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Water project: Research on the quality of the tap water at Vanier College, study and 

experimental. 

 

Objectives:  

The objectives of this experiment are to first learn how to perform several tests on water and then 

test the water quality of Vanier in the different levels for physical, chemical and biological 

properties. Variables that will be measured and observed are dependent on the parameters; there 

will be chemical, physical and microbiological parameters. 

 

Introduction: 

As our population gets larger, the demand for clean drinkable water increases. The importance of 

clean water is important especially for those who are very prone to infections. The quality of 

water is usually divided in three categories: chemical, physical and microbiological (1). 

 

Chemical parameters 

The chemical purity of water aspect is usually defined in the amount of substances dissolved in 

the water or suspensions and also the pH of (acidity) of the water (1). Many natural factors may 

affect the quality of water such as anions or cations (sulphates, sodium, bicarbonates, 

magnesium, chlorides, potassium or calcium). Contamination may also occur when there is 

contact with water from rainfall from volcanic gases, dust or natural gases found in air: namely, 

carbon dioxide, nitrogen and oxygen (1). Some of these chemicals by themselves are not 

detrimental to human health, but some compounds that can be synthesized with them are. 

Furthermore, the pH of drinkable water may also be altered to a great extent. 

1)  pH is defined by the amount of protons in the water. The higher the amount of protons, 

the more acidic the water will be. The pH of distilled water due to only its auto-ionization 

is between 5 and 7 whereby a neutral pH is considered to be 7. The optimal pH level to 

sustain life is between 6.5 –8.0; anything outside of this range may cause physiological 

stress to an organism’s system and can reduce fertility (2). A higher acidity can also 

cause some toxic chemicals to be more motile and be detrimental to some sensitive 

species. Change in pH can be a result of several activities such as acid rain, surrounding 

rocks or waste disposal.  Furthermore, some other natural activities that may reduce pH 

level are calcium carbonate, pine forests, seasons, photosynthesis and precipitation.  

 

pH can be measured through several methods. First, the sample should be tested within 2 

hours of collecting it due to the carbon dioxide in the air that increases the pH (2). A 



basic method of determining the pH of a solution is using blue litmus paper. The darker 

the shade of red, the more acidic it is. This method introduces a lot of uncertainty though. 

 
A more accurate method for determining the pH of water would be to use a pH meter. 

This device works by measuring the electrical potential through an electrode when 

immersed in the water (2).  The electrical potential of the water is due to the protons 

present; this will therefore yield a unit in pH or millivolts.  

 

2) Ammonia is a chemical that is intentionally added into water as a strategy to disinfect 

water by forming chloramines when chlorine is present (3). Adding too much ammonia 

may disturb the balance of Cl2:NH3-N ratio which will result in free ammonia in the 

water (3). Ammonia may also be present from the decomposition of the chloramines 

formed. This chemical will increase the pH level making it more basic due to its tendency 

to accept a proton.  

Although this chemical is metabolized into our body, it eventually gets converted into 

uric acid due to its toxicity to humans. 

Higher level of ammonia in the water system has been associated to an increase of 

nitrification which may in turn lower the quality of water, increase the concentrations of 

nitrite/nitrates, increase bacterial counts and decrease chloramines residual (3). 

Concentrations of free ammonia entering the distribution system should be smaller than 

0.1mg/L and preferably 0.05mg/L as to prevent nitrification. In the European Union 

water with nitrate levels above 50 mg per liter is not considered potable. Higher 

concentration exposure to ammonia may result to irritation and damage to the mouth, 

throat and gastrointestinal tract (3). 

 Testing for ammonia can be done by making it react with certain chemicals. Free 

ammonia is made to react with another compound leading to a chain reaction and 

resulting in a compound with a distinct color. The concentration can then be determined 

using a specific device such as a water quality colorimeter.  

 

3) Drinking water contains a lot of organisms such as bacteria, parasites and protozoa and 

chlorine is a chemical that can be used as a primary of secondary disinfectant as it is 

believed to disrupt the plasma membrane, killing the organism (6).  The chlorine 

concentration in water varies on other chemicals present in the water; it can react quickly 



with non-organic compounds such as ammonia, as stated previously, manganese or iron. 

As a result, chlorine is usually excessively added to the distribution system (6). Chlorine 

does not stay in its natural state when in water; it dissolves rapidly and achieves an 

equilibrium state forming hypochlorous acid (HOCl) as shown in the following equation. 

Cl2 + H2O = H
+ 

+ Cl
--
+ HOCl (6) 

The secondary disinfectant is to leave a small quantity of chlorine residual as it can 

reduce the formation of some biofilms and reduce the risk of widespread of microbial 

contamination (6). The effects are however dependent on the organism; E. Coli O157:H – 

a gram negative bacterium - are inactivated by chlorine residuals whereas protozoa such 

as Giardia and Cryptosporidium spp. are known to be chlorine-resistant. The optimal 

level for chlorine residual concentration should be at lowest 0.2mg/L.  

Typical concentrations of free chlorine residual do not appear to be any health hazards to 

humans. The concentration of chlorine is usually under 1.0mg/L (6). A clinical study has 

shown that exposure to water containing up to 24.0mg/L of chlorine has not shown any 

detrimental effects or any sign of toxicities.  

Poisoning due to chlorine is usually due to either voluntary or involuntary consumption 

of cleaning products containing roughly 52500mg/L of sodium hypochlorite.  

Testing for chlorine can also be done using water quality colorimeter. The test is similar 

to that of ammonia; a compound will be formed resulting in a distinct color in the 

solution. Although, chlorine testing can also be done for total chlorine concentration, not 

just free chlorine.  

 

4) Iron is a heavy metal commonly found in the earths crust found in two forms, Fe (II) and 

Fe (III). Iron is typically found in salts present in water whose pH levels are measured to 

greater than 7. These salts are not easily dissolved and are known to be insoluble salts. 

The presence of iron in water is habitually low but under low sulphide and carbonate 

conditions, an elevated concentration of soluble Fe (II) may be found (17). There many 

dangers are associated with elevated consumption of iron. Such dangers include: 

hemochromatosis and tissue damage. While 14-17.5 g of elemental iron is the lethal dose 

for an adult male, a limited number of Canadian drinking water stations show that the 

concentration of iron in drinking water is usually below 1 mg/L and is often less than 

0.3 mg/L (17). In order to isolate water-containing iron, tests using 10-phenanthroline 

will be used to produce a complex whose concentration is directly proportional to the 

concentration of ferrous iron present in the sample. 

 

5) Lead is the most commonly found heavy element on Earth. It has many stable isotopes 

that exist in nature. The traces of lead in drinking water may be attributed to the 

dissolution of water from natural sources, as well as the fact that most household 

plumbing systems are made primarily of lead. The amount of lead that is absorbed by the 



water relies on many factors such as; the presence of chloride and dissolved oxygen, pH, 

water softness and standing time of water. The presence of lead ions in water may have 

negative effects if the concentration of the ions in the water is too high. The effects are 

mostly felt in children under 6 and pregnant women, but people of all ages may be 

affected. Lead interferes with the metabolism of calcium and Vitamin D and an extended 

exposure to a high lead concentration damages the nervous and reproductive systems and 

results in high blood pressure and anemia. In Quebec, the maximum concentration of lead 

in tap water is 0.01 milligram per liter. To determine if the drinking water at Vanier 

College meets this restriction one should use a PASCO Lead Ion Selective Electrode. 

This allows a quick and simple measurement of the lead or sulfate ion concentration in an 

aqueous solution, since the Lead Ion Electrode is made of sulfides of lead and bonded by 

silver into an epoxy body, which develops an electrode potential when it comes in contact 

with solutions containing lead ions. This electrode potential reading is compared against 

a reference potential using the equation, E =E0+S log X,where the X variable reveals the 

concentration of free lead ion in the solution. 

 

Physical parameters  

Physical purity of water is determined by its physical appearance. This can be with its color, 

smell, turbidity, conductivity, suspended material, texture, etc (8). The physical parameters are 

not all detrimental to human health necessarily; the smell and taste may have been as a result of 

some discharge of an organic compound coming from runoffs or even fallen leaves (8). The 

colour by itself doesn’t make the water dangerous to drink, but it makes it unappealing to the 

public.  

1) Turbidity is a measure of how cloudy or clear the liquid is. The measuring of turbidity is 

not the quantification of how many suspended particles are in water; rather, it is a 

measurement of the absorption and scattering of light responsible by these suspended 

particles responsible for the physical characteristic (9). The reason is that a beam of light 

usually remains undisturbed when passing through the medium of pure water; particles, 

however, can disturb that beam of light by scattering the light and absorbing it (9). Many 

factors can affect the turbidity of water such as the size of the particles (colloidal 

dimensions can range from 0.001µm to 1.0µm, and some may go up to 100.0µm), the 

shape, the color or even their refractive index (9).  

 Sources responsible for water turbidity and can be both natural and human activities. 

Water turbidity can be caused by the weathering of rocks and soils, natural organic matter 

coming from plants decomposition, inorganic clays, inorganic precipitates (metal s), 

biological organisms (algae, biofilms, cyanobacteria, zooplanktons) or when it comes 

into contact with products and materials used for treatment (i.e. pipes or filters) (9). 

Turbidity is a good indicator of the presence of organisms; a high level of turbidity (>0.3 



NTU) is correlated with a higher rate of disease. Cloudy turbidity can be a result of 

having millions of bacteria per mL of the sample. 

A turbidimeter is usually the method of choice to get the measurement; the units given 

are in nephelometric turbidity units (NTU). The measurement is done by keeping the 

sensor at 90 degrees to the incident light and observing the scattering of the light.  

 

2) The conductivity of water is defined by how well a current can travel through water. 

Conductivity in water is affected by dissolved inorganic charged particles. Examples of 

anions are phosphate, chlorine, nitrate or sulfate and cations (metals) can be sodium, 

magnesium, aluminum or iron (10). Water found in nature varies in conductivity 

depending on the environment. Streams that pass through granite bedrocks usually have a 

lower conductivity because granite is composed of more inert materials (10). On the other 

hand, streams that pass through clay soils have a higher conductivity due to the presence 

of material that ionizes when in presence of water (10). 

Water conductivity can also increase as it passes through the sewage system from the 

high presence of chlorine, phosphate and nitrate (10).  

Measurements of conductivity can be done using a probe and a meter. Two electrodes are 

dropped into the water and a voltage is applied through them. The drop of the voltage due 

to the resistance of water is then used to calculate the conductivity per meter (Siemens 

/m) (10). In general, if water contains more ions then the electrical conductivity is higher. 

Microbiological parameters 

Microbial parameters in water is the number of living organisms; they can be bacteria, protozoa, 

plants, animals and some of these can be parasitic. Some of these organisms can be detrimental 

to human health. 

1) Escheridia coli, usually abbreviated to E. coli, is a group of anerobic, rod shaped, gram-

negative, and non-spore forming bacteria part of the family Enterobacteriaceae that is 

found in animals and humans intestine (12). Most groups of E. coli are harmless to 

humans; but, the strain E. coli O157:H7 is one that can cause sickness such as stomach 

cramps, diarrhea and vomiting- the hamburger disease (11). Symptoms will persist for 

around 5 to 10 days, but may be fatal for those of younger age or the elderly (11). A 

detection of E. coli in a water source signifies an infiltration of mammal feces through the 

waters system. The majority of waterbone E. Coli have been found to secrete an enzyme 

named ß-glucuronidase which can aid in its detection, since most strains of E. coli are 

lactose positive (able to ferment lactose).  

The survival of E. coli is dependent on many factors such as temperature, exposure to 

sunlight, the type of water involved and the other types of microflora (12). Its lifespan in 

water ranges from between 4-12 weeks with ideal conditions; that is, temperature being 

around 18°C and a moderate quantity of microflora (12). This bacterium is also one of 

the most sensitive coliform bacteria to environmental change compared to other protozoa 



or viruses (12).  Microbiological analysis of drinking water must be done on the day of 

sampling, or in the maximum 48 hours after sampling, if the samples were refrigerated. 

 

 Analytical methods for E.coli 

Currently, three methods are routinely used to detect Escherichia coli organisms in water: the 

presence-absence (P A) method, which is a qualitative test, as well as two quantitative methods, 

membrane filter (MF) and multiple tube fermentation (MTF). A detailed description of each 

method is given in Standard Methods for the Examination of Water and Wastewater (APHA et 

al., 2005). All three detection methods use cultivation to detect or confirm the presence of E. 

coli.  

Methods that detect and confirm the presence of E. coli in a single step are based on the presence 

of the enzyme ß-glucuronidase. This is a unique constitutive enzyme that is found in the vast 

majority of E. coli isolates. A distinct advantage of enzyme-based methods is that no 

confirmation step is required.  

Presumptive coliform culture media, such as lauryl tryptose broth, m-Endo media or EC media, 

can make a presumptive determination but cannot distinguish E. coli colonies from other types of 

coliforms. Therefore, a confirmation step is required. 

 Presence-absence procedure 

The P A test was developed as a more sensitive, economical, and efficient means of analyzing 

drinking water samples ( Colilert). Commercial test kits using enzyme-based media have been 

developed for P-A testing. Also, data illustrate that some media based on enzyme-based methods 

can detect injured coliforms within 24 hours . For decision-making, the focus is the positive 

detection of E. coli, regardless of quantity; as the guideline for E. coli in drinking water is none 

per 100 mL, qualitative results are sufficient for protecting public health. 

Membrane filter procedure 

The MF procedure was introduced to bacteriological water analysis in 1951, after its capability 

to produce results equivalent to those obtained by the MTF procedure was demonstrated . With 

this technique, the water sample is passed through a filter that retains bacteria. The filter is then 

placed on a standard presumptive coliform medium or on a medium containing substrates 



designed for the detection of the enzyme ß-glucuronidase and incubated. The advantages of the 

technique were quickly recognized because it made the examination of larger volumes of water 

practical. The MF technique remains the method of choice in some jurisdictions for the routine 

enumeration of coliforms in drinking water. Commercial agar is available for routine 

enumeration (M-Endo for total coliforms and MF-C Agar for fecal colifoms and E.coli). Agar 

plates are incubated at 44.5°C for 22-24 hours. The mFC agar contains selective and differential 

agents.  Rosolic acid inhibits bacterial growth in general, except for fecal coliforms.  Bile salts 

inhibit non-enteric bacteria.  Aniline blue indicates the ability of fecal coliforms to ferment 

lactose to acid that causes a pH change in the medium. 

  

1. – MFC-Agar culture media : blues colonies are fecal coliforms 

2. – Agar M-Endo culture media : colonies with green metallic sheen are total coliforms 

Lactose utilization (blue color) is the basis for identification of fecal coliforms. 

As described above, the ß-glucoronidase enzyme produced by E. coli will cleave the substrate in 

the media, resulting in a fluorescent product that can be visualized under UV light. 

 

2) Giardia lamblia,also known as “beaver fever”,  is a flagellated protozoan parasite that 

can also be present in the water system.  Chlorine in drinking water can kill bacteria but 

not the spores nor the protozoa. The parasite has two stages to its life cycle. The first part 

is a motile vegetative form (trophozoite) that resides in the small intestine and is 

responsible for some disease manifestation (13). The second part of the life cycle is as a 

cyst, an infective resistant form for transmission (13). The cyst is oval shaped and has a 



width ranging from 7.0-10.0µ, a length of 10.0-20.0µm and a thickness of 0.3-0.5µm. Its 

trophozoite phase resembles that as a tear drop, has a width of 5.0-15.0µm, 1.0-2.0µm 

thickness and 9.0-21.0µm (13). 

The trophozoite is also a facultative anaerobe that uses glucose as source of energy and 

divides by binary fission every 9 to 12 hours. Toxicity of this parasite can result in 

symptoms such as diarrhea, chills, nausea, low grade fever or epigrastric pain (13). It is 

usually found in the upper section of the small intestine, but can also be found in the 

gallbladder or biliary drainage. Infection by this parasite can be caused by as few as 10 

cysts (13). 

  

Identification of the Cryptosporidium and Giardia is made using fluorescence and morphological 

differences between the species. Standard detection methods for clinical and water samples are 

based on microscopy (mainly florescence microscopy) and require skilled technicians to perform 

them correctly. They are not capable of identification to species level. Detection methods for the 

water industry require very large sample volumes and effective concentration procedures to 

detect the very low numbers of protozoan cysts likely to be present. Newer immunology- and 

PCR-based detection methods are more sensitive, faster and easier to perform than microscopy 

and offer the possibility of differentiation of species and genotypes. The detailed methodology 

will be presented later after consultation with the Biology department.  

 

Methods/materials and methodology: 

 

1. PASCO Water Quality Sensors- PS-2169 (pH, conductivity, temperature, dissolved 

oxygen) 

2. PASCO ezSample SnapVial – Ammonia- EZ-2334 

3. PASCO ezSample SnapVial – Chlorine - EZ-2339, PS-2179 

4. PASCO Lead Ion Selective Electrode 

5. PASCO Iron Ion Selective Electrode 

6. Turbidity meter (The PS-2122 Turbidity Sensor)  

7. Microscope 

8. Filters 



9. Distillation device  

10. PASPORT Water Quality Colorimeter- PS-2179 

 

 

PASCO Water Quality Sensors- PS-2169 (14) 

 

Conductivity testing 

The conductivity component sensor measures the electrolytic conductivity of aqueous 

solutions. It determines the conductivity by applying an alternating voltage to the 

electrode cell at the end of the probe and measuring the resulting current. You can use 

the included 10x electrode or a 1x electrode (PASCO part 699-06620). In the software 

or on the interface select the Conductivity (10x) or Conductivity (1x) measurement, 

depending on which electrode you are using. 

 

Conductivity Calibration 

The conductivity measurement can be calibrated; however, for most applications calibration is 

not necessary. Use a one-point calibration with a standard solution of known conductivity. For 

instructions on preparing a standard solution, see Appendix C. For instructions on calibrating in 

DataStudio, see Appendix A. For instructions on calibrating on the Xplorer GLX, refer to the 

Xplorer GLX Users’ Guide. 

Measuring conductivity 

 

Before using the conductivity electrode, soak the end in distilled water for 5 to 10 minutes. 

Connect the electrode to the multi-sensor and start data collection. Immerse the end of the 

electrode in the solution to be measured and wait for the reading to stabilize. Rinse the electrode 

with deionized water before measuring a different solution. 

The conductivity sensor has three ranges, which you select using the three buttons on the multi-

sensor. To select a range, push one of the buttons: for 0 µS/cm to 1000 µS/cm, for or 0 µS/cm to 

10000 µS/cm, or for 0 µS/cm to 100000 µS/cm. Lights on the buttons indicate which range is 

selected. To determine which range is appropriate, look at the data (on a Graph display, for 

instance) while it is being collected; if the measurement appears to be “railed” at the top of the 

selected range (1000 µS/cm or 10000 µS/cm), select the next higher range. You can push a 

button to change the range without stopping data collection. 

Note: The ranges specified above are for a 10x probe. Divide each range by 10 if you are using a 

1x probe. 

The conductivity electrode is sensitive to very low concentrations of dissolved solids, so you will 

probably never measure a sample with a conductivity of zero. A reading of 25 µS/cm for “pure” 



water is typical. True pure water is difficult to obtain and store. The table (right) lists typical 

conductivity values for common aqueous solutions at 25 °C. 

As a rule of thumb, to estimate total dissolved solids (TDS) in parts per million (ppm), divide the 

conductivity in µS/cm by 2: 

𝑇𝐷𝑆 (𝑝𝑝𝑚) =
𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (

𝜇𝑆
𝑐𝑚)

2
 

pH testing 

The pH/ISE/ORP input of the multi-sensor is a specialized voltage sensor. Its BNC connector 

accepts the included pH electrode, as well as ISE and ORP electrodes. The sensor measures the 

voltage produced by any of these electrodes. When used with a pH probe, the sensor also 

computes the pH based on the measured voltage. Connect the pH electrode (or other electrode) to 

the pH/ISE/ORP port and start data collection. On your computer or interface, display the ISE 

Voltage measurement (this measurement is valid for pH and ORP electrodes as well as ISE) or 

the pH measurement for the calculated pH (assuming that the pH electrode is connected). 

pH Calibration 

The pH measurement can be calibrated; however, for most applications calibration is not 

necessary. Perform a two-point calibration with two buffer solutions of known pH. For 

instructions on calibrating in DataStudio, see Appendix A. For instructions on calibrating on the 

Xplorer GLX, refer to the Xplorer GLX Users’ Guide. 

Measuring pH 

The pH electrode produces a voltage proportional to the pH of the solution that it is immersed in. 

This voltage is measured by the multi-sensor, which computes pH. Unscrew and remove the 

storage bottle from the electrode (be careful not to spill the storage solution). Push the O-ring 

and bottle cap up the electrode handle. Rinse the electrode tip with distilled water. If you see 

bubbles in the electrode bulb, gently shake the electrode downward (similar to shaking down a 

thermometer). Start data collection. Place the tip of the electrode in the solution to be measured 

and wait for the reading on your computer or interface to stabilize. Rinse the electrode with 

distilled water before measuring another solution. 

 

Ammonia (ezSample SnapVial – Ammonia - EZ-2334) (4) 

Free ammonia reacts with hypochlorite to form monochloramine. Monochloramine reacts with 

salicylate, in the presence of sodium nitroferricyanide, to form 5-aminosalicylate, a green 

colored complex. This test method measures free ammonia and monochloraminein drinking 

water, clean surface water and good quality nitrified wastewater effluent. Results are expressed 



in ppm (mg/Liter) ammonia-nitrogen, NH3-N. High levels (>20 ppm) of ammonia can reduce 

the intensity of the developed color from this reagent. In this case, instead of an over-range (>3.0 

ppm) result, a false low test result may be obtained. If high levels of ammonia are suspected, a 

series of dilutions should be performed on the sample to confirm reagent performance (4). 

If the readings are above 1.0 mg/L, then use the Ammonia High reading (Ammonia (H)). If the 

readings are below 1.0 mg/L, use the Ammonia Low reading (Ammonia low (L)). Readings at 

1.0 mg/L are accurate on both scales.. 

 

Test Procedure 

 

1. Add 5 drops of A-1402 Stabilizer solution to the empty sample cup. 

2. Fill the sample cup to the 25 mL mark with the sample. 

3. Add 2 drops of A-1401 Catalyst Solution. Stir briefly with the tip of the ezSample Snap Vial 

(ampoule). 

4. Add 2 drops of A-1400 Activator Solution. Stir briefly with the tip of the ampoule. 

5. Immediately snap the tip by pressing the ampoule against the side of the cup. The ampoule 

will fill leaving a small bubble to facilitate mixing. 

6. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel 

from end to end each time. Wipe all liquid from the exterior of the ampoule. 

7. Wait 15 minutes for color development. 

8. Use the PASPort Water Quality Colorimeter to measure the concentration value of the 

ampoule. 

 

Chlorine (ezSample SnapVial – Chlorine - EZ-2339) (7) 

The ezSample test method employs the DPD chemistry.1 Free chlorine oxidizes DPD (N,N-

diethyl-pphenylenediamine) to form a pink colored species in direct proportion to the chlorine 

concentration. Total chlorine, the sum of free and combined chlorine, is determined by adding an 

excess of potassium iodide to the sample. Chloramines (combined chlorine) oxidize the iodide to 

iodine. The iodine then oxidizes DPD to the pink colored species. Results are expressed in ppm 

(mg/Liter) Cl2. Halogens, ozone and halogenating agents will produce high test results. Chlorine, 

at >500 ppm may prevent color development (7). 

 

Free Chlorine Test Procedure 

1. Fill the sample cup to the 25 mL mark with the sample (fig 1). 

2. Immediately snap the tip by pressing the ampoule against the side of the cup. The ampoule 

will fill leaving a small bubble to facilitate mixing. 

3. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel 

from end to end each time. Tap the bottom of the ampoule on a hard surface to cause any tiny 

bubbles that have collected on the ampoule wall to rise to the top of the liquid in the ampoule. 

Wipe all liquid from the exterior of the ampoule. 



4. Wait 1 minute for color development. 

5. Read the concentration value of the ezSample ampoule in the PASPORT Water Quality 

Colorimeter. 

Total Chlorine Procedure 

1. Fill the sample cup to the 25 mL mark with the sample 

2. Add 5 drops of A-2500 Activator Solution. Stir briefly. Wait 1 minute. 

3. Perform the Free Chlorine Test Procedure using this pretreated sample 

 

Turbidity meter (The PS-2122 Turbidity Sensor) (5) 

The turbidity meter is designed to measure the turbidity level (“cloudiness”) of water samples in 

nephelometric turbidity units (NTU) by measuring light scattered by the sample at 90 degrees. 

The light source is stabilized to prevent drift. The opaque housing eliminates ambient 

light.etc…) (5).     

 

Calibration: 

 

1. To prepare for calibration of the Turbidity Sensor, gently invert the 100 NTU Standard cuvette 

(included) five times. Clean the outside of the cuvette. 

2. Put 6 mL of deionized water into an empty cuvette and tighten the cap. Clean the outside of 

the cuvette. 

3. Connect the sensor to a PASPORT-compatible interface. 

4. Put the cuvette with the deionized water into the sensor Sample Compartment and close the lid 

5. Press and release the green Calibration Button on the sensor. The light-emitting diode (LED) 

in the button will come on. In a moment, the LED in the button will begin to blink. 

6. After a few moments of blinking, press the green button again to stop the blinking. 

7. Replace the first cuvette with the 100 NTU Standard cuvette and close the lid 

8. Press and release the green button. After the LED begins to blink, press the button again to 

stop the blinking. 

9. To verify, start the PASCO data acquisition software, set up a Digits display, and start 

recording data. 

10. The Digits display should show approximately 100 NTU ±1 NTU. 

11. Stop recording data. 

 

Test procedure: 

 

1. Plug the Turbidity Sensor into one of the PASPORT input ports of a PASCO interface (such 

as the 850 Universal Interface or SPARK Science Learning System). 

2. NOTE: If more distance is needed between the sensor and the interface, connect the sensor to 

the PASPORT 

3. Extension Cable (PS-2500) and then plug the cable into the interface. 

 4. Put 6 milliliters (mL) of a fluid sample in a cuvette and cap it. NOTE: Avoid touching the 

glass with your fingers. 

5. Wipe the glass with a non-abrasive cleaning tissue and/or silicone oil. 

6. Put the sample cuvette into the Sample Compartment and close the lid. 



 7. Start the PASCO data acquisition software (such as PASCO Capstone). Set up a data display 

in the software. 

8. Begin recording data. 

 

Iron (ezSample-Snap Vial Iron EZ-2331) (15): 

 

The iron ezSample test method employs the phenanthroline chemistry. 1,2 Ferrous iron reacts 

with 1,10-phenanthroline to form an orange-colored complex in direct proportion to the ferrous 

iron concentration. Total iron is determined by adding a mixture of thioglycolic acid and 

ammonia to the sample. This mixture dissolves most forms of particulate iron. Results are 

expressed in ppm (mg/L) Fe2+.  

 

Various metals will produce high test results. Certain forms of very insoluble iron (magnetite, 

ferrite, etc.) require the following digestion procedure in place of the Total Iron test procedure. 

 

Ferrous Iron Test Procedure: 

 

1. Fill the sample cup to the 25 mL mark with the sample   

2. Immediately snap the tip by pressing the ezSample Snap Vial (ampoule) against the side of the 

cup. The ampule will fill leaving a small bubble to facilitate mixing.  

 

3. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel 

from end to end, each time. Wipe all liquid from the exterior of the ampoule.  

4. Wait 1 minute for color development.  

5. Read the concentration value of the ezSample ampoule in the PASPort  

 

Total Iron Procedure: 

 

1. Fill the sample cup to the 25 mL mark with the sample  

2. Add 5 drops of A-6000 Activator Solution. Stir briefly. Wait 4 minutes.  

3. After 4 minutes, stir the sample once again and then perform the Ferrous Iron Test Procedure 

using this pretreated sample. 

 

Digestion procedure for insoluble iron:  

 

a. Fill a heat-resistant, glass container to 25 mL with sample.  

b. Add 5 drops of A-6000 Solution. Stir briefly. 

c. Gently boil the sample to reduce volume to 10-15 mL.  

d. Cool the sample and dilute to 25 mL with iron-free water.  

e. Using this pretreated sample, perform the Ferrous Iron Procedure beginning with Step 2. 

 

 



Lead (Lead Ion-Selective Electrode CI-6736) (16): 

 

Direct Measurement: 

 

Direct measurement is a simple procedure for measuring a large number of samples. A single 

meter reading is all that is required for each sample. The ionic strength of samples and standards 

should be made approximately the same by adjustment with ISA. The temperature of both 

sample solution and standard solution should be the same. 

 

 

1. By serial dilution, prepare 10-2 M, 10-3 M, and l0-4 M or 100 ppm and 10 ppm 

standards, from the 0.l M or 1000 ppm standards. Prepare standards with a composition 

similar to the samples if the samples have an ionic strength above 0.l M 

 

2. Place 100 ml of the 10-4 M or 10 ppm standard in a 150 ml beaker. Place the beaker on 

the magnetic stirrer and begin stirring at a constant rate. Add 2 ml of ISA. After assuring 

that Science Workshop is operating, lower the electrode tip into the solution. When the 

reading has stabilized, record the voltage reading indicated in the Digits display. 

 

3. Place 100 ml of the 10-3 M or 100 ppm standard in a 150 ml beaker. Place the beaker on 

the magnetic stirrer and begin stirring. Add 2 ml of ISA. After rinsing the electrodes with 

distilled water, blot dry, and immerse the electrode tip in the solution. When the reading 

has stabilized, record the voltage reading indicated in the Digits display. 

 

4. Place 100 ml of the 10-2 M or 1000 ppm standard in a 150 ml beaker. Place the beaker on 

the magnetic stirrer and begin stirring. Add 2 ml of ISA. After rinsing the electrodes with 

distilled water, blot dry, and immerse the electrode tip in the solution. When the reading 

has stabilized, record the voltage reading indicated in the Digits display. 

 

5. Using the semilogarithmic graph paper, plot the voltage reading (linear axis) against the 

concentration (log axis). Extrapolate the calibration curve down to about 2.0 X 10 -6 M. 

A typical calibration curve can be found in Figure 3.  

 

6. To a clean, dry, 150 ml beaker, add 100 ml of the sample, and 2 ml of ISA. Place the 

beaker on the magnetic stirrer and begin stirring at a constant rate. Rinse the electrode 

with distilled water, blot dry, and lower the electrode tip into the solution. When the 

reading has stabilized, record the voltage reading indicated in the Digits display. Using 

the calibration curve determine the sample concentration. 

 

7. The calibration should be checked every two hours. Assuming no change in ambient 

temperature, immerse the electrode tip in the mid-range standard. After the reading has 

stabilized, compare it to the original reading recorded in step 3 above. A reading differing 



by more than 0.5 mV or a change in the ambient temperature will necessitate the 

repetition of steps 25 above. A new calibration curve should be prepared daily. 

 

 

 
 

Low Level Lead Determination 

 

This procedure is recommended for solutions with lead concentrations of less than l.0 X l0-6 M. 

If the solution is high in ionic strength, but low in lead ion concentration, use the same 

procedure, but prepare a calibration solution with a composition similar to the sample. 

 

1. Using 20 ml of standard ISA, dilute to 100 ml with distilled water. This low level ISA 

(l.0 M NaClO4) is added at the rate of 1 ml low level ISA to each 100 ml of solution. 

The background ionic strength will be 1.0 X 10-2 M. 

 

 

 

2. Dilute 1 ml of 0.l M standard to one liter to prepare a l.0 X l0-4 M solution for 

measurements in moles per liter. Prepare a 10 ppm standard solution by diluting 1 ml 

of the 1000 ppm standard to 100 ml for measurements in ppm. Standards should be 

prepared fresh daily. Plastic lab-ware is recommended to avoid absorption of lead on 

the beaker walls. 

 

 



3. Add 50 ml of distilled water, 50 ml of methanol-formaldehyde solution, and 1 ml of 

low level ISA to a 150 ml plastic beaker. Place the beaker on the magnetic stirrer and 

begin stirring at a constant rate. 

 

4. Place the electrode tip in the solution. Assure that Science Workshop is operating. 

 

5. Add increments of the l.0 X 10-4 M or 10 ppm standard as given in Table 2 below. 

 

 

 
 

 

6. After the reading has stabilized, record the voltage reading indicated in the Digits 

display. 

 

7. On semilogarithmic graph paper, plot the voltage reading on the Digits display (linear 

axis) against the concentration (log axis) as in Figure 3. 

 

8. Rinse the electrodes and blot dry. 

 

9. Measure out 50 ml of the sample into a 150 ml plastic beaker. Add 50 ml of methanol-

formaldehyde solution and 1 ml of low level ISA. Place the beaker on the magnetic stirrer 

and begin stirring at a constant rate. Lower the electrode tip into the solution. After the 

reading has stabilized, record the voltage reading indicated in the Digits display and 

determine the concentration from the low level calibration curve. Prepare a new low level 

calibration curve daily. Check the calibration curve every two hours by repeating steps 3-

7 above. 

 

 

Titration of Lead: 

 

Titration is a very accurate determination of total lead or sulfate ion concentration. This method 

makes use of the electrode as an endpoint detector. The endpoint break is enhanced by the use of 



methanol-formaldehyde solution added to samples to reduce the solubility of the product formed 

during titration. 

 

The method outlined in this section makes use of the lead ion electrode as a highly sensitive 

endpoint detector for lead- containing sample. The titrant used is EDTA (ethylenediamine 

tetraacetate). The sample concentrations should be above 1.0xl0-3 M lead ion. If the samples 

contain lower lead concentrations, the titration will not be as accurate and the EDTA titrant must 

be diluted correspondingly. 

 

EDTA complexes lead as well as other cations. The sample pH can be adjusted to eliminate 

unwanted ion complexes. Masking agents may be added in some cases. 

 

1. Prepare a 0.0l M EDTA titrant by adding 3.772 grams of reagent-grade Na2 

EDTA·2H2O to a 1 liter volumetric flask containing 500 ml of methanol-

formaldehyde solution. Swirl the flask gently to dissolve the solid. Fill the flask to the 

mark with distilled water, cap, and upend the flask several times to mix the solution. 

 

 

2. Fill a 50 ml buret with the EDTA solution. Pipet 50 ml of the sample into a 150 ml 

beaker and add 50 ml of methanol-formaldehyde solution. Place the beaker on a 

magnetic stirrer, and begin stirring at a constant rate. 

 

3. Position the electrode tips in the solution about halfway between the center of the 

beaker and the beaker wall. 

 

4. Begin adding the EDTA in 0.5 ml to 1.0 ml increments, followed by smaller 

increments down to about 0.1 ml to 0.2 ml increments as the potential change 

increases. Record the electrode potential after each addition. Continue the additions 

several milliliters past the endpoint until little change is noted in the voltage reading 

indicated in the Digits display, even when adding 0.51.0 ml increments. 

 

5. Plot the milliliters of EDTA added against the electrode potential on standard 

coordinate graph paper. The point of greatest potential change is the endpoint. The 

lead ion concentration from the unknown is calculated as follows: 
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