Ammonium vanadate mixed reagent
29 Ammonium molybdate was dissolved in about 40 ml of
distilled water warmed to about 50%. 0.1g ammonium
vanadate was also dissolved in boiling water, cooled, and
finally 1.4 ml of conc. Nitric acid was added. The two
solutions were quantitatively mixed to 100ml with distilled
water.

16

2. Para-nitro Phenol indicator

0.25g p-nitroPhenol was weighed and dissolved in distilled
water and made to 50ml.

3. 1IN Nitric acid

3.15ml of conc. Nitric acid was diluted to 50 ml with distilled
water.

4. 6N Agueous Ammonia

21ml of conc. Ammonia solution was diluted to 50ml using
distilled water.

5. 1000ppm standard phosphorus stock solution.

1.0967g of oven dried K,PO4 was dissolved and made to
250ml with distilled water.

6. 10ppm P working solution

1ml of the 1000ppm standard solution was dissolved in 100ml
with distilled water

Phosphorus Standards

0, 5, 10, 15, 20 and 35 ml of the standard 10ppm P solution

was pipetted into a clean set of 50 ml volumetric flasks. The

standard series in addition to the 2 blanks and 3 samples were
treated through the steps (1-8) below. The standard P solution

contains 0, 1, 2, 3,4, 5 ppm P

Procedure

1. 2.5ml of the wet digest was pipetted into a 50 ml
volumetric flask.

2. 0.2ml of 0.5% p-nitroPhenol indicator solution was
added.

3. The solution was just made alkaline (yellow colour) with
6N NH3 solution by drop wise addition and gentle
shaking.

4. 1N HNOj3 was added drop wise with shaking until just
colourless.

5. 5ml Ammonium molybdate/Ammonium vanadate mixed
reagent was added.

6. The solutions were made to 50 ml with distilled water
stoppered and mixed well.

7.  The absorptions were measured after 30 minutes using a
colorimeter at 400nm wavelength setting.

2.3 Determination of Nitrogen Content

Reagents

1. 6M NaOH

2. Conc. H2SOq4
3. NH.CI

4. Distilled water

Working Solutions

1. 1000PM N solution

2. Nesslers reagent (dipotassium tetraiodomercurate (1) in
dilute sodium hydroxide)

Procedure

(a) Digestion for Nitrogen analysis
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0.2 g each of well ground, oven dried chamomile flowers were
placed in 3 different round-bottomed flasks and anti bumping
chips added.

(b) 1000ppm N working solution

0.5107g of NH4CI was dissolved and made to 100ml in a
volumetric flask with  distilled water

(c) 10ppm working solution

1ml of the 1000 ppm N solution was pipetted into a 100 ml
volumetric flask and made to the mark using distilled water.
(d) Standards

2.5, 5.0, 7.5, 10, 12.5ml of the standard 10 ppm working
solution were pipetted into a clean set of 50 ml volumetric
flasks. All these were treated through the Nesslerization
process. The volumetric flasks after treatment contained 0.5,
1.0, 1.5, and 2.0, 2.5 ppms respectively.

(e) Direct Nesslerization

0.5 ml of digest was put into 3 different volumetric flasks.

2 drops of 6M NaOH was added followed by 2ml of nesslers
reagent and made to the mark using distilled water. The
absorptions of the solutions were measured using a
colorimeter at 425nm after full development of blue color.

2.4. Determination of Potassium Content

Reagents

1. Stock Potassium solution —1000ppm

0.47675g (100°C, 2hr) of dried potassium chloride was
dissolved in distilled water in a 250ml volumetric flask.

2. 100ppm K working solution

10ml of the1000ppm stock solution was diluted to 100ml in a
volumetric flask.

3. Standard solutions

0,05, 1, 2, 3, 4, 5, of the 100ppm working solution was
pipetted in a set of 50ml volumetric flasks and filled to the
mark using distilled water.

Procedure

3 sets of 2ml of the wet digested sample solution as pipetted
into 50m volumetric flasks in addition to 2 blanks. The
samples were sprayed into the flame photometer at 765.5nm
starting with the standards, sample, and blank solutions. The
results were taken and recorded.

2.5. Preparation Of Chamomile Fuel

The waste flowers from either steam distillation or solvent
extraction of the chamomile flowers are sticky like clay if a
correct amount of water is added to (or drained from) them
and can therefore be molded into shapes. The biomass flowers
(figure 1) used for the preparation of chamomile fuel were
obtained from solvent extraction method. Controlled
evaporation of the water in the biomass leaves a hard solid
(figure 2) which must be stored in a sealed container as the
solid is highly hygroscopic. Controlled carbonization of the
biomass results in the black char (figure 3), which burns
efficiently to give the ash (figure 4).

Sample procedure:

70 grams of the dried ground flower were passed through a
sieve to get rid of the petals or small stones. The fine dust of
the chamomile was mixed with 140ml of water then pressed
into a cylindrical shape as shown in Figure 2 (using an
equipment fabricated by a tinsmith). The resultant shape is the
fused flower that is then dried and kept in a polythene bag to
avoid absorption of excess moisture.

2.6.
XRF.

Analysis of the elemental concentration using

In order to ensure the data read from the XRF machine were
valid, a Certified reference Material Soil7 SRM supplied
through the International Atomic Energy Agency was run.
This was to ensure that values quoted are not lower than the
accepted detection limit of the machine, and also

Figure 1: Waste Chamomile biomass from
solvent extraction.

Figure 3: Carbonised Chamomile fuel.

the error of the elemental concentration of the
chamomile samples was within the 10% error
limit.

Sample Preparation For XRF Analysis

The fused flowers, carbonized fuel and ash
samples were grounded into small particles then
pulverized for 15 minutes. The finely ground
flowers were then passed through a sieve and the
different weights taken between 0.4-0.5 grams
and pressure system to 15 atmosphere with each
resulting pellet having the same surface area of
4.9087 cm? Results are tabulated as shown in
Table 6.
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3. Results and Discussion
3.1. N P, K, Values of Chamomile Biomass
3.1.1.  Phosphorus Content

Graph 1: Calibration curve for Phosphorus
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Where graph ppm =concentration of ion in digest; -
concentration of blank in digest
Average concentration of P in ppm =0.94, Dilution Factor =
20, Volume = 50, weight = 0.3. Therefore using equation (1)
gives % P in sample as  0.313%

3.1.2.  Nitrogen Content
Graph 2: Calibration curve for Nitrogen
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Average concentration of N in ppm =1.56, Dilution Factor =
100, Volume = 50, weight = 0.3. Therefore using equation (1)
gives % N in sample as 2.6 %

3.1.3.  Potassium Content

Average concentration of K in ppm =8.42, Dilution Factor =
25, Volume = 50, weight = 0.3. Therefore using equation (1)
gives % K in sample as 3.5%

Comparison of N-P-K values of chamomile biomass (2.6% N,
0.313% P and 3.5% K) and other organic fertilizers (Table 2)
show that chamomile flowers are rich in nitrogen and
potassium.
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Graph 3: Calibration curve for Potassium
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Table 2 Ref [60]- NPK values of selected organic fertilizers

Material %N %P %K
Alfalfa 25 0.5 2
Compost 15t035 05t01 1to2
Soybean Meal (dry) 6.5 15 24
Sawdust 0.1 0.05to 2to4
0.1
Mushroom Compost | 0.5t0 0.8 40to55 | 0.5t00.8
Fish Scrap (dry) 3.5t012 1to 12 1to15
Cattle Manure 05t015 0.2t00.7 | 0.5t02
Goat manure 4 0.6 1t02.8
Horse manure 0.7to 1.5 0.2t00.7 | 0.6t0 0.8
Poultry manure (30% | 3to 4 2.5 15
water)

This means that when chamomile flowers have been used for
extraction of essential oil and other useful products, the use of
waste flowers as organic fertilizer would greatly increase the
percentage of potassium and nitrogen to the soil relative to

other common organic fertilizers.
3.2. XRF Data

Table 3: Weights of biomass samples for XRF analysis

Fused flower
Sample number Weights (g)
1 0.4377
2 0.454
3 0.4357
Carbonized samples
4 0.4319
5 0.434
6 0.4335
Ash samples
7 0.4405
8 0.442
9 0.4496
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Table 4: Chamomile Biomass ground Flowers

Table 7: Chamomile ash

Element | Flowl | Flow2 | Flow3 | Avg StDev ppm Ele Pelletl Pellet?2 Pellet3  Avg StDev
ppm | ppm ppm ppm ppm ppm ppm ppm  ppm
Ca 5780.00 | 5340.00 | 5640.00 | 5590.00 224.80
Nn 26.20 29.70 2790 2790 175 Ca 87500 84700 85600 85900 1429
Mn 687 493 535 572 102
Fe 396.00 391.00 403.00 397.00 6.03 Fe 8830 10100 9930 9620 689
Cu 18.90 | 1490 | 1680 | 16.90 2.00 Cu 12300 12000  137.00 127.00 9.07
Zn 37.90 33.80 35.90 35.90 2.05 Zn 1970 2180 2210 2120 130.80
Pb 731 5.00 6.68 6.33 1.19 Pb 36.50 41.90 4140  39.90 2.98
Br 1950 17.00 1720 17.90 139 Br 161.00 163.00 166.00 163.00 2.52
Rb 76.00 715.00 447.00 413.00 320.90
Rb 831 671 742 748 080 Sr 329.00 313.00 319.00 320.00 8.08
St 3240 | 3050 | 3150 |  31.50 0.95 zr 43.60 51.40 49.90  48.30 4.14
Zr 6.16 3.28 4.79 4.74 1.44
Table 8: Chamomile Ash concentration when compared with
Table 5: Chamomile Fused Flowers woody bottom and fly ash.
EL  Pelletl Pellet2  Pellet3  Avg StDev ppm Element ~ Woody Woody Fly = Chamomile
ppm ppm ppm ppm (ppm) Bottom Ash Ash 2 Ash (ppm)
* (ppm) (Ppm)
Ca 4600 4430 5750 4930 718 Pb <3.0 33 399
Mn 39.60 38.40 51.10 43.00 7.01 Mn 492 2,383 572
Fe 27800 24500 27400 26600  18.1 Cu 12.2 98 127
Cu 1450 1610 1200 1420 207 7n 348 671 2120
Zn 45.80 52.70 49.50 49.30 3.45 Fe 7,633 71,167 9620
Pb 6.52 5.02 4.10 5.21 1.22
Br 20.90 18.70 19.90 19.80 110 As such care should be taken that should chamomile
Rb  7.30 7.53 7.49 7.44 0.12 carbonized biomass fuel be used for household heating and
Sr 32.80 33.50 33.80 33.40 0.51 cooking due to its high Net caloric value (or Lower heat
Zr 2.18 3.76 2.57 2.84 0.82 Value) of 26 KJ/g, enough air should be present to avoid
inhaling gases from inorganic elements such as lead, zinc and
o ) manganese.
Table 6: Chamomile Biomass Carbonized fuel
Element Pellet1 Pellet2  Pellet3 Avg  StDev 4.0. Conclusion
pm ppm ppm ppm  ppm The high value of potassium (3.5%) compared to organic
fertilizers shows that chamomile waste can be composted, or
Ca 4400 5100 7050 5520 1373 can be sprinkled on plants with a deficiency of potassium. The
Mn 58.20 41.10 78.90  59.40 18.93 elemental concentration of nitrogen and phosphorus is within
Fe 501 482 739 574 143 range of organic fertilizers. The chamomile waste flowers had
Cu 15.50 20,70 25.00 20.40 4.76 enough nitrogen and potassium quantities to be composted, so
Zn 73.90 66.70 101.00 8050  18.09 as to be used as an organic fertilizer. The manganese values
Pb 5.97 5.67 881  6.82 1.73 (12%) are slightly above the acceptable 10% range of the
Br 33.30 29.60 4520 36.00 8.15 SRM values, and as such should be treated with some caution.
Rb 12.70 11.70 1830 14.20 3.56 Concentration of the heavy metals especially lead in ash is
Sr 50.90 4480 7280 56.20 14.72 comparable to what is expected in fly ash (39ppm) but higher
Zr 4.39 3.50 5.12 4.34 0.81 than concentrations found in bottom ash (less than 10ppm).

The concentration in ppm of Pb in ashed samples is
comparable with that obtained of woody ash in generalS..
Other studies on woody bottom and fly ash indicate that in
general, there is a significantly higher concentration of Pb in
fly ash than in bottom ash ©2,
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This means that sufficient air should be present when
commercial quantities of carbonized chamomile biofuel are
used for domestic cooking purposes.
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Appendix

Table 9: Phosphorus colorimetry data
Concentration Reading
0 PPM 0
1PPM 5
2 PPM 9.5
3PPM 14.2
4 PPM 19.2
5PPM 24.0
Blank 1 12
Blank 2 12
Sample 1 14
Sample 2 145
Sample 3 14.5

Table 10: Nitrogen colorimetry data

Concentration Reading
0 PPM 0
0.5PPM 10
1.0 PPM 14.0
1.5 PPM 21
2.0 PPM 27.5
2.5PPM 345
Blank 1 0
Blank 2 0
Sample 1 18.2
Sample 2 16.0
Sample 3 16.0

Table 11: Potassium colorimetry data

Concentration Reading
0 PPM 2
1 PPM 6
2 PPM 12
4 PPM 23
6 PPM 34
8 PPM 45
10 PPM 56
Blank 1 0
Blank 2 0
Sample 1 43
Sample 2 44
Sample 3 44
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Table 12: Determination of the detection limit of the XRF machine.

Element Peak Area Background Experimental Certified rootBg DL DL CERT AVG
EXPT DL

Ca 65570 4219 156000 163000 64.95383  463.6021 484.4048 474.0035
Mn 1828 2998 534 631 54.754  47.98463 56.70094 52.34278
Fe 126249 3196 22800 25700 56.53318 30.62891 34.52469  32.5768
Zn 1817 1932 93.2 104 43.95452  6.763723 7.547502 7.155612
Br 717 2480 10.3 7 49.7996 2.146175 1.458566  1.80237
Rb 4024 3018 47 51 54.93633 1.924956 2.088782 2.006869
Sr 10526 3204 104 108 56.60389 1.67779 1.74232 1.710055
Y 2336 3601 20.4 21 60.00833 1.572136 1.618375 1.595256
Zr 22215 4606 181 185 67.86752  1.658882 1.695542 1.677212
Nb 1085 5162 8.1 12 71.84706 1.609109 2.383866 1.996487
Pb 2036 2081 58.6 60 45.61798 3.93892 4.033024 3.985972
DL = Detection Limit; CERT = Certified Reference Material

Table 13: Determination of elemental error

Soil7 SRM

Element Expt'l Certified LL Certified UL  SRM Mean % Change

Ca 1.56E+01 1.57E+01 1.74E+01 1.66E+01 6%

Mn 5.34E-02 6.04E-02 6.50E-02 6.27E-02 12%

Fe 2.28E+00 2.52E+00 2.63E+00 2.58E+00 10%

Zn 9.32E-05 1.01E-04 1.13E-04 1.07E-04 8%

Pb 5.86E-05 5.50E-05 7.10E-05 6.30E-05 7%

Br 1.03E-05 3.00E-06 1.00E-05 6.50E-06 -3%

Rb 4.70E-05 4.70E-05 5.60E-05 5.15E-05 9%

Sr 1.04E-04 1.03E-04 1.14E-04 1.09E-04 4%

Zr 1.81E-04 1.80E-04 2.01E-04 1.91E-04 -1%
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Abstract

A Kkinetic and mechanistic study on adsorption of Lambda cyhalothrin on Eburru soils in Kenya was carried out using adsorption
isothermal model. The study was carried out to predict adsorption mechanisms on Kenya soil. In this paper, Freundlich, Langmuir,
Quasi-Langmuir and Temkin isotherm models were employed to correlate data from the batch mode experiments. Kinetic
investigation was done under pseudo first-order conditions and fitted to second-order and intrapartical diffusion models. The results
show a linearized good fit to the employed models with correlation coefficient (r?) in the range of 0.984 — 0.999

Keywords: Lambda-cyhalothrin, sorption, equilibrium constant, free energ.

1. Introduction

Lambda-cyhalothrin is a pyrethroid insecticide active
ingredient found in several brand name products like scimitar,
warrior, matador and icon, applied in agriculture to aphids,
coleopterous and lepidopterous pests, as well as in public
health to control cockroaches, mosquitoes, flies and ticks. This
compound,was first reported by Robson and Croshy [1], is
synthesized from pyrethrum chrysanthemum flowers and
photostabilized bysubstitution reactions [2,3].

The structure of Lambda-cyhalothrin shown in (Figure 1) is a
1:1 mixture of two isomers: (S)-a-cyano-3-phenoxybenzyl-(Z)-
(1R, 3R)-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-dimethyl
cyclopropanecarboxylate (‘a”)and (R)-a-cyano-3-
phenoxybenzyl-(Z) -(1S,3S)- 3-(2-chloro-3, 3,3-trifluoroprop-
1-enyl)-2,2-dimethylcyclopropanecarboxylate (‘b’) [4].

The compound acts as a pesticide by binding to a protein that
regulates the voltage-gated sodium channel of the nervous
system, preventing them from closing normally which results
in continuous nerve stimulation and tremors leading to
paralysis and death [5,6,7,8].
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When introduced into the environment, like many other
organic compounds, Lambda-cyhalothrinundergoes a number
of processes, including adsorption on soils and dissipation in
water, which contribute to its pollution effect. Studies on
ecotoxicity of Lambda-cyhalothrin reveals it has slight to high
toxicity levels to terrestrial and aquatic animals [9]. It is highly
toxic to a number of fish and shellfish, the LCso (96 hrs) is
210ng/L for bluegill sunfish and 0.8ng/L for sheepshead
minnow [10, 11]. Weston et al., [12] studied Lambda-
cyhalothrin sediment toxicity, with the median lethal
concentration LCso residue being 0.45ug/g which corresponds
to 1.4 ng/L for pore water concentration [13].

Hence, there is need to mitigate the environmental
contamination associated with the wide range use of this
pesticide. The main significance of this study is to analyze the
sorption properties of Eburru soils on Lambda-cyhalothrin,
which could be applied as carrier materials for smart delivery
of the pesticide to minimize the related environmental
contamination effects.

CH

CHs 7

Figure 1: Structures of Lambda-cyhalothrin; (a) (S)-alcohol(Z)-(1R)-cis-acid, (b) (R) - alcohol

(2) - (1S) - cis— acid.
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Sorption models

Freundlich, Langmuir, Quasi-Langmuir and Temkin models
were used to assess the adsorption of Lambda-cyhalothrin onto
the Eburru soils of Kenya.

Freundlich Equation

The Freundlich [14] equation is an empirical equation based on
adsorption on a heterogeneous surface. The equation is
commonly represented as shown in equation (1).

Ing, = InKp +

Where C¢(mg/L) is the equilibrium concentration and ge.(mg/g)
is the amount of adsorbed pesticide per unit mass of the
adsorbent. The constant n is the Freundlich equation exponent
that represents the parameter characterizing quasi-Gaussian
energetic heterogeneity of the adsorption surface [15].Kg (L/g)
is the Freundlich constant indicative of the relative adsorption
capacity of the adsorbent.

Langmuir model

This model assumes that adsorption of sorbate molecules
occurs on a homogeneous surface to form a monolayer with no
interactions between the adsorbed molecules [16].

The Langmuir equation is representedby equation 3 as:

qe =
AmKLCe
sy TS 3)

Which can be expressed in a linear form as:

Co 1 Ce
de amKL dm

Where: g. (mg/g) is the amount adsorbed, C. (mg/L) is the
concentration of sorbate molecules, gm (Mmg/g) is the maximum
amount of adsorbed sorbate molecules per unit mass of sorbent
corresponding to complete coverage of the adsorptive sites and
Ki(L/mg) is the Langmuir constant related to the energy of
adsorption.

Quasi-Langmuir Model

Quasi-Langmuir model is used as a compromise between
Langmuir and Freundlichmodels, which is givenin equation (5)
[17]:
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qe =
KcCe
TG s (5)
This can be expressed in its linear form as:
L o e (6)

de KcCe K¢

Where K¢(L/g), ac(L/mol) and £ are Quasi-Langmuir constants.
The value of g lies between 0 and 1. Hence plots of 1/ge versus
1/C.from equation 6 are linear.

Temkin Isotherm Equation

The Temkin isotherm equation assumes that the heat of
adsorption of all the molecules in layer decreases linearly with
coverage due to adsorbent-adsorbate interactions, and that the
adsorption is characterized by a uniform distribution of the
bonding energies, up to some maximum binding energy [18].
The Temkin isotherm is represented by equation (7).

RT
qe = Tln(KTCe) ................................................ @)

Taking Br= RT/b, this can be rearranged linearly as:
qe = BT anT + BT 11’1 Ce ...................................... (8)

Where T is the absolute temperature (K), R is the universal gas
constant (8.314J/mol. K), Ky is the equilibrium binding
constant (L/mg), bis the variation of adsorption energy
(kJ/mol) and Bris Temkin constant, which is related to the heat
of adsorption (kJ/mol).

Therefore, plots of g. against InCc.from equation 8 should be
linear.

2. Materials and methods

The following instruments, materials and reagents were used:
UV-Visible spectrometer (UV-1700 model, Shimadzu
Corporation, Kyoto, Japan), Analytical balance (Fischer A-
160), Orbital shaker (fitted with timer), Lambda cyhalothrin
pesticide (analytical standard 99% pure from IOBA Chemie),
distilled water and soil samples from Eburru crater, Rift valley,
Kenya (0.63S, 36.23E).

The soil samples were prepared for analysis by air drying in
natural sunlight at room temperature for four days to prevent
nutrient transformation, crashing, sieved using 0.85mm sieve
size and stored in plastic sampling bags.

The dried soil samples were analyzed for Na, Ca and K using a
flame photometer while P, Mg and Mn were analyzed
calorimetrically, using theMehlich Double Acid Method
[19,20].



Other trace elements Fe, Zn, and Cu and exchangeableCa and
Mgwere determined by Atomic Absorbance Spectrophotometer
[21].

Total organic carbon (C) was determined by calorimetric
method [22]. Total nitrogen was determined by Kjeldahl
method [23]. Soil pH was determined using a pH meter on a
1:1 (w/v) soil-water suspension. Exchangeable Na and K were
determined by flame photometer after leaching with 1M KCI.
Cation Exchange Capacity (CEC) was determined on the
leachate at pH 7.0 by distillation followed by titration with 0.01
M HCI [24,25].

To carry out sorption studies, standard concentrations of
Lambda-cyhalothrin pesticide were prepared by varying
concentrations from 2.0, 4.0, 6.0, 8.0, 10.0, 20.0, 40.0, 60.0,
80.0 and 100.0 ppm in aqueous medium. They were scanned
between 200-900nm wavelengths on the UV-Visible
Spectrophotometer to determine the maximum absorption
wavelength of the pesticide, which was obtained at 218 nm.
Calibration curves at218nm were used to determine
concentrations of other pesticide solutions. Studies on variation
of time and concentrations were done by treating 1.00g of the
soil with 10ml aqueous solutions each containing 10.0, 20.0,
30.0, 40.0 and 50.0ppm concentrations of Lambda-cyhalothrin
pesticide. The media were shaken at room temperature for 15,
30, 45 and 60 minutes each, and then centrifuged at 10,000rpm
for 10 minutes. The supernatants were then filtered using
0.22um what-man papers and equilibrium concentration
determined. Varying masses was conducted using 0.10, 0.20,
0.50, 1.0, 1.5, and 2.0 g of soil suspended in 10ml pesticide
solution of concentration 50ppm, shaken for 24 hours and
equilibrium concentration determined. Procedures modified
from Manikandan and Subramanian (2014) [26].

To load the pesticide into the soil pores, 15¢g of soil was spiked
with 25ml of 100ppm Lambda- cyhalothrin pesticide solution,
shaken at room temperature for 24 hours, then equilibrium
concentration of the remaining pesticide determined .The
difference between initial concentration and equilibrium
concentration gave the amount loaded in the samples. The
resulting soil was dried at 100°C for 24 hours to obtain the
pesticide loaded soil samples. Desorption studies were
conducted by placing 15g of pesticide loaded soil samples in
250ml separating funnels and 50ml distilled water infiltrated
through at an approximate flow rate of 0.1667ml/min. 50ml
distilled water was refilled every 24 hours to infiltrate the same
samples for 18 days. Modified from Bansiwalet. al., (2006)
[27].The filtrates/elutes were collected on a daily basis prior to
refilling, filtered using 0.22 pum what- man papers and
equilibrium concentration determined.
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The amount of Lambda-cyhalothrin pesticide adsorbed (mg/g)
was calculated using equation (9)reported by Vanderborght and
van Greikenm [28].

Where geis the amount of solute adsorbed from the solution, v
is the volume of the adsorbate, Ciis the concentration before
adsorption, C. is the concentration after adsorption, and w is
the weight in grams of the adsorbent.

3. Results and discussion
Soil analysis

The nature of the soil greatly influences its adsorption
characteristics. Table 1 shows the pH (8.38) of the soil being
basic, while the low percentage of organic carbon (0.94%)
supports the low degree of adsorption of Lambda-cyhalothrin
onto the soil.

Table 1: Properties of the soils used in adsorption experiment

Properties Description
Soil pH 8.38
Total Nitrogen % 0.10
Total Org. Carbon % 0.94
Phosphorus (Olsen) ppm 3.40
Potassium me% 0.62
Calcium me% 4.70
Magnesium me% 0.59
Manganese me% 0.20
Copper ppm 1.36
Iron ppm 13.34
Zinc ppm 10.22
Sodium me% 0.84
Electrical conductivity (mS/cm) | 0.23

Absorbance curves

The absorbance curves at 218 nm for Lambda-cyhalothrin
obeyed Beer’s law at lower concentrations (2-10ppm) as shown
in Figure 2.
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Figure 3: Concentration versus time on Lambda-cyhalothrin ®

adsorption. &

66
The amount of pesticide adsorbed on the soil surface increases

with increase in spiking levels. This is due to the presence of
the high number of vacant adsorption sites, leading to increase

Percentage of pesticide removed

63

in concentration gradient between adsorbate in solution and the 01 02 05 10 15 20
adsorbent surface. The equilibration time depends on the initial Mass(g)

concentration of the pesticide. The lower the concentration, the

shorter the time to equilibrate due to higher adsorbent surface Figure 5: Percentage of pesticide removed by varying the mass
site ratio to pesticide molecules per unit volume. Therefore of the soil

increasing the initial pesticide concentration increases the
amount of pesticide molecules uptake per unit mass of the soil.
Variation in masses of soil reported overall positive gradient on
amounts of Lambda-cyhalothrin molecules adsorbed, as shown
in Figure 4.Increase in amount of soil decreased the
concentration of the pesticide.

Desorption studies of Lambda cyhalothrin indicated a rapid
discharge of pesticide molecules into the aqueous medium
(Figure 6), with more than half of the loaded amounts desorbed
within the first four days. Although the literature reported soil
adsorption (Koc) for Lambdacyhalothrin (247,000 — 330,000
cm3g-1)(Table 6) is a high value, which is indicative of high
preferential affinity to organic matter, only 0.94% of the soil
used was the total organic content. This low organic
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composition could be strongly attributed to the high initial
desorption rates.

20

—
o

Amount desorbed (mg/L)
=
(=1

2 4 & 8 10 12 14 16 18

Time (days)
Figure 6: Variation ofamount of pesticidedesorbed with time

Adsorption isotherms
Freundlich isotherms

The Freundlich model was chosen to estimate the adsorption
intensity of the sorbate on the sorbent surface. The
experimental data from the batch sorption study of the
Lambda-cyhalothrin pesticide on Eburru soils of Kenya were
plotted logarithmically using the linear Freundlich isotherm
equation as shown in Figure7 below.

3.6 «a
Variable L 4
34| =——@— Inge-15 * InCe-15 :
- Inge-30 * InCe-30 i
321 = -9 = Inqe-45 * InCe-45 52 A
3.0 -t = Inge-60 * InCe-60
=
£ 2.8
2.6
2.4
2.2 /
2.0 » *
1.0 1.5 2.0 25 3.0
In Ce
Figure 7: Linear Freundlich isotherm plot
The linear Freundlich isotherm constants for Lambda-

cyhalothrin pesticide on Eburrusoils are presented in Table 2.

The average Gibb’s free energy of -3.9864 kJmollindicates
spontaneity in the adsorption process. Adsorption non-linearity
parameter (n), which also indicates the quasi-Guassian
energetic heterogeneity obtained was an average of 1.6949,
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while R? values ranged from 0.753 to 0.970, comparatively
making Freundlich isotherm better definitive of lambda-
cyhalothrin adsorption on Eburru soils.

Table 2: Freundlich isotherm parameters for Lambda-
cyhalothrin

Time n Ke (L/g) R? AG (kJmol™?)
(min.)

15 1.8089 5.0128 0.753 -3.9938

30 1.7209 5.1397 0.970 -4.0559

45 1.5893 4.8163 0.804 -3.8947

60 1.6606 5.0279 0.786 -4.0013

Langmuir isotherms

The Langmuir model was used for a homogenous monolayer
adsorption without any interaction between adsorbed molecules
and uniform energies of adsorption, whose plots generated
Figure 8 below.

1.0
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Figure 8: Linear Langmuir isotherm plots

The assumption made is that the adsorbed chemical species do
not react with one another. From figure 8 above, the following
constants were calculated.

Table 3 Langmuir isotherm parameters for Lambda-cyhalothrin

Time 1/gm 1/gmKL Ki(L/mg) |R?
(min.)

15 0.02910 0.2506 0.11610 0.5611
30 0.02325 0.2488 0.09344 0.9110
45 0.02490 0.2475 0.10061 0.9313
60 0.02572 0.2321 0.11081 0.4990




R? values ranged from 0.4990 to 0.9313, while the average
value of K. constant was 0.1052, as obtained from Table 3
above.

Quasi Langmuir isotherms
This was used as a compromise between Langmuir and
Freundlich models, whose linear plots of 1/g. wversus
1/Ccobtained are shown below.

Scatterplot of 1/qe vs 1/Ce

0.14
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Table 4 shows the Quasi-Langmuir equilibrium constant values
from the plots.

Table 4: Quasi-Langmuir isotherm parameters for Lambda-

Scatterplot of qe vs In ce

a
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Figure 10: Linear Temkin isotherm plots

25 3.0

Table 5: Temkin isotherm parameters for Lambda-cyhalothrin

Time in Br(kJ/mol) | BrInKr Kr(L/mg) | R?
= minutes

15 8.740 0.284 1.033 0.614

30 9.398 0.502 1.059 0.934

45 10.42 1.487 1.153 0.640

60 9.943 0.774 1.081 0.625

cyhalothrin Physicochemical properties

Time 1/KcCe 1/ce Kre (L/Q) R? Table 6 below gives a summary of the physical, chemical and

15 0.02910 0.2506 8.6117 0.5611 environmental properties of Lambda-cyhalothrin.

ig 88223? g;gg? ;08573821 82;18 Table 6_: Physicochemical properties of Lam_bd_a—cyhalothrin [4]

: : : : Properties Description

60 0.02572 0.2321 9.0241 0.4990 Molecular formula CyaH1sCIEsNO;
Molecular weight (g/mol) 449.9

Quasi-Langmuir average K. value was 9.2969, while the R? Density (g/mL at 25°C) 1.33

values ranged from 0.4990 to 0.9110 as obtained from Table 4 Melting point (°C) 49.2

above. Boiling point (°C at 0.2 mmHg) 187-190
Water solubility (mg/L at 20°C) 0.005

Temkin isotherms Octanol—water partitioning (log 7.00

This was used to assume the linear decrease in the heat of Kow at 20°C)

adsorption of all the molecules with layer coverage, and that Hydrolysis half-life (d):

the adsorption is characterized by a uniform distribution of the pH 5 Stable

bondingenergies.Plots of ge against InCewere linear. pH 7 Stable

The data in table 5 shows the Temkin equilibrium constant pH 9 - - - 8.66
Photolysis half-life (d):

values from the plots. Water at pH 5 and 25°C 245

— - . Soil 53.7
Ifg)egiverage_zleqm!lbrlum binding const_ant,KT, obtained was Bioconcentration factor (BCF) 3 240
.0815Lmg*, while the average Temkin constant,Br, related to (fish)

heat of adsorption was9.6253kJmol™. Soil adsorption Koc (cm3/g) 247,000-330,000

Soil degradation half-life (d)
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Aerobic soil 42.6
Aquatic degradation half-life (d)

aerobic aquatic 21.9 21.9

State at room temperature solid
Colour:

Solid Colourless
solution yellow
CAS number 91465-08-6
US EPA PC Code 128897

Thelow water solubility and relative stability at neutral
conditionscould contribute to its persistence , the high octanol-
water partition coefficient (Kow) indicates greater lipid
partitions, while the high mean water-soil organic carbon
partition coefficient (Ko) indicates preferential affinity to
organic matter and higher adsorption rates to particles
(sediments), an aspect that may reduce its degradation rate due
to unavailability to micro-organisms and sunlight when
introduced in streams and rivers; but also may form the
mechanisms of sediment sorption removal and mitigation of
toxicity in water. A number of studies have been reported on
adsorption of Lambda-cyhalothrin on different types of soils,
sediments and varied contact time. Most of these data was
found to fit theFreundlich isotherm. The extent of adsorption
was dependent on the amount of organic matter in these soils,
contact time and soil type [29,30,31,32,33,34,35].
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Figure 11: Pseudo-first order model plot

Adsorption Kinetics

Kinetic studies was used to analyze sorption dynamics and
mechanisms while pseudo-first and secondorders were used to
determine the rate constants and orders of sorption processes.

Pseudo-First-Order Model

Pseudo-first-order Kinetic model of Lagergren [36] is based on
the solid capacity forsorption analysis and is expressed as
given in equation 10.

B Rf (e = Q) corovereeeeee i (10)
where gt is the amount of adsorbate adsorbed at time t (mg/g),
kfis the rate constant ofpseudo-first-order kinetics (min ) and t
is the time (min). The integration of equation 10 withthe initial
condition, qt =0 at t = 0 leads to the pseudo-first-order rate
equation:
In(g. —q,) =Inqe —kft...ccooiiiiiiiii, (11)
A straight line of In(qe —qt) versus t suggests the applicability
of this kinetic model.Pseudo-first-order rate constant (kf)
(1/min) can be determined from the slope of the plot.Figure
11and Table 7shows plotsfrom experimental data.

Table 7: Pseudo-first order kinetic parameter

Concentration(ppm) | Inge Kt R?
100 0.3872 0.02939 0.996
200 1.240 0.03338 0.831
300 1.828 0.03652 0.746
400 2.162 0.07138 0.957
500 2.929 0.07230 0.980
a0

20ppm 3 0ppm
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Pseudo-second-Order Model

The pseudo-second order reaction kinetic model
based on the sorption equilibriumcapacity can be
expressed by equation 12[37],

da

== ks(qe — qr)
t

where ks is the pseudo-second-order rate constant (g/mg min).

Integrating equation 12 andnoting that g =0 at t = 0, the

following equation is obtained:

The plot t/qt versus t gives a straight line if second-order
kinetics are applicable,wherege and ks can be determined from
the slope and intercept of the plot, respectively. Theinitial
sorption rate, h (mg/g min), as t—0 can be defined as

The straight line plot for the pseudo-first-order sorption kinetic
model betweenIn(ge—q;) vs. t was plotted (Figurell) for
sorption of Lambda cyhalothrin. The value of the rate
constantcalculated from the slope of plotsranged from 0.02939
to 0.07230 min. The linear plots of pseudo-second-order
kinetic model was also plotted between t/qt. vs. t, and sorption
capacity and pseudo-second-order rate constants ge and
kswerecalculated from the slope and intercept of the plot
(Figure 12).
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Figure 12: Pseudo second order model plot

31

Table 8: Pseudo-second-order kinetic parameter

Conc.( | 1/ksQe 1/0e ks(g/m | h(mg/g R?
ppm) g min) | min)

100 0.06786 | 0.1281 1.8877 | 115.0363 | 0.999
200 0.03781 | 0.0665 1.7588 | 397.7161 | 0.997
300 0.0782 0.06061 | 0.7751 | 210.9935 | 0.984
400 0.09594 | 0.03846 | 0.4009 | 271.0301 | 0.999
500 0.09525 | 0.026682 | 0.2801 | 393.4380 | 0.987
The pseudo-second-orderkinetic constant ksand sorption

capacity geranged from1.8877 to 0.280 gmg*min and 7.8064
to 37.47845 mgg?' between 100 to 500ppm respectively.
Coefficient of determination values ranged from 0.984 t00.999,
a good illustration of the pesticide adsorption having followed
pseudo-second-orderrate  expression.  Additionally, initial
sorption rates, h,increased from 115.0363 — 393.438 mgg*min-
'petween 100 to 500ppm respectively, as shown in Table 8.

Intraparticle Diffusion Model

Theintra-particle diffusion was determinedusing the intra-
particlediffusion modelgiven in equation (15).

1
qs = kldtg‘l'l ............................................ (15)

where kigq is the intra-particle diffusion rate constant. According
to equation 15, a plot of giversus tY2should be a straight line
with a slope kig and intercept | when adsorptionmechanism
follows the intra-particle diffusion process as shown in Figure
13.
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Figure 13: intra-particle diffusion model

The data obtained from the plots in Figure 13 above are
summarized in Table 9.

Table 9: Intra-particle diffusion model parameters

Concentration(ppm) | | Kid R?

100 6.386 0.1770 0.995
200 11.32 0.5458 0.796
300 12.90 0.5357 0.787
400 19.84 0.6953 0.953
500 25.37 1.4200 0.961

Lower regression values were obtained with the plots not
passing the origin. The values for kig and | were in a range of
0.177 — 1.42 and 6.386 — 25.37 respectively. ‘I’values are
usually directly proportional to the thickness of the boundary
layer[38]. Deviation of the lines from the origin is attributed
tothe differences in the rate of mass transfer in the initial and
final stages of adsorption, indicating that pore diffusion may
not be the only rate controlling step [39].

4. Conclusion

The present study has shown that Lambda-cyhalothrin has a
moderateadsorption capacity on Eburrusoils. This weak
adsorption capacity is due to its low organic content. Also this
adsorption  behavior of Lambda-cyhalothrin  depends
significantly on the properties of the soil; like organic carbon,
clay contents, organic matter and pH.The negativefree
energydemonstrated by the Freundlich isotherm illustrates that
the pesticide adsorbs onto Eburru soils spontaneously,
althoughit’s also shown to be affected by the solute
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concentration. In conclusion, the study recommends Eburru
soil to be used for carrier materials in smart delivery of
Lambda-cyhalothrin  pesticide for improved agronomic
practice.
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Abstract

Water contamination and hence quality deterioration in Kenya is becoming more and more a menace to the natural water resources
due to modern methods of farming and industrialization. River Nyamasogota, a source of water for domestic purposes and growing
crops, passes through areas that have many tea farms where fertilizers are heavily used and drainage end up from tea factories was
investigated for possible pollution by inorganic, organic and microbial substances. This was done by determining the levels of lead,
copper and nutrients in river water and compared with the limits set by World Health Organization and Kenya Bureau of Standards.
Two heavy metals (lead and copper) were investigated in river Nyamasogota during dry and wet seasons using atomic absorption
spectrophotometry techniques. Samples were obtained three times each season in water from river Nyamasogota. The levels of
nitrates and phosphates were determined using UV-VIS spectrophotometer. The results for levels for heavy metals in river
Nyamasogota ranged from 0.100+0.015 to 0.202+0.034in mg/L for lead with dry season having highest levels. The copper levels in
mg/L ranged from 0.127+0.016 to 0.312+0.013 and were significantly higher than the recommended level of 0.05 mg/L. Nitrates,
concentration in river water for both seasons in mg/L ranged from 0.206+0.021 to 0.358+0.015; p = 0.605. Nitrate levels remained
within acceptable limits for both seasons. Phosphate concentration for both seasons in river Nyamasogota in mg/L ranged from
0.232+0.021 to 0.524+0.023. Levels of phosphates were significantly higher than the standard value during wet season (p<0.05).
Results showed high levels of copper and phosphates in river Nyamasogota water which may cause eutrophication to the river with
time and have negative health implications to human and animals. Based on the findings of this study, strategies should be put in
place to prevent further contamination of water in river Nyamasogota in Kisii County, especially during wet season.

Keywords: heavy metals, phosphate, nitrate and eutrophication

1. Introduction through industrial effluents and agricultural run-offs

. N L (Prabodanie et al., 2010).
Majority of problems that mankind is confronting in the 21st

century is identified with water quantity and water quality. Water resources in Kenya are continuously being polluted by
Water pollution is among the most substantial environmental inorganic, organic and microbial matter (Kithiia, 2006). The
problems (Carson et al., 2002). Water pollution is the effect of contamination on water resources is evidenced by the
deteriorating quality of water for example in rivers, lakes, poor water quality which gives rise to water noxiousness to
streams, seasand groundwater. Ecological degradation of this mammals and marine life; loss of artistic value by becoming
type happens when contaminants are directly or indirectly unfit for recreational activities, waterborne illnesses, high
released into water bodies with no satisfactory remedy to charge of water purification, eutrophication, deoxygenation,
eliminate poisonous compounds (Goel, 2006). Boyd and David acid rain and habitat modification (Palaniappan et al., 2010)

(2010) points out that there are more toxic chemical run offs
dumped into water bodies every year. Some of these pollutants
include nitrates, nitrites, phosphates and heavy metals such as
copper, cadmium and lead which are introduced into rivers

It is estimated that approximately half of all patients admitted
to African hospital beds experience the ill effects of water-
borne ailments because of lack of access to treated water and
sanitation (Nagajyoti et al., 2010). Prone or exposed
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subpopulations may face substantial health problems from
water-related diseases at reduced levels of introduction to
waterborne pollutants than the overall community (United
Nations Centre for Human Settlements, 1995). The quality of
water is worsening because of inorganic anions and cations
being discharged from residential and modern effluent, by the
year 2030 when Kenya is envisaged to have achieved an
industrial economy, industrial and domestic water will be a rare
asset. The vast majority of the groundwater will be profoundly
contaminated and a portion of the water bodies will be covered
by vegetation as an outcome of eutrophication and render the
water unfit for human consumption (Kithila and Khroda,
2011).

Gathumbi et al., (2013) found out that most farmers apply large
amounts of fertilizers and pesticides which contributes to
elevated levels of lead and copper in the river water hence
harmful to human consumption. This was according to a study
conducted in Kirinyaga South District, to measure the levels of
copper (Cu) and lead (Pb) in fish and soil deposits from areas
growing horticultural produces. While doing a study on
impacts of fertilizer residues on river Kuywa, Omwoma et al.,
(2011) established that fertilizer residues notably nitrates and
phosphates get washed into river Kuywa during rainy season
posing danger to the community. Magena area is located along
river Nyamasogota and is known as a tea giant estate in
Ogembo district. It produces 6 million kgs per year of green
leaf taken to Ogembo tea factory which receives 15 million kgs
of green leaf per year(KTDA, 2016).

In the upper lands, the major activities include animal
production, garden weeding and spray, motor bike and car
washing that contain high levels of heavy metals especially
lead that are expected to be transported to the river water
during rainy season (wet) as the land slopes towards
Nyamasogota river. The land adjacent toriver Nyamasogota has
less human activities due to the fact that most farmers have
planted tea near the river. Near river Nyamasogota, fishing,
car, motor bike washing and making of bricks are the major
human activities conducted. In Magena area there is also
Ogembo tea factory and Nyamache coffee factory which could
attribute to release of effluents to river Nyamasogota. These
activities could be sources of pollution to river Nyamasogota
hence the need for this study.

2. Materials and Methods

The study area covered an area of 50 km?with an estimated
population of 30,000 people and the length of river
Nyamasogota of about 29 km from Kiango to river Gucha.

36

Three factor randomized block design was used in sampling
where land above the tea farms, tea farms, adjacent land and
river Nyamasogota were considered as separate blocks. Each
block had three sampling points. 9 samples were obtained at
every visit. Sampling was done thrice every season totalling to
36 samples. Samples were collected during the dry season in
February 2016 and repeated during the wet season in April
2016 season. Water was sampled using 2 literplastic bucket
with distances between sampling points of 200 m and 1
kmbetween sections at 50 cm depth below surface.

2.1. Preparation of samples

The water samples were mixed with 100 ml of concentrated
nitric acid for preservation and to keep the metal in
solution.Water samples were filtered using Whatman 4.5 um
filter paper. 20 ml of water from each sample was digested
with 5 ml nitric acid in a beaker using a heating block digestion
while adding a few drops of 30% of hydrogen peroxide and
further heated until fumes ceases. The solution was filtered and
topped to 100 ml mark of volumetric flask and solution was
ready for analysis (Jackson, 1999). Analysis was done at
Kenya Institute of Research and Development laboratories one
day after preparation of samples.

2.2. Preparation of stock and standard solution

Copper standards were prepared by carefully weighing 1.901 g
of copper nitrate of analytical grade and dissolved in deionized
water and diluted to 1 litre in a volumetric flask. The resulting
solution was completely acidified with 10 ml of 5M nitric acid
and further diluted to 500 ppm standard solution then followed
by diluting to 1 ppm, 2 ppm, 3 ppm, 4 ppm and 5 ppm.

Lead standards were prepared by carefully weighing 0.800 g of
lead nitrate of analytical grade and dissolving it in deionized
water and diluted to 1 litre in a volumetric flask. The resulting
solution was completely acidified with 10 ml of 5M nitric acid
and further diluted to 500 ppm standard solution then followed
by diluting to 1 ppm, 2 ppm, 3 ppm, 4 ppm and 5 ppm.

All standards were run under the same conditions as the
samples and used to prepare calibration curves of absorbance
versus concentration which were used to determine the
concentration of respective samples. Atomic Absorption
spectroscopy (AA 6300 Shimadzu) was used for analysis of the
heavy metals.It consists of hollow cathode lamp with a
tungsten anode and a cylindrical cathode sealed in glass tube
that is filled with neon and argon at a pressure of 1 to 5 torr.
lonization of the inert gas occurs when a potential of 300v was
applied across the electrodes.A lead hollow cathode lamp was
used as a radiation source, operated at a current of 5 MA, Slit
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width of 0.1 nm, the wavelength was set at 324.7 nm resonance
line. The fuel flow rate of air-acetylene flame was set at 4
L/min-t

Phosphates were determined using molybdenum blue method
where 100 ml of water sample was digested in a beaker at 150
%C with 1 ml concentrated sulfuric acid (H.SO4) and 5 ml
concentrated nitric acid (HNO3s) and evaporated to dryness
using sun bath for 30 minutes. The residue was then leached
with 5 ml INHNOs and transferred to a 50 ml volumetric flask.
A volume of 5 ml of 10% ammonium molybdate was added
followed by addition of 5 ml of 0.25% ammonium vanadate in
6N HCI. The mixture was diluted to the mark with distilled
water and left to cool for 10 minutes.

Phosphate standards were prepared by carefully weighing
2.200 g of A.R potassium dihydrogen phosphate (KH2PO4) in
distilled water and diluted to 1 litre to give a solution
containing 500 mg/L of phosphorous. 500 ml of phosphorous
solution was diluted to prepare standards containing 10 mg/I
phosphorous. 1,2, 5 and 10 ml aliquots of the 10mg/I
phosphorous standards were taken to give 0.01, 0.02, 0.05 and
0.10 mg of phosphorous. The standards were treated in the
same manner as the sample solution and were used to
determine the molybdenum absorbance for the range of the
phosphorous.

Nitrates were determined using spectrophotometric method
with sodium salicylate where the nitrate ions and sodium
salicylate reacted in an alkaline media to form a yellow
sodiumnitrosalicylate which was determined
spectrophotometrically at 420 nm. Reagents of analytical grade
and only distilled water was used. 0.5g of AR grade sodium
salicylate was dissolved in distilled water and diluted to 100
mimark volumetric flask. Also 400g AR sodium hydroxide
pellets and 16g AR potassium sodium tartrate was dissolved
using distilled water in a plastic beaker then nitrate stock
solution was prepared using 1.37 g AR sodium nitrate which
was dissolved in distilled water topped to 1 litre.

The nitrate stock solution was prepared daily and disposed
after use. The standard solutions in the range 1.0, 3.0, 6.0, 9.0
and 12.0 mg/ L in 50.0mlwere prepared in the same way and
made to the mark of the 100 ml volumetric flasks. The solution
was then transferred to 100 ml flask beakers. Blank solution
was also prepared in similar manner containing 50 ml of
distilled water and then analyzed using UV-VIS
spectrophotometer.
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The UV-VIS spectrophotometer consists of a light source,
holder of the sample and diffraction grating in a
monochromator to separate different wavelengths of light.
Samples were placed in cuvettes of path length 10mm.

2.3. Procedure

UV-VIS spectrophotometer was set at a wavelength of 420 nm.
2 ml of sodium salicylate was added to standard solution and
evaporated to dryness in an oven at 100+0.5° C. The residue
was cooled in a desiccator, 2 ml of sulphuric acid was added
and the solution allowed to stand for 10min. 15ml of distilled
was added followed by 15 ml of sodium hydroxide solution
cooled constantly and transferred to 100 ml one-mark
volumetric flask topped with distilled water. Shaking was done
and the absorbance of the solution were measured using a
calibrated spectrophotometer at 420 nm after taking the zero
reading using a blank test solution. The sample was also
prepared in a similar manner without adding the nitrate
solution and its absorbance was measured. Absorbance reading
of the calibration standards were plotted against the
concentrations.

One-way ANOVA was used to compare the means at 95%
confidence level using SPSS 16 for windows.The paired
sample test was used to compare the means in the levels of the
copper, lead, nitrates and phosphates between dry season and
wet season and between the four sections of sample
collection.Whenever a significant difference existed the means
were compared at p=0.05 significance levels which accounts
for errors, using paired sample test and one sample t-test since
a sample was used to represent a population (Salvador et al.,
2007).

3. Results and Discussion

Tables 1.1 shows the levels of heavy metals in river
Nyamasogota water.From tablel.llevels of lead in river
Nyamasogota water varied between seasons, with a mean of
0.109+0.016 mg/Land a range of 0.100+0.015 t00.169+0.017
mg/Lin the dry season and 0.084+0.032 mg/L and a range of
0.070£0.029 t00.202+0.034 mg/L in the wet season. However,
levels in both seasons did not deviate significantly from the
recommended value of 0.1 mg/L (p= 0.835 for the dry season
and p= 0.711 for the wet season). The concentration of lead in
water was therefore within the acceptable standards as shown
in figure 1.1.Copper mean levels in water were 0.142+0.011
mg/L with a range of 0.127+0.016 t00.252+0.017 mg/ L with
higher levels in
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Table 1.1: Concentration of lead and copper in river Nyamasogota water

Dry season Wet season
N | Mean Range Variance N Mean Range Variance
(mg/1) (mg/1)
Lead 9 0.109 0.100-0.169 0.004 9 0.084 0.070-0.202 0.014
Copper 9 0.142 0.127-0.252 0.013 9 0.175 0.156-0.312 0.019
Table 1.2 Concentrations of Nitrates and Phosphates in River Nyamasogota| Water
Dry season Wet season
Nutrient N | Mean | Range Variance N Mean Range Variance
(mg/T) (mg/T)
Nitrates 9 |0.248 0.206-0.291 0.002 9 0.256 0.216-0.358 0.01
Phosphates 9 | 0.288 0.232-0.524 0.056 9 0.319 0.279-0.518 0.04

Nyamasogota river water during the wet season as compared in
the dry season. During the dry season, the levels of copper
were not significantly higher than the recommended value
(p=0.053). However, levels of copper in the wet season were
significantly higher than the recommended value of 0.05 mg/L
(p=0.033).This indicates that the runoff from farms may have
contributed to the copper levels in Nyamasogota river.

Table 1.2 shows levels of nutrients in river Nyamasogota
water. From table 1.2 The mean nitrate levels in Nyamasogota
river water was 0.248+0.010 mg/L with a range of
0.206+0.021t00.291+0.019 mg/L during the dry season and a
mean of 0.256+0.019 mg/L with a range of 0.216+0.019
t00.358+0.015 mg/L during wet season.The levels of nitrates in
river Nyamasogota water did not vary significantly between the
dry and wet seasons (p=0.605). Both dry and wet season means
were significantly lower than the recommended value of
0.5mg/l (p<0.05) and were therefore within the acceptable
limits as shown in figure 1.0. Levels of phosphates in river
Nyamasogota water ranged from 0.232+0.021 to 0.524+0.023
mg/L with a mean of 0.288+0.024 during dry season and a
range of 0.279+0.022 to 0.518+0.023 mg/L with a mean of
0.319+0.021 mg/L during wet season. phosphate levels were
significantly higher in the wet season than the dry season
(p=0.045). The levels of phosphates in wet season were
significantly higher than the recommended value of 0.025mg/L
(p<0.05) as shown in figure 1.2.

Table 1.3: Percentage recovery of copper, lead, phosphates
and nitrates

Elements | Unspiked sample | Spiked sample in | %
in ppm ppm Recovery
Pb 1.86 6.83 99.2
Cu 0.88 5.82 99.1
NOs 0.14 5.03 99.4
PO, 0.40 5.35 99.2
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Table 1.3 shows the percentage recovery of copper, lead,
phosphates and nitrates

The results show that the samples were well prepared,
efficiently handled and without contamination and the
instruments used for analysis were accurate since the
percentage recovery was almost 100 %.

4. Conclusion

The results show evidence of the presence of selected nutrients
and heavy metals in river Nyamasogota water. In particular
from the results there is elevated levels of phosphates and
copper in river Nyamasogota in wet season as compared to dry
season. There is significant difference in the levels of copper
during wet season as compared to recommended value of 0.05
mg/L (p=0.033). Higher levels of phosphates are present in
river Nyamasogota as compared to recommended value of
0.025 mg/L (P<0.05). Although some of the levels were lower
than those set by WHO and KEBS, these does not warrant
safety for residents of Magena area since they can accumulate
to levels that are detrimental to health. The findings show need
to address the implications of elevated levels of copper and
phosphates and initiate strategies to reduce to acceptable levels.
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Abstract

Developing a suitable selective, optical nano chemical sensor for carcinogenic organic pollutants, namely anthracene (ANTH),
benzo(a)pyrene(BaP), pyrene(PRN) and pyridine(py) found as constituents in cigarette smoke and vehicle exhaust dust has been
considered. Two macromolecules, namely Florescein® (FLXN), 1, 10-Phenanthroline hydrochloride monohydrate? (phenCl) have been
identified as possible sensing macromolecules for the pollutants mentioned above. These macromolecules have not been used before
as sensors for Polycyclic Aromatic Hydrocarbons (PAHSs) and py but for metal ions. It was envisaged that, the pollutants will change
the way these sensor chemicals interact with the electromagnetic radiation by particularly altering their electromagnetic spectrum.
These changes are desirable for these chemicals to qualify as sensors. These sensing molecules have been preliminarily evaluated
through solution study and the results for solution study are presented in this paper. In solution study, there has been observed changes
in the way these sensing molecules interact with the electromagnetic spectrum when made to react with the pollutant molecules. The
mechanism of sensing was based on monitoring properties of fixed concentrations of sensing molecules (chemical sensors), with
increasing concentrations of pollutants. Dilute solutions of known concentration in UM of neat pollutants, after interaction with the
sensor chemicals were used to model calibration plots. The slopes, intercepts of the calibration plots obtained and signals of pollutants
in environmental samples were applied in estimation of the amounts of ANTH, BaP, PRN and py, constituents of cigarette smoke and
vehicle exhaust pipe dust sampled from Central Business District (CBD) of Nairobi city.

Keywords: Fluorescence, nano-sensor, carcinogenic organic pollutants, Fluorescein, and 1, 10-phenanthroline.

1. Introduction environmental monitoring organizations. Vehicle exhaust pipe
dust [Malgorzata et al 2013] and cigarette smoke [Schmeltz et
al 1964] contain the above listed pollutants among other
carcinogenic compounds. The enlisted compounds as presented
in Figure 2 are known mutagens and carcinogens and therefore
- : ] classified as hazardous compounds [NIOSH Manual for
and. their envwonmept _has . resulted from pol.lutlon. The Analytical Methods (NMAM) July issue (1986)] and [OSHA
env_lronmeptal contamlr?atlon is caused by a massive presence Occupational Safety and Health Administration Manual
of inorganic and organic compounds that have been released (1996)]. These pollutants especially BaP have affinity for DNA

Epr:oug_h |n<1us:|allzat|onhanrc]i ot:er natural pr&()jcessles. . and therefore form adducts with the DNA that mutate into
e aim of this research therefore, was to develop a sensing cancerous growth [Kongati et al 2001].

system for detecting a(;]thrac_:g_rm (AN-II-H)’I ber;]zo(a)r:yrenz Identified sensor chemicals Fluorescein (FLXN) and 1, 10-
(BaP), pyrene (PRN) and pyridine (py) levels when release phenanthroline chloride monohydrate have not been used

;]nto ;chle enwronm_ent, before tgﬁyh rzactr)l amounts ':jhat ;re before as sensors for PAHs and py. However, they have been
armful to organisms as established by EPA and other applied as sensors for heavy metal lons[Zhihui et al 2012; Lin

Environmental pollution continues to be a major challenge to
the wellbeing of humans, other living organisms and activities
that have to be performed in order to sustain the balance of
nature. Global warming, which is a threat to living organisms
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et al 2016] and their derivatives used as sensors; fluorescein
isothiocyanate as a gold nanosensor [Sironi et al 2009]; bis-
chelated — 1,10 — Phenanthroline — azido — Copper(Il)complex
for selective sensing of aniline [Mistri et al 2013]; fluorescein
derivative as a calorimetric chemosensor for detecting copper
(1) ion [Li et al 2011]; a Porphyrin — related macrocycle with
an embedded 1, 10 — Phenanthroline moiety: Fluorescent
Magnesium (II) ion sensor [Ishida et al 2010]; Carbon
nanotubes modified with fluorescein derivatives for pH sensing
[Ghini et al 2013].

To achieve the goal of this study, it entailed searching for, and
also synthesizing and developing chemicals that, when they
interact with these polluting compounds, their resulting
physical and chemical changes are monitored using optical
fibre interface to novel instrumental analytical techniques
including-VIS spectroscopy and fluorescence spectroscopy.
Chemical sensors identified for this study

The molecular structures of some of the sensing reagent
molecules selected for this project are fluorescein abbreviated
as FLXN and 1, 10-Phenanthroline hydrochloride monohydrate
abbreviated as phenCl. These compounds whose results on
studies carried out are presented in this paper are as shown in
Figurel.

7\ \

=N N=/ CLH,0

.1
Fluorescein

Figure 1. Some of the sensing molecules of this study

The molecular structures for the pollutant molecules identified
for this research are as presented in Figure 2.

a0 oY & ¢

Anthracene Benzo(a)pyrene Pyrene Pyridine

Figure 2. Carcinogenic organic pollutants identified for this
study.

In this study, preliminary solution experiments presented in
this paper were carried out before eventually immobilising the
sensor chemicals into solid thin films — results of which are not
presented in this paper. Considerable research has previously
been carried out on optical fibre based gas, vapour and solution
sensing, for PAHSs, which utilised chemical sensor films such
as: porphyrin [Yusoff et al 2008], metallophthalocyanines
[Granito et al 1996; Lloyd et al 1987; Spadaveccha et al 2004]

1,10 - Phenanthroline Chloride monohydrate®
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inorganic metal oxides [Korber et al 2002; Niranjan et al
2002], semiconductors [Horrillo et al 1998], carbon nanotubes
[Li et al 2003; Penza et al 2005; Quercia et al 2004],
calixarenes [Kalchenko et al 2002; Koshets et al 2005], zeolites
[Dubbe et al 2006; Mintova et al 2001; Vilaseca et al 2003;
Zhang et al 2006], polymers [Fort et al 2005; Shepherd et al
2002; Sluszny et al 2004] and molecularly imprinted polymers
[Chen et al 2004; Dickert et al 1998; Wolfbeis et al 1988];
molecularly imprinted polymers using PAHSs as the template
have been used for specificity of sensing BaP, PRN [Traviesa-
Alvarez et al 2007; Lai et al 2004’ Fernandez Sanchez et al
2004; Brylee et al 2016], Vapochromic cobalt complex —
change in colour on exposure to pyridine vapour was
developed by [Elosua et al 2008]]; a pyrene sensor based on
Graphene—Cadmium Telluride Quantum Dot Nanocomposites
has been developed [Wang et al 2015].There have been studies
too to evaluate the specificity of sensor chemicals towards BaP
using fluorescence spectroscopic technique [Fernandez et al
2004]. In this study, we explored the possibility of the
developed sensors’ specificity towards the enlisted pollutants
among other constituents of cigarette smoke and vehicle
exhaust pipe dust.

2. Materials and method development

2.1. Chemicals

Anthracene, benzo(a)pyrene, pyrene and Fluorescein were
purchased from Sigma-Aldrich through Kobian Scientific as
their agents in Kenya, while 1,10-Phenanthrolinium Chloride
monohydrate and pyridine were sourced from R D HAEN
through Kobian as their agents and ethanol was obtained from
Manigate agencies Itd. These reagents were of analytical grade
and therefore used as purchased without further purification
2.2. Apparatus

The apparatus used were readily available in the laboratory or
purchased as required and these included; volumetric flasks for
preparation of stock solutions, micropipettes (bought from
Heathrow Scientific through Kobian as their agents) and tips
(bought from GRENNIER through Kobian) for siphoning and
delivery of liquids and solutions in micro volumes, weighing
crucibles for holding reagents to be weighed and universal
bottles (bought from UGB through Kobian) for dilutions and or
mixing reagents, weighing micro-balances for taking weights
of chemicals, cuvettes and other sample holders for handling
solutions in the sample compartment of the instrument for
measurement. Filter paper, whatman No, 1 was bought from
Sigma-Aldrich through Kobian and syringe filter attached to a
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acrodisc syringe filter - 0.2 um HT Tuffryn membrane —
provided by Professor Bulimo’s research team at KEMRI.

2.3. Instruments
Instruments used for evaluation of sensors in this study were
Shimadzu 1800 UV-VIS PC spectrophotometer for absorbance

and Infinite M 1000 Tecan analyser, for fluorescence
measurements.
2.4, Experimental methods for development of sensors

Absorption and fluorescence measurements were performed for
the sensor molecules alone and fixed concentration of sensor
molecules with varying concentration of pollutant molecules.
Six replicate measurements were carried out on same
concentrations for the sensing reagents alone and these sensors
with the pollutants so as to establish repeatability of
measurements. This approach gives representative data for
evaluation and conclusions. Known concentrations of solutions
for the sensing reagents and those of pollutant molecules were
prepared as stocks in appropriate solvents and then dilutions
made from them in UM concentrations. Method for preparation
of the solutions is as presented in the next section. Absorption
measurements are usually carried out within a scale of signals
ranging from 0.0 to 1.0, because absorbance is a logarithmic
ratio of the incident radiant energy to that of transmitted
energy. Mostly recommended for linear calibration plots are
measurements done within the signals ranging from 0.005 to
0.8 so that deviations from the limiting Beer-Lambert’s law are
contained Solutions for this study were prepared in known uM
concentration and a series of measurements done however, to
establish absorbance within 0.01 to 0.8 absorption ranges. This
range gave linear calibration plots. The aim was to establish the
highest concentration of the sensing reagent that can be fixed
as the concentration for the pollutants are varied in order to
monitor any changes to the signal of the sensor molecule.
Absorption and fluorescence intensity scans were performed of
the sensors and of sensors after interaction with pollutants.

2.5. Absorption measurements

During absorption measurements, signal(s) for a known fixed
concentration for the sensor chemicals were obtained, by
scanning the entire spectrum from 190 nm to 800 nm. The
scanning enabled us establish the way the sensor chemicals
interacted with the electromagnetic spectrum and the
appearance of their spectra. After establishing the interaction
pattern for the sensor chemicals with radiant energy and their
main absorption peaks, known aliquot concentration for the
pollutant chemicals were successively added and the pattern of
interaction of the sensors with pollutants and any changes
observed were then established. These changes were vital in

42

establishing specific interaction of a given sensor with a
particular pollutant and the characteristic peaks observed after
such interaction. The characteristic peaks after interaction of
the sensors with pollutants during study with environmental
samples, could show if ANTH, BaP, PRN and py were present
in cigarette smoke and vehicle exhaust pipe dust extracts.

2.6. Absorption measurements

A stock solution for FLXN containing 19.2 mg (0.0192 g) in
absolute ethanol was prepared and this solution was an
equivalent of 9.03 x 10° moles (90.3 uM) for FLXN of
formula weight of 212.21 g/mol. From the stock solution,
volumes for dilutions as desired were evaluated using equation
2 and prepared accordingly to give a range of uM dilute
solutions required.

Where, C and V stand for concentration and volume
respectively.

C; = concentration one, which is the concentration for stock
solution

V1 = the volume for stock solution to be diluted to get C,

C, = the desired dilute concentration

V; = the volume of solvent to be used in diluting that from
stock solution.

A set of dilutions were made by pipetting aliquots of known 10
pL-volume from the stock solution into a spotlessly clean
cuvette, containing 2 ml of the solvent used in dissolving the
reagents. Same amount in aliquots were added in succession as
measurements were being performed. This ensured that the
concentration was increasing in a certain given magnitude. To
curb any solvent evaporation, the cuvette has a tight fitting
stopper (lid). Every time the amount in volume of 10 pL from
the stock solution earlier prepared as explained above were
added to the cuvette. Thorough mixing was performed by
shaking the Stoppard cuvette, then cleaning its external surface
of any specs of dirt before reintroducing into the sample
compartment of the instrument for measurement. From such
dilutions, a fixed concentration for FLXN was established. This
fixed concentration was established by visualisation of various
measurements of different concentrations that had a signal <
0.5 absorption units. Absorption units <0.5, gives allowance
for increasing signal when the pollutant is added, such that the
signal can be well below 1.0 absorption unit.

A scan ranging from 190 nm — 800 nm was performed on
Shimadzu U- 1800 PC spectrophotometer, with a slit width of
1.5 nm, a scan speed of 400 nm/min in a 1 cm path length
cuvette.
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The procedure as employed to FLXN above was applied to the
other sensor and pollutants. The results are as presented in the
sections that follow below:

3. Results and discussion
3.1. Absorption spectra for the sensor chemicals.

The spectra for the sensor chemicals FLXN and phenCl are as
presented in Figures 3. These spectra were obtained so that the
interaction of the sensor chemicals with the electromagnetic
spectrum could be established for comparison after they
interacted with the pollutants, as explained in the previous
section.
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Figure 3. Absorption spectra for sensor reagents alone- on the
top: [0.452]uM FLXN and on the bottom [0.903]uM phenCl in
ethanol.

As it can be observed in Figure 3, FLXN has a main absorption
peak at 498 nm; a minor one at 372 nm and shoulder peaks at
458 and 428 nm. The molar absorptivity for FLXN as
calculated from measurements of this research, range from 103
—10* L M cm™. The absorption bands for phenCl are at 232
and 265 nm with molar absorptivity ranging from10# - 105L M-
L cm? as established in this research. Initially, as explained
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earlier, acquiring of absorbance and fluorescence for the sensor
molecules alone and those of the pollutant molecules alone was
quite necessary. These measurements revealed the pattern of
interaction for these reagents with the electromagnetic
spectrum. The individual pattern of interaction of the sensor
molecules with the electromagnetic spectrum and that after
they interacted with the pollutant molecules was used for
comparison so as to establish the changes observed. This was
also helpful in that, we observed characteristic peaks for
individual pollutants after interaction with individual sensor
chemicals. When these sensor chemicals were made to interact
with the environmental samples, characteristic peaks revealed
whether they reacted specifically with a given pollutant as it
has been elaborated in the results and discussion section of this

paper.

3.2. Absorption spectra for the pollutants
Measurements for the absorption spectra for the organic
pollutants of this research were first performed following the
procedure as explained previously above. Through
visualisation and subsequent dilutions of the solutions, clear
spectra absorbing belowl.0 au were obtained. Presented in
Figures 4 are absorption spectra for ANTH, BaP, PRN and Py.
These spectra for the solutions of neat pollutants were also
obtained so that their way of interaction with radiant energy of
the electromagnetic spectrum is established for the same reason
as explained of the sensor chemicals. As illustrated in Figure 4,
ANTH absorbs strongly between 290 and 390 nm wavelength
with six vibrational energy band levels. It has a high absorption
coefficient of about 7 x 10° L mol? cm™ and exists as white
solid crystals. The appearance of BaP is yellow solid crystals.
It absorbs strongly in the UV-VIS region of the
electromagnetic spectrum with high molar absorptivities; 4.3
x10° L mol* cm™. Pyrene strongly absorbs in the UV-VIS
region of the electromagnetic spectrum as illustrated in Figure
4. It has a high absorption coefficient, of 7.5 x 108 L mol* cm?
and the crystals are greyish in colour. Pyridine exists as
colourless liquid and absorbs strongly with molar absorptivity
of1.75x10%L mol? cm?, in the UV- region of the
electromagnetic spectrum. A sensor which is selective towards
these pollutants could extract them from a mixture of other
pollutants. As explained previously, the purpose for obtaining
the spectra for the pollutants and sensors alone was to observe
their individual pattern of interaction with the electromagnetic
spectrum and their characteristic peaks. After the sensors and
neat pollutants interacted, the changes and resultant
characteristic peaks were established. Subsequently, if the
sensors then interacted with solutions of cigarette smoke and
vehicle exhaust pipe extracts and the characteristic peaks
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established of the sensors with pollutants were present, it can
reveal if the enlisted pollutants are present as part of the
constituents in the environmental samples.
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3.3. Absorption spectra for FLXN and phenCl with
the pollutants

Absorption  measurements were performed of fixed
concentration for FLXN 9.03uM and of phenCl 9.03uM with
increasing concentration of pollutant molecules as in PAHs
1.21 - 7.26pM and py 0.36 - 2.16 uM in absolute ethanol. The
increasing concentration of pollutants was obtained from
aliquots of 10 uL from the stock solutions — PAHs (90.3 puM)
and py (72.05 uM). The increasing concentration of pollutants
as subsequent measurements were performed facilitated a
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method of photo-titration.  Initially, the absorption
measurement for the sensor chemicals alone was performed —
for comparison after interaction with pollutants. The absorption
spectra for the sensor molecules enlisted above with the
pollutants are as presented in Figure(s) 5.

200 220 240 260

280 300
Wavelength in nm

Figure 4. Absorption spectra for pollutant molecules (a)
ANTH, (b) for BaP (b), for py in absolute ethanol (c) and PRN
(d).

As it can be observed of Figure 5, the pollutant molecules have
changed the way the sensor reagents interact with the
electromagnetic spectrum. This has manifested in changing of
the absorption spectra of the sensor reagents, by formation of
new peaks and shifting of the spectrum mostly towards the blue
end of the electromagnetic spectrum. Observing the spectra
after interaction of FLXN with ANTH, the sensor spectrum
appears as though the absorption bands have been split,
giving the main absorption peak at 457 nm as opposed to the
main absorption peak of this sensor reagent before interaction
with  ANTH which was at 498 nm - Figure 3. Another
relatively intense peak can be observed at 485 nm and a
shoulder absorption peak at 430 nm. It can clearly be seen that,
the main absorption peak for this sensor chemical has shifted
about 41 absorption units (a.u) towards the blue end of the
electromagnetic spectrum. From the spectra of interaction of
FLXN with ANTH, the absorption band for FLXN is reducing
in absorbance while the characteristic band for ANTH is
increasing in absorbance.

Observing the absorption bands for interaction of PAHs with
FLXN, the pattern is consistently as - splitting of the
absorption band of FLXN, shifting the main absorption peak to
457 nm, with a relatively intense peak at 485 nm and a
shoulder peak at 430 nm. Aside the changes in absorption band
for the sensor chemical, there appears characteristic peaks for
each given PAH, with also slight changes in prominent peaks —
as in ANTH, the peaks at 377 and 358, which have slightly
shifted to 375 and 356 respectively, giving a shift of 2 a.u.
those for BaP likewise have shifted the same magnitude also
towards the blue end of the electromagnetic spectrum.
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Figure 5. Absorption spectra for interaction of fixed FLXN and phenCl sensor reagents with increasing concentration of pollutants a)
and b)- ANTH, c) and d) BaP, e) and f) - PRN and g) and h) for py respectively.
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However, for PRN, such shift of the characteristic absorption
band is not observed, but an isosbestic point can be clearly seen
at 277 nm and the usual splitting of the absorption band of the
sensor chemical, with shifting of its main absorption peak to
457 nm. As shown in Figure 5, pyridine has affected the
absorbance of FLXN by also splitting the absorption band and
shifting of the main absorption peak to 457 nm. It can be noted
that, the absorption spectrum for py has changed too, giving a
main peak at 278, and shoulder peaks at 288, 263 and 256 nm.
There is also formation of an isosbestic point at 267 nm.

The absorption spectrum for phenCl has also changed after
interaction with the pollutants. With ANTH, there is formation
of a new prominent absorption peak at 252 nm. The peaks for
phenCl at 232 nm and 265 nm were increasing in absorption
intensity as the concentration for ANTH increases, this could
point at formation of an adduct of phenCl with ANTH. The
characteristic ANTH peaks can also be observed, although with
slight shifts. After phenCl interaction with BaP, the absorption
peak for this sensor chemical at 265 nm increased in absorption
intensity with increasing concentration for BaP and this caused
the broadening of the absorption band between 250 and 300
nm, with a shoulder peak at 254 nm. Also with BaP, the
absorption peak at 232 nm shifted to 226 nm and was
increasing in intensity as the concentration for BaP increased in
solution. On interaction of phenCl with PRN, an absorption
peak can be observed at 200 nm and formation of shoulder
peaks at 208, 223.252 and 292 nm. It can also be observed that,
the peak for the phenCl at 232 nm has shifted slightly to 230
nm has increased in absorption intensity. After interaction of
phenCl with py, the peak for the sensor chemical at 232 nm
shifted to 230 nm and increased in intensity with the increasing
concentration for py. The peak at 265 nm for phenCl has
slightly shifted to 264 nm and likewise increased in absorption
intensity.

3.4. Fluorescence spectra for FLXN and phenCl
with pollutants

The fluorescence spectra for the sensor molecules above with
pollutants are as presented in Figure(s) 6. Scrutinising the
emission spectra for interaction of FLXN with ANTH, the
main emission peak for FLXN has slightly shifted towards the
red end of the electromagnetic spectrum with a magnitude of 8
a.u, from 514 nm to 522 nm and has also an emission band
between 420 and 470 nm with a shoulder peak at 447 nm.
Interaction of FLXN with BaP shifts the main emission peak to
522 nm too and has emission band between 420 and 470 nm,
with shoulder peaks at 454 and 427 nm. After interaction with
PRN, the main emission peak for FLXN has also shifted from
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514 nm to 522 nm and it has a shoulder peak at 474 nm which
was formed as the concentration for PRN increased in solution.
Inferred information from the spectra shows that, each PAH
has shown characteristic change in the spectrum of the sensing
molecule, with certain characteristic peaks and shoulder peaks.
Pyridine too changes the emission spectrum for FLXN by
shifting the main emission peak to 522 nm and also an
emission peak at 335 nm which is quite intense as compared to
that of FLXN.

These same pollutants, too changes the way phenCl interact
with the electromagnetic spectrum. Interaction of phenCl with
ANTH enhances the emission intensity for phenCl at 366 nm.
The emission peak at 310 nm for phenCl has shifted to 307 nm
with increasing concentration of ANTH and it has also been
enhanced in emission intensity. When phenCl interact with
BaP, the characteristic main emission peak for phenCl can be
seen intact at 366 nm. However, the emission peak for phenCl
at 310 nm has also shifted to 307 nm. The shoulder emission
peak for phenCl can also be seen un-shifted. There appears to
be two isosbestic points at 340 and 380 nm. The shoulder
emission peak at 382 nm shifted to 393 nm forming what we
can comfortably referred to as the ‘foot’ adjoining the
prominent emission band between 398 and 500 nm formed as a
result of interaction of phenCl with BaP. After interaction of
PRN with phenCl, it can be observed from the spectra that, the
main emission peak for phenCl at 366 nm has shifted towards
the red-end of the electromagnetic spectrum to 373 nm. The
emission band for phenCl has acquired three vibrational bands
with the other two peaks at 382 and 392 nm. The emission
shoulder peak at 353 nm has shifted towards the blue end of the
electromagnetic spectrum to 351 nm and the emission peak for
phenCl at 310 nm has also shifted towards the blue end of the
electromagnetic spectrum to 302 nm.

Observing these changes after interaction of phenCl with
PAHs, we can confidently infer that each PAH has a
characteristic way of changing the emission spectrum for
phenCl. Therefore if phenCl is chosen as the sensing molecule,
it could be clearly deduced if it is ANTH or BaP or PRN
present in solution of phenCl. When phenCl interacted with py,
the emission peak at 310 nm shifted to 304 nm and increased in
emission intensity with increasing pyridine concentration- a
shift towards the blue end of the electromagnetic spectrum. The
fluorescence spectra after interaction of the sensor chemicals
with  pollutants are as presented in Figure 6.
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Figure 6. Fluorescence spectra for interaction of fixed FLXN and phenCl sensor reagents with increasing concentration of

pollutants a) and b)- ANTH, c) and d) BaP, e) and f) - PRN and g) and h) for py respectively.
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As mentioned earlier, in Figure 6 are presented fluorescence
spectra after interaction of sensor chemicals with pollutants.
The spectra on the left margin represent FLXN with pollutants
and those on the right show phenCl with pollutants, which are
captioned as 1, 2, 3 and 4, indicating, interaction with: ANTH,
BaP, PRN and py respectively. As it is shown in Figure 6, the
emission peak for phenCl at 353 nm has also shifted towards
the blue end of the electromagnetic spectrum to 351 nm. The
characteristic main emission peak for phenCl is not shifted and
it still appears at 366 nm. After interaction of phenClI with py,
the shoulder emission peak at 382 nm has slightly shifted to
381 nm.

3.5. Calibration plots for absorption study of the
sensors with pollutants.
Presented in Figure(s) 7 are the absorption calibration plots for
interaction of sensor molecules with the pollutant molecules.
These calibration plots were obtained by selecting the
maximum absorption peak after interaction of the sensors with
the pollutants for a series of spectra of varying concentrations.
As shown in Figure 7, the absorption intensity is on the vertical
axis while the concentration is on the horizontal axis. The
unknown concentration of the pollutants in cigarette smoke and
vehicle exhaust pipe dust can be estimated from such
calibration plots as mentioned earlier.

3.6. Calibration plots for Fluorescence study of the
sensors and pollutants

After measuring the spectra of sensor chemicals with the neat
pollutants, the maximum absorption peak for a series of spectra
of different concentration were constructed using excel, the
vertical axis showing the fluorescence intensity and the
horizontal axis showing the increasing concentration of
pollutants in the sensor matrix. These are the emission
calibration plots as explained earlier. The calibration plots were
used for estimation of the concentration of the pollutants of this
study in the cigarette and vehicle exhaust pipe samples.
Figure(s) 8 are the Fluorescence calibration plots for
interaction of sensor molecules with the pollutant molecules.
These calibration plots were used to estimate the unknown
concentration of pollutants of the environmental samples of
cigarette smoke and vehicle exhaust pipe dust sampled from
CBD of Nairobi city. This can be achieved by getting the signal
for the unknown concentration of the pollutant in same matrix
where the known concentrations of the neat pollutants were
measured in and with the same instrument and parameters as
was done in this research. The signal obtained of the unknown
concentration can then be extrapolated or interpolated to
estimate the concentration of the unknown. The slope and
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intercept of the calibration plot can also be used to estimate the
unknown concentration of the pollutants.

3.7. Environmental samples with sensor molecules
Sampling of cigarette smoke was carried out at a smoking zone
in central business district (CBD) of Nairobi city. The sample
was bubbled into a glass vial containing 2 ml of absolute
ethanol through a plastic straw. The cigarette smoke was
observed inside the Stoppard bottle, above the ethanol but with
vigorous shaking, the smoke went into solution, forming a
colourless solution of cigarette smoke in absolute ethanol.
Exhaust pipe dust of Diesel engine Minibus was scraped from
the vehicle’s exhaust pipe system, using an aluminium metal
spatula and the dust was then placed into a glass vial. These
environmental samples were carried to the laboratory for
spectroscopic analysis.

3.8. Absorption measurements for the
environmental samples
The samples were measured on a Shimadzul1800 UV-VIS PC
spectrophotometer in a quartz cuvette of 1 cm path length and a
slit width of 1.5 nm. The unknown samples which are
constituents of cigarette smoke and diesel engine vehicle
exhaust pipe dust were dissolved in absolute ethanol. About 5
mg of vehicle exhaust pipe dust was mixed with ethanol and
filtered using a plastic syringe, attached to an acrodisc syringe
filter - 0.2 um HT Tuffryn membrane. The resulting solution
appeared orange-yellowish. The absorption spectra for the
unknown samples alone were measured followed by the
absorption spectra for the samples with the sensor molecules.
Initially the spectrum for the sensor alone had also been
acquired. The absorption spectra for the unknown samples
alone and the unknown samples after interaction with the
sensing molecules FLXN and phenCl are as presented in

Figure(s) 9 and 10 respectively.

After interaction of FLXN with a solution of cigarette smoke,
BaP, PRN and py peaks can be identified as shown in Figure
10 above. The peaks at 305,319 and 334 are for PRN; those
peaks at 358,375 and 405 are for BaP; while those at 288 and
277 are typical peaks for py after interaction with FLXN.
These peaks are characteristic for interaction of pure BaP, PRN
and py with FLXN — spectra presented in Figure 5, minus the
isosbestic point because there was no successive addition of
aliquots of environmental samples during measurement. The
peaks at 430, 457 and 485 are peaks for FLXN.
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Figure 9. Absorption spectra for cigarette smoke sample (a)
and vehicle exhaust pipe sample (b) in absolute ethanol.

After interaction of phenCl with cigarette smoke sample
solution, the peaks: 208, 224,252, 272, 292, 319 and 334 are
characteristic after interaction of PRN with phenCl. This may
imply that phenCl could also have some selectivity towards
PRN, noting that cigarette smoke has a mixture of PAHSs
including pyrene (PRN), benzo(a)pyrene(BaP),
Benz(a)anthracene(BaA), phenanthrene(PHEN) to name but a
few — it also contains other organic compounds including
nicotine and nornicotine aside PAHs [Schmeltzet al 1964,
Clayton et al 2013].

After interaction of phenCl with cigarette smoke sample
solution, the peaks: 208, 224,252, 272, 292, 319 and 334 are
characteristic after interaction of PRN with phenCl. This may
imply that phenCl could also have some selectivity towards
PRN, noting that cigarette smoke has a mixture of PAHSs
including pyrene (PRN), benzo(a)pyrene(BaP),
Benz(a)anthracene(BaA), phenanthrene(PHEN) to name but a
few — it also contains other organic compounds including
nicotine and nornicotine aside PAHs [Schmeltzet al 1964;
Clayton et al 2013]. Subsequently interaction with a solution of
the sample from the vehicle exhaust pipe, with FLXN,
characteristic peaks after interaction with BaP and PRN can be
observed. When phenCl interacted with vehicle exhaust pipe
sample also exhibited the characteristic peaks after interaction
of phenCl with pure PRN. This also gives an indication that,
phenCl selectively interacted with PRN out of all the mixture
of other PAHSs present in the exhaust pipe dust including:
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anthracene, benzo(a)pyrene, pyrene, phenanthrene,
benzo(a)anthracene, floranthene Benzo(a)floranthene -these
constituents of diesel engine dust as reported by [Malgorzata et
al 2013]. Pyridine has not been reported to be among the
constituents of vehicle exhaust pipe dust.

3.9. Fluorescence measurements

environmental samples

Fluorescence measurements were accomplished using Infinite
M 1000 Tecan Analyser. The samples as prepared for
absorbance measurements were used for fluorescence
measurements. The concentration for FLXN and phenCl was
90.3 uM, 100 uL aliquots of each sensing reagent placed in
individual wells of Corning 96 Flat Bottom Black Polystyrol
[COS96fb.pdfx] wells plate. Seven replicate measurements for
each, thus of each sensor molecule with cigarette smoke
solution and vehicle exhaust pipe extracted solution - 50 pL
aliquots of the environmental samples were added to the
sensors inside the wells and measurements performed. The
excitation wavelength range for FLXN was 230 — 300 nm;
emission start wavelength of 398 — 700 nm, with an emission
maximum peak at 514 nm. The excitation and emission
bandwidth(s) were 10 nm and 15 nm respectively. The z-
position was manually set at 20000 um and sample irradiated at
400 Hz flash frequency of 50 flashes with integration time of
20 ps. the temperature under which the measurements were
performed was set at 25.4 °C.  The excitation wavelength
range for phenCl was 230 — 300 nm and the emission
wavelength range was 285 — 500 nm with excitation and
emission bandwidths at 5 nm. The temperature, z-position,
flash frequency and the number of flashes was the same as for
FLXN. The fluorescence spectra for FLXN and phenCl with
the cigarette smoke and vehicle exhaust pipe samples are as
presented in Figure 12.
As presented in Figure 12, it appears that, the sensing molecule
FLXN specifically interact with BaP while phenCl specifically
interact with PRN of all the PAHs present in exhaust pipe dust
and of all the constituents in cigarette smoke, FLXN interact
with BaP, PRN and py while phenCl specifically interacts with
PRN as is shown by their characteristic spectra and peaks.
The absorption peak for pyridyl moiety in nicotine is reported
to be at 240 nm, with Amax for nicotine at 260 nm [Clayton et al
2013]. In the absorption spectrum for pyridine alone, in ethanol
the 240 nm peak does not appear but there is a peak at 245 nm.
Therefore as reported in literature, the pyridyl moiety
absorbance at 240 nm in the spectrum for nicotine could be
characteristic of this pyridyl alkaloid (Figure 13), which is
lacking in the spectra obtained in this study — this shows that
the sensing molecules of this study may not have reaction
preference towards nicotine.

for the
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It is worth noting that nicotine is reported to be a major
constituent of cigarette smoke [Clayton et al 2013].

3.10.  Quantification of the environmental
samples using calibration plots

Quantification of BaP, PRN and py in cigarette smoke and
vehicle exhaust pipe environmental samples was pecked on the
A-signal. Thus, the difference between the signals of the main
absorption or emission peak of the sensor molecule alone with
that of the sensor molecule with pollutants, on which the
calibration plots were based. From the calibration plots of the
sensor molecules with pollutants, the slope was used to
evaluate the unknown concentration of BaP, PRN and py from
the environmental samples (equation 4)- method adopted from
literature. In Tables 1 and 2 are presented the calibration plots’
slopes and estimated concentration of the environmental
samples for absorbance and fluorescence respectively.

Signal of C,,...,—intercept

slope 3

C =

unknown

Table 1. Absorbance calibration data for FLXN and phenCl for
estimation of [BaP]*,[PRN]?& [py]® in A). Cigarette smoke

environmental sample and B). Vehicle exhaust pipe
respectively of samples from CBD — NAIROBI:
(A)
Sensor Absorbance—  Signal of  Conc./uM
intercept envr.
sample
FLXN -0.1567* 0.0172 0.54
-0.03492 0.1821 5.22
-0.2443 0.13 0.53
phenCl -0.09792 0.296 3.02
(B)
Sensor Abs - Signal of Conc./uM
intercept envr.
sample
FLXN 0.032! 0.0153 0.48
-0.03492 0.0186 0.53
phenClI -0.09792 0.308 3.14
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Table 2. Fluorescence calibration data for FLXN and phenCl
for estimation of [BaP]*,[PRN]?& [py]® in A). Cigarette smoke

environmental sample and B). Vehicle exhaust pipe
respectively of samples from CBD — NAIROBI:
(A)
Sensor Absorbance - Signal of Conc./uM
intercept envr. sample
FLXN -43327.48* 21466 0.49
-52844.512 12,967 4.72
-2819.18 13304 0.25
phenCl -12817.14? 50,234 3.92
(B)
Sensor Abs - intercept Signal of  Conc/
envr. uM
sample
FLXN -43327.48¢ 22,15522, 0.51
-52844.51? 421 0.42
phenCl -15217.14? 38,740 2.55
3.11.  Detection Limit (LOD) and Quantification

Limit (LOQ)
Limit of Detection (LOD) is defined generally as the lowest
amount of a substance that can be distinguished from the blank
(absence of that substance in the matrix) within a 99 %
confidence level. Conversely, The International Union of Pure
and Applied Chemistry (IUPAC) define LOD as the
concentration or quantity derived from the smallest measure
that can be detected with reasonable certainty for a given
analytical procedure. Limit of detection can be affected by the
accuracy of the model used to predict concentration from raw
analytical signal. Limit of Quantification (LOQ) is defined as
the lowest amount of analyte in a given matrix that can be
quantitatively determined with suitable precision and accuracy.

Many researchers have used the blank signal to evaluate the
LOD, which is then converted to concentration. Whereby, they
take a replicate measurements (usually 7) of the blank (matrix
minus analyte), then from this data, evaluation of the Relative
Standard Deviation (RSD) or Standard Deviation (STDEV) is
carried out. Then, 3 x (RSD or STDEV) of the blank signal
give an initial value, which can then be estimated to LOD in
terms of concentration. On the other hand, large environmental
monitoring agencies like EPA have used spiked method [EPA
MANUAL 1996]. Whereby, the blank matrix signal is
obtained, subsequently spiked with a series of known
concentrations of the analyte in question. Relative Standard
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Deviation calculated and then the evaluation of LOD and LOQ
carried out.

In this study, we adopted EPA and U.S Department of Natural
Resources (DNR) methods, where 7 replicate absorbance
measurements of fixed concentration of the sensing molecules
with pollutants thus one spectrum at a time on different
pollutants concentration was measured. This was achieved by
adding aliquots in pL of known standard concentration of the
pollutant under study. Standard Deviations were then evaluated
of these data and from these standard deviations, the Limit of
Detection (LOD) calculated using equation 4.

LOD= 3xSTDEV 4

The LOD multiplied by 3, gives Limit of Quantification
(LOQ). These results are as presented in Tables3 and 4 for
absorbance and fluorescence respectively.

Presented in Table 5 is data for comparison of LOD and LOQ
for this study and other organisations.

Presented in Table 6 is the data for Permissible Exposure
Limits as recommended by the listed organisations for
comparison with concentrations for the environmental
pollutants’ amounts obtained in this study.

4. Conclusion

It has been established from the experiments carried out in this
study that, the sensing reagents FLXN and phenCl show
specificity in interaction with pollutants identified for this
study. Fluorescein (FLXN) specifically interacted with BaP,
PRN, and py from cigarette smoke and 1, 10- phenanthroline
chlororide monohydrate (phenCl) specifically interacted with
PRN in cigarette smoke from a matrix containing other PAHSs.
From the vehicle exhaust pipe dust in ethanol, FLXN
specifically interacted with BaP and PRN while phenCl
specifically interacted with PRN.

The detection limits and quantification limits are relatively
low, given that in this study, the LOD for BaP, PRN and py
using phenCl as the sensor were 0.12, 0.061 and 0.17 pg/L
respectively. These LODs were achieved by fluorescence
method of analysis with PMT detector and they are lower than
the PEL set at 0.2 ug/L by environmental pollution monitoring
agencies. The low detection limits makes phenCl sensor for
BaP, PRN and py. If we compare these results (Table 5), EPA
analytical method reported LOD for py as 5.0 ug/L using GC-
MS with fluorescence detector, whereas in this study we
established LOD for py to be 0.17 pg/L using fluorescence
method of analysis with PMT detector. In their study, OSHA
established LOD for PRN to be 0.26 pg/L using HPLC
analytical technique with UV-fluorescence detector while in
this study, using phenCl sensor, we established LOD for PRN

(1]

[2

(3]

[4]
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to be 0.061 ug/L using fluorescence method with PMT detector
(Table 5). In this regard, phenCl as compared to FLXN could
be a viable sensor for BaP, PRN and py to be developed since
it has established LODs below PEL set by: ATSDR, EPA,
NIOSH and OSHA as shown in Table 6. The sensor can
therefore facilitate detection of micro-concentration of BaP,
PRN and py.

When the calibration plots modelled in this study were used to
evaluate the PAHs and py in cigarette smoke and vehicle
exhaust pipe dust, it was established, as presented in Table(s) 1
and 2 that the amounts of pollutants are greater than
permissible exposure limits as recommended by ATSDR, EPA,
NIOSH, OSHA and WHO (Table 6). The pollution level for
these carcinogenic chemicals released in the environment
through cigarette smoking and vehicle emissions is hazardous
to health and therefore calls for measures to reduce such levels
to recommended Permissible Exposure Limits (PEL).
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Abstract

Biodiesels have a number of advantages such as reduced emission, improved combustion, however, their energy efficiency is still
lower than that of petro diesel. Thevetia peruviana (Yellow Oleander) seed oil was extracted using n-hexane as a solvent in a Soxhlet
extractor. The percentage yield was 61.78 £+ 1.53 %, which makes yellow oleander seed a good source of the vegetable oil. Samples of
yellow oleander oil extracted using the soxhlet method were then subjected to physico-chemical analysis. The composition of the
incinerated waste eggshells catalyst was ascertained using XRF analysis and it was found that the ash obtained at 550 °C contained
about Na,O - 0.144, MgO - 1.159, P,0s - 0.351, SO3 - 1.195, CaO - 98.124 and SrO - 0.026as the major component for catalytic
activation. The concentrations of the elements in yellow oleander meal and oil were determined using XRF and found to generally
decrease except for the following which increased during extraction: SiO2. from 0.000 to 3.858 mg/kgand Fe; from 1.1638 to 1.270
mg/kg. The rest decreased as follows,Al>Os; from 0.3929 to 0.198 mg/kg, S; from 18.90 to 7.05 mg/kg, and CaO; from 11.404 to
10.683 mg/kg and. These increase were attributed to concentration during extraction. The calorific values of the meal and oil were
determined using a bomb calorimeter and the following values were obtained 29.8986  and 38.6470 Mj/kg respectively. The
physico-chemical parameters for the oil tested included specific gravity, free fatty acid, saponification value, peroxide value, iodine
value and yield. The values obtained were 0.87 + 0.90, 1.41 + 0.25 %, 197.33 £ 1.69 mg KOH/g oil, 1.88 + 0.57 Meq02/kg, 80.77
glo/g and 62.76 + 1.53 % respectively. Yellow oleander meal was found to contain 190540 mg/kg of total carbon, which is high, it can
be used in the making of briquettes and charcoal instead of going to wastage. The only problem noticed were the high levels of CaO
which form abrasive solids, these can result in injector and fuel pump wear, aswell as piston and ring wear, and may increase engine
deposits. The presence of sulphur also implies the emission of SOxgases and formation of sulphuric acid. The spectroscopic method
used in analyzing the oil included GC/MS, FTIR and UV Visible spectroscopy. The eggshells also, registered the presence of
relatively high levels of CaO, MgO and Al;O3; and other metals, this makes it a good heterogeneous catalyst. The studied
physicochemical characteristics of the yellow oleander oil extract compared favorably with the conventional oil in the Kenyan market.
The biodiesel standard ASTM D6751 and EN 14214 confirm that the yellow oleander oil can be processed and used as raw material
in the production of a biodiesel. The yellow oleander meal and oil properties were analyzed as per ASTM and EN-standards.

Keywords: Extraction, Physico-chemical characterization, Yellow oleander oil, spectroscopy.

1. Introduction gases have stimulated the search for alternative sources of
petroleum based fuels [2]. Since 2007, biomass energy
resources in Kenya, i.e. firewood, charcoal and agricultural
wastes have contributed approximately 70 % of Kenya’s total
energy demand and provided for almost 90 % of rural
household energy needs [1]. Although a recent discovery and

The international oil consumption is projected to increase to
about 36 % by 2030. Oil consumption in Africa may actually
double by 2030 [1]. Internationally, crude oil reserves have
continued to deplete, increased environmental threat and
security concerns associated with the release of greenhouse
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potential production of crude oil has been reported, the country
still spends a large part of its foreign reserves on importation of
white petroleum products for energy especially for the
transport sector. This sends a red light on the need for a biofuel
supplement in Kenya and biodiesel is often considered as good
substitute for diesel powered vehicles [2]. The objective of the
Kenyan vision 2030 is to help transform Kenya into a,
“middle-income country providing a high quality life to all its
citizens” [1]. One of the main constraints in achieving rapid
and sustainable development in the country has been the high
demand for energy. The government of Kenya has enacted a
policy (Sessional Paper, No. 4 of 2004) and legislation (the
Energy Act, No. 12 of 2006) that support the development of
ethanol and biodiesel, and the department responsible for
energy matters (the Ministry of Energy and Petroleum) has
developed a biodiesel strategy through its National Biofuels
Committee [2]. The National Development Plan also stipulates
the need to ensure a balance between energy development and
environmental protection and developments of alternative
energy sources such as biodiesel not only provides good
substitutes for conventional petroleum but also offer solutions
for environmental conservation in form increased biomass
cover and rainfall and carbon emissions reduction. The Kenya
Biodiesel Association was formed with support from all sectors
of the biofuels industry [1]. Compared with ethanol production,
biodiesel production in Kenya is still unexploited.

Yellow Oleander Thevetia peruvianaseeds have a waxy coating
cover in order to reduce water loss which is typical of the
oleanders family of plants. The stem and its fruit is deep red-
black in color encasing a large seed [3]. The plant belongs to
the family of Apocynaceae. In Nyanza, western part of Kenya
where it flourishes very well, it is called ‘Chamama’, and it is
commonly found around homes where it is used as fencing
cover. The plant has a high biomass cover in form of green
leaves which makes it useful as a crop that can be grown in
large plantations to create expansive biomass cover for carbon
sequestration. It is a perennial crop, drought tolerant and does
not require a lot of care during field cultivation [4]. Mature
yellow oleander fruit contains 2-4 seeds in a kernel. The plant
has a high cover which makes it also a beneficial crop for
carbon protection. All parts of the yellow oleander plant are
toxic, due to the presence of glycosides and the seeds contain
between 60 — 65 % oil [5]. Yellow oleander seed oil is free
from sulphur and aromatic compounds [5]. Vegetable oils are a
renewable, potentially inexhaustible source of energy and have
an energetic content close to that of diesel fuel. The seed is not
edible but it has nutritional values and can be used as an
alternative source of protein for animal feeds formulation.
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Ebiyemi et al., [6] found minor and unusual fatty acids
composition of yellow oleander oil seeds from Enugu, Zaria,
Edidi and llorin in Nigeria. They also found out that the
number of kernels per fruit and the oil yield were significantly
different among geographical locations [6]. Basumtary [7],
alsofound the following compositionin yellow oleander seed
oil; myristic acid, palmitic acid, stearic acid, oleicacid, linoleic
acid, linolenic acid, arachidic acid and arachidonic acid.Jabar et
al. [8] found; Myristic (14:0) - 0.18, Palmitic (C16:0) 19.10,
Palmitoleic (C16:1) - 0.01, Stearic (C18:0) - 7.32, Oleic
(C18:1) -53.41, Linoleic (C18:2) -19.04, Linolenic (C18:3) -
0.26, Arachidic (C20:0) - 0.11, Arachidonic (20:4) - 0.40,
Behenic (C22/0) - 0.07 and Erucic (22/1) - 0.10. They also
found 26.78 %saturated and 73.22 % saturated carboxylic
acids.Oseni et al, found out that Yellow oleander oil
containedpredominantly ~ Stearic acid (6.23%), Palmitic
acid(17.02%), Oleic acid (41.91%), Linoleic acid(11.89%),
Linolenic acid (1.15%) and Arachidic acid(1.82) [9].The
composition of oil determines the properties of thebiodiesel
obtained. From these data one can see that oils from different
sources have different fatty acid compositions, since they vary
in their carbon chain length and in the number of unsaturated
bonds they contain. The fatty acid profile of vegetable oils
have a major role in biodiesel production processes as well as
in quality of biodiesel [7].In this research it is our desire to find
out if the yellow oleander from Kenya would be of different
composition.

Eggshells are comprised of a network of protein fibers,
associated with crystals of calcium carbonate (CaCOs),
magnesium carbonate (MgCOs) and calcium phosphate
(Ca3(POa4)2), and other uncharacterized organic compounds and
water. Among heterogeneous catalysts, CaO/MgO from waste
eggshells is of interest because it has high activity and basicity,
low solubility, is non toxicity, cheap and the fact that it can be
reused severally[10]. This multi-metal ion status gives it a
synergy effect that enhancesitscatalytic activity. This improves
its trans-esterification activity and hinders the formation of
soaps. In this study, X-ray Fluorescence Spectrophotometry
was used to determine the mineral composition of eggshell in
order to understand its catalytic properties for the trans-
esterification of yellow oleander seed oil.

Buasri et al., found the following data for chicken eggshells;
Na;O - 0.144 %, MgO - 1.159 %, P,Os - 0.351 %, SOz —
1.195 %, CaO - 98.124 % and SrO 0.026 % respectively [11].
They found out that both duck and chicken waste eggshell
catalysts had concentrations of CaO 98.93 and 98.12 wt.%,
respectively [11]. This makes the waste eggshells potentially a
good heterogeneous catalyst.In order to make the biodiesel
production more sustainable, the utilization of waste
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heterogeneous catalysts has been of recent interest Peng-Lim
Boeyet al [12].Waste oysters and chicken eggshellsidentifiedas
effective catalysts in the trans esterification of soybean oil to
methyl esters.The catalyst was found to be capable of being
reused up to 13 times without losing its activity. The catalyst
had both high surface area and Ca content which increased the
yield to 90 % biodiesel ina 2 h [12].

The aim of this research study was to investigate the potential
of yellow oleander oilfor a biodiesel raw material. The seeds
were collected from Nyanza region in Kenya, the oil extracted
and selected physco-chemical properties were analyzed. The
catalytic properties of waste eggshells were also investigated
for use as a green catalystto be used in the trans-esterification
of the oil produced.

2. Materials and Methods

2.1. Collection of samples

Sampling of yellow oleander seeds took place in Gem
Constituency, Siaya County, situated in Nyanza, Kenya. Its
geographical coordinates are 0° 33' 36" North, 34° 17" 10"
East. for Yellow Oleander seeds. Sampling was done for a
period of four months (January to April 2015).Siaya County:
842,304 (Male - 47 % Female - 53 %); Poverty Rate (based on
KIBHS %): 35.3, Gem Constituency: 160,675, Poverty Rate:
42.0[7].

2.2. Chemicals and reagents

All solvents and chemicals used were of analytical grade, they
were procured from commercial suppliers including Travotech
Agencies Limitedand Kobian Kenya Limited in Nairobi. The
chemicals were used without further treatment.

2.3. Yellow oleander seeds Kernel Sample Preparation

Freshly matured yellow oleander seeds were handpicked in
Gem Constituency, Siaya County, Kenya and transported in a
plastic bag to the laboratory in TU-K in Nairobi. The seeds
were weighed using an electronic balance JT601N and the
average wet weight was recorded. The fleshy cover of the
kernel containing the seeds were also removed, discarded and
the seeds sundried for at least 2 weeks. This was to allow them
to undergo biodegradation. The dried seeds were later weighed
and grounded to powder using a manual grinding machine [13].

2.4. Gravimetric analysis: Oil extraction and analysis
Extraction was done using n-hexane as a solvent in the solvent
extraction methods using a 250-mL Soxhlet apparatus under a
hood in the laboratory for 2 hours. This method was also
discussed by Basumatary et al. [14] and Oseni et al.
[15].Gravimetric determination of total oil content of the seed
was done according to the equation:
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Yellow oleander seed oil (%)
_ Weight in gms of seed oil extracted

100
weight in gms of powdered dry seeds x

2.5. Moisture content

Water content affectsthe calorific value of a biofuel.ltdecreases
the density of the pellets considerably, causes formation of
soap, interferes with its catalytic effectiveness and results in
lowyields of the biodiesel [16].The method used by Yarkasuwa
et al.can be employed in finding the moisture content [17]. %

Moisture content= % x 100, Where, Wy = weight of

2-Wq
crucible, gm, W, = weight of crucible + sample, gm, Ws=
weight of crucible + sample after heating, gm. Moisture

122.0474—-108.3932 13.6542
content = = x 100 =24.19%
122.0474—-65.6102 56.4372

Mishra et al., [18], found 4.97 % for yellow oleander seed, and
Musa et al., [38]. also found a moisture content of 30 % in the
fruit of the same plant.

2.6. Volatile matter

The quantity of volatile matter in a fuel influencesits
combustion behavior. Fuel having low volatile matter and high
fixed carbon content will take long time to burn unless they are
powdered.

Sample were treated according to the method described by

Mishra et al.,[18]. % volatile matter = % x 100,
—Wa
Where, W4 = weight of empty crucible, gm, Ws= weight of
empty crucible + sample, gm, We=weight of empty crucible +
sample  after  heating, gm, % volatile matter =

80.936-47.8475 _ 33.0885
= x 100 = 96.76 %
80.936-44.7386  36.1974

Mishra et al., [18], found 91.05 % particulate matter for yellow
oleander seed.

2.7. Measurement of calorific value
The calorific value of biomass sample can be measured by
using bomb calorimeter. Following formula can be used to

g c . Kcal
calculate the calorific value. Calorific value (1:;) =

(W+W)X4;2x(T1_T2),Where, W = weight of water in

calorimeter, Kg,w = water equivalent of apparatus, T, = initial
temperature of water, °C, T,= final temperature of water, °C
and X = weight of fuel sample taken, Kg.

2.8. Physico-chemical properties

The physico-chemical properties of the extracted oil were
determined and compared with the standard values of vegetable
oil. The parameters considered included; free fatty acid, iodine
value and the saponification value as explained by Ibiyemi et
al. [6]. The ASTM standards used included the following;
ASTM D5555, ASTM D1959 and ASTM D464 respectively
[17], and the peroxide value was determined according to
AOCS Official Method Cd 8-53 (2003) [17].


http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CC8QFjAC&url=http%3A%2F%2Ftravotechagencies.com%2Findex.php%2F79-our-company&ei=FT30VNPFJIO5UZKOguAK&usg=AFQjCNGQJqwOUp1vyU5DzIceowE_9ttfAQ
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2.8.1. Estimated molecular mass, acid value, specific
gravity, peroxide saponification values and iodine
value

The saponification value was determined according to
titrimetric method discussed by Dimberu et al. [18]. The value

was calculated according to the equation [18].

e Vo—Vy % C x56.1
Saponification vale = 2—2—=>"—

m
Where 56.1 is equivalent weight of KOH, Vg is the volume in
ml of standard HCI solution used for the blank test, Vi is the
volume in ml of the standard HCI solution used for sample, C
is the exact concentration of the standard HCI (0.5 N) solution
and m is the mass in gram of the test portion (2 g).

For the determination of the acid value, the method described
by Dimberu et al [18 was used. The acid value was calculated
according to Okpuzor et al., 2009 [19]. Acid value =

Se1xVxM Where 56.1 is equivalent weight of KOH, V is the

X
volume in ml of standard volumetric KOH solution used, M is
the exact concentration in KOH solution used (0.1 N); x is the
mass in grams of the test portion (1 g) [18]. NB:- Acid Value
(AV) = 1.99 xFree Fatty Acid (FFA).
The estimated molecular mass of the yellow oleander oil was
calculated using the formula used by Wuet al. [45]; Estimated

R 56.1 x 1000 x 3 .
RMM of yellow oleander oil= ———"==, Estimated
- 56.1 x 1000 x 3 168300
RM.M of yellow oleander oil= 22 —"""= =
197.33-2.268 195.062

862.80

Where SV is the saponification value, 56.1 is equivalent weight
of KOH and AV is the acid value of the yellow oleander oil.
The specific gravity is the ratio between the density of the
yellow oleander oil, and water as a reference substance.The
specific gravity is expressed without units. Specific density=

D it il i il . .
ensity of oi Poit massof oL \segetable oils will

Density of water Pwater mass of water

typically have a specific gravity ranging from 0.903 to about
0.921 depending on the fatty acid composition of the oil and its
temperature [20]. Rick Da Tech [20] found out that for three
different temperatures for measuring density, 15.5 °C, 20 °C
and 25 °C,as the temperature increased the density of the oil
decreased. Specific gravity of oil can be removed by reacting
the of polar compounds from the oil by alkali during trans
esterification [17].

The peroxide value was evaluated according to AOCS
Official Method Cd 8-53 (2003) [21]. This was done according
to the method discussed by Dimberu et al. [18]. Peroxide value
was calculated according to the equation:Peroxide value =

M. Where: Vi volume of 0.01 N NaS;0s; for

determination of test sample in ml, V, volume of 0.01 N
Na;S;03 for determination of blank solution in ml and x is
mass of test portion in g (5 g) [18].
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The iodine value (IV) gives a measure of the average degree of
unsaturation of a lipid: the higher the iodine value, the greater
the number of C=C double bonds. By definition the iodine
value is expressed as the grams of iodine absorbed per 100g of
lipid. This was done using the Lubrizol test procedure [46]:
lodine  valuewas calculated using the following

g
(4-5)x N of NazS,03 x 012757~ x 100

law: Todone value = -
Weight of sample (g)

A: V ml of NazS;03volume for blank S: V ml of Na;S;03
volume for sample.

2.9. Spectroscopic analysis
2.9.1. Fourier Transform
(FTIR) analysis

The FTIR analysis was carried out using FTIR-600
Spectrophotometer with a NaCl cell. This machine was
equipped with attenuated total reflectance (ATR) accessory
which was used to obtain the infra-red spectra of the yellow
oleander oil samples [22]. This spectrophotomeder uses a
DLATGS (Lanalin-doped deuterated triglycerine sulphate)
sensitive pyroelectric detector that provides a good signal-to-
noise ratio and allows reduction of analysis time was used to
collect FTIR spectra. For FTIR spectra recording a small
quantity of the oil sample in a thin film was used [22].

Infra-Red  Spectrometry

29.2. Gas Chromatography-Mass Spectrometry (GC-
MS) analysis

A GC-MS QP2010 PLUS (Shimadzu, Japan) was used for the
analysis of the extracted oil. A RTX-5 ms column (5%
diphenyl, 95% dimethylpolysiloxane stationary phase), 30 m x
0.25 mm i.d x 0.25 um film thickness (Restek, USA) was used
[23]. The columntemperature was programed at 70 °C was
raised at 10 °C/min to 240 °C, the holding time was 4 min, with
an injection temperature of 250 °C. The carrier gas used was
helium with a flow rate of 40.8 mL/min. The detector that was
used is a quadrupole mass spectrometer (MS) with electron
ionization (El) at 70 ev in full scan mode [23].

2.9.3. UV-VIS Spectra analysis of the oil

UV-vis spectroscopy was performed using a UV - 1800
SHIMADZU spectrophotometer model ENG 240 V, this was
explained by Viswanathanet al.[24]. Most absorption
spectroscopy of organic compounds is based on or electrons to
the excited state. The absorption spectra for these transitions
fall in the region of wavelength 200—700 nm. These transitions
need an unsaturated group in the molecule to provide the
electrons [24]. The UV spectrum of vegetable oils involves the
electronic absorption of fatty acids; in particular, the 230-270
nm band shows high absorption when conjugated dienes and
trienes of unsaturated fatty acids are present [25].
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3. Results and Discussion

3.1. Physicochemical properties

The physicochemical propertiesof yellow oleander oil are
summarized in table 2 below. The yield of 62.60 + 3.57 %
obtained in this study corresponded to the theoretical range of
60 — 68 % oil content expected, and it also confirmed the
yellow oleander is rich in oil that can produce viable quantities
for biodiesel processing.

Table 2: Physicochemical properties

Analytical Parameter ASTM/
(n=4) KEBS
This study Jabar et
Mean * s.e al.(2014)
Weight of kernel/fruit ~ 31.49 +0.26 -
%
Oil yield % 61.67 + 0.66 63.5 -
Saponification Value 197.33 £1.69 162.3 190 - 209
(mgKOH/qg)
Acid Value (mg 2.268 £ 0.57 7.50 4
KOH/qg)
Free Fatty Acid value 1.44 +0.25 3.75 2
(%)
Specific gravity 0.87 £0.11 0.922 0.86 —
0.90
Peroxide value (mEg 1.88 £ 0.57 3.52 10
O2/kg sample)
lodine value gl2/100g 80.77 106.00 120
Relative Molecular 862.80

Mass

The calculated molecular mass of yellow oleander oil was
862.0,this is high, and causes the oil to be viscous. This,
together with the presence of oxygen in yellow oleander seed
oil, makes it a good lubricant. Trans-esterification reaction is
used to reduce the viscosity of the yellow oleander oil
triglyceride thereby making the characteristics of the biodiesel
close to diesel fuels, this process increases the volatility margin
of the oil and improves engine performance. If yellow oleander
is adopted as as a raw material for the preparation of biodiesel
it would be best to trans-esterify the oil.lbeto et al., [26]
reported the following results for the following non edible oil
seeds; squashes (14.08 %), sponge (92.50 %), guard (12.30 %)
and melon (44.85 %) respectively [26]. Hence yellow oleander
seed registered a relatively higher value. The percentage of
kernel was 36.45 % (after drying), and this is an indication of
lower wastage during the extraction of the oil. The 38 % (by
weight) residue that was left after extraction can also go
towards the preparation of animal feeds but this needs to be
investigated to determine toxicity.

The quality of the yellow oleander seeds oil extracted was
evaluated by determining its physicochemical properties and
the results are presented and compared with other data in Table
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2 above. These values are also in line with values reported in
other studies as reported by Ibiyemi et al[6]. The acid value
(AV) of a vegetable oil is an important variable in considering
the quality of oil because the lower the AV the better the
quality of the oil. Free fatty acids (FFA) and AV measure the
presence of both corrosive free acids and oxidation products.
Acid value increases with days of storage under uncontrolled
conditions. This results into the formation of significant
amount of soap during the trans-esterification reaction. Soap
formed during the reaction interferes with the separation of the
biodiesel from glycerine [27]. From the results obtained, the
free fatty acid values (FFA) for yellow oleander seed oil was
1.44 which is lower than 3.75 obtained by Jabar et al. [28]. The
free fatty acids are generally degradation products of the
vegetable oil esters, with the free fatty acids breaking away
from the triglycerides. A higher free acid value decreases the
oil quality. The values obtained for yellow oleander seed oil
analyzed in this study were low. The value recorded was below
the ASTM standards of 2 % for FFA and AV of 4 mgKOH/g.
Similar results were obtained by Deka et al., Yarkasuwa et al.,
Adebowal et al., Oseni et al., Ogunneye et al. and Usman et
al., obtained 0.284, 2.4, 3.4, 196, 0.665 and 0.62 %
respectively [7]. Therefore, the extracted oil can be taken
through a trans-esterification reaction directly.

The saponification value (SV) is used for checking adulteration
and can be used to indicate the presence of free fatty acids
which lead to soap formation. To avoid soap formation a
heterogeneous catalyst have been used in order to inhibit soap
formation, they are more selective to biodiesel (purer product),
and simplify the glycerol purification (99 %purity glycerol can
be produced against 75% in the homogeneous process) [22]. In
this study, the yellow oleander oil had a saponification value of
197.3, which was higher than 162.43 mgKOH/g observed by
Jabar et al. [28] but within the American Society for Testing
and Materials (ASTM) and Kenya Bureau of Standards
(KEBS) standard of 190 - 209 mgKOH/g. The peroxide value
(PV) of the oil increases with the storage time, temperature and
contact with air. Vegetable oils exposed to both atmospheric
oxygen and light showa much larger increase in peroxide
value during storage. This indicates that if the vegetable oils
are to be used for the purpose of biodiesel production, then
they have to be utilized as soon as they are produced or
extracted [29]. Peroxide value of 1.88 was registered in this
study and this corresponded closely to 3.1 — 3.9 mEq O/kg
obtained by Ibiyemi et al. [6] and was below the ASTM/KEBS
standard of 10 mEq Ou/kg. High peroxide value suggests that
this yellow oleander oil has a high content of unsaturated fatty
acids, which are responsible for oxidative rancidity. Research
has shown that oils having high percentages of peroxide are
unstable and tend to grow rancid easily [29]. The yellow
oleander oil that was produced in this research was safe and
could be used immediately.
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lodine values of 80.77 gl,/g was observed in both
yellow oleander oil. Adebowal et al., and Usman et
al.,obtained the following levels for yellow oleander oil, 71.20,

84.50 and 79.40 al/g [71, lodine value =
(34—.63—18.73);{ (2]51 x 0.127 x 100 =80.77 glz/gmlodine VaIue Of

120 in EN 14214 serves to restrict certain vegetable oils as
biodiesel feedstock. lodine value obtained for yellow oleander
oil was lower, this shows that the oil contains a lower number
of unsaturated bonds and is a non-drying oil. With an IV of
80.77 gl2/g, this fell within the range of 50 — 100 gl./g for
semi-siccative mono-unsaturated oils. For these class of oil the
iodine value can increases with time. Yellow oleander oil is
therefore susceptibility to oxidative rancidity. Hence, it is
advisable to keep them in cool, air tight, and dark places [29].
The specific gravity is an important parameter to use in testing
diesel fuel injection systems, these it had to be maintained
within tolerable limits to allow optimal air to fuel ratios for
complete combustion [26]. A specific gravity of 0.87 was
observed for yellow oleander seed oil and this was slightly
lower than 0.922 observed by Jabar et al. [30], but within the
0.87-0.90 ASTM/KEBS range for biodiesel. Similar results
were obtained by Deka et al., Yarkasuwa et al., Adebowal et
al., Osenu et al., Duraisam et al., Ogunneye et al. and Usman
et al., obtained 0.899, 0.921, 0.905, 0.92, 0.843 and 0.929
respectively [7]. According to ASTM D287, Standard Test
Method for API Gravity of Crude Petroleum and Petroleum
Products (the Hydrometer Method), a biodiesel will have
specific gravity in the range of about 0.86 to 0.90, since values
below 0.90 would confirm that the liquid is a biodiesel. This
yellow oleander seed oil meets all the properties prescribed in
the biodiesel standards ASTM D6751 and EN 14214 for
biofuel feedstock. This makes the plant a potential raw material
for the production of biodiesel in Kenya.

Lund developed an equation that can be used to predict the
density of a vegetable oil [31]. It is known as the Lund
relationship:sg (15 °C) = 0.8475 + 0.00030 SV +

0.00014 1V, Specific gravity (15 °C = 0.8475 +
0.00030 x 197.33 + 0.00014 x 80.77, Specific gravity =
0.8475 + 0.059199 + 0.0113078 = 0.9180068 ,

where sg is the specific gravity of vegetable oil at 15 °C,
SV is the saponification value, and 1V is the iodine value of the
o0il.The result obtained in this equation is slightly less than the
observed value of 0.921.

3.2. Cetane Index

CN is the parameter that is used to determine the quality of
diesel fuel and is always proportionate to the fuel ignition delay
timein CI engines. A fuel’s CN rating can be applied to
determine ignition characteristics of biodiesel fuels. The cetane
number can be calculated using the equation adopted by

Gerpen [32];Cetane index = 46.3 + 54—;8 —0.225x 1V,
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463 + 28 _

197.33

0.225 x 80.44, Cetane index = 46.3 + 27.66 — 18.099 =
55.789 %

Diesel engines will operate better on fuels whose CN value is
above 50 [32]. In this study the CN for yellow oleander oil was
56.Nwakaireet al., [33].Found a cetane number 0f63.55 for
yellow oleander oil this was higher than the ASTM value of 47
(min).This means that yellow oleander oil can run a diesel
engine.

Cetane index =

3.3. GC/MS Acid profile

A GC/MS spectrum is the fingerprint of any particular batch of
vegetable oil. It shows us the unique identity and properties of
the vegetable oil. Essential oil GC/MS reporting shows all the
chemical components that make up the vegetable oil (figure 1).

‘ellow oleander oil

GCHE ACID PROFILE
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Figure 1: GC/MS Acid profile for yellow oleander oil

The acid profile in yellow oleander oil according the GC-MS
spectral data shown in figure 1 and table 3 are as follows;
Arachidonic acid [CH3(CH;);,COOH], 13.76 % . This varied
from the results obtained by Ogara (0.48 %, Kenya) [34] and
Lumwanya et al, [7] ( 0.4 %, Nigeria). Erucic acid
[CH3(CH,),CH=CH(CH,;);1COOH] contentwas 12.76 %, and
oleic acid [CH3(CH2);CH = CH (CH,); COOH], 11.08 %.
Ogara (Kenya) [34], Oluwaniya et al. [7] (Nigeria) and Usman
et al. (Nigeria) [27] obtained 57.75, 64.3 and 42.69 %
respectively.  The percentage of palmitoleic acid
[CH3(CH)sCH=CH(CH,)7COOH] was 7.37 %, Usman et al.
obtained 0.25 %. The composition of Myristic acid
[CH3(CH,)1,COOH] was 43.24 %, Usman et al. obtained 0.32
% [19] and 11.79 % for lauric acid [CH3(CH.)10COOH] [27].
In this research there were no conjugated double bonds in the
oil.

3.4. FTIR Spectrum of yellow oleander oil

Fourier transform infrared (FTIR) spectroscopy is used like a
fingerprint to identify functional groups in a molecule. This is
because different molecules cannot produce the same pattern or
wavelength. When molecules are exposed to infrared radiation,
they absorb radiation at very specific wavelengths.
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Table 3:Acid profile for yellow oleander oil

Fatty Acid This Oluwaniya Usmanet  Ogara
Profile Study et al. al.

Arachidonic 13.76 0.4 - 0.48 £
acid [C20:4] 0.06
Arachidic acid - - - 16.65 +
[C20:0] 2.75
Erucic acid 12.76
[C22:1]
Linolenic acid - - - -
[C18:3]
Linoleic acid - 6.3 0.54 + 21.33 £
[C18:2] 0.13 0.16
Oleic acid 11.08 64.3 42.69 + 51.75+
[C18:1] 2.22 1.49
Stearic acid - 11.8 6.82 + 16.65 +
[C18:0] 0.54 2.20
Palmitoleic 7.37 - 0.25 + -
acid [C16:1] 0.01
Palimitic acid - 17.1 19.50 £ 8.34 +
[C16:0] 0.84 0.75
Myristic acid 43.24 - 032+ -
[C14:0] 0.06
Lauric acid 11.79
[C12:0]

The values are means + se, n =4

This technique can also be used in identifying the material
composition of a sample. Figure 2 above gives the FTIR
spectrum of yellow oleander oil. This test method is relatively
quick to perform and is capable of simultaneously detecting
multiple functional groups. Secondly, the size of the peaks is a
direct indication of the amount of the specific material found in
the sample.
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Figure 2: FTIR Spectrum of yellow oleander oil
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In this study, from figure 2, the following band lengths were
identified from the FTIR spectrum:2938.27 cm respectively,
C-H stretch for alkanes; 2826.75 cm;for H-C=0 for
carboxylic acids and 1453 cm (Broad), -O-H bending for
alkanes respectively.

Ofoegbuet al., [35] obtained the following results on yellow
oleander seed oil FTIR spectrum: very strong and broad
hydroxyl peaks at wavelengths of 3471.02 and 3793.14 cm
respectively. A variable alkene C=C bond at wavelength of
1452.45 cm, a medium strength cyanide bond at wavelengths
of 2035.93 and 2343.59 cm* which confers a degree of toxicity
to the oil confirming the effect of the compositional presence
of thevitin (toxic component of the oil). Also at wavelengths of
2677.9 and 2859.56 cm™ the oil showed medium and strong
bond strengths respectively of Aldehyde functionality [35].

3.5. UV Visible Spectrum of yellow oleander oil

As indicated in figure 2 absorption peaks for yellow oleander
oil were at 200.05, 221.09 and 243.08 nm respectively.
Conjugated molecules absorb energy easily than the isolated
double bonds because the energy gap since the electronic
transfer is very small [24].These molecules absorb energy even
lower wavelengths of UV-Vis spectrum visible from 400-800
nm [24].0nly conjugated alkenes molecules cause shift in
(maximum wavelength); as the conjugation increases, the shift
also increases. So, the presence of large number of molecules
of conjugated unsaturated alkenes in yellow oleander oil is
responsible for the absorption of large UV radiations by
it.Marin et al., [36], analyzed sunflower and castor oil biodiesel
and observed signals at 260, 254 and 248 nm which
corresponded to transitions and « - ©* between 250-260 nm of
the double bonds and n-transitions of the presence n* of the
carboxylic acids. They found out that the most significant
variation between castor and sunflower biodiesel were noted at
228 and 224 nm which they explained using the transitions = -
n* of carboxylic acids A and unsaturated B[36].

Figure 3 above gives the UV Visible spectrum of yellow
oleander oil. It confirms that the yellow oleander oil had no
conjugated double bonds in its structure. The UV-VIS analysis
was obtained using SHIMADZU UV-2500PC series, at a
wavelength range of 200.00 to 900.00 nm, sampling interval of
0.5. Auto scan mode, measuring mode (absorbance), slit width
of 2.0 and light source change wavelength of 360.0 nm
[35].UV Visible spectroscopy is a sensitive and reliable
method that can be used for monitoring degradation of
oils.Karmakar et al.[23], analyzed the transformer oil using UV
visible, they observed that, absorption peaks of aged oils are
located in the 200-380 nm region, where as no absorption
peaks were found in the same region in the case of fresh oil
[23]. The in-service aged oil had a higher absorbance than the
laboratory aged oil. So they concluded that the UV
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spectroscopy has the ability to analyze the condition of an oil.
In case of fresh oil the absorbance was found to be very low
which indicates it was still fresh [23]. For yellow oleander oil
the absorption spectrum was between 195-350 nm, this means
that it was still fresh, and could be used in the production of
biodiesel[23].
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Figure 3: UV Visible Spectrum of yellow oleander oil

3.6. Characterization of the waste eggshell

From figure 4 below, CaO and MgO had the highest
concentrations of 90.46 and 4.38 % , respectively, in eggshells.
Buasri etal. [10], also found the concentrations of 98.124 %
CaO and 1.159 MgO % respectively. Kawashima etal. [37],
suggested that the Ca series catalysts have higher catalytic
activity for the trans-esterification reaction. The advantage of
coexistence of two different basic-oxide components in the
catalyst for trans-esterification has also been emphasized. The
base sites over heterogeneous catalysts active centers for trans-
esterification [37]. This makes incinerated eggshells a better
heterogeneous catalyst.

3.7. Concentrations of elements in yellow oleander seeds

powder using XRF

The data for XRF analysis of yellow oleander seed meal and
oil are represented in table 4. The results have shown that
Al>O3, P20s, S, Cl, K;0, Ca0, Ti, Cr, Mn, Fe, Cu, Zn, Rb and
Sr were major components of the yellow oleander seeds meal
(Table 4). These levels were found to be generally high.Ozcan
[38] found similar results for different oil seeds. The levels of
K content in the mealwas found to be high (14.552 mg/kg),
which was higher than the ASTM recommended level of
5mg/kg. This was followed closely by CaO at 11.404,
and10.683 mg /kgfor the meal and oil respectively.Chlorine
level in the meal was 2.078 mg/kg which was higher than the
ASTM value of 2mg/kg. Apparently, no chlorine was
detected in the oil. The concentrations of the rest of the
elements in yellow oleander meal and oil generally decreased
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during extraction., Al;Os; 0.3929 to 0.198mg/kg, P,Os; 1.823
mg/kg to ND, S; 18.90 to 7.054 mg/kg, Cl; 2.078 mg/kg to ND,
K.0; 14.552 mg/kg to ND, CaO; 11.404 to 10.683 mg/kg,
Ti;1.112 to 0.854 mg/kg, Cr; 0.1102 mg/kg to ND, Mn; 0.1198
mg/kg to ND, Cu; 0.0343 to 0.00698 mg/kg, Zn; 0.1432 to
0.0183 mg/kg, Rb; 0.0205 mg/kg to ND to and Sr; 0.075 mg/kg
to ND. It was only SiOthat increased from 0.000 to
3.858 mg/kg. This increase may be attributed to
concentration during extraction. All values in the oil except for
CaO were below the ASTM maximum contamination
levels.CaO is one of the most used heterogeneous catalyst in
trans-esterification reactions, since it has many advantages
such as low price, long catalyst life, highactivity and requires
only moderate reaction conditions. The presence of Al,Os; CaO
and SiO;may assist in synergy during the trans esterification
process. Potassium and calcium presence in the yellow
oleander raw mealcauses them to react with water if present
and oil to form soaps. CaO forms abrasive solids, which can
cause injector, and fuel pump wear, piston and ring wear, and
may also increase engine deposits [16]. It also causes soap
formation and this leads to filter blockages and adhesion of
injection pumps.

Due to the high-temperature produced a combustion engine,
chlorine and sulphur present in the meal react with
corresponding elements found within the engine to produce
acids. Chlorine present in a biofuel may have harmful effects
on the environment. Chlorine reacts with hydrogen to produce
hydrochloric acid, sulphur also reacts with excess oxygen from
air to form a mixture of sulphur dioxide (SO2) and sulphuric
trioxide (SOs). Suplhur concentration of 7.054 mg/kg
registered in the yellow oleander seed oil will cause problems
regarding emissions of SOx [39]. Water vapor from the engine
would normally condense, and, reacts with sulphur trioxide to
form sulphuric acid(H2SO4) and corroding films. Thompsonet
al [40] also did a research on the sulfur content in selected oils
and fats and their corresponding methyl esters. They found out
that, generally biodiesel contains less sulfur than fossil diesel.
They also noticed that the elemental composition of a
vegetable oil may varyaccording to the soil conditions where
the oilseed crops grow, which may in turn affect the sulfur
content in the seeds and/or in the oils [40], and that rapeseed
and mustard recorded 9,000 mg/kg of sulphur. In each case,
the seed mealshad even higher sulfur content than the parent
seeds after oil extraction [40].

Chlorine reacts with hydrogen to form hydrogen chloride gas
(HCI) which dissolves in condensed water vapor to form
hydrochloric acid.Chlorine can also form salts of some of the
minerals chlorides found in the yellow oleander seed plant, and
can lead to the production of a number of harmful halogenated
compounds [39].The concentration of chlorine decreased from
2.078 + 0.002mg/kg mg to ND levels during extraction.
On the other hand the concentration of S; dropped from
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18.90+0.037mg/kg in the meal t07.054 + 0.033 mg/kg in
the oil. This value was found to be lower than the ASTM
standard of 500 mg/kg and it implies that yellow oleander oil
is safe, but must be treated first before use in order to remove
the traces of sulphur present.

Table 4: Concentrations of elements in yellow oleander seeds
powder and oil using XRF

eggshells; MgO - 0.690 %, CaO - 98.560 %, Al,O3- 0.100 %,
CuO - 0.027 % and SrO - 0.051% respectively [44]. They also
confirmed that CaO in a major compound in the eggshell. FTIR
analysis of the functional group of eggshell showed that Ca - O
bond had existed at 670 ¢cm™, which proved that CaO had
completely decomposed from CaCO3[44].

Table 5: Elements present in eggshells

Element Egg Element Percentage Mass of each
Shells of each element in
XRF (%) cation in mg/kg

XRF

CaO 90.45 Ca 72.524 725, 240.18

MgO 4.382 Mg 2.332 23, 320.80

Al20s 1.663 Al 0.294 2,942.55

P20s 2.990 P 0.802 8,025.80

§ 0.022 S 14.49 144, 900.00

Cl 0.022 Cl 0.210 2,106.70

Sr 0.081 Sr 1.171 11, 718.80

Cu 0.006 Cu 0.005 54.34

Zn 0.001 Zn 0.010 107.60

Cr 0.001 Cr 2.142 21, 422.58

Ti 0.022 Ti 0.210 2,109.60

Fe 0.035 Fe 0.010 100.16

Element Concentration in mg/kg ASTM D6751
Meal Qil

Al203 0.3929 £0.177 0.198 £0.159 2.7 mg/kg

SiO2 0.000£0.106  3.858+0.100

P20s 1.823+0.070  0.000+0.057 10 mg/kg

S 18.90+£0.037  7.054 +0.033 500 mg/kg

Cl 2.078 £0.002  0.000+0.001 2 mg/kg

K20 14.552+0.027 0.000£0.012 5 mg/kg

CaO 11.404+£0.021 10.683+0.018 5 mg/kg

Ti 1.112 £0.008 0.854+0.011

Cr 0.1102+0.004  0.000+0.006 <10 mg/kg

Mn 0.1198+0.005 0.000+0.004

Fe 1.1638+0.006 1.271+0.004 5 mg/kg

Cu 0.0343+0.000 0.00698+0.000 0.1 mg/kg

Zn 0.1432+0.001 0.0183+0.000 <200 mg/kg dry

Rb 0.0205+0.001  0.000+0.000

Sr 0.075£0.001  0.000+0.177

Phosphorus concentration in the meal was, 1.823 mg/kg,
which was found to be lower than the ASTM standard of
10 mg/kg. The presence of phosphorus could have been
attributed to the phospholipids available in the yellow oleander
seed. High levels of phosphorus have been shown to damage
catalytic converters used in emission control systems [16]. The
concentration of phosphorus (P.Os) dropped from 1.823 +
0.070 mg/kgin the meal to ND levels in the oil. This means
that the biodiesel produced will be free from phosphorus
contamination.

From the table 5, CaO had the highest concentration of 90.457
% (Ca-72.5, 240.18 mg/kg), followed by MgO; 4.382 % (Mg -
23, 320.80 mg/kg), Al,O3; 1.663 % (Al - 2, 942.55 mg/kg), and
P.Os 299% ( P - 8, 025.80 mg/kg), the rest of the
elements had the following concentrations; S -144, 900.00 , CI
- 2, 106.70, Sr - 11, 718.80, Cu -54.34 , Zn - 107.60, Cr - 21,
422.58 , Ti - 2, 109.60 and Fe - 100.16 mg/kg respectively. The
presence of relatively high levels of CaO, MgO and
Al,Osmakes the eggshells a base and a strong heterogeneous
catalyst, because it contains more than one metal ions. Rohimet
al found the following concentration in calcined waste

3.8. Total carbon

This was analyzed using the carbon analyzer, Multi EA 4000,
the peak graph is represented in the figure 4 below. The
operating principle of the device is based on the high-
temperature combustion (1000 — 1500 °C) of samples in
oxygen flow. It has a furnace which provide high temperature

necessary for sample decomposition.
35000
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Figure 3: Carbon analyzer peak graph for total carbon in
yellow oleander seed meal
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The peak area of the peak graph is proportional to the total
carbon (TC) concentration in the sample such that the TC
content can readily be determined from a calibration curve
[40].

Results indicated the level of 190540 mg/kg (19.054%).
Since yellow oleander meal contained 190 540 mg/kg of total
carbon, it can be used in the making of briquettes and charcoal
instead of going to wastage. High total carbon content in the
meal makes it to form a high grade biomass for fuel [41].

3.9. Calorific values

The calorific value of a fuel is the quantity of heat produced by
the combustion of that fuel at constant pressure and under
standard temperature and pressure. It is an important parameter
for comparing the consumption of yellow oleander seed meal
with the oil produced by the seed. The carorific value was
obtained using a bomb calorimeter and the results are
represented in table 6 below. From table 6 the calorific value of
yellow oleander oil is higher than that of the seed meal.

Table 6: Table Calorific values of the yellow oleander meal
and oil

Bomb ID 1 Meal Oil
Weight 1.000 1.000
Gross Heat 29.8986 MJ/kg 38.6470 MJ/kg

Higher heating value (calorific value) of a vegetable oil can be

also be calculated depending on its chemical composition using

the equation adopted by Demirbas [32];

HWV (MJ / Kg) = 43.43—0.041SV +0.0151v . For yellow oleander

oil;

HWV (MJ / Kg) = 49.93 — (0.041x197.33) + (0.015x80.77) = 53.051
Another equation for HHV for vegetable oils based on

proximate analysis adopted by Demirbas [32] is:

HW (MJ/Kg) =79.014—43.12d . For yellow oleander oil;

HVV (MJ / Kg) = 79.014 — (43.126x0.87) = 41.49. The estimated
calorific values of 41.49 and 53.015 MJ/kg are higher than
the experimental value of 38.6470 MJ/kg, which can be
attributed to heat loss to the surrounding during the experiment.
Duraisamyet al., [42], found a calorific value of 40.148 Mj/
Kg for yellow oleander oil, this was found to be in line with
the results in this research. Gravalos et al., [42]alsofound out
that the net calorific values of fats and oils that ranged from
36.247 to 37.294 J/g , the expected value should be in the range
of 39.000 - 48.000 Mj/Kg [43]. In this research we found a
gross value of 38.6470 M]/kgfor yellow oleander oil, which
was actually higher than the recommended standards. The
recommended  calorific  value of solid  biomass
i5s14.400 - 17.400 Mj/Kg[43], and since the calorific this
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makes both the yellow oleander seed meal and the oil good
fuels.

4. Conclusion

Results showed that most of the yellow oleander oil seed meal
and oil samples investigated in this study contained low levels
of Al;O3, SiO», S, Ca0, Ti, Cr, Fe, Cu and Zn than the ASTM
recommended levels. Only CaO registered higher values, this
can interfere with the properties of the biodiesel produced. The
difference in content may also be attributed to difference in
climatic conditions and that the source of the raw materials
used were different. The elemental contents of the raw yellow
oleander oil needs to be identified, and the negative elements
removed before use. Carbon content of the meal was relatively
high, this means that it can be used in the preparation of
briquettes and charcoal as fuel. Furthermore the calorific value
of the meal and the oil were found to be high implying that
both can make used as fuel. The eggshells also, registered the
presence of relatively high levels of CaO, MgO and Al,O3 and
other metals, this makes it potentially a good heterogeneous
catalyst.
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Abstract

Evaluation of pollutant levels in an aquatic ecosystem is an essential system management tool. The levels of Al, As, Fe, Hg, Mn, and
Sn in Winam Gulf of Lake Victoria are hereby reported. The sampling sites, Carwash and Dunga beach, are areas on the shore of the
lake where drinking water, fishing and tourism take place. The Analyzed surface sediments and water samples show anthropogenic
addition of Al, As, Fe, Hg, Mn, and Sn into the lake with corresponding water mean concentrations (in pg/L) of 710, 0.74, 1,200,
0.071, 397 and 0.021 in Kisumu city Carwash area and 524, 0.070, 1,550, 0.070, 299 and 0.020, in Dunga beach area, respectively.
The surface sediment concentrations (mg/Kg wet wt) are 26,200, 1.52, 69,200, 0.033, 4,730 and 0.904, at the Carwash area and
21,700, 0.375, 31,400, 0.024, 1600 and 0.805, at Dunga beach area, respectively. Although the mean concentration levels of Al, As,
Hg, Mn and Sn in surface sediment and water were within the UK freshwater limits, the concentration of Fe was more elevated above
the recommended freshwater quality criteria which could cause concern due its potential negative impact on aquatic organisms. All
the metals were enriched and the enrichment factors (based on Al crustal concentration) ranged from 0.79 (As) at Dunga beach to
15.64 (Mn) at Kisumu Carwash area, showing that enrichment of the metals was, in general, higher at the relatively more polluted
sites at Kisumu Carwash area.

1.0. Introduction to their chemical reactivity and speciation in the aquatic
environment. During sample digestion, losses of Hg, As and
Sn, can occur and this makes their determination quite
inaccurate.

Mercury (Hg) presents a major health risk both to humans and
aquatic life [9-13]. In the aquatic environment, it exists in
inorganic and organic forms and, methyl mercury, which is the
most toxic form of the element, is considered a global
pollutant of major public health concern when its
concentrations are above natural background levels [9, 12-14].
The primary source of Hg exposure is through consumption of
contaminated fish [9, 12-14]. The need to monitor mercury
contamination in Winam Gulf is supported further by the
current sporadic use of mercury in artisanal gold mining
activities along the shores of the lake, in places such as

Recent studies of trace elements in surface water and sediment
within Winam Gulf, Lake Victoria focus on common toxic
elements that include iron (Fe), lead (Pb), cadmium (Cd), zinc
(Zn), copper (Cu) and chromium (Cr) [1-8]. Monitoring of
other elements such as Hg, As and Sn, has not been done
despite their known toxic effects in aquatic environments.
Majorly, the gap is created by limitations in analytical
instruments with atomic absorption spectrophotometry (AAS)
dominating the reported results. AAS present analytical
inadequacies in their measurement due to analyte losses
during sample preparation, low detection limits and lack of
suitable lamps for their detection. Analysis of trace metals
such as As, Hg and Sn in water and sediment is complex due
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Macalder and Migori, where Hg has been detected in samples
from the lake, rivers and streams at levels that can cause
human poisoning and toxicity to aquatic organism [9, 11, 15-
19].

Tin (Sn) is equally ubiquitous in the environment as it is used
widely in many products including containers, electrical
components, construction materials, transportation equipment
and various industrial products such as stabilizers, biocides,
catalysts, glass coatings and agrochemicals. The major forms
of tin in environment are inorganic or organotin compounds
from natural and anthropogenic activities and through leaching
from disposal waste in landfills [15, 20, 21]. However, Sn
does not evoke alarming concern because its ambient
environmental levels are generally quite low, except in the
vicinity of pollution sources. However, like Hg, Alkyl
compounds of tin, like those of Hg, are highly toxic and bio-
accumulative even in non-polluted ecosystems. In particular,
the three butylated (tributyl, dibutyl, butyltin) tin species,
which are used in many industrial products, are quite stable
and bio-accumulative in aquatic organisms, birds and human
organs through food chain transfer [21, 22].

Arsenic (As) has not been a major concern in Kenya, despite
its known toxicity and frequent prevalence in drinking water
in forms of arsenate and arsenite in other countries [23, 24].
Although arsenic is rapidly excreted, primarily through the
urine [23, 24] inorganic arsenic is carcinogenic to humans
where it can induce carcinomas of the skin, urinary bladder,
lung, and possibly other tissues [23, 25]. Exposure to As is
through drinking water, occupational (mining) inhalation, diet,
and biocides and pharmaceuticals [26]. Inorganic arsenic in
the aquatic environment is bio-transformed into organo-
arsenic compounds by biota and more than 20 organo-arsenic
compounds such as dimethylarsinic acid, methylarsonic acid,
arsenocholine, tetramethylarsonium ion, arsenite and
arsenobetaine have been identified [20]. Although hot spots of
As prevalence in Kenya are not yet known, high levels of total
As with mean concentrations above 50 mg/kg, the WHO
recommended limit in sediment, were recently reported in
samples taken from rivers and streams in the artisanal gold
mining areas in Macalder and Migori located on the shores of
Winam Gulf [15, 18, 19].

Surface waters contain high Al, Fe and Mn concentrations
since they are major elements in the earth’s crust. The amount
of Al, Fe and Mn in solution from normal weathering is only a
small proportion of their total in the environment, but
perturbations of normal weathering and changes in water
properties such as pH, dissolve organic matter (DOM) and
anionic electrolytes concentrations can substantially increase
their solubility and mobility in the aquatic environment
(especially at low pH) [27]. At high concentrations above the
recommended levels Al, Fe and Mn are toxic to fish;
phytoplanktons such as Cylotella Menehiniana; algae and
common freshwater bacteria such as Cyanobactreia species,
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diatoms, alga, protozoa; invertebrates such as shrimps and fish
[27-29]. The major sources of these metals in the aquatic
environment include natural  weathering  processes,
aerial/rainfall deposition and anthropogenic activities such as
municipal wastewater and sewage sludge discharge, mining
and mineral processing and emissions from various industrial
activities and products such as paints and biocides [30].
Consequently the global community has established limit
guidelines for these metals with respect to drinking water
quality, aquatic life, irrigation water and water for recreation
[31]. These three metals, unlike Hg, As and Sn, have
previously been analyzed in samples taken from various
locations along Winam Gulf. The continuous monitoring of all
these metals is necessary in order to establish their
anthropogenic sources and distribution in the lake. This
research aimed at determining the total concentrations of As,
Hg, Sn, Mn, Al and Fe in two polluted sites along the Winam
Gulf. The samples were analyzed by Inductively Coupled
Plasma - Mass Spectrophotometry (ICP-MS) and evaluated in
terms of their enrichment factors [32]. The enrichment factors
of these six metals are, in addition, compared with enrichment
factors of Pb, Cd, Cu, Zn, Co, Cr, Ni and Mo, which have
been calculated for two sites, based on recent data obtained in
a recent report [6]. In this study, the sampling sites were on
locations on Winam Gulf where drinking water, fishing and
tourism, are some of the major activities and therefore regular
monitoring of these contaminants is needed.

2.0. Materials and methods
2.1. Sampling of water and surface sediment

The study area comprised of two sampling sites along Winam
Gulf of Lake Victoria, namely Kisumu Carwash bay (KC) and
Dunga Beach (DB). Both sites are located in Kisumu city,
which lies between 0°0.4°S to 0°0.6’S and 34°13’E to 34°52’E,
and an altitude of 1134 m above sea level see Fig. 1. Samples
were collected in July 2014 during the dry season. Surface
sediment (0-5 cm layer) samples were taken from five
sampling points at each site located 2 m distance inside the
lake from the shore, in five replicates, using a stainless steel
Ekman grab. The samples were placed in polyethylene (PE)
sampling bottles and stored in a refrigerator overnight before
transportation to Helmholtz Zentrum Muenchen, Germany, for
analysis. Water samples were collected by immersing PE 1-
litre sampling bottles underneath the water surface, leaving the
bottles to fill up and then closing them tightly using plastic
cocks. They were also stored in the refrigerator overnight
before being taken to Germany for analysis. The sampling
bottles were pre-cleaned with detergent, rinsed thoroughly
with de-ionized water, followed by 6% HNOs3, and then with
de-ionized water before use.



Ongeri D.M.K et al. Journal of the Kenya Chemical Society 10-1 (2017),70-75

2.2. Analysis by ICP-MS

Agqua-regia acid digestion method was used. Five (5) g wet
sediment sample was placed in a Pyrex digestion flask, treated
with 28 mL of aqua-regia (30% HCI:70% HNOs: (3:1)
mixture) and pre-digested on a hot plate for 2 hours in a
vacuum hood. The Predigested samples were left to cool under
the vacuum hood for 4 hours to about 24 °C, and filtered
through ash-less Whatman 41 filter into 100-mL glass
volumetric flask.

|:|Mwanza‘Gu.lf

Fig. 1. Map of Lake Victoria showing the study sites [8]

The filtrate was made up to 100 mL using 0.5 M HNO3 (aq)
before analysis by ICP-MS (X-series 2 ICP-MS model) using
an automated inbuilt calibration technique developed in the
trace metal analysis laboratory in HelmholtzZentrum
Muenchen, which involved automatic quantification of the
trace metals based on regularly calibrated six point calibration
curves generated in situ for each analyte, with data storage in a
computer connected to the instrument. Analysis was based on
calibration curves prepared from multi-element standard
solutions (Calibration Standards Method 200.7) from Sigma
and Aldrich. The % recoveries were obtained for each analyte
by spiking known reference sediment standards before taking
them through aqua regia digestion and analysis, respectively.
Water samples were filtered through ash-less Whatman No. 41
filters and aliquots analysed by ICP-MS.

The enrichment factors (EF), were calculated by the formula:
EF = (X/ADsampie / (X/Al)crust, Where X = concentration of
metal and Al = concentration of Al [32]. Apart from the EF of
the six elements analysed in this study, the EF for Ph, Cd, Cu,
Zn, Co, Cr, Ni and Mo were calculated for comparison, using
the same formula but basing on recent data reported in
literature for the two the sites [6].

3. Results and discussion

The data collected in this study are presented in Tables 1 and
2. It was found that the concentrations of the heavy metals in
Kisumu carwash (KC) water were significantly higher than the
corresponding metal concentrations in samples from Dunga
(DB) water except for Fe, where Dunga registered
significantly higher concentrations. The significant high
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concentrations (see Tables 1 and 2) in Carwash were attributed
to numerous anthropogenic activities in the area such as
cleaning of vehicles and entry of industrial effluent through
River Kisat, unlike in Dunga area where there was less
influence of anthropogenic activities.

Kisumu Carwash bay area of Winam Gulf has been known to
be the most polluted part of the lake with other metals such as
Cu, Zn, Pb, Cr and Cd, from previous monitoring, and their
main sources reportedly including car washing activities, oil
spills, runoff during rainfall, influent rivers and streams
collecting contaminants from agricultural inputs, industrial
effluents, municipal waste and wastewater treatment plants [4-
6]. Minor anthropogenic influences at Dunga beach include
effluents from Nyamasaria River and runoff from human
settlements, hence lower levels of metal contamination
measured at this site. Kisumu City land surface slopes towards
Carwash area which enhances drainage of contaminants from
the city that include metallic residues from welding activities,
motor vehicle garages and construction sites, making Carwash
area to be more polluted compared to other parts of Winam
Gulf.

In surface sediment, Fe registered the highest concentration
while Hg recorded the lowest in both sampling sites (Table 1).
The mean levels of Fe and Mn in surface sediment surpassed
the probable effect concentrations (PEC) [33, 34] for
freshwater ecosystems and therefore indicated that sediments
were polluted at the two sites with Fe and Mn. The
concentrations of dissolved metals in the water samples from
both sites decreased as follows: Fe>Al>Mn>As>Hg>Sn. The
concentrations of all the heavy metals analyzed, except Fe,
were below water quality criteria guidelines for UK and
therefore no potential negative effects on aquatic organisms
such as diatoms (desired freshwater concentration criteria: 1.5-
50 mg/L), alga (1.9-5 mg/L), protozoa (16-51.8 mg/L)
indicated [29]. The mean levels of Hg and Sn for both
Carwash and Dunga were above background levels although
As mean level was below background level at the two sites.
The concentrations of the analyzed heavy metals in Kisumu
carwash surface sediment were significantly higher than
corresponding metal concentrations in Dunga surface
sediments (Table 2). The concentrations in sediment ranked,
from highest to the lowest, from Fe>Al>Mn>As>Sn>Hg for
Carwash and Fe>Al>Mn>Sn>As>Hg for Dunga area. The
small difference in this order due to Sn and As concentration,
could be attributed to the difference in characteristics of the
sediment of the two areas.

The levels of the metals in the two sites were also compared
by their accumulation factors. The accumulation of the metal
from water to sediment was calculated by dividing the metal
concentration in sediment by metal concentration in water and
the data is presented in Table 3. All the metals recorded higher
accumulation in Carwash sediment compared to Dunga
sediment (Table 3) except for Al. Higher metal accumulation
in Carwash bay area was attributed to more intense human
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activities in this area that has led to high organic matter
content which in turn aids in higher metal binding and
accumulation. The metal accumulation factors decreased as
follows: Sn>Al>Fe>Mn>As>Hg. The metal Hg registered
very low accumulation factor (404) in range of hundreds while
metals such as Fe, Sn and Al, all recorded accumulation

factors of over 38,000. Based on these data, it would imply
that toxic heavy metals like As and Hg can have extreme
toxicological effects when water gets contaminated with them.
Therefore, As and Hg levels in Winam Gulf is of concern to
aquatic environment and needs to be monitored.

Table 1: Al, As, Fe, Hg, Mn, Sn concentrations in water (ug/L), means and least square differences.

Al As Fe Hg Mn Sn
Water | KCW | DBW | KCW | DBW | KCW | DBW | KCW | DBW | KCW | DBW | KCW | DBW
1 501 531 0.702 | 0.684 | 906 1590 | 0.0795 | 0.0693 | 331 419 0.0194 | 0.0235
2 913 534 0.722 | 0.801 | 1390 | 1480 | 0.0702 | 0.0760 | 296 266 0.0295 | 0.0251
3 660 500 0.815 | 0.728 | 1290 | 1690 | 0.0586 | 0.0821 | 359 254 0.0107 | <0.0012
4 823 478 0.780 | 0.690 | 1340 | 1760 | 0.0703 | 0.0677 | 293 409 0.0210 | 0.0121
5 653 529 0.665 | 0.633 | 1060 | 1250 | 0.0762 | 0.0559 | 706 149 0.0265 | <0.0012
Mean | 710 514 0.739 | 0.707 | 1200 | 1550 | 0.0710 | 0.0702 | 397 299 0.0214 | 0.0202
612 0.722 1380 0.0706 348 0.0208
LSD [ 126 | 203 [0.049 [0.046 [ 171 [151 [0.0055 | 0.0071 | 123 [91.7 |526 [542
97.8 0.0148 178 0.000380 48.8 0.000593
Note: All data corrected to 3 significant figures; KCW: Car Wash site water; DBW: Dunga Beach site water; 1,2,3,4,5
represent sampling points.

Table 2: Al, As, Fe, Hg, Mn, Sn concentrations in sediment (mg/Kg wet weight), means and least square differences.

Al As Fe Hg Mn Sn
Sed KCS DBS | KCS DBS | KCS DBS | KCS DBS KCS | DBS | KCS | DBS
1 23200 | 28600 | 1.57 0.592 | 62600 | 41100 | 0.028 0.0322 | 3970 | 2630 | 0.823 | 0.612
2 23800 | 24000 | 1.71 0.334 | 67700 | 32600 | 0.027 0.0278 | 4550 | 1370 | 0.725 | 2.050
3 32100 | 34000 | 1.34 0.458 | 78400 | 35800 | 0.037 0.0306 | 4950 | 1100 | 1.240 | 0.854
4 20300 | 12400 | 1.52 0.237 | 72000 | 25100 | 0.026 0.0169 | 5160 | 1460 | 0.521 | 0.293
5 31700 | 9700 | 1.48 0.252 | 65100 | 22400 | 0.047 0.0140 | 5000 | 1420 | 1.210 | 0.217
Mean | 26200 | 21700 | 1.52 0.375 | 69200 | 31400 | 0.033 0.0243 | 4730 | 1600 | 0.904 | 0.805
24000 0.95 50300 0.029 3160 0.855
LSD | 4500 8600 | 0.09 0.120 | 4830 6120 | 0.007 0.0071 | 373 414 | 0.257 | 0.517
2240 0.575 18900 0.0042 1570 0.049
Note: All data corrected to 3 significant figures; KCS: Car Wash site sediment; DBS: Dunga Beach site sediment;
1,2,3,4,5 represent sampling points.

Table 3: The estimated accumulation factors of metals in surface sediment based on mean total concentrations

Metal | Site Concentration Concentration Accumulation | Mean accumulation
in sediment (ppb) in water (ppb) factor factor
Fe Carwash 69,160,000 1,197.000 57,777 38,991
Dunga 31,400, 000 1,554.000 20,205
Al Carwash 26,220,000 710.000 36,929 39,596
Dunga 21,740,000 514.000 42,262
Mn Carwash 4,726,000 397.000 11,904 8,617
Dunga 1,596,000 299.000 5,330
As Carwash 1,524 0.737 2,067 12,989
Dunga 375 0.707 530
Sn Carwash 904 0.021 43,047 41,649
Dunga 805 0.020 40,250
Hg Carwash 32.7 0.071 460 404
Dunga 24.3 0.070 347
Note: Estimated accumulation factor = metal concentration in sediment (ppb)/metal concentration in
water (ppb)
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The scope of this study was however restricted since only two
sites were considered and the water column particulate bound
metals were not analyzed. The estimated accumulation factor is
only useful in demonstrating the difference between the
concentrations of heavy metals in water and sediment for the
same ecosystem but cannot be used for showing the enrichment
factors due to anthropogenic sources in both locations.
Sediment concentrations of metals were higher than water
concentrations. In this case, the accumulative factors confirmed
that Dunga beach is less contaminated by heavy metals. The
enrichment factors (EF) in sediment are often taken as the
standard indicators for showing anthropogenic additions [32,
35-37]. The enrichment factors are given in Table 4 showing
enrichment of Hg, Sn, Mn and Fe at both sites in Winam
Gulf. As was enriched at Kisumu Carwash area.

The EF values for Mn and Fe where higher than As, Hg and Sn

suggesting anthropogenic influences (Table 4). Furthermore,
the enrichment factors for Dunga Beach were lower than
Carwash area, confirming more anthropogenic influences at the
later site. For comparison, significant enrichment of Pb, Cd,
and Zn in Kisumu Carwash, in particular, as well as Cu, Co, Cr
and Mo in Kisumu Carwash and Usoma beach (which is far
from the industrial city) was found (Table 4). The results
therefore indicate that factors influencing heavy metal mobility
and enrichment are from diverse sources and, not just
industrial/municipal effluents only.

Table 4. Enrichment factors of heavy metals in surface
sediment in Winam Gulf

Metal Crustal EF EF EF
conc (KC) (DB) (UB)
(ppm)
Al | 82,300 - - -
Hg | 0.08 1.28 1.15 nd
Sn | 2 1.42 153 nd
As | 1.8 2.66 079 nd
Mn | 950 15.64 6.39 8.52
Fe | 56,300 3.86 212 395
*Pp | 125 2151 nd 6.30
*Cd | 0.2 36.99 nd 44 .97
*Cu | 55 2.47 nd 2.48
*Zn | 70 6.95 nd 12.21
*Co | 25 2.88 nd 2.73
*Cr | 100 1.80 nd 2.00
*Ni | 75 0.74 nd 1.19
*Mo | 1.5 4.25 nd 36.88

Note: EF: Enrichment factor; conc: concentration; KC: Kisumu
Carwash; DB: Dunga Beach; UB: Usoma Beach; *: based on
literature [6, 32]; nd: not determined due to lack of data.
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4. Conclusion

Analysis of surface sediment and water samples taken from
two sites in Winam Gulf, i.e. Kisumu Carwash and Dunga
beach revealed anthropogenic additions of As, Hg, Sn, Mn, Fe
and Al into the lake. Although the mean concentrations in
surface sediment and water were within freshwater limits in
accordance to United Kingdom standards, the concentration of
Fe was above the recommended quality criteria, which may
pose a concern due to its potential negative impact on aquatic
organisms. The results indicate enrichment of the measured
pollutants indicating a possibility of continued lake pollution
hence the need to manage anthropogenic factors. Although this
study provided new baseline data on the six elements and their
enrichment in Winam gulf, future studies should consider
effects of seasonal variations because their concentration levels
and enrichment factors are expected to vary during the rainy
season.
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Abstract

Research on phenolic compounds is of current interest since they have important biological and pharmacological properties. HPLC is
one of the advanced techniques for routine analysis of phenolic compounds. In this research, the determination of phenolic
compounds in four different locations along the Oyun River, in North-central Nigeria was carried out using HPLC. Samples were
collected from the upper, middle and lower stream from each of the sampling stations. The collected samples were extracted, pre-
concentrated and analysed by HPLC technique. Among the phenolic compound studied, chlorophenol has the highest concentration of
13.01 ppm at location 4 (Unilorin Dam) while 2,4dinitrophenol has the lowest concentration of 2.036 ppm at location 1 (Oyun).
Phenol was not detected in all the samples collected. The experimental results demonstrated that HPLC method offers excellent
recoveries and could be employed for environmental sample analysis. In view of the rapidity, simplicity, environment-friendly nature,
the optimised method was an excellent alternative detection technology for phenol analysis and can be widely employed in
environmental and other related fields.

Keywords: Phenols, HPLC, Oyun River, endocrine, recovery, optimization

effects on the central nervous system and heart.® Phenolic
compounds have also been accused of carcinogenicity.

10. Introduction Identification and monitoring of these compounds at trace
Phenolic compounds such as halogenated and nitrated phenols level in surface waters are imperative because they are
are present in the aquatic environment due to their widespread persistent in the environment.* *°

use in many industrial processes such as the manufacture of One of the problems of developing countries like Nigeria is
plastics, dyes, drugs, antioxidants, pharmaceuticals, paints, improper management of the enormous amount of wastes
pulp, paper and wood preservatives and pesticides.“Disposal generated by various anthropogenic activities. More
of these chemicals or pollutants without proper treatment may problematic is the indiscriminate disposal of such wastes into
lead to serious health risks to humans, animals and aquatic water bodies’ especially freshwater reservoirs. This has often
systems.Phenols possesses hazardous health effects; these can rendered these natural resources unsuitable for both primary
be chronic and acute. Irregular breathing and weakness may and secondary usage. Industrial effluent contamination of
result from long-term exposure to phenolic compounds. natural water bodies has emerged as a major challenge in
Chronic systemic effects due to phenol exposure are: anorexia, developing and densely populated countries like Nigeria.
weight loss, diahorea and dark colouration of urine.5 © River systems are the primary means for disposal of waste,
"Repeated or prolonged skin contact with phenol may result in especially the effluents from industries that are near them.
dermatitis or even second and third degree burns due to phenol These effluents have a great influence on the pollution of the
caustic and defeating properties.® It may also cause harmful water body in which they can alter the physical, chemical and
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biological nature of the receiving water body. Increased
industrial activities, agricultural activities and domestic
uses have led to pollution stress on surface water. Despite
the environmental consequences of surface water pollution by
industrial effluents, many river systems in developing
countries especially Nigeria are still being contaminated by
industrial influents.*® 12

Endocrine disrupting chemicals (EDCs) has been reported
over decades. They are class of chemicals emanating from
xenobiotic and exogenious origins. Several phenolic
compounds such as bisphenol A, nitrophenols and
chlorophenols have been identified as EDCs. EDCs, act by
mimicking or inhibiting the natural actions of the endocrine
system in animals and humans such as synthesis, secretion,
transport and binding. The presence of EDCs in the aquatic
systems is a serious environmental problem.3-%"

Toxic organic contaminants such as Phenolic EDCs should be
removed from effluents before discharge into natural water
bodies due to serious environmental risks it possesses. At
concentrations below 1 pg/L, phenols can affect the taste and
odour of water. Phenolic concentration above 2 mg/l is
considered to be toxic to fish and concentration ranges
between 10 to 100 mg/l would result in death of aquatic life
within period of 4 days.® Biodegradability of phenols is only
90% in surface water after a one-week, and the aquatic
toxicity of phenol (LCsp) is 12mg/l. In EU countries, the
allowed maximum concentration of phenol in drinking water
is 0.5 mg/I.*8

In recent years, many researchers used adsorption method for
phenolic removals such as activated carbon, zeolites,
biosorbents etc. Many modifications have been used to
improve the adsorption efficiency of activated carbon.
Potassium permanganate as an oxidant has been used widely
and more on the impact of modification on adsorption capacity
has been studied.’®Many works have been conducted on
distribution and occurrence of phenolic EDCs in drinking
water. 20, 21,22

In view of the impact of phenolic compounds in surface water,
there is therefore need to establish a method for the
determination and quantification of phenols in surface water.
Several analytical techniques have been developed for the
determination and quantification of phenols in recent years.
Among these analytical techniques, High performance liquid
chromatography (HPLC) is presently the most popular and
reliable analytical technique for the analysis of phenolic
compounds. HPLC have been used with detectors such as UV,
electrochemical detector and colorimetric detector for phenols
analysis.?3 24

The major aim of this research work is to develop, optimize
sensitive and selective method for the determination of some
phenolic compounds in environmental matrixes. Water
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samples collected from Oyun River was used to validate the
developed method wusing High Performance Liquid
Chromatography (HPLC) technique.

2. Materials and Methods

2.1 Description of sampling site

The study area is located in llorin, North Central Nigeria with
the region font code of Africa/Middle East. It is located at an
elevation of 269 meters above sea level with population of
736,113. It lies between latitude 8°24’N and 8°36N and
between longitude 4°10°E and 4°36°E.? The city has a humid
tropical climate, which is characterized by wet and dry season.
Rainy season in the city begins towards the end of March and
ends in October with 2 peak periods in June and September.
Temperature is uniformly high throughout the year and open
air isolation can be very uncomfortable during the dry
season.?llorin is underlain by igneous metamorphic rock
basement complex, which are neither porous nor permeable
except in places where they are deeply weathered or have
zones of weakness.?® The coordinates and the map of the
sampling sites are presented in Table 1 and Figure 1
respectively.

Table 1 Coordinates of Sampling Sites

Sample  Sampling Location Latitude Longitude
1 Oyun 831.528 N 436.08E

2 Police Headquarter Barack &31.745N  4£36.055E
8 Ago Ayekele 827.444N 437418E
4 Unilorin Dam &28.050N  439.799E

2.2 Reagents and chemicals

High analytical grade chemicals were used. The chemicals
include  2,4-dinitrophenol,  phenol, nitrophenol and
chlorophenol which were used to prepared working standards.
Other chemicals used for analysis include 0.02 N sulphuric
acid (H2S0,), nitric acid (HNOs), silver nitrate (AgNOs),
potassium chromate (K.CrO.), buffer solution (indicate the
specifics), eriochrome Black T, 0.01lM EDTA,
Dichloromethane and anhydrous sodium sulphate (Na2SOs).

2.3 Preparation of standard solution

Stock solutions (1000 mg/L) of standard 2,4-dinitrophenol,
phenol, nitrophenol and chlorophenol were prepared. Serial
dilutions of these standards were done to obtain series of
concentrations (50 ppm, 25 ppm, 12.5 ppm, 6.25 ppm, 3.13
ppm) which were used to establish retention time Rt and
calibrations plots
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Figure. 1

2.4. Sample collection and preservation

A thorough survey of the study area was conducted prior to
sampling. The rivers were mapped out for sampling and water
samples were collected upstream and downstream of the four
study areas. Each water sample were collected in a clean
amber bottle which was soaked in 3 ml of concentrated nitric
acid for 24 hours, washed thoroughly with soap and then
rinsed with deionized water. The sampling bottles were dipped
inside the river and locked so as to avoid any form of air
trapping into it. The water samples which were collected at
upper, middle and lower stream of the river was denoted with
‘a’, ‘b’ and ‘¢’ respectively. The collected water samples were
taken into the laboratory where the pH was measured and
acidified with 4 ml of conc. H.SO. (0.2% v/v) and was kept at
4°C until analysis. The physico-chemical parameters were also
determined.

2.5 Analysis of physiochemical parameters of the water
samples

The temperature, pH, turbidity and conductivity of the water
samples were determine using thermometer, pH meter,
turbidity meter and conductivity meter respectively. Total
Suspended Solids (TSS), Total Dissolved Solids, hardness and
chloride were determined following the standard methods.*°

2.6 Instrumentation
In determination of phenol at low concentration, HPLC
method with liquid-liquid extraction was employed. Analyses
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Map of llorin showing the study area on Oyun River

were performed on an Agilent technologies 11100 series
HPLC instrument with a Ultra-Violet (UV) detector. HPLC
chromatographic conditions are shown in table 2.

Table 2 HPLC Operating Conditions

Instrumentation Operating conditions

Column Zorbax Eclipse XDB —-C18

Column temperature Room temperature

Column dimension 4.6x 250 mm
Flow rate Iml/min
Detector UV Detector
Particle size 5 micron
Wave length 262nm
Injection Volume 10pl
Acetonitrile & HPLC Grade water
Mobile Phase (50:50) viv

2.7 Extraction of phenols

A sequential liquid-liquid extraction procedure was applied to
the river water samples using dichloromethane after
acidification to pH 2 with conc. HSO4 (0.2% v/v). 100 ml of
the water sample was measured into 250 ml separating funnel
and extracted twice with 25 ml of dichloromethane in 30
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minute by shaking with hand. The stopper was removed and
allowed to settle for 20 minutes. After the extraction, the
organic layer was concentrated by rotary evaporation at room
temperature under reduced pressure to approximately 1 mL
and dried by filtration over 1g of anhydrous granulated sodium
sulphate (Na;S0O;).**

2.8 Determination of resolution, linearity and solubility of
the phenolic compound

The phenol standards were firstly examined to check their
solubilities in organic solvent; they were found to be soluble in
the mixture of methanol and demineralised water. These
compounds were fully scanned using UV spectrophotometer
and found out that they absorb between 260 and 270nm but
when the compounds were ran individually across the
wavelength using HPLC Agilent 1100 series it was found out
that the wavelength of maximum absorbance was around 262
nm. Then the individually phenol compounds was ran to
ascertain their retention time. The later was mixed together to
see how they would resolved and it was found out that there
were separations among the phenol compounds. This was
adopted and series of concentrations were prepared to run
linearity of the method.

2.9 Quality assurance

Quality assurance is defined as a set of activities or procedures
which are adopted to ensure that all quality requirements are
being met.?” Quality assurance was employed to the sample
and chemicals used to prevent lower errors and verify the
accuracy of the calibration standards while the control
standards were used to monitor the accuracy of the instrument
used. Water samples collected from Oyun River were used to
validate the results. The experiment was carried out in
triplicate at each location to obtain reliable results.® For
recovery study, an ultra-pure water (purified water) was
spiked with a mixture of phenol compounds containing about
12.5 ppm. the mixture was extracted using 10 ml of a mixture
of methanol and N- hexane (50:50 v/v). The extraction was
repeated twice using the same solvents. The organic phases
collected were pooled together and clean up using a column
packed with silica gel and the eluate was concentrated using
nitrogen concentrator. The concentrate was later reconstituted
to about 1ml with mobile phase before injection.

3. Results and Discussion

3.1. Physicochemical parameters

The results of the physic-chemical parameters which include
pH, temperature, turbidity, conductivity, TSS, TDS, chloride
and hardness of the water samples are presented in Table 3.
The observed pH values of the samples varied between 5.2
and 7.1 with the lowest values recorded in Location 3 while
the highest values were recorded in Location 1.All the values
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complied with both WHO and USEPA standards.3 32 The
water temperature of Oyun River ranged between 26.81 °C to
28.81 °C. The lowest value (26.81 °C) was found in location 1
and the highest temperature value (28.81 °C) was found in
location 4. However, all the values complied with WHO and
USEPA standards permissible limits for surface water.3:
%2These values also correspond to the values obtained by
Adewoye on his work on Asa River.®® The mean values
obtained for conductivity ranged between 40.30 pS/cm and
60.05 uS/cm. Electrical conductivity is mostly influenced by
dissolved salts such as sodium chloride and potassium
chloride. The mean values were found to comply only with
USEPA standard limit as other regulatory bodies are silent on
permissible limits for conductivity in surface water.3* These
values also correspond to the values obtained by Mobinet al
on his work on Turag River but are lower than 68.60uS/cm
reported by Umunnakwe and Ogamba. 3> 36

TSS and TDS values ranged from 187.16 to 298.49 mg/L and
278.14 to 392.47 mg/L, respectively. These values were higher
than the WHO maximum permissible limit, TSS (20 mg/L)
and TDS (200 mg/L).3! TSS relatively measures the physical
or visual observable dirtiness of a water resource. Therefore
location 4 had more dirt and dissolved substances in the water
samples. TDS are indication of the degree of dissolved
substances such as metal ions in the water.*® Lowest chloride
value (28.29 mg/L) was recorded in location 2 while the
highest chloride value (45.55 mg/L) was observed in location
4due to the basis of soil porosity and permeability. The high
content of chloride in the aquatic systems is responsible for a
large amount of organic matter which in turn causes
eutrophication.’” The value of hardness ranged between
219.32 mg/L — 532.68 mg/L. The lowest value (219.32 mg/L)
was recorded in location 4 and the highest value (532.68
mg/L) was recorded in location 1. Calcium ions make major
contribution to the hardness of river water. These values also
correspond to the values obtained by Dubey, on his work on
Kshiprariver water at Ujjain, India.®®

3.2. HPLC results

The results from the HPLC analysis of the prepared standards,
concentrations of phenolic compounds in the samples and
results of the spiked river water sample are presented in Tables
4,5 and 6, respectively.

In this study, four phenolic compounds (2,4 —Dinitrophenal,
Phenol, Nitrophenol, Chlorophenol) were examined in all the
twelve water samples taken at four different sampling
locations along Oyun River. The calculation of concentration
of the compounds are based on the area of peaks (mAU*min).
The mean concentration for the four phenolic compounds for
water samples shows that the highest concentration for toxic
2,4-dinitrophenol was found at 2.258 ppm in location 3 and
the lowest value was recorded as 2.014 ppm in location 2.
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Nitrophenol was found at 0.891 ppm in location 1. The highest
concentration of Chlorophenol was 13.010 ppm at location 4
and the lowest value was recorded as 7.185 ppm at location 1.
Phenol was not detected probably due to the presence of very
low concentrations in water samples because it is diluted or
may not be present in water samples at the selected locations.
The LOD/LOQ was established using statistical graph with the
concentration shown in table 7. Recovery studies were carried
out and quantitative recoveries of 87.2%, were recorded for

Table 3 Physico-chemical parameters of river water samples

2,4- dinitro -phenol; Phenol (83.90%); Nitro phenol (74.80)
and Chloro phenol (96.07%) in that order (Table 6) The
absence or lower concentration of other derivatives of phenols
is probably due to their volatility, dissolution, biological
degradation and photo oxidation.® It can also be seen that the
concentration of the phenolic compounds in location 4 is
higher than the other three sampling locations due to
chlorination of mono and polyaromatic compounds present in
the soil and water of the location.

Chloride
S/IN  pH Temp Turbidity Conductivity ~ TSS(mg/L) TDS(mg/L) (mg/L T.H(mg/L)
1 7.1+0.26 26.81+ 0.38 51.36 £0.77 47.72 £0.78 187.16x 22.04 278.12+ 38.25 34.32 £3.72 532.68+132.44
2 6.4+0.20 27.73x1.05 50.77 £6.72 40.77 £1.82 207.06+ 30.42 298.38+ 37.91 28.29 £0.40 253.03+ 40.00
3 52+0.15 26.89+0.10 42.04+£0.79  40.30+3.20 249.34+ 2.39 339.29+ 3.59 30.62 + 0.82 248.00+ 23.06
4 6.0+£0.21 28.81+0.24 56.48 £ 2.97 60.05£1.70 298.49+ 34.75 392.47+ 25.09 4555 +1.42 219.32+ 19.00
Table 4 Results of the four phenolic compounds obtained from standard solution of 12.5 ppm
Width
Peak Name Ret Time (min)  Type (min) Area (mMAU*s) Area (%)
1 Dinitrophenol 2.203 VV R 0.146 1660.585 33.282
2 Phenol 3.949 VV R 0.070 3036.210 60.852
8 Nitro phenol 4.289 VV R 0.080 241.991 4.85
4 Chlorophenol 5.673 VB R 0.097 50.726 1.017
Totals 4989.512
VD1 A, Wavelength=262 nm (std (mix12 Sppm) 2016:04-05 13-15-03.0) VWD A, Wavelength=262 nm (Spiked std 12 5ppm 2016:04-13 05-5042.0)
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Figure. 2 Typical chromatogram obtained from a
standard solution of 12.5 ppm

80

Figure 3 Typical chromatogram of spiked water
sample
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Table 5 Concentrations of the four phenolic
compounds at different locations.

ANALYTE Samplel Sample2 Sample Sample 4
3 (Ppm)
2,4dinitrophenol  2.036 2.014 2.258  2.158
Phenol N.D N. D N.D N.D
Nitrophenol 0.891 N.D N.D N.D

Chlorophenol 7.185 N.D N.D 13.01

ND=Not Detectable

4. Conclusions

Studies of the detection and quantification of
phenolic compounds in water is of great interest in
order to make water safer for utilization. HPLC,
with various detection possibilities, or their
combinations, has been a preferred technique for

Table 6 Results obtained from spiked water sample

routine analysis of phenolics compounds. The
concentrations of each phenol in water samples at
location 1 (Oyun), 2 (Police Headquarters), 3 (Ago
Ayekale) and 4 (Unilorin dam) of Oyun River were
determined. Samples were collected from the upper,
middle and lower stream from each of the sampling
stations. The collected samples were extracted, pre-
concentrated and analysed by HPLC technique. The
highest and lowest concentrations were obtained in
the river water samples at location 4 (Unilorin
Dam). Almost similar results were obtained from
location 1 (Oyun). The experimental results
demonstrated that this HPLC method offers
excellent recoveries and could be employed for
environmental sample analysis. Therefore, the
developed method can be used as an alternative
detection method for analysis of phenols in
environmental and other related field.

Peak Ret Time Type Width(min) Area (mMAU*s)  Area % % Recovery Name
(min)

1 1.916 BV 0.058 13.463 0.179 Nil
2 2.162 - 0.000 0.000 0.000 87.20 2,4-dinitrophenol
3 2.55 BV 0.169 2279.513 30.232 - -
4 3.217 VVE 0470 1678.485 22.261 - -
5 3.679 VVE 0.216 791.138 10.493 - =
6 3.855 VBR  0.068 2547.379 33.785 83.90 Phenol
7 4.171 BB 0.073 180.939 2.400 74.80 Nitrophenol
8 5.438 BB 0.091 49.132 0.652 96.07 Chlorophenol
Totals 7540.048

Table 7 LOD and LOQ concentrations for the four analytes.

Analyte LOD (ppm) LOQ (ppm)
2,4dinitrophenol 1.406992 4.643074
Phenol 3.951142 11.97316
NitroPhenol 1.68463 5.104938
Chlorophenol 1.57589 4.77525
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