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ABSTRACT

Precipitating magnesium ammonium phosphate (MAP) to include potassium (K) has been explored to
improve the fertilizing ability of the product. The present study aims to precipitate a MAP that also contains
K and determine the probable risk to human health through the daily consumption of lettuce cultivated with
the enhanced struvite. Analysis of the precipitate revealed that adding cocoa bean husk as seed produced
MAP with potassium (K) content. The concentration of the heavy metals in the fresh leaves (concentration
range, safe limits in mg/kg) was Cu (6.14 — 12.13, 73.3), Cd (0.11 — 0.43, 0.2), Ni (0.44 — 0.85, 67.9), Pb
(0.85 — 1.38, 0.3). The estimated daily intake of heavy metals via the consumption of lettuce grown with
struvite was below the tolerable upper dietary intake levels. The 95t percentile of the hazard index for the
control, NPK and struvite are 0.047, 0.605, (0.214 — 0.759) respectively. The struvite produced can
significantly improve its performance as an alternate phosphorus fertilizer and also show if struvite is safe
for use as a fertilizer.

Keywords: heavy metals; lettuce; NPK; risk assessment; struvite

INTRODUCTION

From the literature, seed material has been used primarily in phosphorus (P) recovery to increase the
crystals’ size. Some include quartz sand(Battistoni et al., 2000), struvite in the form of MAP(Yu et al.,
2013), zeolite and molecular sieve(Xiaoning Liu et al., 2014b), dolomite(Xueyu Liu et al., 2015), snail shell
(Oladoja et al., 2012), and calcite(Song et al., 2006). Moreover, seeds can be chosen to enhance the quality
of the struvite product for use as fertilizer. Potassium (K) is essential for plant growth as it acts as an
enzyme activator, stimulating metabolic processes. It has been shown to demonstrate the ability to enhance
plants’ resistance to diseases, increase the size of grains and seeds, and enhance the quality of fruits and
vegetables. This study seeks to use cocoa bean husk as seed material for struvite precipitation. A scanning
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electron microscope image of a cocoa bean husk shows a rough fibrous surface(Daud et al., 2013) which is a
good seed characteristic. Moreover, chemical analysis of cocoa bean husk shows a high potassium
content(Donkoh et al., 1991). Chemically, it is impossible to precipitate struvite as MgKNH,PO,.6H,0,
and struvite has been precipitated either as MAP (MgNH,PO,.6H,0) or K-struvite (KMgPO,.6H,0). The
research gap that looks at the possibility of adding a seed that contains another essential plant nutrient
(potassium, K) is explored in this study.

Heavy metals have been found to induce electrolyte imbalance, and osmotic imbalance, as well as interfere
with the absorption process on the negatively charged sites of enzymes(Macoveanu et al., 2010). According
to (Gall et al., 2015), heavy metals have the potential to interact with biomolecules, interfering with
essential biological processes directly. This disruption can lead to toxicity, and in severe cases, heavy metals
can accumulate in the kidney and liver, ultimately leading to organ failure. Also, when heavy metals exceed
certain concentration limits they can cause anomalies such as reduced growth, genetic effects and increased
mortality(Khan et al., 2010; Q. S. Li et al., 2010; Luo et al., 2011). Heavy metals such as Cd and Pb are
known to cause a reduction of the antioxidants and enzymes that have the thiol (-SH) group in the body.
They destroy the antioxidant defences in the cells and lead to what is called oxidative stress(Ercal et al.,
2001). The primary route of human metal exposure is via the intake of food and water, which gives rise to
health issues owing to the possible accumulation of metals across the food chain(Mehta et al., 2018).
The intake of vegetables significantly contributes to the exposure of humans to cadmium (Cd), accounting
for a substantial proportion ranging from 70% to 90%(Huang et al., 2017). Studies have reported that the
consumption of vegetables by humans contributes to about 90 % of the total metal intake(Ferré-Huguet et
al., 2008; Khan et al., 2014; Kim et al., 2009; Martorell et al., 2011).

The potential human health risk connected with the consumption of crops grown with struvite has not
received much attention, as previous studies have indicated that heavy metal levels in struvite remain below
the established safe limits. However, due to the accumulation of some heavy metals that can occur in edible
portions of plants, there is a need to conduct human health risks associated with the intake of crops
cultivated with struvite. In risk assessment, the mean or median values have often been used in what is
called deterministic risk assessment. This method can usually lead to overestimation or underestimation of
the health risk. Due to the variabilities of the input parameters in human health risk assessment,
uncertainties cannot be avoided. Fortunately, probabilistic human health risk assessment can successfully
characterize these uncertainties by using a probability distribution of the input parameters in a risk
model(Giri & Singh, 2015; Yang et al., 2019). The Monte Carlo simulation method has been carried out, in
this present study, to describe the probability distribution of the input parameters. Afterwards, the
probability that a hazard will occur is estimated. Also, the Monte Carlo simulation can perform sensitivity
analysis to identify the input parameters that most influence the risk outcome.

Thus, the a need to fill these research gaps by (a) precipitating struvite that contains Mg, N, P, and K and (b)
assessing the probabilistic health risk of heavy metals via the daily intake of lettuce.

MATERIALS AND METHODS

Faecal sludge effluent, bittern and dolomite source

Faecal sludge effluent (FSE) samples were taken from the faecal sludge treatment plant at Dompoase,
Kumasi operated by Kumasi Metropolitan Assembly. Composite samples of the FSE were made from
samples taken at 7 a.m., 10 am., 1 p.m., 4 p.m. and 7 p.m. each day. Aliquots from the composite were
filtered and preserved in the field in a well-cleaned iced container. The samples collected each day were
transported to the environmental quality laboratory at KNUST for analysis. The bittern sample was taken
from the Pambros salt factory located in Dansoman, Accra. The dolomite rock sample (grab) was taken
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from the Diamond Cement factory in Buipe in the Northern Region of Ghana. It was transported to the
environmental quality laboratory at KNUST and pulverized into fine powder. The dolomite powder was
digested to obtain a solution, according to the standard methods of the American Public Health
Association(APHA, 1999)

Struvite precipitation experiment

The experiment (Figure 1) was conducted in a 1.5 L air-agitated cone. FSE (containing PO4-P and NH4-N)
and bittern (one with Ca removed and the other without Ca removal) were continuously pumped into the
reactor with peristaltic pumps leading to an average Mg/P ratio of 1.3. The mixture was continuously stirred
in the reactor by airflow using an aeration pump. The pH of the reaction was monitored and kept at 8.5
using 2M NaOH. The precipitates collected were dried at room temperature for 48 hours to obtain a dried
product.

pH motitoring

Aar pump

Penstaltic pump (Mg source) Penstaltic pump (FSE)

Struvite

Figure 1: schematic diagram for struvite precipitation reaction
Sample analysis

Mg and Ca concentrations in the supernatant solution were determined by Agilent 4210 microwave plasma
atomic emission spectroscopy (MP - AES) G8007A. The NH." concentration was determined by HACH
high range persulfate digestion method 10072 while POs* concentration was measured by HACH
molybdovanadate Test 'N Tube method 10127. Heavy metals (Cu, Cd, Ni and Pb, Mg, Ca and K in the
struvite were analyzed by completely dissolving 0.1g of the dried precipitate in 50 mL 5% HCI solution.

Heavy metals were analyzed in the cocopeat and edible parts of the plant (the leaves). The dried sample was
ground to a fine powder using a blender. 0.5 g of dried leaves were put in a digestion tube and mixed with

70 % HNO5 and 65 % HCIO, in a ratio of 5:1. The mixture was heated to 200 OC until it turned
colourless(Chen et al., 2014). After cooling, the samples were filtered and the filtrate was diluted to 50 ml
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with distilled water. The Agilent 4210 MP-AES G8007A was used to measure the metals.

Experimental layout and study design

The Lactuca sativa (lettuce) plant was used for the experiment due to its fast-growing ability. The study was
conducted using a pot experiment in the Horticulture Department at Kwame Nkrumah University of Science
and Technology (KNUST), Ghana. The media used for cultivating the lettuce was cocopeat (natural fibre
particles made from coconut husks) obtained from the Wood Weevil Farming Research Center at KNUST,
Ghana.

The cocopeat was washed several times to obtain a neutral pH followed by sun drying for 24 hours (Figure
2a). It was followed by solar sterilization (Figure 2b) for 10 days to ensure that all fungi, and pathogens that
may be present in the cocopeat are killed.

(b) =
Figure 2: (a) Coopeat after drying (b) Solar sterilization of cocopeat

Each pot was filled with 1 kg of the cocopeat. Pots in four replicates for each fertilizer sample (B1, B2, D1,
D2, NPK and Control). The lettuce seeds were sown on the 12t of January 2023 and were watered thrice
daily. The seedlings were transplanted into the pots after 21 days. The recommended dosage of NPK for
fertilizer use for vegetable cultivation is 150-1000 mg of N/L of fertilizer solution, 100-400 mg of K/L and
50-100 mg of P/L(Yetilmezsoy & Zengin-Zehra, 2009). Considering the lower limits of N and K in the
recommended ranges, the amount of struvite and NPK required for 1kg cocopeat is about 2g each and was
applied once weekly. A control pot was also set to receive only water.

The lettuce plants were harvested after maturating, 5 weeks after the application of fertilizer. The harvested
plants were washed with tap water three times and once with distilled water to clean all dirt. The fresh plant
weight was determined using a standard analytical weighing balance. The dry plant weight was estimated
after drying them in the oven at 65 °C for 48 hours.

Health risk analysis

The health risk associated with consuming lettuce grown with struvite was assessed in adults using four
international risk indicators. These are estimated daily intake (EDI), target hazard quotient (THQ) and
hazard index (HI).
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Concentration Calculations

Since humans consume fresh leaves, the concentration of heavy metals in the leaves based on fresh
vegetables is calculated in Equation 1(Guo et al., 2019).

Crp = Capx (1 —w) 1)

Where Cg, and Cy, are the concentrations of heavy metals in fresh and dry plants respectively. W is the
water conpent of vegetables based on Equation 2.

fpw—-dpw
— [ PWTePW 2
fow 2

Estimated Daily Intake

The estimated daily intake (EDI) of heavy metals (Cd, Cu, Ni and Pb) through the consumption of
vegetables is calculated using Equation 3(USEPA, 2009a). The value of EDI will give the degree of toxicity
of the heavy metals to humans.

EFxEDxCRxC”7 10_3
BW x AT

EDI = 3

The EDI of the metals obtained in the present study is compared to the recommended daily allowance
(RDA) and tolerable upper dietary intake level (UL) of the Food and Nutrition Board of the National
Academy of Science, USA (Food and Nutrition Board, 1998). Where EF is the exposure frequency
(days/year), ED is the exposure duration (days), CR is the consumption rate of the edible part of the plant
(gram/person/day), Cy,, is the concentration of heavy metal in the plant (mg/kg in fresh weight), BW is the
average body weight of adult males and females (kg), AT is the averaging time for noncarcinogens (365
days per year x number of exposure years). The values of the input parameters used in Equation 4 can be
found in Table 1.

Non-cancer risk characterization

The target hazard quotient (THQ) is used to estimate the human health risk caused by the consumption of
food. The formula (Equation 4) for calculating health risk using THQ was proposed by (USEPA, 2009a).

EDI
THQ = "D 4)

RfD is the oral reference dose (mg/kg/day). RfD for Cu, Cd, Ni and Pb for leafy vegetables are 0.04, 0.001,

0.02 and 0.004 respectively (USEPA, 2009b). Also, the hazard index (HI) which is the sum of the individual
THQ for the heavy metal is calculated using Equation 5 (Liu et al., 2013).

HI = ¥}, THQ; ()

Table 1: Input parameters for the risk assessment model

Parameter Symbol |Distribution Values Units Reference
Concentration of HM in

fresh plants Cfp Measured mg/kg -
Co_ncentratlon of HMiin Ceni Normal Measured mg/kg -

soil soil
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Consumption rate CR Laplace 65.61 g/person/day X\i/eTs()) (foodcluster

Body weight BW Laplace 70 kg |(-|Va$:'llg(l;l’;& 2017)
(Obeng et al.,

Exposure Frequency EF Laplace 156 Days/year 2020)

Exposure duration ED Laplace 70 Years (H\Q:xg(r)rf‘ 2017)

Averaging time AT Fixed value  |ED x 365days |Days gco)gg;] getal.

If the HI or THQ is > 1, then there is a probability of getting non-cancer (acute or chronic) based health
effects. If the HI or THQ is < 1, then the exposed population is not likely to experience adverse health
effects(Nag et al., 2022).

Statistical analysis

Probabilistic health risk assessment through the daily intake of lettuce was carried out using the Monte
Carlo simulation method. To establish the reliability of the method, input parameters (BW, ED, EF and Cfp)

were modelled with probabilistic distributions and subjected to the Monte Carlo simulations in 30,000

iterations. The 5t 25th 75t g5th and 99th percentile of the HI was extracted to determine the non-
carcinogenic risk caused by multiple heavy metal contamination. In this study, sensitivity analysis was also
conducted to detect the input parameters which have an impact on the model outcome. The Monte Carlo
simulation and sensitivity analysis were performed in Microsoft Excel with in-built @ Risk software
(Palisade Corporation, version 7.4).

RESULTS

The seedlings were transplanted to the main experimental pots and they all looked similar. However, they
began to grow at different rates after the application of different fertilizers. The struvite precipitates used
have been labelled as B1, D1, B2 and D2.

Figure 3: struvite precipitate

e B1 struvite. This was prepared from faecal sludge effluent (FSE) using bittern as an Mg source. The
Ca content in the bittern was removed using ethylene glycol tetraacetic acid (EGTA) before the
struvite precipitation was carried out. Cocoa bean husk (as a potassium source) was used as seed
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material.

e D1 struvite. This was prepared from faecal sludge effluent (FSE) using dolomite as an Mg source.
The Ca content in the dolomite solution was removed using EGTA before the struvite precipitation
was carried out. Cocoa bean husk (as a potassium source) was used as seed material.

e B2 struvite. This was prepared from faecal sludge effluent (FSE) using bittern as an Mg source. No
Ca removal was carried out before the struvite precipitation and no seed material was also used.

e D2 struvite. This was prepared from faecal sludge effluent (FSE) using dolomite as an Mg source. No
Ca removal was carried out before the struvite precipitation and no seed material was also used.

e NPK (15, 15, 15) commercial fertilizer purchased from the local market.

e Control pots which received no fertilizer but just water.
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Figure 4: XRD pattern of struvite products compared with that of pure struvite

The presence of another phase is identified at 20 = 32. The significant amount of Ca2* found in B1, B2 and
D2 (Table 2) is probably responsible for the other phase identified at 20 = 32. Hence, it is most likely one of
the calcium phosphate phases like hydroxyapatite.

The heavy metal concentrations present in the struvite are all below safe limits (Table 2). Thus, there is the
possibility of using struvite produced from FSE and bittern and dolomite solution as fertilizer.

Table 2: Nutrient and heavy metal composition of the struvite

3=

[Mg?*]([Ca®*] [[K*] |Po,” [[Cd]  [[Cul [Nl  |[Pb]

/(mg/L) |/(mg/L)|/(mg/L)|/(mg/L)|/(mg/Kg)|/(mg/Kg)|/(mg/Kg)|/(mg/Kg)

D1 447 |0.78 |3.26 [84.8 ]0.02 26.5 0.1 33.6
Bl 477 |597 |4.67 |71.4 [0.01 22.7 bdl 20.2
D2 446 |57.15 (091 |[64.8 [0.09 19.3 2.1 30.8
B2 43.6 |124.7510.78 |(84.3 ]0.03 31.1 1.8 37.4
Allowable limit*/(mg/Kg) 2* 75* 18* 50*

* Canadian Food Inspection Agency, bdl — below detection limit
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Figure 5: Mature lettuce

Nutrient and Essential Element Content in Leaves

The nutrients and essential element content in the leaves are displayed in Figure 6.
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Figure 6: Uptake of nutrients and essential elements in plant leaves

The concentration of Ca in the leaves decreased in the order D2 > B2 > NPK > B1 > D1. There were
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significant differences in the concentration of Ca in the leaves.

The concentration of Mg in the leaves decreased in the order B1 > D1 > B2 > D2 > NPK. ANOVA revealed
significant differences (p < 0.001) in the mean concentrations from the different fertilizers used. The
analysis by Tukey (HSD) revealed that the concentration of Mg in the leaves grown with struvite (B1, D1,
B2 and D2) was significantly higher than in the leaves grown with the commercial NPK.

The K concentration in the leaves decreased in the order D1 > NPK > B1 > B2 > D2. ANOVA revealed
significant differences (p < 0.001) in the mean concentrations from the different fertilizers used. The
analysis by Tukey (HSD) revealed that the concentration of K in the leaves grown with NPK, D1 and Bl
was significantly higher than in the leaves grown with the B2 and D2 (ie the struvite that did not receive the
cocoa pod husk as seed).

There were no significant differences (p > 0.05) in the ammonia nitrogen content in the leaves grown with
the struvite (B1, D1, B2 and D2). However, there were significant differences in the ammonia content
between the leaves grown with struvites and those grown with NPK. Analysis by Tukey (HSD) revealed that
the concentration of ammonia in the leaves grown with struvites was significantly higher than in the leaves
grown with NPK.

The concentration of P in the leaves decreased in the order D1 > B2 > B1 > NPK > D2. ANOVA revealed
that there are no significant differences (p > 0.05) in the P concentrations from the different fertilizers used.

Effect of struvite on the number of leaves

The agronomic parameters of the lettuce considered in this study are the number of leaves and fresh plant
weight. The graph that shows the effect of the fertilizer type on the number of leaves is shown in Figure 7.
There were significant differences (p < 0.05) in the number of leaves obtained in the plants grown with
fertilizer and the number of leaves grown under the control (lettuce grown with no fertilizer but only water).
In all pots, the highest number of leaves were obtained in the 5! week after fertilizer application. Lettuce
grown with B1 struvite produced the highest number of leaves whereas lettuce grown in the control pot
produced the least number of leaves. The number of leaves of fresh plants decreased in the order B1(16) >
B2(14) > D1(13) > D2(12) > NPK (11) > control (6).

20 ~
18
16

14
H Control

12
B NPK

10
B1

mD1

Number of leaves

mB2

D2

8
6
4
2
0

1st 2nd 3rd 4th 5th
Weeks after treatment

Figure 7: Effect of struvite on the number of lettuce leaves from 15t to 5t weeks after application of the
fertilizers
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Effect of struvite on the biomass yield

There were significant differences among the six (6) treatments. F (5, 6) = 111.704, p < 0.001. Post hoc
testing revealed that the weight of the control plants (M = 8, SD = 0) and the weight of plants grown with
NPK (M = 30.75, SD = 4.59) are statistically different from the weight of the plants grown with B2 (M =
160.65, SD = 5.86) and D2 (M = 134.9, SD = 7.63). In addition, the weight of plants grown with B1 (M =
23491, SD = 6.24) and D1 (M = 218.55, SD = 28.35) are statistically different from the weight of plants
grown with B2 and D2. The highest mass was obtained from plants grown with B1 struvite

300 -

(=2)

= 250 1

c

5 200 A I I

o

= 150 A I

L

= 100 A

Y

o 50

e R

@

£ 0 -=

o

5 50 A corJtroI NPK Bl B D1 B2 D2
Fertilizer type

Figure 8: Effect of fertilizer on the weight of the fresh plant
Heavy metal levels in cocopeat

The mean concentration of heavy metals (Cu, Cd, Ni, and Pb) in the cocopeat used for growing the lettuce
in the present study are presented in Table 3. The lowest heavy metal concentration was found in the control
pots, indicating contamination caused by the application of struvite and NPK.

Table 3: Concentration of heavy metals in cocopeat (mean * sd, mg/kg)

Fertilizer type in the pots{Cu Cd Ni Pb

Control 120.50 £ 0.70{0.00 + 0.00{0.00 + 0.00|0.00 + 0.00
NPK 461.00 £1.41|6.15 +0.07|8.00 + 0.00(6.15 + 0.21
Bl 181.15 £+ 1.20{2.00 + 0.00{6.15 + 0.21|2.05 + 0.07
D1 141.15+ 0.63|2.00 £ 0.00{7.45 £ 0.63|2.00 + 0.00
B2 212.40 +2.26|2.00 + 0.00|8.20 + 0.28(9.70 £ 0.42
D2 174.40 + 2.40(4.00 £ 0.00(8.00 £ 0.00|2.05 + 0.07

100* 3* 50* 100*

* WHO maximum limits for heavy metals in the soil as reported by (Chiroma T. M et al., 2014)

The highest concentration of Cu was measured in the cocopeat grown with NPK while the lowest
concentration of Cu was measured in the control. The concentration of Cu in the cocopeat decreased in the
order NPK > B2 > D2 > B1 > D1 > control. The concentration of Cu in all the cocopeat was above the
WHO maximum allowable limits for soil. Post hoc tests showed significant differences (p < 0.001) in the
mean values of all the samples.

The mean Cd concentration varied from 0 £ 0.0 to 6.15 £ 0.07 mg of Cd/kg. The highest and lowest
concentrations of Cd were measured in the NPK and control pots respectively. There were no significant
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differences (p > 0.05) in the mean values obtained in B1, D1 and B2. However, there were significant
differences (p < 0.001) in the mean values obtained in the control and all the other treatments. Cd
concentrations decreased in the order NPK > D2 > B1 = B2 = D1 > control. The concentrations measured in
NPK and D2 were above the maximum allowable limits in soil.

The concentration of Ni in the cocopeat varied from 0 = 0.0 to 8.0 + 0.0 mg of Ni/ kg. All the concentrations
of Ni were below the maximum allowable limits for soil. The mean concentrations in the control were
significantly different (p < 0.001) from all the other treatments. Ni concentrations decreased in the order B2
> NPK = D2 > D1 > B1 > control.

The highest and lowest Pb concentrations were recorded in the B2 and control respectively. All the Pb
concentrations were lower than the maximum allowable limits in soil.

Heavy Metal Contamination of Leaves

The mean concentration (mg/kg) of the heavy metals in the fresh leaves of the lettuce has been presented in
Table 4. The concentration of heavy metals was highest for Cu, followed by Pb and Ni. Cd had the lowest
concentration values in the leaves. ANOVA revealed that there are significant differences in the means of
the heavy metal concentrations for Cu, Cd, Ni and Pb.

Table 4: Heavy metal contamination of leaves grown with struvite and NPK

Heavy metal concentration (mg/kg)

Cu Cd Ni Pb
Control{4.09 + 0.05 |0.00 0.25+0.00(0.00
NPK [12.13+0.12(0.43+0.01]|0.44 £ 0.01/0.95+0.01
Bl 11.42 £0.39(0.17 £ 0.00{0.52 £ 0.02|1.38 + 0.33
D1 6.14 £ 0.03 |0.12 +0.01(0.54 £ 0.00{0.95 + 0.02
B2 7.05+0.07 |0.12 £ 0.00|0.65 + 0.01{0.96 + 0.07
D2 5.77 £0.04 |0.11 +£0.02(0.85 £ 0.01|0.85 + 0.06

73.3* 0.2* 67.9* 0.3*

*Acceptable limits of heavy metals for leafy vegetables (FAO/WHO, 2019)

The Cu concentrations in the fresh leaves were below the maximum limits (73.3 mg/kg) for leafy vegetables
among all the fertilizer types. The mean concentration of Cu in the leaves was significantly different (p <
0.001) with the highest level recorded in the leaves grown with NPK fertilizer.

The mean concentration of Cd was significantly different (p < 0.001) among all the leaves grown with the
different fertilizer types. The highest level of Cd was recorded in the leaves grown with NPK. All Cd levels
were below the maximum acceptable limits (0.2 mg/kg) for leafy vegetables except leaves grown with NPK
which were above the safe limits(FAO/WHO, 2019; Mensah et al., 2009).

The highest concentration of Ni was recorded in the leaves grown with D2 struvite fertilizer. The mean
concentration of Ni was significantly different (p < 0.001) among all the leaves grown with the different
fertilizer types. All Ni levels measured were below the maximum acceptable limits (67.9 mg/kg) for leafy
vegetables(Mensah et al., 2009).

All Pb levels measured were above the maximum acceptable limits (0.3 mg/kg) for leafy vegetables except
for leaves in the control pots(FAO/WHO, 2019; Mensah et al., 2009). The highest concentration of Pb was
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recorded in the leaves grown with B1 struvite fertilizer. The mean concentration of Pb among all the leaves
grown with the different fertilizer types was significantly different (p < 0.001) from the control.

Estimated Daily Intake

The estimated daily intake (EDI) of heavy metals through the consumption of Lactuca sativa (lettuce)
grown with struvite and commercial NPK fertilizer is presented in Table 5. The EDI of heavy metals in the
fresh leaves decreased in the order Cu > Pb > Ni > Cd.

Table 5: Estimated daily intake of heavy metals from the consumption of Lactuca sativa (lettuce) grown
with struvite and NPK fertilizer

Estimated daily intake (g/day/person)

Cu Cd Ni Pb
Control|0.001631|0.000000|0.000099|0.000000
NPK [0.004832(0.000173(0.000173(0.000388
Bl 0.004629|0.000071(0.000214(0.000641
D1 0.002442|0.000043(0.000214(0.000386
B2 0.002812|0.000051(0.000256(0.000358
D2 0.002271)0.000038(0.000341(0.000341
RDA 900 10-20 |70 - 260 |88*
UL 10,000 |65 1,000 |-

Recommended daily allowance (RDA), Tolerable upper dietary intake level (UL)(Dietary Reference Intakes
, 2002); *('Yetilmezsoy & Zengin-Zehra, 2009); data not available(-)

The EDI by an adult male or female was compared to the recommended daily allowance (RDA) and
tolerable upper dietary intake level (UL) of the Food and Nutrition Board of the National Academy of
Science, USA. The EDI (ug/day) of Cu (2.2E-3 to 4.8E-2), Cd (3.8E-5 to 1.7E-4), Ni (1.7E-4 to 3.4E-4) and
Pb (3.4E-4 to 6.4E-4) in the leaves grown with different fertilizer types was lower than the UL values of
10,000, 65, 1,000, and 88 pg/day respectively.

Probabilistic Human Health Risk Assessment

The non-carcinogenic health risk for adult males and females who consume the lettuce was calculated using
THQ and HI is presented in Table 6. The THQ values of the heavy metals (Cu, Cd, Ni and Pb) in the leaves
grown with struvite and NPK were significantly lower than 1. The low THQ value is indicative of a low
adverse health risk to adult males and females who consume the lettuce. The THQ of the heavy metals
decreased in the order Pb > Cu > Cd > Ni.

Table 6: Probabilistic health risk analysis

THQ Hl _
Probability
Cu Cd Ni Pb sth - [25th [75th [o5th [goth
Control|0.040787|0 0.0049440 0.044{0.045|0.046(0.047|0.047
NPK [0.12081 [0.172585/0.008629|0.097079| |0.265(0.327|0.448|0.605(0.755
Bl  [0.115714]0.071209/0.010681|0.160219| |0.101{0.204|0.464|0.759(1.028
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D1 0.061048(0.04284 (0.01071 |0.0963910.061|0.122(0.272|0.443)0.609
B2 0.07031 |0.051134|0.012784|0.089485| |0.155|0.174(0.251|0.365|0.476
D2 0.056786(0.037857|0.017036|0.085179] |0.179|0.19 (0.203|0.214|0.221

THQ — Target Hazard Quotient, HI — Hazard Index

The cumulative exposure (HI) of all the heavy metals in this present study decreased in the order NPK
(0.399) > B1 (0.357) > B2 (0.223) > D1 (0.210) > D2 (0.196). The THQ and HI from the control were
significantly lower than those obtained from NPK and struvite.

DISCUSSION

Characteristics of struvite

Results from Table 2 show that some amount of K has been introduced into B1 and D1 MAP struvite after
adding cocoa bean husk as seed. ANOVA revealed that the mean concentrations of K in B1 and D1 are
significantly different (p < 0.05) from the mean concentration of K in B2 and D2. The addition of K to the
MAP will significantly improve the fertilizing ability of the product. Further work must be conducted to
investigate how the amount of K in the MAP can be increased. The phases identified by the XRD analysis
are struvite (MAP), whitlockite (Cas(PO,),), hydroxyapatite (Ca;3(PO4)g(OH), and bernalite (Fe(OH),).

The presence of Bernalite is likely to be the FSE used, as it is known to contain a high concentration of Fe
(Niwagaba, et al., 2014; Strande, 2014). The presence of whitlockite and hydroxyapatite is to be expected
due to the presence of Ca in the bittern and dolomite (Table 2). Muster et al., (2013) and Moragaspitiya et
al., (2019) have also identified the hydroxyapatite phase at an increased Ca concentration when they
precipitated struvite. The intensities of the peaks for B2 and D2 were lower than those in B1 and D1. This
agrees with a study by (Xiaoning Liu & Wang, 2019b) where their XRD plots showed lower peak intensities
at a high Ca:Mg ratio. They attributed the presence of calcium as the cause of reduced peak intensities.

Nutrient Content in the Leaves

The lettuce plants in the pots that received struvite and those that received NPK grew at a much faster rate
than those in the control pots. This might be due to the poor nutrients and essential metals that were not
available in the control pots for plant growth and development.

N is available to plants as NOs™ and NH4*(Uchida & Silva, 2000). It is necessary for the formation of amino
acids that are used in cell division in the early stages of plant development. Thus, a deficiency of N may
result in stunted growth due to a reduction in cell division. P is available to plant as HPO4? and H.POg4". P
plays a role in photosynthesis and respiration. It helps in the development of roots, seeds fruits and flower
initiation(Uchida & Silva, 2000). Hence, a lack of P is likely to cause a delay in plant maturity, and poor
seed and fruit development.

The order of biomass of lettuce in Figure 6.4 would be related to the difference in the amount of N in the
leaves rather than the amount of P. This finding is supported by data in this study where Pearson correlation
showed a strong positive correlation (r = 0.903, p < 0.05) between fresh weight and the amount of N in
leaves. The correlation between fresh weight and P was positive but statistically not significant (r = 0.67, p
> 0.05). Ryu et al., (2012) also confirmed that P was not a major growth contributor to Chinese cabbage.

Biomass of fresh lettuce

Results from Figure 6.4 indicate that the addition of struvite as a slow-releasing fertilizer increased the
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weight of lettuce plants significantly compared to those plants grown with commercial NPK. The average
biomass improved by 3.7 %, 29.4 %, 23.8 %, 24.9 %, and 16.9 % in NPK, Bl, D1, B2, and D2,
respectively, compared to the control. Gonzalez-Ponce et al., (2009) in their study to test lettuce response to
fertilization with struvite reported a higher biomass yield for lettuce grown with struvite. Also, a study by
Antonini et al., (2012) revealed that struvite produced a higher biomass than commercial fertilizer when
they were used to grow maize

Contamination of heavy metals in cocopeat

The presence of heavy metals in fertilizers presents an ecological hazard to the soil where they are applied
for plant cultivation. The heavy metal content of the cocopeat presented in Table 3 reveals low to serious
contamination. Generally, contamination of cocopeat in the control pots was lower than cocopeat which
received struvite and NPK. Cd, Ni and Pb were not detected in the control pots. However, Cu was detected
in the control and was above the safe limits required for agricultural soil. The reason why Cu was detected
in the control is not clear. It is possible the contamination was a result of the pipes through which the water
comes from. In comparison to the Cu content in the control cocopeat, the percentage elevation of Cu in the
other pots that received fertilizer is 59.9 % NPK, 10.6 % B1, 3.6 % D1, 16.2 % B2 and 9.5 % D2.

The high concentration of Cd in all the pots except the control might be due to the high adsorption capacity
of cocopeat for Cd as reported by(Samaniego & Tanchuling, 2019). Their study, which was conducted on
the sorption of heavy metals unto cocopeat reported 66.7 % of Cd removal from gold mine wastewater. The
low concentration of Ni and Pb measured in all the pots indicates low adsorption of Pb by the cocopeat. This
can be supported by (Samaniego & Tanchuling, 2019) who reported a low (27 %) removal of Pb by
cocopeat. An earlier study by (Amarasinghe, 2011) also indicated higher adsorption of Pb by cocopeat than
for Cd. This can be explained by the hydration enthalpies of Pb (-1,481 kJ/kg) and Cd (-1,1807 kJ/kg). The
hydration enthalpy refers to the energy required for the dissociation of water molecules from cations, which
indicates the degree of ease with which the cation can interact with the functional groups present on
cocopeat particles. The more a cation is hydrated, the stronger its hydration enthalpy, and the less it could
interact with the adsorbent. Thus, Cd will not be easily dissociated from water molecules to interact with
cocopeat particles.

Heavy metal contamination in leaves

From the results obtained in this present study and from the literature(F. Li et al., 2017) plant growth and
quality is greatly enhanced when it is supplied with external nutrients. However, there are reports of the
uptake of harmful heavy metals in the crops from the soil. In the present study, metal concentration in the
lettuce (fresh weight basis) grown with struvite that has been produced from FSE was observed.

The concentration of Cd and Pb in the leaves from the control pots was below detection while the
concentration of Cu and Ni were lower than acceptable limits. Figure 4 reveals that the heavy metals (Cu
and Cd) in the leaves grown with NPK were higher than those grown with the struvite. This can be
attributed to the high concentration of Cu and Cd in the cocopeat that received the NPK fertilizer. The slow
release of nutrients, as well as heavy metals from struvite, can account for the low concentrations of Cu and
Cd found in the cocopeat that received it. Even though some of the Pb concentrations in the leaves grown
with struvite were higher than those grown with NPK, ANOVA revealed that the differences in their mean
were statistically not significant (p > 0.05).

Concentrations of Cd in the leaves grown with NPK (0.44 mg/kg) were above the WHO acceptable limit
(0.3 mg/kg) for leafy vegetables. The concentration of Cd in the leaves grown with struvite was below the
acceptable limits (ranging from 0.10 to 0.18 mg/kg), but they were appreciably high. The high concentration
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of Cd in the leaves can be due to its high bioavailability in soil solutions as reported by (Hamilton et al.,
2007). In their study, Hamilton et al., (2007) explained that Cd2* is highly soluble in soil solution and

competes with other divalent metals like Ca2*, Mg2* and Fe2* for the binding sites of cation transporters.
(Zhuang et al., 2009)also reported high Cd and Pb levels in rice grains grown in contaminated mine soil.
Furthermore, in Pb/Zn-contaminated soil it was reported that Cd and Pb in the grains of maize exceeded the
acceptable limit by 1.5 and 2.0 times respectively (Gu et al., 2005) as cited by (Obeng et al., 2020).

Estimation Daily Intake

The EDI for Cd in this present study is lower than the EDI of Cd obtained in lettuce irrigated with a
municipal waste-dominated stream. However, the EDI for Ni in this study was similar to that obtained in
lettuce grown with a municipal waste-dominated stream(Obeng et al., 2020). Also, the EDI for Cd and Pb
via the consumption of the lettuce obtained in this present study was significantly lower than those obtained
in Europe (Pb = 0.68ug/day, Cd = 0.25 pg/day)(EFSA, 2012a, 2012b) and China(Guo et al., 2019; Liang et
al., 2019). The lower values of the EDI obtained for Cu, Cd, Ni and Pb in the leaves suggest a reduced
adverse health effect to adult males and females through daily intake of the lettuce.

Probabilistic Human Health Risk

The values of THQ and HI are useful parameters to evaluate the human health risk associated with the
intake of heavy metals via food consumption(Hough et al., 2004; Sridhara Chary et al., 2008). The THQ of
the heavy metals (Cu, Cd, Ni and Pb) in the lettuce being less than 1, from both the struvite and NPK, is a
clear indication of a low human health risk. The THQ for Pb obtained in this present study is (0.096 — 0.160)
significantly lower than the THQ values obtained in China (0.20 — 1.52) in vegetables grown around Pb/Zn
smelter(Guo et al., 2019). However, the THQ for Cd (0.037 — 0.17) and Ni (0.0086 — 0.017) in this study
was higher than those obtained in lettuce grown with waste waste-dominant streams in Ghana(Obeng et al.,
2020). It can be noticed from the result in Table 3, that the human health risk of Cd and Pb via the daily
intake of lettuce is negligible despite high concentrations of Cd (0.11 — 0.43 mg/kg, allowable limit = 0.2
mg/kg) and Pb (0.85 — 1.35 mg/kg, allowable limit = 0.3 mg/kg) found in the lettuce leaves.

The 95t percentile of the HI through the daily intake of lettuce grown with B2 and D2 struvite are 0.365
and 0.214 respectively. These values being less than 1 suggest that there is a negligible adverse health risk
posed to the adult population who consume lettuce grown with B2 and D2 struvite. The 99th percentile of
the HI from leaves grown with NPK (0.755) and D1 (0.609) approached 1. This suggests that even 1 % of
the adult population may not suffer adverse health risks from heavy metals through the daily intake of
lettuce grown with NPK and D1 struvite. The HI from leaves grown with B1 struvite was 1.028 at the 99th
percentile. This is an indication that 1 % of the adult population may have adverse health risks from heavy
metals through the daily intake of lettuce grown with B1 struvite.

Sensitivity Analysis

Tornado plots were used to show sensitivity analysis using the Spearman correlation coefficient of the
variables (Figure 8). Sensitivity analysis is conducted to determine the influential variables that contribute to
the health risk in the model. The important variables contributing to the health risk through the intake of
leaves grown with B1 are the concentration of Pb, Cu and Cd. The concentration of Ni and the consumption
rate of the leaves are the second most influential variables. The body weight (BW), exposure duration (ED),
exposure frequency (EF) and averaging time (AT) were less influential to the risk output. To reduce the
health risk posed to the adult male and female population, it is imperative to reduce the heavy metal content
in the struvite to decrease their accumulation in plants.
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Figure 8: Sensitivity analysis for non-carcinogenic risk for leaves grown with Blstruvite

CONCLUSION

The fertility of struvite precipitated from FSE using Mg from bittern and dolomite was tested on the growth
of Lactuca sativa (lettuce). The study revealed that cocopeat, which was the medium for plant cultivation,
was polluted with Cu and Cd but Ni and Pb were within acceptable limits for agriculture soil. The heavy
metal concentration in the leaves revealed that Pb and Cd are easily transferred from the soil to the plant
leaves due to their high bioavailability in soil solution. Despite the high concentration of Cd and Pb
measured in the leaves, the health risk via daily intake of the lettuce was negligible. The results for HI
values revealed no adverse health effects in leaves grown with both struvite and NPK (HI < 1) except from
those grown with B1 struvite where the 99t percentile of HI is 1.028.
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