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Abstract 
 

Fertilizers are important for plant growth on small and large scales since they have 
a variety of nutrients within them. This project centers on the analysis of boron, iron, 
magnesium, and zinc in fertilizers using inductively-coupled plasma atomic emission 
spectrometry (ICP-AES). The three brands of fertilizers  used in the experiment included 
Miracle-Gro® Water Soluble Bloom Booster® Flower Food (Bloom), Miracle-Gro® 
Watering Can Singles All Purpose Water Soluble Plant Food (Singles), and Preen Weed 
Preventer Plus Plant Food which was left both in pellet form and ground up using a mortar 
and pestle (Pellet, Ground). The experiment yielded differing amounts of boron, iron, 
magnesium, and zinc within each fertilizer. Miracle Gro brand had higher levels of boron 
and zinc, while Preen brand had higher levels of magnesium.  No conclusions could be 
made about iron levels in any of the fertilizers. 
 
Introduction 
 

In years to come the world population will continue to increase at an alarming rate.  
As a result, new farmland in previously non-arable locations will be called upon to help 
support this growing population.  Thus, more fertilizers will have to be utilized to increase 
food production.  While most fertilizer knowledge centers on the three main elements, 
nitrogen, potassium and phosphorus, it has been found that many other elements play 
crucial roles in plant growth and health and need to be accounted for.   

 In this study, the elements of focus are boron, iron, magnesium, and zinc which all 
play important roles in the growth of plants.  Boron is critical for cell elasticity and 
prevention of excessive conversion of sugar to starch.1 The lowest concentration for boron 
sensitive plants in soil is 0.3 to 1.0ppm.1 Toxic boron levels occur at 100ppm in the soil.2 
Iron is used for the production of chlorophyll and activation of many important enzymes. 
Optimal levels of iron within the soil are 50-70ppm.3 Consequences of a deficient level of 
iron in plants include the yellowing of terminal leaves which indicates the death of 
chlorophyll within the leaves.3 The main roles of magnesium include being a carrier of 
phosphorus in the plant, the main element in the production of chlorophyll molecules, an 
enzyme activator, and an important element in sugar synthesis.4 The accepted value of 
magnesium is 40-50ppm within the soil. The plant may develop a disease in the leaves or 
weakening of the stalks and extremities when both magnesium deficiency and toxicity 
occurs.4 Finally, zinc is important for seed and grain formation, protein synthesis, and plant 
growth regulation. The recommended amount of zinc in the soil is 1.5 to 40ppm for zinc 
sensitive plants or 1.5-300ppm for zinc tolerant plants. Zinc deficiency results in smaller 
leaf formation and shortened internodes.5 Thus, it is important to have the appropriate 
metal concentrations for optimal plant growth. 
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Methods for analysis of trace metal compositions in fertilizers include HPLC and 
ICP-AES analysis.6 For this study, an ICP-AES method based on the work of Jones7 and the 
Association of Analytical Communities8 was employed. The ICP-AES analyzed several 
known standards to form a calibration plot which was used to determine the amount of 
boron, magnesium, iron, and zinc in each fertilizer sample.  

 
Experimental 
 
Chemicals 
 

Miracle-Gro® Water Soluble Bloom Booster® Flower Food, Miracle-Gro® Watering 
Can Singles All Purpose Water Soluble Plant Food, and Preen Weed Preventer Plus Plant 
Food were purchased at Target.  The 1000 ppm boron standard, 1000 ppm iron standard, 
1000 ppm magnesium standard, 1000 ppm zinc standard, trace-metal grade concentrated 
hydrochloric acid, and concentrated nitric acid were purchased from Fischer Scientific.  
 
Standard Preparation 
 

Standards were prepared using two methods. First, 1000 ppm standards of each 
metal were diluted to 100 ppm in a 100-mL volumetric flask. Additional 100 mL flasks 
were filled with the concentrations represented in Table 1 from the 100ppm stock 
solutions. All thirteen standards were then run separately within each metal grouping with 
the samples. The second method combined all individual concentrations in a row into a 
single standard named standard 1, 2 and 3 respectively. All standards were diluted with a 
1%HCl/0.5% HNO3 solution. This second method gave more varied results than running 
each metal separately and was excluded in further trials. 

 
Table 1.  Standard Concentrations of each analyte 
used for calibration 
    Metal in ppm   
Standard Boron Iron Magnesium Zinc 

1 0.5 2 0.1 2 
2 2 5 1 5 
3 5 10 2 10 
4     15   

   
Sample Preparation 
 
 Three Bloom Booster (B1, B2, B3), three Singles (S1, S2, S3), three Preen Ground 
(PG1, PG2, PG3), and three Preen Pellet (PP1, PP2, PP3) samples were prepared. This gave 
a total of twelve samples. To prepare the samples, approximately 1g of each sample was 
measured into a 250-mL beaker and 10mL of concentrated trace metal grade HCl and 5mL 
of concentrated HNO3 were added.  The beaker was covered with a fluted watch glass, 
placed on a hotplate and heated at a light simmer for 30min.  The samples were then 
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removed and left to cool to room temperature, after which the samples were filtered and 
diluted in a 250-mL volumetric flask with DI water. 
 
Statistics 
 
 Calibration curves were created from the Int. (c/s) number given by the ICP-AES 
and the known ppm amount of the standards. The equation created from these calibration 
curves were then used to calculate the ppm amounts in the samples.  The ppm amounts of 
the samples were then used to calculate the weight percent of the metal in the fertilizer.  t-
Tests, averages and standard deviations were calculated using Excel. 
 
Running the ICP 
 
 The samples were analyzed with a Varian 715-ES ICP-AES using the following 
conditions: Plasma Flow: 15 L/min; Sample Uptake: 30 second; Pump Rate: 15 rpm; 
Nebulizer Pressure: 200 kPa; Auxiliary Flow: 1.5 L/min. 
 
Results and discussion 
  
Calibration Curves 
 
 Calibration curves created in Excel yielded equations for each metal. The equations 
were used to determine the concentrations of each metal in the samples. The R2 values 
show good linearity for each of the standards. The slope (m), y intercept (b), and linearity 
(R2) can be seen in Table 2. 
 

Table 2: Slope (m), y intercept (b), and linearity (R2) of standards 

  Boron Iron Magnesium Zinc 

m 2992 1516 38518 1551.9 
b 9.0906 -71.22 476.36 -55.675 

R2 1 0.9998 1 0.9999 
    

Boron, iron, magnesium, and zinc concentrations were detected by the ICP-AES in 
the four fertilizers. Table 3 shows the average and standard deviation of the metals in parts 
per million (ppm) for each sample.  Preen Pellet and Preen Ground show similar results in 
all sections and are combined in further results. 

 
Table 3: Element concentrations within each averaged sample 

Element 

Bloom 
Booster 
(ppm) 

Singles 
(ppm) 

Preen 
Ground 
(ppm) 

Preen 
Pellet 
(ppm) 

 Boron 0.95±.05 0.84±.04 0.11±.01 0.10±.02 
 Iron 8.0±.5 7.5±.5 7.7±.3 7.7±.2 
 Magnesium  0.50±.01 0.0785±.0005 11.5±.4 11.0±.4 
 Zinc 2.6±.2 2.33±.05 0.588±.009 0.589±.008 
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Boron 
 
 Table 3 shows the concentration of boron in Preen Ground and Preen Pellet is 
significantly less than Bloom Booster and Singles. This was determined using the t-test 
with a t-tab value of 2.26 and a t-calc value of 30.39. Singles and Bloom Booster fertilizers 
yielded similar concentrations yet were found to be statistically different by a t-calc of 3.45 
and a t-tab of 2.57. In Fig. 1 the weight percent of boron in fertilizers is shown.  The Bloom 
Booster and Singles has roughly a tenfold difference in weight percentage as compared to 
the Preen brand. The Bloom Booster has an average of 0.024±.001% and Singles has an 
average of 0.0209±0.0009%, while the Preen has an average of 0.0026±0.0004%. 

 
Figure 1.  Boron weight percent for each averaged fertilizer 

 
Iron 
 
 Iron showed high levels of random error in both the ppm concentrations found in 
Table 3 and weight percent found in Fig. 2. This is apparent in the large standard deviation 
values and error bars. Bloom Booster had an average weight percent of 0.20±0.01%, 
Singles had an average of 0.19±0.01% and Preen had an average of 0.193±0.006%.  Even 
though the weight percents are around the same value, the large standard deviations do 
not allow for good comparisons to be made between fertilizers. A new method may need to 
be created to achieve more consistent results. 
 
Magnesium 
 
 The magnesium concentrations from Table 3 illustrate the largest difference 
between the fertilizers in this study. Singles has the smallest concentration 
(0.00196±0.00001% weight percent) followed by Bloom Booster (0.013±0.003% weight 
percent) then Preen Ground and Pellet (0.28±0.01% weight percent). One possible reason 
for this is to increase the solubility of the fertilizer in the Miracle Gro brand, so it can be 
sprayed over a larger area like the brand advertizes. However, this idea would require 
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further investigation and research. Another possible reason for the large variation is that 
because magnesium tolerance in plants is so high, toxicity tends not to occur thus varying 
amounts of magnesium from fertilizers are acceptable for the plants. 
 

 
Figure 2. Iron weight percent for each averaged fertilizer 

 
 

 
Figure 3. Magnesium weight percent for each averaged fertilizer 

 
Zinc 
 Table 3 again exhibits the difference between Bloom Booster, Singles, and Preen 
Ground and Pellet. The average weight percent value for Bloom Booster is 0.064±0.004%, 
the average value for Singles is 0.058±0.001%, and the average value for the Preen brand is 
0.0147±0.0002%.  While appearing to be similar there is a significant statistical difference 
between Singles and Bloom Booster with a t-tab of 2.57 and a t-calc of 3.23.   
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Conclusions 
 

The ICP-AES allowed for the determination of trace metal concentrations in the 
parts per million range for boron, iron, magnesium, and zinc. Unfortunately exact ppm or 
weight percent amounts could not be obtained from the manufacturer of the fertilizers so 
no comparisons could be made with those numbers. After analyzing the data several trends 
can be found. The boron and zinc concentrations are higher in the Miracle-Gro fertilizers 
while magnesium levels are higher in the Preen brand. Additionally, there is little 
difference between the Preen fertilizer ground up and left in pellet form. A t-test gave 
values of 0.19 for t-calc and 2.36 for t-tab for the compared Preens. This makes sense since 
it is the same fertilizer but in different states. 

If the research were to continue, additional fertilizers would be analyzed such as 
fertilizers for large scale farming. Also, more trace metals would be investigated using this 
technique. Finally, a new method could be created based on the method found in this paper. 
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