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General

Water has thousands of parameters which can be measured. Completely describing water in scientific terms is a nearly hopeless task.

To come close to completely describing one liter of water would cost thousands of dollars of testing and take days...not to mention that a short distance from that sample point in space or time the water could be significantly different.

Even if you made a $10,000 profile of the water every few inches and every few minutes, you’d still be missing crucial elements: the potential of what the quality could be if conditions were slightly different; and the magic of water as it moves dynamically through a living system.

Whatever other purpose I have for doing a water test, the main purpose is to refine my water intuition. Intuition is the best tool for turning a 99.9% incomplete data set into useful information.

To develop your water intuition, record a written guess of the result for every test you take. This will get you to think about all the variables which can influence the results, for example:

Choosing a sample location/time which won't give you the clearest read on what you're looking for

Flaws or oversights in your technique

Unclear or incomplete notes which lead to later misinterpretation

Touching with dirty hands

Contaminated sample containers or apparatus

Mixing up containers

Flow rate

Flow rate trend(rising/falling hydrograph

Rainfall

Runoff

Temperature

Humidity

Wind

Sun

Pressure

Animal and human influences

Plant and soil influences

Influence of microorganisms

With practice, the gap between what you guess and what the tests yield will narrow. More importantly, the cells in your brain will grow new wiring connections so that what you see, hear, smell, taste, and feel about the water will give you a clearer and clearer sense of what is happening in the water system you test.   To paraphrase the Chinese: “The master tests the least yet understands the most.”
This process could be compared to keying animals or plants from a detailed field guide. The key draws your attention to finer and finer distinctions, and lets you know how close your original guess was. After a while, your intuition takes over, and you can discern a vulture from a red tail hawk from a split second sighting through a small gap in the trees, or tell a coast live oak from a valley oak from a mile away.

As you come to know the relative importance of different influences, you will be able to get more out of less future testing, by being more targeted, and to be able to predict how quality will be affected by influences on or changes to the system.

Good technique

Good technique is methodical, focused and detail-oriented, yet still aware of the big picture.

The foundation of good technique is a good system, the rest is just following that system accurately. 

First, get clear on what your purpose is. What do you hope to learn from testing? I suggest you write a sentence describing the purpose. Now design a test to fulfill it: What is the minimum number of tests for what parameters which will do? Testing is tedious and expensive, and the byproducts are an awkward kind of trash (biohazard compost spread over plastic). The less testing the better. 

Write down your procedure and follow it. A good form for capturing data is key. A list of required materials is helpful. 

Procedures for testing for these parameters follow:

Temperature, TDS

Flow

Turbidity

General and fecal coliform bacteria

Smell, Taste, Feel, Magic energy

Materials for all tests

Sharpie

Field data entry log

Watch

Procedures for all tests

Get Clean

Wash hands with soap before handling and at frequent intervals

Codes & collection

Label the sample container, plate and data log with the same code. I like to use a letter for the project, and a number for the sample, e.g., for the 14th sample on the Santa Ynez River, the code is SYR14, with the numbers in chronological sequence.

Collect the sample in a clean container, rinsing several times before filling. 1 pint drinking water bottles make good containers, as do sterilized empty Coliscan bottles. To sterilize reused containers, rinse out with clean water, then fill the cap with hydrogen peroxide. Dump the cap full of H202 inside of the bottle, shake it and leave it.

Note the location, date and time collected, as well as any of the other info on the narrative log. (see table and narrative log forms)

Refrigerate the sample if it is more than one hour before it is plated. If the sample is not plated right away, its storage history (times at different temperatures) should be noted on the log.

Temperature, Total dissolved solids

Purpose

The temperature can tell you something about where the water came from, and what influences have been acting on it. A shady creek will be cooler than an open one, a deep spring will be cooler in summer than a shallow one.

Total dissolved solids (TDS) lets you know how much minerals are dissolved in the water. I've used this to help me figure out if a seep on the side of a canyon was water from the creek that took a short side trip through a crack in the rock, or a spring from a separate source. 

TDS also tells you a lot about suitability of the water for different purposes. 

Hand held probe technique

Hand held probes measure TDS indirectly via electrical conductivity. These probes generally give a readout for temperature as well. 

Materials
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Testing a spring in Mexico for TDS

Procedure

Record your guess of the temperature and TDS.  TDS for potable water can be estimated by tasting it.

Insert the probe in the water and wait for the reading to stabilize.  The reading should take less than a minute.

If the water is salty or nasty, rinse the probe with clean water afterward.

Flow

Purpose

To determine the amount of water passing though a given point per unit of time, and how it varies with weather, rainfall, ET, and season, also how much flow is above or below the surface.

Timing captured volume technique

This works well with low flows and/or containers of known size. It can be quite precise.

Materials

Container of known volume

Watch

Whatever you need to get the water into the container; piece of pipe and rags, for example

Under difficult conditions it helps to have two people

Procedure

Locate a place where bedrock forces all or nearly all the flow to the surface. 

Record your guess of the flow.

Funnel the water into a bucket or container, possibly using rags packed around a pipe if there is no natural feature that concentrates the flow into one neatly bucket capturable stream.

Measure the amount of time it takes to fill your known volume, then convert it to gallons per minute, liters per hour, or whatever units are appropriate. For example, if it takes 27 seconds to fill a one gallon jug, the flow is 60/27 or 2.22 gallons per minute. 

(Note that the stated volume of virtually all standard containers does not include the "head space," the air above the liquid. Picture the level of milk in your gallon jug and fill to the same point. On a five gallon bucket the five gallon line is usually a few inches from the top. If you want to determine the volume of your container accurately, weigh the added water on a scale, and mark the container accordingly.)

Timing flowing volume technique

This works well with large flows but is not very precise.

Materials

Tape measure

Watch

Under difficult conditions it helps to have two people

Procedure

Locate a place where the flow is somewhat uniform, and in a channel with a uniform, measurable cross-section for some distance. 

Record your guess of the flow.

Measure the cross sectional area. Suppose it is a ten meters wide, and averages one meter deep, it's cross sectional area is 10 square meters. 

Toss something in the middle of the current and time it's passage through the channel. The average flow will be about half of this value. If it takes your object 200 seconds to float 10 meters down the channel, the average current is a meter every ten seconds. Multiplying by the cross section, the flow is a cubic meter per second.

Turbidity

Purpose

Turbidity is a measure of the suspended solids in the water (not settled to the bottom, not floating on the surface nor dissolved, but floating in mid water column). Solids in the water are a good indicator of cruddiness. Crystal clear water can contain pathogenic organisms, but it is less likely. Pathogens in turbid water are a more pernicious problem, as the solids can shelter pathogens from disinfection.

Secchi disk and turbidity tube are other good techniques which are not covered here.

Visibility technique

Materials

Eyes

Enough water that you can't see all the way through it

Mask if you're under water (necessary if the surface is agitated)

Tape measure (optional)

Procedure

Look through the water. If the visibility is over ten feet, the turbidity is probably under 1 NTU (the drinking water standard). If the visibility is a hundred feet, the turbidity is probably below 0.1 NTU...virtually nothing suspended in the water.

If the visibility is 22 inches, the turbidity is around 10 NTU.

If the visibility is 10 inches, the turbidity is around 30 NTU.

If the visibility is 2.5 inches, the turbidity is around 240 NTU.

Look through the water

Materials

Glass container

Sun or bright direct light

Procedure

Fill the jar and shake it. The moving specs are in the water, the stationary ones are on the jar. The silver specs which rapidly dissipate towards the top are tiny bubbles. 

The drawback of this technique is that it isn’t very quantitative, though with practice you can get within a factor or two or three of the actual reading.

The nice thing about this technique is that it is qualitative; to some extent you can see what the stuff is. Even water which is 0.1 NTU will have clearly noticeable things swirling around. Check them out. Are they big? Small? Long thin fibers? Animal? vegetable or mineral?

An amount of suspended solids which looks like one of those snowstorm Christmas displays is about 40 NTU.

An amount of suspended solids which looks like a shaft of light illuminating the dust in a very clean room is one NTU or less.

Hand held turbidimeter technique

Most turbidimeters send a light beam through water in a sample cell and measure how much goes straight through and how much scatters to the side off of the suspended solids. 

Materials

Turbidimeter (This procedure is for Hach 2100P hand held turbidimeter(see resources listing)

Clean cotton cloth

Sample cells

Silicone oil

Lint free cloth

Procedure

Only handle vial by top 1/2" and bottom (otherwise you'll scratch and smudge the glass at that sample cell will be useless ). 
Rinse vial and lid 3x and fill sample cell

Wipe off all water with grit-free clean soft cotton rag, including water by lid

Wipe vial with silicone oil and lint free cloth (more important for accurate low readings)

Hold to sun and visually estimate the turbidity reading. Check vial for dust, re-wipe if necessary.

Record your guess of the turbidity.

Place turbidimeter level and still, out of direct sun, and place sample vial in receptacle with arrow towards tick mark.

Record guess, turbidity reading, vial number.

General and fecal coliforms

Fecal coliform bacteria themselves are generally not harmful. However, the presence of fecal coliform bacteria indicate contamination of the water with mammalian feces, which means there could be some serious pathogens present. Do not forget, however, that coliforms are indicators, not a direct measure of pathogens present. It is off one way or the other, the only question is by how much. 

General coliform bacteria are present on all plant life and in the soil. Their presence in the water indicates that the water has been exposed to living things. The absence of general coliform bacteria is equated with potability in much of the overdeveloped world, a stance I'm not in agreement with. The purest spring water has coliforms in it, the rankest recycled Mississippi sewage water won't, if it's been sufficiently chlorinated.  The only water which I've tested which didn't have coliforms was straight from a deep well, freshly sterilized with heat or ozone, or had a chlorine residual.

The quantity of general coliforms does provide useful information about how thick the soup of life is in a particular water sample. If it's really thick, it might be more than you want to drink. 

The overdeveloped world standard for potability is zero general coliforms per hundred milliliters.  

I'd endorse water with zero fecal coliforms and under 1000 general coliforms for drinking by all but the most immuno-compromised individuals. 

I do fine drinking water with up to ten fecal coliforms. 

People in the third world generally develop problems when drinking water with 40 or more fecal coliforms. 

Presence/ Absence test for general and fecal coliforms

Will tell us if there are more than one, or zero general and/or one fecal coliform per 100 ML, which roughly equates with one part per billion of feces.
This is not a quantitative test. If there are 10,000 coliforms or 1, the result will be the same (though you can trick it into being somewhat quantitative by doing all your samples at the same time, incubating them at the same temperature, and seeing how fast it takes each jar to turn).

What I generally use this test for is:

1) Confirmation that a surface water source contains less than 1 part per billion mammalian fecal matter (as shown by a negative result for fecal coliforms)

2) Confirmation that a well is totally sealed to the surface environment (as shown by negative result for general coliforms)

3) Confirmation that sterilization is working (as shown by negative result for general coliforms)

This procedure is for the Hach 24016 presence absence broth with MUG

Materials

Hach 24016 P/A broth with MUG vials (see resources listing
Torch

Lighter

Goggles

Incubator

Black light

Procedure

If you care about general coliforms, you must follow impeccable lab technique, as they are on the surface of the soil and every plant and animal (including your figures) and the slightest contamination will give you a false positive.

There will probably be general coliforms growing on the tap which you collect the sample from. The preferred technique is to sterilize it with heat using a torch before collecting the sample. If you use hydrogen peroxide, you need to flush the tap after sterilizing it. 

If the body of water is open, you should know by now that you don't need to test for coliforms to know that they are in there. 

Re-wash your hands if necessary. 

Label P/A vial. 

Remove lid with extreme care not to touch inside surface. Place it upside-down where nothing will fall in it. Remove the seal with care not to touch the edges of the bottle. 

Fill the bottle to the line with care that no water splashes from any surface into the bottle, including the outside of the bottle. Do not scoop water up with the bottle—use a heat sterilized ladle instead. Seal the bottle. Don’t scoop up sterilized water with the P/A vial. The general coliforms from your hand or the outside of the vial may give you a false positive; 

Incubate at about 100°F

Record the time of incubation and the temperature Check for color change after 24 and 48 hrs.

If the color changes from purple to yellow, it is positive for general coliforms. (note that you can get a vaguely quantitative reading by how long it takes to turn)

If the bottle hasn't turned in three days it may be discarded.

If a change of color is observed, place the bottle in a dark location and check for fluorescing with the UV lamp.

Illuminate yellow colored vial with a black light. If it fluoresces clearly, it is positive for fecal. 

Record the date and time of color change/ fluorescing in the data entry sheet or spreadsheet.

Coliscan easy gel technique

Gives a quantitative reading of general and fecal coliforms above 20 per 100ML with a precision of perhaps ±25%. Sample size is one drop to 5 ML. Cheap and easy except for counting colonies, which can be time consuming and confusing.

Materials

For collection:

Pipettes

Sample vials

Hydrogen peroxide

For plating:

Coliscan easy gel (see resources listing)

Plates

Incubator

For counting:

Fine tip sharpie for labeling petri dishes and marking counted colonies

8x magnifying Loupe (like the ones commonly used for slides)

White, black backgrounds

Comparison chart

Separate dyes for confirmation

Watch

Data log in spreadsheet
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Coliscan easy gel plate

Procedure-sampling

Label sample vial w/ test #

Record your guess of the number of general and fecal coliforms in the water. For Coliscan and membrane filtration tests, this guess is critical for the success of the test, as you will base the amount of water you add to the petri dish on how many coliforms you think are in it (see plating, below). 

If you guess low, you may get a dish so crowded that it is totally unreadable (300 colonies is considered the maximum for reportable results).

If you guess high, there will be few bacteria in your dish or you may miss them entirely, lowering the accuracy of your results. 

Besides helping the test at hand to work, guessing helps improve the accuracy of your water intuition, as mentioned before. 

Rinse sample vial and lid ten times to purge water and fill (or collect direct from source).

Note the location, date and time collected, as well as any of the other info on the narrative log. (see table and narrative log forms)

Refrigerate the sample if it will be more than one hour until it is plated. If the sample is not plated right away, its storage history (times at different temperatures) should be noted on the log.

Procedure-plating

Plate and incubate coliform samples within one hour of collection, or within 24 hours with refrigerated sample .

Wash hands

Label plates with numbers on the side of the plate where it will not interfere with reading.

Fill Coliscan media bottle with one drop to 5 mL from sample vial or source with a sterile pipette.

How big of a sample should you plate? Plate an amount of water which you suspect contains 100-300 coliforms, up to the maximum of 5 ml. If you think there are much less than 100 coliforms in 5 ml, you may have to use membrane filtration to get a usable result. 

Move the water using a sterile pipette. In some instances you can pipette it directly from the source without using a sample bottle. 

In most cases the amount of sample seems to end up being 5 ml. If you don't know within a factor of five how many to coliforms expect, you can do multiple platings of different amounts from the same sample, e.g., 5 and 0.5 ml, or 5, 2.5, 0.5 and 0.25 ml

Here are some guidelines to get you started:

• 5ml—clear surface water, raw domestic water…

• 1 ml –suspect surface water, treated, non-disinfected effluent

• A few drops —seriously contaminated surface water, sewage

• 100 ml —treated domestic water, raw well water, exceptionally pristine surface water, disinfected effluent (as this is 20 times more water than you can use for Coliscan easy gel, you’ll have to use membrane filtration, instead).

If possible, save the refrigerated sample for re-testing if the first test used an inappropriate quantity of water, or otherwise went awry, or to confirm a seemingly outrageous result.

Swirl the sample into the medium, then pour it onto the plate, taking care that the whole surface is covered. 

Keep the plate level; any bacteria that slosh onto the sides will be hard to read.

Record the time of incubation and the temp 

Incubation must be below 100°, above 70°. 90-95° is ideal for fastest, clearest results.

If you don't mind taking a chance on jeopardizing the integrity of your results to save a few pennies worth of trash, you can reuse the pipette for samples which you expect to be dirtier water. 

With less risk, you can reuse the empty Coliscan bottles as sample vials.

To sterilize the sample container for later use, rinse out with clean water, then fill the cap with hydrogen peroxide. Dump capful of H2O2 inside, shake it and leave it until you need to use it.

Procedure-counting

Default count times are 24 and 48 hours after plating. 

Before opening the incubator, check the temperature and adjust if necessary.

You can count through the back, experimenting with white, black, and illuminated backgrounds

General coliforms can be any shade and intensity of pink to red. Fecal coliforms are grape purple. Blue colonies have no red in them at all.

Mark colonies already counted with a pen; use different marks if there is room. I use little triangles for fecal, squares for blue, circles for pink, and I ignore the white ones. If there are questionable colonies, you can put a question mark by them (see confirmation, below)

If there are more than 300 colonies on a plate, it is non-reportable, however you can get an approximate count by counting "n" colonies in an area marked off with a pen and ruler. Enter the count in the spreadsheet with a multiplier equal to the ratio in between the total area/representative area counted. 1 quarter (count is 4n) one square inch (9n), 1 cm2 (36n) divisions drawn on the back of the plate.

Don't count anything which first shows up after 36 hours at high temp.

Procedure—Confirmation

Questionable colonies should be confirmed.  To do this you’ll need two bottles of confirmation dye, one red only, one blue only.

Mark the back of a plate with a line dividing it in two, one half labeled "red" and the other "blue" Dribble lines or dots of each of the appropriate dyes on the appropriate sides. (dots are ideal as they preclude the migration of enzyme from one test to another, even if you use the confirmation plate for a bunch of confirmations over time).

After the gel has hardened, flip the plate over and label each pair of drops with a letter or number; A(red), A (blue), B (red) etc.

On the sample plates, label the colonies being confirmed with the corresponding letter (A, B, etc.) and on a confirmation log, note the letter and the plate code, e.g. A-SYR14, B-SYR14, C-SYR-15, etc.

Heat a thin metal probe to glowing red (if it is really thin it heats and cools nice and fast) and touch it to the colony you want to confirm, taking care that it does not touch any colonies nearby. Then plunge this into the gel at, e.g., dot A (red) and dot A (blue).  If it forms a red colony but not blue it’s general coliform, if it forms red and blue colonies, it’s fecal.

These generally go off very fast, as there are many bacteria to start with, so confirmation can be obtained within 12-18 hours if incubated.

General and fecal coliforms—Membrane filtration

Gives a quantitative reading of general and fecal coliforms from 0 to 100ML with a precision of perhaps (25%.

Materials

For collection:

Pipettes

Sample vials

Hydrogen peroxide

For plating:

Coliscan Membrane Filtration kit (see resources listing)

MF Plates

Incubator

For counting:

Fine tip sharpie for labeling petri dishes and marking counted colonies

8x magnifying Loupe (like the ones commonly used for slides)

White, black backgrounds

Comparison chart

Separate dyes for confirmation

Watch

Data log in spreadsheet

Procedure-sampling

Exactly the same as for Coliscan easy gel, above, except you need more water: I typically collect in reused 500 ml water bottles, of which 100 are used on the test and the rest remains for retesting or what have you. 

Procedure-plating

Please follow instructions below and from the  manufacturer.

How big of a sample should you plate? Plate an amount of water which you suspect contains  up to 300 general coliforms, or, the maximum for the test, which in this case is as much as you have patience and fastidious technique to vacuum through the membrane….conceivably up to 500 ml or more, though I’ve never done more than 200 ml. 

If possible, save the refrigerated sample for re-testing if the first test used an inappropriate quantity of water, or otherwise went awry, or to confirm a seemingly outrageous result.

Pipette dye into the pad which goes under the membrane.  Place the membrane sterilely onto the pad. Mark the plate.

Record the time of incubation and the temp 

Incubation must be below 100°, above 70°. 90-95° is ideal for fastest, clearest results.

Procedure-counting

Same as for easy gel, above. 

Procedure—Confirmation

Same as for easy gel, above. 

Computer Data entry 

Make a "save as " of the spreadsheet, e.g. from spreadsheetEA to spreadsheetEB to create a backup. Record the information entered on the field data collection sheet into the spreadsheet. Enter flows into the cell as a calculation using the raw data.

Enter notes about unusual conditions in the description of the sample affected, or as a numbered note (1) in all of many samples affected.

Smell, Taste, Feel, Magic energy...

You don't need to taste most US municipal tap water to recognize it—the chlorine smell about knocks you over when you get close. 

Rotten egg smell is due to hydrogen sulfide. 

Algae smell is from...algae.

Septic tank smell is indicative of anaerobic conditions, not necessarily sewage (though it could be). If you dig down into fine sand in a creek bed you'll often hit a black, fetid smelling zone a few inches down where the oxygen doesn't reach. 

Electric motor smell is ozone.

Noticeable perfumy 1950’s laundry detergent smell is characteristic of greywater running down the streets of Mexican colonias. 

Plastic taste is...plastic.

Hose taste is butyl rubber.

Mineral taste is hardness, typically calcium and magnesium.

Light salt taste is characteristic of softened water.

I find hard water less satisfying to my thirst than soft. 

There is a magic energy I sense around the cleanest natural waters. Invariably, when I've tested the water from particular springs and swimming holes that I'm powerfully drawn to, they are cleaner than any other water around.

Evaluating Results

See the Introduction, and the coliform standards, conversions, examples spreadsheet.

