HYDROSPHERE DATA COLLECTION PROTOCOLS

1. Before beginning your field work, you must be familiar with the concepts and information in the following course materials.

· Downloads:

· Hydrosphere Data Collection Protocols (this document)

· The Ecology of Ponds & Lakes

· Looking at Texas Water

· Field Work Protocols

· Sampling Techniques

· the Unit 5 Margin Notes sections & Power Point presentations
2. The field work for the hydrosphere unit consists of 3 activities – 2 performed at lakeside and 1 at streamside. Each group must complete all 3 activities.

3. Class time allows 15 minutes per activity. If you’ve prepped and know what you’re doing, arrive at the site when the class starts, begin work immediately and trade equipment with the next group in a timely manner, you should have no trouble completing all 3 activities.
4. At the end of each 15-minute period each group must pass on the equipment to the next group whether or not it has completed the activity. If there is time left over at the end of class, I’ll be happy to allow you to go back and finish. (That really shouldn’t be necessary.)

5. For each activity, work should be fairly distributed among group members. There should never be a time when part of the group is working and part of the group is standing around watching.

6. Each group is responsible for ensuring that it has all of the equipment & supplies needed for its first task and that the equipment is in working order.

7. Each group is responsible for ensuring that each set of equipment it uses is complete and undamaged before passing it to the next group.
8. Each group is responsible for ensuring that all of the equipment & supplies it uses in its last task is clean and in good condition before returning it to the appropriate place.
9. Unfortunately, there are times when a student doesn’t want to participate, is obviously not prepared and so hinders group efficiency, or is more interested in socializing than in completing the field work. If that is true of a member in your group, I strongly suggest you ask that member to let the group work without him/her for the remainder of the class so the rest of the group isn’t penalized for not completing its work.

10. Please keep in mind that the data in your field manual is the result of work completed by those people who participated in the field work and is the intellectual property of those people collectively. No one individual has the right, for any reason, to share data with individuals who did not participate in the field work during which those data were collected.
ACTIVITY #1

WATER QUALITY #1

EQUIPMENT & SUPPLIES

· small bucket with handle, weights & nylon rope
· stop watch
· eye dropper

· water thermometer
· Pond Test Strips
· small bottle of Wide Range pH Strips, 1-14 range
· secchi disc

· clean towels
· lab glasses
· plastic gloves

· small trash bag

CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· When measuring water temperature, it is important to ensure that the readings are not influenced by the temperature of the surrounding air. Shallow or surface readings are more likely to be affected by air temperature.

· When using test strips, do NOT put wet fingers into containers or you will ruin the entire set of strips. Always dry hands well, and shake strip out of bottle and into hand.

· The pH of a solution is a measure of its hydrogen ion [H+] activity. pH is measured on a scale that goes from 0 to 14. As a pH reading gets closer to 0, the hydrogen ion concentration [H+] gets higher, the hydroxide ion [OH-] concentration goes down and the solution becomes more acidic. As a pH reading gets closer to 14, the hydrogen ion concentration [H+] goes down while the hydroxide ion [OH-] concentration goes up and causes the solution to become more basic (alkaline). A pH reading of 7 means the [H+] concentration and the [OH-] concentration are equal and the solution is considered to be neutral, being neither acidic nor basic.


· Alkalinity, often referred to as "carbonate hardness," is a total measure of the capacity of water to neutralize acids. Alkalinity is not a pollutant and is different from pH. pH measures the strength of an acid or base. Alkalinity indicates a solution's power to react with acid and buffer its pH, the power to keep its pH from changing. Alkalinity is important for fish and aquatic life because it protects or buffers against pH changes (keeps the pH fairly constant) and makes water less vulnerable to acid rain. The main sources of natural alkalinity are rocks, which contain carbonate, bicarbonate and hydroxide compounds.
· Total alkalinity is measured by measuring the amount of acid (e.g., sulfuric acid) needed to bring the sample to a pH of 4.2. At this pH all the alkaline compounds in the sample are "used up." The result is reported as parts per million (ppm) of calcium carbonate.
· A body of water may have a fairly neutral pH, but if its alkalinity is low, it will be readily acidified. A body of water with the same pH but with higher alkalinity will have a greater buffer capacity and, consequently, a greater resistance to acidification.
· In contrast to carbonate hardness, general hardness is the measurement of the total dissolved minerals in water. Hard water refers to water high in dissolved minerals, especially calcium and magnesium. Hard water bodies have an abundance of minerals and nutrients that lead to plant growth. In contrast, soft water bodies are poor in nutrients and lack a substantial amount of plant growth. Hardness is measured as parts per million (ppm) of calcium.

· Nitrogen is found in several different forms in terrestrial and aquatic ecosystems. These forms of nitrogen include ammonia (NH3), nitrates (NO3) and nitrites (NO2). Nitrites and nitrates in excess amounts can cause dramatic increases in aquatic plant growth and changes in the types of plants and animals that live in water. This, in turn, affects dissolved oxygen, temperature and other indicators. The natural level in surface water is typically low.
· Nitrate (NO3) is a nutrient needed by all aquatic plants and animals to build protein. The decomposition of dead plants and animals and the excretions of living animals release nitrate into the aquatic system. Excess nitrate increases plant growth and decay, promotes bacterial decomposition and, therefore, decreases the amount of oxygen available in the water.

· Turbidity is a measure of the relative clarity of water. Turbid water is caused by suspended and colloidal matter such as clay, silt, organic and inorganic matter, and microscopic organisms. Don’t confuse turbidity with color … darkly colored water can be clear.

· Turbidity has no health effects. However, turbidity can interfere with disinfection and provide a medium for microbial growth. Turbidity may indicate the presence of disease-causing organisms. These organisms include bacteria, viruses and parasites that, when present in drinking water, can cause symptoms such as nausea, cramps, diarrhea and headaches.
METHODOLOGY

Prep (last 15 minutes of previous class meeting)

· Read the instructions for all activities and ask questions about anything of which you are uncertain.

· Familiarize yourself with the equipment … make sure you know how to use it.

· If this is your first activity, make certain that you have all of the equipment on the equipment & supplies list and that it is clean and in good condition.

· KNOW WHAT YOU NEED TO DO BEFORE YOU START!

In the Field

1. To obtain lake sample, rinse the bucket well in the lake. Make certain the nylon rope is securely tied to the bucket handle and that you have a secure grip on the dowel. Swing the bucket as far from the bank as possible. Always be sure to take a sample from near the top surface of the water and be careful not to stir up bottom sediment or muddy the sample. Lift the bucket up and swing it toward the bank. Students should when pulling the bucket into shore.
2. Lake Water temperature using a thermometer. 
a. Once the sample is collected, immediately immerse the thermometer in the sample for 30-60 seconds and read the temperature directly from the thermometer. This ensures that the temperature reading reflects the temperature of the sample, not the air temperature. The temperature of the sample will start to change as soon as you collect it so make sure to get the temperature reading as quickly as possible.
b. Bring the thermometer to eye level to get the most accurate reading possible. If you read the thermometer at an angle, the scale will look different; this is called parallax error.
c. Record your data.
3. Lake Water pH, Alkalinity, Hardness, Nitrite and Nitrates using Pond Test Strips.
a. Make sure your hands are dry.

b. Shake one test strip from the bottle and replace the cap tightly.

c. Dip the strip into the water sample for 2 seconds without movement.

d. Remove strip, give it one brisk shake to remove excess water and then hold it level for 25 seconds.

e. Compare the pad closest to the strip handle to the pH color chart on the bottle. The pad should turn a shade of red-orange, between 6.8 and 7.8.

f. Compare the second pad to the Buffering Capacity (Alkalinity) color chart on the bottle. The pad should turn a shade of green. The correct range is 120 to 180 ppm. Record your data.
g. Compare the third pad to the Total Hardness color chart on the bottle. The pad should turn a shade of orange-brown. The ideal range is between 75 and 150 ppm, Record your data.
h. At one minute after dipping the strip, compare the fourth pad to the Nitrite (NO2) color chart on the bottle. The pad should remain white or turn a shade of pink. The safe range is between 0 and 0.5 ppm. Record your data.
i. Compare the pad at the end of the strip to the Nitrate (NO3) color chart on the bottle. The pad should remain tan or turn a shade of pink. The safe range is between 0 and 40 ppm. Record your data.
4. Lake Water pH using Wide Range pH strips (1-14 range).
a. Make sure your hands are dry.
b. Open bottle and shake out one strip.

c. Dip the strip into the water and remove immediately.

d. Hold the strip horizontally for 15 seconds. Do not shake off excess water from the strip.

e. Compare the color on the strip to the chart on the bottle. Feel free to interpolate if an intermediate color appears.
f. Record your data.

g. Pour sample water back into lake.
5. Lake Water turbidity using a Secchi disc. This is used to determine levels of light able to penetrate the water, and thus the turbidity of the water. 
a. Use the handle to swing the secchi disc as far as possible over the lake.
b. Gently lower the secchi disc to the surface of the water and watch carefully noting the point at which you can no longer see the disc.
c. The rope is marked by 1’ lengths from the disc and up. Record the depth to which the disc sinks below the surface of the water before it disappears from sight.
d. Record your data.
Wrap-Up (first 15 minutes of next class meeting)

· Transfer your field data onto the Hydrosphere Field Work Group Report sheet provided making certain to put the data in the correct spaces on the data sheet.

· Make certain your data are connected to the appropriate flag number.

· You must turn in your completed Hydrosphere Field Work Group Report at the end of the wrap-up. I will combine all of the data into class reports. Each participant in the field work will receive a copy for his/her field manual.

· If this was your last activity, make certain that all of the equipment on the equipment & supplies list is clean, in good condition and returned to the professor.

WATER QUALITY #1 DATA

	
	LAKE FLAG ___

	Water Temperature

(°F)
	

	pH

(range)
	

	Alkalinity

(ppm)
	

	Total Hardness

(ppm)
	

	Nitrite (NO2)

(ppm)
	

	Nitrate (NO3)

(ppm)
	

	pH using Wide Range Strip

(range)
	

	Turbidity

(feet)
	


ACTIVITY #2
WATER QUALITY #2
EQUIPMENT & SUPPLIES

· small bucket with lid
· stop watch
· small capped tube marked Diss Oxy
· DO tablets
· % Saturation chart (see below)
· capped test tube marked Nitrate
· Nitrate tablets

· capped test tube marked pH
· pH WR tablets

· capped test tube marked Phosphate
· Phosphate tablets
· combined color & turbidity charts
· pint jar marked Used Samples
· clean towels
· lab glasses
· plastic gloves
· small trash bag
CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· Temperature is very important to water quality. Temperature affects the amount of dissolved oxygen in the water, the rate of photosynthesis by aquatic plants and the sensitivity of organisms to toxic wastes, parasites and disease. Thermal pollution – the discharge of heated water from industrial operations, for example – can cause temperature changes that threaten the balance of aquatic systems.

· When using test strips, do NOT put wet fingers into containers or you will ruin the entire set of strips. Always dry hands well and shake strip into hand.

· Dissolved Oxygen is important to the health of aquatic ecosystems. All aquatic animals need oxygen to survive. Natural waters with consistently high dissolved oxygen levels are most likely healthy and stable environments and are capable of supporting a diversity of aquatic organisms. Natural and human–induced changes to the environment can affect the availability of dissolved oxygen.

· Dissolved Oxygen Saturation is an important measurement of water quality. Cold water can hold more dissolved oxygen than warm water. Water at 28° C will be 100% saturated with 8 ppm dissolved oxygen. Water at 8° C can hold up to 12 ppm of oxygen before it is 100% saturated. High levels of bacteria from sewage pollution or large amounts of rotting plants can cause the saturation to decrease. This can cause large fluctuations in dissolved oxygen levels throughout the day, which can affect the ability of plants and animals to thrive.

· Nitrate (NO3) is a nutrient needed by all aquatic plants and animals to build protein. The decomposition of dead plants and animals and the excretions of living animals release nitrate into the aquatic system. Excess nitrate increases plant growth and decay, promotes bacterial decomposition and, therefore, decreases the amount of oxygen available in the water.

· The pH of a solution is a measure of its hydrogen ion [H+] activity. pH is measured on a scale that goes from 0 to 14. As a pH reading gets closer to 0, the hydrogen ion concentration [H+] gets higher, the hydroxide ion [OH-] concentration goes down and the solution becomes more acidic. As a pH reading gets closer to 14, the hydrogen ion concentration [H+] goes down while the hydroxide ion [OH-] concentration goes up and causes the solution to become more basic (alkaline). A pH reading of 7 means the [H+] concentration and the [OH-] concentration are equal and the solution is considered to be neutral, being neither acidic nor basic.
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· Phosphate is a nutrient needed for plant and animal growth and is also a fundamental element in metabolic reactions. High levels of phosphate can lead to overgrowth of plants, increased bacterial activity and decreased dissolved oxygen levels.

· Turbidity is a measure of the relative clarity of water. Turbid water is caused by suspended and colloidal matter such as clay, silt, organic and inorganic matter, and microscopic organisms. Don’t confuse turbidity with color … darkly colored water can be clear.

METHODOLOGY

Prep (last 15 minutes of previous class meeting)
· Read the instructions for all activities and ask questions about anything of which you are uncertain.

· Familiarize yourself with the equipment … make sure you know how to use it.

· If this is your first activity, make certain that you have all of the equipment on the equipment & supplies list and that it is clean and in good condition.

· KNOW WHAT YOU NEED TO DO BEFORE YOU START!

In the Field

1. To obtain lake sample, rinse the bucket well in the lake. Hold the bucket near the bottom and plunge it (opening downward) below the water surface. However, be careful not to stir up bottom sediment or muddy the sample. Cap the bucket while it is still submerged and remove it from the water immediately.

2. Temperature. There are two thermometers inside the bucket. 

a. Wait one minute after obtaining sample before checking temperature.

b. The temperature is indicated by a liquid crystal number on the Low Range thermometer and a green display on the High Range thermometer.

c. Record the temperature as ˚C.

3. Dissolved Oxygen.

a. Submerge the small tube marked Diss Oxy into the water sample.

b. Carefully remove the tube keeping it full to the top.

c. Drop 2 DO tablets into the tube. Water will overflow when the tablets are added.

d. Screw the cap on the tube. Water will overflow as the cap is tightened.

e. Make sure no air bubbles are present in the sample.

f. Mix by inverting the tube over and over until the tablets have disintegrated. This will take about 4 minutes.

g. Wait 5 more minutes for the color to develop.

h. Compare the color of the sample to the Dissolved Oxygen color chart to find ppm. Record the results as ppm.

i. Locate the temperature of the water sample on the Saturation chart below. Locate the Dissolved Oxygen ppm at the top of the chart. The % saturation of the water sample is where the temperature row and the dissolved oxygen column intersect. Record the results as %.

j. Pour water from tube into pint jar marked Used Samples. Pour water from sample into tube, cap tube and swish to clean. Pour water into pint jar and cap jar tightly.

4. Nitrate (NO3).

a. Fill the test tube marked Nitrate to the 5 ml. line with water from the sample.

b. Add one Nitrate tablet.

c. Cap the test tube and mix by inverting the test tube until the tablet has disintegrated. Bits of material may remain in the sample.

d. Wait 5 minutes for the red color to develop.

e. Compare the color of the sample to the nitrate color chart. Record the results as ppm.

f. If the sample does not develop a red color (it is colorless or yellow), record the result as 0 ppm.

g. Pour water from tube into pint jar marked Used Samples. Pour water from sample into tube, cap tube and swish to clean. Pour water into pint jar and cap jar tightly.

5. pH.

a. Fill the test tube marked pH to the 10 ml. line with water from the sample.

b. Add one pH WR tablet.

c. Cap the test tube and mix by inverting the test tube until the tablet has disintegrated. Bits of material may remain in the sample.

d. Compare the color of the sample to the pH color chart. Record the result as pH.

e. Pour water from tube into pint jar marked Used Samples. Pour water from sample into tube, cap tube and swish to clean. Pour water into pint jar and cap jar tightly.

6. Phosphate.

a. Fill the test tube marked Phosphate to the 10 ml. line with water from the sample.

b. Add one Phosphorus tablet.

c. Cap the test tube and mix by inverting the test tube until the tablet has disintegrated. Bits of material may remain in the sample.

d. Wait 5 minutes for the blue color to develop.

e. Compare the color of the sample to the phosphate color chart. Record the result as ppm.

f. If the sample does not develop a blue color (it is colorless), record the result as 0 ppm.

g. Pour water from tube into pint jar marked Used Samples. Pour water from sample into tube, cap tube and swish to clean. Pour water into pint jar and cap jar tightly.

7. Pour unused sample water back into lake.

8. Turbidity.

a. Fill the bucket to the turbidity fill line located on the outside of the bucket.

b. Hold the Turbidity chart on the top edge of the bucket.

c. Looking down into the bucket, compare the appearance of the secchi disk icon in the bucket to the chart.

d. Record the result as jtu.

e. Pour water back into lake.

Wrap-Up (first 15 minutes of next class meeting)

· Transfer your field data onto the Hydrosphere Field Work Group Report sheet provided making certain to put the data in the correct spaces on the data sheet.

· Make certain your data are connected to the appropriate flag number.

· You must turn in your completed Hydrosphere Field Work Group Report at the end of the wrap-up. I will combine all of the data into class reports. Each participant in the field work will receive a copy for his/her field manual.

· If this was your last activity, make certain that all of the equipment on the equipment & supplies list is clean, in good condition and returned to the professor.

% Saturation

	Temp ˚C
	Dissolved Oxygen

	
	0 ppm
	4 ppm
	8 ppm

	2
	0
	29
	58

	4
	0
	31
	61

	6
	0
	32
	64

	8
	0
	34
	68

	10
	0
	35
	71

	12
	0
	37
	74

	14
	0
	39
	78

	16
	0
	41
	81

	18
	0
	42
	84

	20
	0
	44
	88

	22
	0
	46
	92

	24
	0
	48
	95

	26
	0
	49
	99

	28
	0
	51
	102

	30
	0
	53
	106


WATER QUALITY #2 DATA

	
	LAKE FLAG ___

	Water Temperature

(°C)
	

	Dissolved Oxygen

(ppm)
	

	Dissolved Oxygen

(% saturated)
	

	Nitrate (NO3)

(ppm)
	

	pH

(range)
	

	Phosphate

(ppm)
	

	Turbidity

(jtu)
	


ACTIVITY #3

FLUVIAL SYSTEMS

EQUIPMENT & SUPPLIES

· fetch line

· tape measure

· yard stick

· heavy chain

· duct tape

· tennis ball

· stop watch

· long-handled scoop

· ruler

· calculator

· clean towels
· plastic gloves
· small trash bag

CONSIDERATIONS

· A soft river bed can affect values. Ensure that instruments just touch the bed.

· A strong current or bow wave created by a yard stick can give inaccurate depth readings. Make sure the yard stick’s narrow edge faces upstream to reduce resistance.

· Depth readings may be affected by large boulders or debris. Record any anomalies in depth caused by irregularities in the river bed.

· Be aware of possible user error when measuring velocity … meaning that the start or finish of object placement is not exact. Throwing or pushing an object can affect results. Placing the object up-stream and having start and finish lines (tape measures) can help to minimize these errors.

· This method for measuring velocity described below only records surface velocity.
· Repeated and averaged measurements can reduce the margin of error.
METHODOLOGY

Prep (last 15 minutes of previous class meeting)

· Read the instructions for all activities and ask questions about anything of which you are uncertain.

· Familiarize yourself with the equipment … make sure you know how to use it.

· If this is your first activity, make certain that you have all of the equipment on the equipment & supplies list and that it is clean and in good condition.

· KNOW WHAT YOU NEED TO DO BEFORE YOU START!

In the Field

1. Channel Width.

a. Use the fetch line to stretch a tape measure taut across the stream at 90° to the channel.

b. The start and finish points of the tape will depend on whether you are investigating the stream in its existing state – see i – or wish to take into account the conditions when in flood – see ii. You may decide which measure you wish to take.

i. To measure current water level, keep the tape about 6” above the water level and measure where the dry bank meets the water.

ii. To measure the bank-full width, measure to the full height of the bank and width of the stream (where the gradient of the bank and vegetation suggest maximum capacity, above which the stream would burst its banks and flood).

c. Whichever method you choose, always observe measurement (the tape measure) from straight above.

d. Record the results in inches / feet.

2. Average Depth.

a. Use a yard stick or ranging pole to take measurements at regular 12” intervals from one side of the channel to the other.

b. Use the average of your measurements as the depth.

c. Record the results in inches / feet.

3. Bed Load Size. Use the same locations you used for the depth readings across the channel as sample points for sediment analysis.

a. At the first location at which you took a depth reading, record the distance from the bank in inches / feet.

b. Reach down with the index finger extended and select the first pebble it touches.

c. Measure the length of the longest axis on that pebble.

d. Repeat this process 4 times so that you wind up with long axis measurements for 5 pebbles.

e. Add the 5 axis measurements and divide by 5 in order to get an average pebble axis measurement for the first depth location.

f. Record the results in inches.

g. At the second location at which you took a depth reading, record the distance from the bank.

h. Repeat b-f at the second location.

i. Repeat a-f as many (or few) times as necessary in order to measure pebbles at every location at which you took a depth reading.

4. The Wetted Perimeter of a stream refers to that part of the channel that is in contact with water, the total width of the bed and bank sides in contact with the water in the channel. It represents the friction that slows down the stream velocity, so the wider the wetted perimeter, the more friction between channel and water.
a. Measure the wetted perimeter by laying a heavy chain down one bank, across the stream bed and up the other bank.
b. Use the fetch line to get one end of the chain across the stream.
c. Use pieces of duct tape to mark the chain at the top of the water on both sides.
d. Measure from tape to tape.
e. Record the results in inches / feet.
5. Average Velocity.

a. Choose any 3’ length of the stream near your stream flag.

b. Clearly mark start and finish points to ensure standard placement.

c. Place tennis ball in water close to near bank and up stream from the start point. Be careful not to throw or push ball in any way. 

d. Begin timing when ball reaches start point and time the number of seconds it takes to travel from the start point to the finish point.

e. Use long-handled scoop to retrieve tennis ball.

f. Repeat twice.

g. Average 3 recorded times to get near average velocity.

h. Repeat c-f but with ball in center of stream.

i. Average 3 recorded times to get center average velocity.

j. Repeat c-f but with ball close to far bank of stream.

k. Average 3 recorded times to get far average velocity.

l. Add the near average velocity, center average velocity and far average velocity and divide the total by 3 to get the stream’s average velocity.

m. Record the results in seconds.

6. Cross-sectional Area.
a. Calculate by multiplying the current width by the average depth.
b. Record the area in square inches / square feet.
c. This is a calculation, not a measurement.
7. Discharge. The discharge of a stream is the volume of water which flows through it in a given time. The volume of the discharge is determined by factors such as climate, vegetation, soil type, drainage basin relief and human activities.

a. Calculate discharge by multiplying the cross-sectional area (in2 or ft2) by the average velocity (seconds).
b. Record the discharge as inches3 per second.
c. This is a calculation, not a measurement.
8. Efficiency is the ratio between the cross-sectional area and the wetted perimeter width. It gives an index value (no units) which indicates the river's ability to maintain energy while transporting material. The higher the value, the more efficient the river. This is a calculation, not a measurement.
Wrap-Up (first 15 minutes of next class meeting)

· Transfer your field data onto the Hydrosphere Field Work Group Report sheet provided making certain to put the data in the correct spaces on the data sheet.

· Make certain your data are connected to the appropriate flag number. 

· You must turn in your completed Hydrosphere Field Work Group Report at the end of the wrap-up. I will combine all of the data into class reports. Each participant in the field work will receive a copy for his/her field manual.

· If this was your last activity, make certain that all of the equipment on the equipment & supplies list is clean, in good condition and returned to the professor.

FLUVIAL SYSTEMS DATA

STREAM FLAG # ___

Width

Current __________ inches / feet
OR
Bank-full __________ inches / feet

Average Depth

__________ inches / feet

Wetted Perimeter
__________ inches / feet

Average Velocity
__________ seconds

	Bed Load Size

Distance from near bank
	Average Pebble Axis Length

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Cross-sectional Area (Current Width X Average Depth)




__________ inches2 / feet2
Discharge (Cross-sectional Area X Average Velocity)

__________ inches3 / feet3 per second

Efficiency (Cross-sectional Area over Wetted Perimeter, expressed as a ratio)



   ______  




_________


















































































