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1.0 SCOPE AND APPLICATION

First developed by Professor P.A. Secchi (rhymes with ekki) in 1865 for research on the Mediterranean Sea, the Secchi disk has since become a standard piece of equipment for lake scientists.  Originally it was a large white disk, but both the size and color have evolved over time.  The current Secchi disk used by DWM is a 20 cm (8 inch) diameter disk with alternating black and white quadrants. The depth to disappearance of this disk in the water is related to the transparency of the water.  Transparency may be reduced by both absorption and scattering of light.  Water itself absorbs light, but absorption is greatly increased by the presence of organic acids that stain the water a brown “tea” color and by particles.  Scattering is largely due to turbidity, which can be composed of both inorganic silt or clay particles, or due to organic particles such as detritus or planktonic algae suspended in the water. The depth of transparency is largely independent of light intensity but reading can become erratic near dawn or dusk and thus readings are best determined near midday.  Secchi disk readings vary from a few centimeters in turbid lakes to over 10 meters in clear lakes.  Secchi disk readings generally approximate a reading of 10-15 percent light transmission.  Often Secchi disk readings are inversely related to Total Phosphorus and algae or chlorophyll a. measurements.

The method is applicable in lakes and reservoirs during the ice-free season and may be used to evaluate the 4-foot (1.2 meter) transparency required at public swimming beaches.  It is generally not used in rivers due to current and shallow depths.  In rivers, the black disk viewed sideways with a mirror may be applicable (Davies-Colley, R.J., 1988) but is not discussed here.

2.0 SUMMARY

The DWM measures Secchi disk transparency using a 20 cm black and white disk and viewscope.  Readings are recorded in meters.  The method follows that described by Welsh (1948).

3.0
SAFETY CONSIDERATIONS
Safety concerns for field collection of samples are discussed in DWM SOP CN 0.2 "Field Safety".  There are no acids or other hazardous chemicals used in the measurement.  Care should be taken not to tip the boat over while leaning over the side to view the disk.  

4.0
SAMPLE COLLECTION, PRESERVATION AND HANDLING

Readings are taken during mid-day, in-situ (see below).

5.0
APPARATUS

DWM uses a 20 cm (8 inch) diameter disk with alternating black and white quadrants.  This is the standard disk that has been used at DWM since the 1970s or earlier.  The use of the viewscope began in 1999 and prior to that observations were taken on the shaded side of the boat.  The disk is weighted and attached to a white nylon rope calibrated with large black marks every meter and smaller marks indicating tenths of meters.  A viewscope is used to reduce surface glare.  The viewscope is a hollow 4 inch diameter plastic tube approximately 2 feet in length, open on both ends with the inside of the tube painted flat black.  (The "underwater telescope" or "viewbox" suggested by some authors is not recommended here as these artificially reduce the distance of turbid water through which the Secchi disk is observed.)

6.0
REAGENTS

 No reagents are used.

7.0
CALIBRATION

Calibration is conducted once each year to confirm that no change has occurred in the calibrated line holding the Secchi disk.  Calibration consists of measuring the line (under normal tension) to the calibration marks with a meter stick or tape measure to confirm that the marks are accurate to within 5 percent or less.  If needed, the line is recalibrated or replaced and recalibrated. 

8.0
PROCEDURE
Note that because Secchi disk depths should only be recorded within 3 hours of solar noon, take readings between the hours of 10 am and 4 pm.  Solar noon is approximately 1 PM Daylight Saving Time, which applies during the normal sampling period in the summer.  Secchi disk readings can be performed before or after Hydrolab profiles, as needed.  The steps for reading the Secchi disk are:

1) Anchor the boat over the normally used deepest station in the lake.  Two anchors can be used if needed to reduce drift.

2) Without the use of sunglasses, vertically insert one end of viewscope a few inches into the water to eliminate ripples and glare.

3)  Lower Secchi disk so it is not in the boat’s shadow.  If no viewscope is available, lower the Secchi from the shaded side of the boat and note on field sheet that no viewscope was used.

4) While observing through the viewscope tube, record Secchi disk depth as the average of depth to complete disappearance and slightest hint of reappearance.  Record to nearest 0.1 meter and record time of observations and weather and sky conditions (cloudy, partly cloudy, sunny) and surface conditions (waves etc.).  Observations are best made under clear sky and calm surface conditions.

5) If Secchi disk is visible on bottom (or disappears in weeds) write depth and “bottom” or "in weeds" on datasheet next to the Secchi depth at that point.

6) For complete surface cover (e.g., algal scum, complete duckweed or macrophyte cover at the surface), clear an area at the surface temporarily in order to get a good reading (if possible; noting conditions).   Where it is not possible to create a temporary clear vertical column to take a reading, do not take a reading (and note conditions).

9.0
QUALITY CONTROL

Quality control involves participation in a yearly field training session for new staff.  During field training, new staff must replicate readings taken by experienced staff following procedure 8 above, and must agree within approx. 10 percent.  In addition, during the field season duplicate readings should be taken at least once every ten readings or as dictated by project-specific protocols (e.g., every time).  Field duplicate readings should agree within approx. 10 percent. These field duplicate readings can be taken by one person, or by different operators, but if two observers are used, the names of the observers for each reading should be noted on the field sheet. 
10.0
INTERFERENCES
There are many types of interferences or sources of variation for Secchi disk readings.  These include but are not limited to surface glare, ripples and waves, angle of the sun, cloudy vs. clear sky, variations in eyesight of the observers, shadows of the boat, weeds, and limited depth of the lake and resuspension of sediments from the bottom.  Additional variations are caused by variations in size of disks used (20 cm is used here), variations in color (white is commonly used also, but a black and white disk is used here) and use of the viewscope to reduce glare.  In general, the approach used at DWM is to use a standardized technique and to run frequent comparisons between staff in the field such that readings are comparable to past readings taken by DWM. Additional variations may have to be considered when comparing DWM data to other programs following different procedures and using different equipment.  For example, Verschuur (1997) has constructed equations that will correct values of any time and latitude to solar noon but these corrections are not applied to the DWM data.

11.0
PREVENTIVE MAINTENANCE
Little maintenance is required. If the Secchi disk surface becomes dull or scratched, it may have to be repainted.  If the rope stretches or shrinks or becomes frayed the rope is replaced and recalibrated (see above). Generally no maintenance if required for the viewscope other than maintaining a dull black surface on the inside of the tube.

12.0
CORRECTIVE ACTIONS

If the yearly calibration deviates more than 5 percent from the tape measure, the line is recalibrated (see above). If a new intern's or staff member's Secchi readings in lakes varies more than 20 percent from the experienced staff readings at the same site, then more training is given until agreement within 20 percent is reached.
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