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The development of activated carbon materials for water purification 
is a topic that has been studied since the late 1920s.1 Water 
purification, specifically of heavy metals, is important because lead is 
an extremely toxic metal present in house pipes used in homes built 
earlier than 1986 (about 55% of all US homes).2 According to the 
Environmental Protection Agency (EPA) and the Centers for Disease 
Control and Prevention (CDC), there is no known safe level of lead 
in a child’s blood.2 The consequences of lead poisoning are severe 
(i.e. mental and physical development, fatal) especially for children, 
and has been shown to affect up to three generations.2 
Many different methods of activation and types of carbon materials 
have been used to remove heavy metal contaminants from water. In 
the past, the Bowman Lab has used coffee grounds, tea leaves, 
ground egg shells, ground coconut shells, graphene-coated sand, and 
orange peels. Research conducted during Block 6, 2020 showed 
preliminary success for using pistachio nut shells and a shorter, more 
efficient activation method. Other studies have also shown that 
pistachio-nut shells, under various activation methods, have been 
successful at filtering out heavy metal contaminants in water.3 The 
goals of this research project were to collect ample data to determine 
if (1) pistachio-nut shells are an effective carbon material for 
activation and purification of lead (II) nitrate and (2) if activation 
(heating) with assistance of KOH proves to be more efficient and 
effective than solely heating (which is the only activation method that 
had been used in the past). This research project has the potential to 
provide safe drinking water to millions of people whose water is 
contaminated with lead using a cheap product that to most, is just 
considered waste (pistachio-nut shells). 

Introduction

Materials & Methods

Figure 1. SEM Image of 
non-activated PSP

Data

Approximately 87% of the 16 trials completely absorbed enough lead 
for the ICP intensity level detection to be in the noise of the machine 
making lead essentially undetectable in the filtered solution (Table 1). 
PSP is a good material for absorbing lead contaminates from water 
since the activated PSP has a much higher absorption capacity 
compared to the non-activated PSP due to its porous structure (seen 
in Figures 1 and 2). This is echoed in the data presented in Table 2. 
Every trial had at least a 95% concentration decrease, with the 24-
hour soak being the most effective at absorbing lead. The 24-hour 
soak decreased the lead concentration by 98.1%. While the percent 
intensity of the 5-hour soaks were lower than the 1 and 3-hour soaks, 
the concentration after stirring was higher (compared to 1 and 3-hour 
soaks) which was unexpected. One plausible reason for this was that 
the ICP run for the 5-hour soak was separate from the others which 
means that a separate calibration curve was created which could 
make the concentration values, compared to intensities of other trials, 
different. The error of the the average concentration data collected is 
very low as shown by the standard deviation and coefficient of 
variation in Table 3.

Results and Discussion

Conclusion

Pistachio-nut shells were successfully synthesized by following the 
procedures outlined by Lua et. al.3 PSP proved to be a cheap, 
sustainable, and effective carbon material for absorption of lead 
contaminants from water as all the trials that soaked for 5 hours or 
longer had lead intensity peaks in the ICP data that were essentially 
undetectable. The goals of this project, to collected ample data to 
determine if (1) pistachio-nut shells are an effective carbon material 
for activation and purification of lead and (2) if activation (heating) 
with assistance of KOH proves to be more efficient and effective 
than solely heating, were successfully met.  Further research on the 
feasibility of reusing carbon material would be valuable, as Figure 6 
indicates this is plausible.  
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Pistachio nuts were deshelled and rinsed to remove any salt added. 
The pistachio-nut shells were pulverized into a powder using a coffee 
grinder into pistachio shell power (PSP). Approximately 6.5 g of PSP 
was weighed out using an analytical balance. A 1:0.67 % weight ratio 
of PSP to potassium hydroxide (KOH) was calculated and the 
corresponding amount of KOH was weighed out. The KOH was 
diluted with DI H2O (approximately 1mL of DI H2O for every 2g of 
KOH) and then mixed with the PSP. The PSP/KOH slurry was added 
to two long boat crucibles. The long boat crucibles were placed in a 
tube furnace (see Figure 8) and flushed with N2 gas for 10 minutes. 
The temperature was then increased from 25 to 400 ºC at a rate of 
~10 ºC/minute. The temperate of the tube furnace was held at 400 ºC 
for 1 hour and then let cool. The activated PSP (a black, charred 
material–see Figure 7) was collected from the long boat crucibles and 
weighed. The activated PSP was then neutralized with ~15 mL of 1M 
HCl and DI H2O until the pH reached ~6/7, this was determined 
using Hydrion pH paper. The neutralized activated PSP was filtered 
out via vacuum filtration and was weighed. 
Filtrate solutions were created by stirring ~0.4g of the neutralized 
activated PSP with ~15mL of the 30.8ppm stock solution for various 
time periods between 1 hour and 24 hours (see Table 1). After the 
allotted stir time, the carbon material was filtered via vacuum 
filtration and 10mL of the water was collected with a plastic syringe 
and a 25mm 0.2µm Nylon membrane syringe filter was screwed on 
to the end, and the sample was filtered into a plastic test tube. The 
test tube was capped and labeled with the tube furnace trial and 
length of soak. A 30.8ppm lead stock solution was made by weighing 
0.0308g of lead (II) nitrate (on the analytical balance), adding it to a 
1000mL volumetric flask, and filling the flask to the line with 
ultrapure H2O. 
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Figure 2. SEM Image of 
activated PSP

Figure 3. ICP spectra 
for Pb (II) for the 
30.8ppm lead stock 
solution

Figure 7. Activated 
PSP

Figure 8. Image of tube furnace used 
for activating PSP

Soak Time 
(hours)

Number of 
Trials

% of ICP lead intensity peaks 
in the noise (AKA 

undetectable)

1 4
25-50% (one trial is on the line 

between 
detectable/undetectable)

3 5 80%

5 2 100%

24 5 100%

Table 1. List of timed trials and percent of undetectable peaks

Materials & Methods (Continued)

From the 30.8ppm stock solution, 6 standards of decreasing 
concentration (24.64ppm, 19.71ppm, 15.4ppm, 9.86ppm, 4.93ppm, 
and 1.83ppm) were made in 50mL volumetric flasks to be used for 
the ICP calibration curve. Inductively Coupled Plasma (ICP) was 
used three times throughout the summer to measure the lead 
concentration in 16 samples. A calibration curve was created before 
each run by using a blank solution (ultrapure H2O) and the 7 standard 
solutions (including the 30.8ppm stock solution). 
A Scanning Electron Microscope (SEM) was used to capture close-
up images of non-activated and activated PSP to visualize the 
structural changes the PSP undergoes during activation. 

Data (Continued)

Figure 4. ICP spectra 
for Pb (II) for a 1hr 
soak with activated 
PSP and 30.8ppm lead 
stock solution

Figure 5. ICP spectra 
for Pb (II) for a 5hr 
soak with activated 
PSP and 30.8ppm lead 
stock solution

Figure 6. ICP spectra 
for Pb (II) for a 5hr re-
soak with activated 
PSP (that was saved 
and used a second 
time) and 30.8ppm 
lead stock solution

Soak 
Time 

(hours)

Lead (II) 
concentrat-
ion before 

stirring 
(ppm)

Average Lead 
(II) 

concentration 
after stirring 

(ppm)

Average 
% 

Intensity

Average 
percent 

concentra
-tion 

decrease 
(%)

1 30.8 0.868 36.4 97.2
3 30.8 0.673 22.9 97.8

5 30.8 1.44 17.2 95.3

24 30.8 0.580 18.0 98.1

Table 2. List of average concentration decrease, ICP % 
intensity, and average % concentration decrease

Soak 
Time 

(hours)

Number 
of 

Trials

Average Lead 
(II) 

concentration 
after stirring 

(ppm)

Average 
concentration 

error 
(standard 
deviation)

Coefficie-
-nt of 

Variation

1 4 0.868 0.0894 0.103
3 5 0.673 0.0771 0.115

5 2 1.44 0.0174 0.012

24 5 0.580 0.0982 0.169

Table 3. Standard deviations and coefficient of variation of 
the average concentrations
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