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ABSTRACT 

Jankowski, Julianna. Master of Environmental Assessment. The effectiveness of whole oyster 

shells vs. crushed oyster shells as a filter for 100 ppb Copper (Cu) in stormwater: a laboratory 

experiment 

 Copper (Cu) is a trace metal naturally found in the Earth's crust. It is also commonly 

found in stormwater pollution from different sources such as roofs, industrial facilities, and 

highways or roads. If left untreated, this harmful metal can impact human health and the 

environment. Oyster shells, a common food waste, are made mainly from the chemical 

compound calcium carbonate which acts as a natural filter (Stroumboulis, 2018). A coal-fired 

power plant in Belmont, North Carolina was exceeding stormwater benchmark values set by the 

state for certain metals such as Cu and Zinc (Zn). To address this issue, a pilot study was 

conducted where partially crushed oyster shells in mesh bags were lined in two outfall drains to 

determine if metal reduction would occur after exposure. Due to its success, a laboratory 

experiment was conducted to study the difference between whole oyster shells and crushed 

oyster shells to determine which would be most effective in reducing 100 parts per billion (ppb) 

Cu over a period of 24 hours. It was determined that removal efficiencies increased as exposure 

times increased. Removal of Cu was seen after one hour in the whole shells, with a reduction of 

7.5%. After 24 hours, the whole shells reduced Cu concentrations by a total 41.9%. For the 

crushed shells, reduction was seen as early as 15 minutes, with a removal efficiency of 16.8%. At 

one hour, Cu was reduced by 27.0% and by 24 hours, the crushed shells reduced Cu by 53.6%. 

Due to their greater surface area, the crushed shells were more efficient overall and should be 

used in similar industrial settings to filter out Cu in stormwater. 
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I. INTRODUCTION 

 Copper (Cu) is a trace metal that is abundant in the Earth's crust and is found in surface 

waters throughout the world (US EPA, 2020). It is commonly found in stormwater pollution and 

can pose serious threats to human health and the environment if left untreated prior to it entering 

local waterways such as rivers, lakes, and streams. Stormwater pollution can enter these bodies 

of water through runoff from roof surfaces, industrial facilities, parking lots, highways/roads, etc. 

They can collect a variety of contaminants including total suspended solids and trace metals such 

as Cu, cadmium (Cd), chromium (Cr), lead (Pb), and zinc (Zn) (Müller et al. 2020). Cu 

specifically can cause nausea, vomiting and even death in high doses to humans (Mount Sinai, 

2021), in addition to adversely affecting fish, invertebrates, plants, and amphibians in the 

environment (US EPA, 2015). Acute and chronic toxic effects may occur due to exposure to Cu 

and include mortality of organisms, and reductions in survival, growth, reproduction, alterations 

of brain function, enzyme activity, blood chemistry and metabolism, respectively (US EPA, 

2020). Cu has been observed at levels of 0.2 to 30 μg/L in freshwater in its naturally occurring 

state, with concentrations of 100 to 200,000 μg/L in areas where mining occurs (US EPA, 2015). 

Due to the negative effects that stormwater pollution, such as Cu, can pose to human health and 

the environment, it is essential to control and treat stormwater prior to it entering local 

waterways.  

 One natural way to treat stormwater and filter out toxic metals is the use of discarded 

oyster shells. Oyster shells are mollusk shells with over 90% of the shell's mass attributed to 

calcium carbonate (Suzuki & Nagasawa, 2013). Because of this, oyster shells naturally act as a 

filter (Stroumboulis, 2018). Several studies have been conducted over the years to determine the 

efficiency of oyster shells as a filter for Cu and other metals. Xu et al. (2021) determined that the 
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largest surface area shell showed a Cu removal efficiency of 71% in the first hour, where the 

smallest surface area shell only showed a removal efficiency of 10%. The most reactive period 

was in the first 24 hours but after that, the removal efficiency showed similar trends for the shells 

with the larger surface areas (Xu et al., 2021). Wu et al. (2014) determined the Cu removal 

efficiency of oyster shell powder for potential wastewater treatment uses, with a maximum 

removal of 99.9% of 10 ppm Cu within 24 hours. However, as the initial concentration 

increased, the removal efficiency decreased, with saturation occurring around 150 ppm (Wu et 

al., 2014). Lin et. al. (2020) determined that vaterite calcium carbonate (CaCO3) microparticles 

were very successful in removing iron (Fe), Pb, Cr, and Cu, with removals of up to 99.9% for Pb. 

 A pilot study conducted at a Duke Energy coal-fired power plant showed that discarded 

oyster shells acted as a filter for toxic metals, Cu and Zn, in industrial stormwater. There, 

benchmark limits for Cu and Zn, 10.0 ppb and 0.126 ppm, respectively, were being exceeded so 

partially crushed oyster shells were placed in mesh bags that lined stormwater outfall drains 

(Figure 1). After exposure to the shell media, samples taken downstream of the shells 

demonstrated a reduction in Cu and Zn as low as 1.56 ppb and 0.038 ppm, respectively. To 

follow-up this experiment, a laboratory experiment was conducted to further investigate the 

effectiveness of discarded oyster shells as stormwater filters. In this laboratory study, 100 ppb Cu 

removal efficiency was measured over a period of 24 hours in plastic containers containing 

whole oyster shells and crushed oyster shells. 
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Figure 1. Pilot study with partially crushed oyster shells in mesh bags lining a stormwater outfall 

drain at a coal-fired power plant in Belmont, NC. 

2. METHODS 

2.1 Materials and Preparation 

 Pre-washed oyster shells were purchased in forty-pound bags from Carolina Building 

Materials, LLC (Charleston, South Carolina). Upon receipt in the laboratory, the whole shells 

were separated and cleaned with demineralized water and a toothbrush to remove all unnecessary 

materials from the shells (Figure 2a). Shells were placed on lint-free rags and air dried overnight 

(Figure 2b). Although the crushed shells could not be washed, a small plastic mesh strainer was 
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used when collecting experimental samples to prevent any debris from entering the sample 

bottles.  

 Glassware was washed with nitric acid and demineralized water solution prior to use. 

New, unused plastic 2 L containers were thoroughly rinsed with demineralized water and dried. 

Thirty six (36) 250 mL sample bottles were pre-preserved with nitric acid and labeled with 

unique identifying sample descriptors.  

  

Figure 2(a). Unwashed whole oyster shell (left) vs. washed whole oyster shell (right). 
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Figure 2(b). Whole oyster shells washed and air dried overnight on lint-free rags. 

2.2 Experimental Design and Procedure 

 A detailed Standard Operating Procedure (SOP), with a full list of equipment and 

materials, was developed prior to the study (Appendix A). For this study, the control experiments 

and 100 ppb Cu experiments were conducted for both whole and crushed oyster shells and 

replicated a total of three times each. Four different retention times were sampled over the 24 

hour period (Table 1). Only T0 and T3 were taken for the whole and crushed shell control 

experiments, where all four retention times were taken for the 100 ppb Cu experiments 

(Appendix B). A total of 36 samples were taken. In addition, pH, temperature, and conductivity 

readings were taken once the samples were collected for each retention time.  
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Table 1. Experiment time points and exposure duration for control and 100 ppb Cu experiments. 

Time Point Exposure Duration Experiment Sampled 

T0 0 mins Control, Cu 

T1 15 mins Cu 

T2 1 hour Cu 

T3 24 hours Control, Cu 

 

 Each experimental container was filled with approximately 2-3 whole shells (~200 

grams) to cover the bottom of the containers. Because of the varying shapes and sizes of the 

whole shells, we aimed for 200 grams +/- 10%, making it acceptable to have shells in the range 

of 180-220 grams (Appendix C). The weight of crushed oyster shells corresponded with the 

weight of the whole oyster shells in each container for the different retention times.   

 Once the shells were weighed and documented, the graduated cylinder was used to 

measure 1000 mL of demineralized water into six 2 L containers for the T0 oyster shell control 

tests. Starting with the first 2 L container of whole shells (replicate 1), 1000 mL was measured, 

poured, and the sample was immediately collected and poured into a 250 mL sample bottle. 

Once the sample was taken, pH, temperature and conductivity readings were recorded for whole 

shell replicate 1. This exact process continued for replicate 2 and replicate 3 for the whole shells, 

and again for replicates 1, 2 and 3 for the crushed shells. Once all six samples were completed 

and all measurements were documented, the containers were thoroughly rinsed with 

demineralized water and dried. The weighing process of the whole and crushed shells was 

conducted in the same manner for the T3 control tests. After pouring the 1000 mL demineralized 

water in the six containers, they sat for a total of 24 hours. The samples were then collected in 

the same order in which they were poured, and the pH, temperature and conductivity 
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measurements were recorded. A certified 1000 ppb Cu concentration solution was made at a 

Duke Energy internal lab by Environmental Scientists, and this whole process was repeated for 

the 100 ppb Cu experiments for T0, T1, T2, and T3.  

2.3 Sample Collection and Analysis 

 Thermo Scientific Orion Star Meters were used to measure pH (Model A32) and 

temperature and conductivity (Model A122). After the 36 samples were collected in the 250 mL 

sample bottles, the Chain of Custody (COC) was filled out accordingly and a cooler was packed 

with all samples to send to the Duke Energy internal lab. Once arrived, the samples were 

analyzed using inductively coupled plasma mass spectrometry (ICP-MS) with a reporting limit 

of 2 ppb to determine the amount of Cu removed per retention time. 

 Upon receiving the results, the data was averaged over the three replicates for the 

controls and 100 ppb Cu experiments for pH, temperature, and conductivity. The final 

concentrations of Cu were averaged over the three replicates also. To determine the Cu removal 

efficiency, the different retention times were compared individually to T0 by using the following 

equation, where Cu start = Cu concentration at T0, and Cu end = Cu concentration at T1, T2 and 

T3: 

           Copper Removal Efficiency 

 

% removal = (Cu start - Cu end) X 100% 

 Cu start     
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3. RESULTS 

3.1 Water Quality Parameters 

 Average pH, temperature and conductivity varied over time for both whole shell and 

crushed shell experiments (Tables 2 and 3). In the control experiment, pH increased from 7.32 at 

T0 to 8.16 at T3 in whole shell experiment but decreased from 9.59 to 8.65 in the crushed shell 

experiment (Table 2). Temperature was higher at T0 for both whole and crushed shell 

experiments but decreased to around 21.4 °C at T3. The whole shell's conductivity was initially 

low at 7.9 µS/cm but increased to 67.7 µS/cm at T3. The crushed shell's conductivity started at a 

higher value than the whole shells at 47.5 µS/cm for T0 and increased to 128.0 µS/cm by T3. 

Overall, conductivity values were much higher in the crushed shell controls. 

 

Table 2. Average pH, temperature, and conductivity measurements for the control experiments. 

Shell Type Time Point pH 
Temperature 

(°C) 

Conductivity 

(µS/cm) 

Whole shell T0 7.32 24.7 7.9 

 T3 8.16 21.5 67.7 

         

Crushed shell T0 9.59 25.3 47.5 

  T3 8.65 21.4 128.0 
  

 

In the 100 ppb Cu experiments, pH increased over time in the whole shell treatments, starting at 

6.47 and ending at 8.79 (Table 3). For the crushed shells, the pH was slightly higher than the 

whole shells, but conversely to whole shells, pH decreased over time. Both the whole and 

crushed shells' temperature gradually decreased over time, with both having an average 
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temperature of 21.3 °C at T3. For conductivity, the same pattern that was observed in the 

controls was seen for the 100 ppb Cu experiments. For the whole shells, the conductivity started 

low at 13.4 µS/cm but gradually increased with each retention time to a maximum of 69.8 µS/cm 

at T3. The same pattern held for the crushed shells, except the values were much higher, ranging 

from 53.3 µS/cm to 164.1 µS/cm. 

 

Table 3. Average pH, temperature, and conductivity measurements for the 100 ppb Cu 

experiments. 

Shell Type Time Point pH  
Temperature 

(°C) 

Conductivity 

(µS/cm) 

Whole shell T0 6.47 24.5 13.4 

  T1 8.41 24.8 20.4 

  T2 8.66 23.6 24.8 

  T3 8.79 21.3 69.8 

          

Crushed shell T0 9.54 24.7 53.3 

  T1 9.61 25.0 75.1 

  T2 9.48 23.7 89.7 

  T3 8.96 21.3 164.1 
 

3.2 Average Cu Concentrations 

 The overall 100 ppb Cu whole and crushed shell experiment results showed that the 

average Cu concentrations decreased as retention times increased (Figures 3 and 4). The average 

Cu values for the whole shell experiment at T0, T1, T2, and T3 were 92.8, 93.1, 85.8 and 53.9 

ppb, respectively (Figure 3). Cu reduction became evident at T2, after one hour of retention time. 

However, Cu reduction was more evident in the crushed shell experiment than in the whole shell 

experiment (Figure 4). Average Cu concentrations at each retention time were 93.7, 78.0, 68.4, 
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and 43.5 ppb, respectively. In this experiment, Cu reduction was evident at T1, after only 15 

minutes of retention time.  

 

Figure 3. Average Cu concentrations after exposure to whole oyster shells; error bars represent 

standard deviation. 

 

Figure 4. Average Cu concentrations after exposure to crushed oyster shells; error bars represent 

standard deviation. 
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3.3 Cu Removal Efficiency 

 In the control treatments, Cu was below the reporting limit (2 ppb) at both time points, T0 

and T3, for the whole shell experiments (Table 4). However, there were varying amounts of Cu 

present in the crushed shell control tests. For T0, crushed shell control replicates had 5.1, 6.3, 

and 6.5 ppb of Cu. The amount of Cu in crushed shell control replicates at T3, after 24 hours of 

exposure, decreased by 51.7%.  

 

Table 4. Average Cu concentrations (ppb) and Cu removal efficiencies (%) for whole and 

crushed shell control tests.  

Shell Type Time Point 
Replicate 

1 

Replicate 

2 

Replicate 

3 

Average Cu 

Concentration 

(ppb) 

Cu Removal 

Efficiency 

(%) 

Whole Shell T0 < 2 < 2 < 2 < 2  NA 

  T3 < 2 < 2 < 2 < 2  NA 

              

Crushed Shell T0 5.1 6.3 6.5 6.0 NA 

  T3  2.8 3.2 2.7 2.9 51.7 

 

 

In the 100 ppb Cu experiments, Cu gradually decreased as the retention times increased (Table 

5). The average amount of Cu at T1 for the whole shells was actually 0.3 ppb greater than it was 

for T0, having a 0% reduction in Cu over the 15 minute period (Figure 3). From T0 to T2, there 

was a 7.5% reduction in Cu, and from T0 to T3, Cu decreased a total of 41.9%. In the crushed 

shell experiment, a greater amount of Cu was removed over the 24 hour period (Figure 4). 

Starting from T0 (93.7 ppb), Cu was reduced to 78.0 ppb at T1, a 16.8% removal efficiency. 
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After one hour (T2), Cu was reduced by 27.0%, and after a total of 24 hours (T3), the Cu 

concentration was 43.5 ppb, a 53.6% reduction.   

 

Table 5. Average Cu concentrations (ppb) and Cu removal efficiencies (%) for 100 ppb whole 

and crushed shell experiments.  

Shell Type 
Time 

Point 

Replicate 

1 

Replicate   

2 

Replicate 

3 

Average Cu 

Concentration 

(ppb) 

Cu 

Removal 

Efficiency 

(%) 

Whole Shell T0 95.5 87.8 95.2 92.8 NA 

 T1 94.2 92.6 92.5 93.1 0.0 

  T2 83.8 85.5 88.2 85.8 7.5 

  T3 55.0 59.0 47.8 53.9 41.9 

              

Crushed Shell T0 95.3 96.7 89.0 93.7 NA 

  T1 78.3 78.5 77.1 78.0 16.8 

  T2 68.7 70.1 66.4 68.4 27.0 

  T3 42.9 43.4 44.2 43.5 53.6 

Note: All removal efficiencies are compared to T0. 

 

4. DISCUSSION 

 Discarded oyster shells have been shown to aid in the removal of toxic metals in 

industrial stormwater. Our results indicate that both whole and crushed oyster shells can be an 

effective remediation tool for the removal of Cu. However, crushed shells were more effective in 

removing 100 ppb Cu than the whole shells. We also found that removal efficiencies increased 

with increasing retention times, with the highest Cu removal efficiencies occurring after 24 hours 

for both whole and crushed shells. These results support the findings of Lin et al. (2020), who 

observed only 25.7% removal in two minutes but had the greatest Cu removal of 57.1% at their 
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greatest retention time of one hour. While we only saw removal efficiencies of 7.5% and 16.8% 

in the whole and crushed shells, respectively after one hour, we had a total Cu reduction of 

41.9% and 53.6% at T3 following a retention time of 24 hours.  

 The greater Cu removal in Lin et al. (2020) could be attributed to the greater surface area 

available for metal adsorption, as CaCO3 powder was used, rather than the whole and crushed 

shells that we used. This hypothesis is further supported by Xu et al. (2021) who found that 

shells with greater surface area had a greater removal efficiency. After one hour, the beaker with 

the largest surface area shell (550 cm2) removed 71% of Cu, whereas the smallest surface area 

shell (38 cm2) removed only 10% (Xu et al. 2021). This trend aligns with our results, with 

crushed shells exhibiting greater removal efficiencies compared to the whole shells due to their 

larger amount of available surface area. In addition, removal of Cu occurred more quickly in our 

crushed shell experiments when compared with the whole shells. Cu removal in the whole shell 

experiment was evident at T2, one hour into the experiment, whereas removal for the crushed 

shells was seen as early as T1, 15 minutes into the experiment. 

 As expected, Cu was below the reporting limit (< 2 ppb) in whole shell control 

experiments. However, the crushed shells had an average Cu concentration of 6.0 ppb at T0. It 

appears that overtime the shells absorbed the Cu was present, and Cu concentrations were 

reduced to an average amount of 2.9 ppb at T3. Oysters are rich in Cu and contain 4.3 - 4.5 mg 

of Cu per 100 grams of oyster meat (Joseph 2019; Kerns 2021). Because crushed shells were 

unable to be washed prior to the experiments, we suspect that the crushed shells may have been 

contaminated with a small amount of oyster meat, thereby contributing a negligible amount of 

Cu into the control experiment. Water analysis indicated a greater overall pH and conductivity in 
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the crushed shell experiments compared to the whole shells. Conductivity increased with 

retention time as expected (e.g., Xu et al. 2021). 

 Our study was unique in its comparison of the effectiveness of Cu removal of whole 

oyster shells to crushed oyster shells to determine which would be most efficient in a real-world 

application. Similar studies utilized different shell forms and preparation techniques. For 

example, Xu et al. (2021) studied varying sizes of whole shells, Wu et al. (2014) separated the 

prismatic and nacreous layers of the shells and created powder to compare adsorption 

effectiveness, and Lin et al. (2020) used the discarded oyster shells to prepare vaterite CaCO3 

powder. To validate real-world application, we tested one environmentally-relevant 

concentration of Cu (100 ppb) over a range of relatively short retention times (similar to Lin et 

al. 2020), whereas other studies targeted higher concentrations ranging from 5 - 400 ppm Cu 

(Wu et al. 2014) at retention times of up to seven days (Xu et al. 2021). 

 If the use of discarded oyster shells to remove toxic metals in stormwater effluent were 

used in a real-world application, i.e. at a coal-fired power plant, it would be recommended that 

crushed shells are used over whole shells to have greater removal efficiencies. To improve 

removal efficiencies even more, it is also recommended that baffles, wattles, check dams or 

another means to slow down flow are put in place to increase contact time with the shells. Over 

time, the shells may become saturated and could become less effective at toxic metal removal. 

To determine how long the adsorption sites on the shells are effective for metal removal, a future 

study should be conducted in order to know how often the shells should be replaced, allowing for 

optimal toxic metal reduction.  
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Appendix A 

Standard Operating Procedure (SOP) 

Equipment/Supplies 

1. (12) 2 L containers 

2. 40 lbs. of whole oyster shells, 40 lbs. of crushed oyster shells (pre-washed) from Carolina 

Building Materials, LLC (Charleston, SC) 

3. 1000 mL graduated cylinder 

4. Demineralized water  

5. Nitric acid 

6. 1000 ppb certified Cu standard (diluted to 100 ppb with demineralized water) from Duke 

Energy internal lab 

7. Toothbrush, lint-free rags, small plastic mesh strainer 

8. (36) 250 mL plastic sample bottles pre-preserved with HNO3  

9. Thermo Scientific Orion Star Meters, Models A321 (pH), and A122 (temperature and 

conductivity). 

10. Scale 

Pre-experiment 

1. Separate whole oyster shells and set aside. 

2. Clean the whole shells with demineralized water and scrub with toothbrush to remove 

debris and excess materials. Place on lint-free rags to air dry overnight. 

3. Acid wash 1000 mL graduated cylinder. Thoroughly rinse 2 L plastic containers with 

demineralized water. Dry. 

Control Experiments 

1. Obtain six (6) 2 L plastic containers. 

2. Weigh out ~200 grams (+/- 10%; 180-220 grams) of whole shells into three (3) 2 L 

containers. Document the weight on Excel spreadsheet and weigh that exact amount in 

crushed shells for Replicates 1, 2, and 3 (e.g. T0 whole shell Replicates 1, 2, and 3 and 

T0 crushed shell Replicates 1, 2, and 3 will be the same weight). There will be a total of 3 

containers with whole shells and 3 containers with crushed shells. 

3. Obtain 1000 mL graduated cylinder and fill with demineralized water. Pour into 

Replicate 1 whole shell container.  

4. Immediately take T0 sample (start of experiment) and pour into 250 mL sample bottle. 

Take pH, temperature, and conductivity readings and log it on Excel spreadsheet. Repeat 

x5 (Replicate 2 and Replicate 3 for whole shells and Replicates 1, 2, and 3 for crushed 

shells). 
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5. Thoroughly rinse 2 L plastic containers with demineralized water. 

6. Repeat steps #2 for T3 tests (24 hours into experiment) and pour 1000 mL of 

demineralized water into all six (6) containers.  

7. After 24 hours, take T3 samples in the order they were initially poured and pour into 250 

mL sample bottles. Take pH, temperature, and conductivity readings and log it on Excel 

spreadsheet. 

8. Thoroughly rinse 2 L plastic containers with demineralized water. Dry. 

100 ppb Cu Experiments 

1. Obtain (12) 2 L plastic containers. 

2. Weigh out ~200 grams (+/- 10%; 180-220 grams) of whole shells into three (3) 2 L 

containers. Document the weight on Excel spreadsheet to reference for crushed shell 

experiment.  

3. Obtain 1000 mL graduated cylinder - Create the 100 ppb concentration from the 1000 

ppb certified Cu solution. 

4. Pour solution into the first 2 L container (Replicate 1) over whole shells. 

5. Immediately take T0 sample (start of experiment) and pour into 250 mL sample bottle. 

Take pH, temperature, and conductivity readings and log it on Excel spreadsheet. 

6. Repeat step #3-#5 for Replicates 2 and 3 of the whole shell experiment (T0). 

7. Refer to the weight of the T0 whole shell experiment and measure the same weight for 

the crushed shells for Replicates 1, 2, and 3. Repeat steps #3-#5. 

8. Once measurements are recorded on Excel spreadsheet, repeat steps #2-#4 for the 

remaining retention times (T1, T2, T3) for both whole and crushed shells. Document 

weights on Excel spreadsheet. 

9. Take T1 samples (15 minutes into experiment) for whole and crushed shells and pour into 

250 mL sample bottles. Take pH, temperature, and conductivity readings and log it on 

Excel spreadsheet. 

10. Take T2 samples (1 hour into experiment) for whole and crushed shells and pour into 250 

mL sample bottles. Take pH, temperature, and conductivity readings and log it on Excel 

spreadsheet. 

11. Take T3 samples (24 hours into experiment) for whole and crushed shells and pour into 

250 mL sample bottles. Take pH, temperature, and conductivity readings and log it on 

Excel spreadsheet. 

Fill out the Chain of Custody (COC), pack cooler and send 36 samples to internal Duke Energy 

lab to be analyzed using ICP-MS (reporting limit 2 ppb). 
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Appendix B - Experimental Design Schematic 
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Appendix C - Weight of whole and crushed oyster shells per replicate and retention time 

Sample Description 

Weight of 

Shells 

(grams) 

Whole Shell Control - Test 1T0 211 

Whole Shell Control - Test 2T0 198 

Whole Shell Control - Test 3T0 199 

    

Whole Shell Control - Test 1T3 200 

Whole Shell Control - Test 2T3 199 

Whole Shell Control - Test 3T3 206 

    

Crushed Shell Control - Test 1T0 211 

Crushed Shell Control - Test 2T0 198 

Crushed Shell Control - Test 3T0 199 

    

Crushed Shell Control - Test 1T3 200 

Crushed Shell Control - Test 2T3 199 

Crushed Shell Control - Test 3T3 206 

    

100 ppb - Test 1WT0 215 

100 ppb - Test 2WT0 199 

100 ppb - Test 3WT0  191 

    

100 ppb - Test 1WT1 216 

100 ppb - Test 2WT1 213 

100 ppb - Test 3WT1 196 

    

100 ppb - Test 1WT2 193 

100 ppb - Test 2WT2 197 

100 ppb - Test 3WT2 199 

    

100 ppb - Test 1WT3 202 

100 ppb - Test 2WT3 198 

100 ppb - Test 3WT3 212 
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100 ppb - Test 1CT0 215 

100 ppb - Test 2CT0 199 

100 ppb - Test 3CT0 191 

    

100 ppb - Test 1CT1 216 

100 ppb - Test 2CT1 213 

100 ppb - Test 3CT1 196 

    

100 ppb - Test 1CT2 193 

100 ppb - Test 2CT2 197 

100 ppb - Test 3CT2 199 

    

100 ppb - Test 1CT3 202 

100 ppb - Test 2CT3 198 

100 ppb - Test 3CT3 212 

 

 

 

 


