DEP-SOP-001/01
FT 1600 Field Measurement of Turbidity

Field Measurement of Turbidity
Use in conjunction with:
FT 1000 General Field Testing and Measurement
FS 1000 General Sampling Procedures
FD 1000 Documentation Procedures
INTRODUCTION:  Turbidity measures the scattering effect that suspended solids have on the propagation of light through a body of water (surface or ground waters).  The higher the effect (i.e., intensity of scattered light), the higher the turbidity value.  Suspended and colloidal matter such as clay, silt, finely divided organic and inorganic matter, and plankton and other microscopic organisms cause turbidity in water.

This SOP describes the use of true nephelometric measurement using instruments meeting the specifications outlined in 2.1.

Exceptions to the requirements specified in 2.1 below include:
1.1. In situ probes with turbidity sensors used for screening purposes (e.g., groundwater purge stabilization measurements).
1.2. Non standard light sources, detectors or other turbidity measuring devices may be proposed for use in studies that entail comparison measurements (dredge and fill) or unattended deployment for monitoring purposes.
1.3. Do not report results from “non standard” sensors or configurations for regulatory purposes such as permit compliance unless the Department has approved the use for the specific project.
1.4. All “non-standard” instruments must be calibrated and verified according to the requirements in this SOP.
EQUIPMENT AND SUPPLIES
1.5. Field Instrument:  Use a turbidimeter (nephelometer) or a spectrophotometer consisting of a light source and one or more photoelectric detectors with a readout device to indicate the intensity of light.  The instrument must meet these specifications:
1.5.1. The light source must have a tungsten-filament lamp operated at a color temperature between 2000 and 3000 K.
1.5.2. The distance traversed by the incident light and scattered light within the sample tube must not exceed 10 cm.
1.5.3. The light detector, positioned at 90o to the incident light, must have an acceptance angle that does not exceed + 30o from 90o.
1.5.4. The detector and any filter system must have a spectral peak response between 400 and 600 nanometers.
1.5.5. The instrument sensitivity must permit detection of a turbidity difference of 0.02 NTU at the 0 – 1.0 NTU scale.
1.5.6. Note:  using the appropriate equipment and following the procedures in this SOP, the field accuracy of this measurement is close to %R = 100 + 10% for turbidities in the range of 1 to 100 NTU.
1.6. Sample Cells (cuvettes):  Use sample cells or tubes of clear, colorless glass or plastic.
1.6.1. Keep cells clean, both inside and out, and discard if scratched or etched.
1.6.1.1. Never handle them where the light beam strikes the sample.
1.6.1.2. Clean sample cells by thorough washing with laboratory soap (inside and out) followed by multiple rinses with distilled or de-ionized water, and let air-dry.
1.6.2. Use a very thin layer of silicone oil on the outside surfaces to mask minor imperfections or scratches in the cells.
1.6.2.1. Use silicone oil with the same refractive index of the glass; making sure the cell appear to be nearly dry with little or no visible signs of oil.
1.6.3. Because small differences between cells significantly impact measurement, use either matched pairs or the same cell for standardization and sample measurement.
1.7. Standards:
1.7.1. Primary standards:  Use these standards for initial calibration.
1.7.1.1. Formazin standards can be either obtained commercially or prepared according to method 2130B (2011), section 3. in Standard Methods for the Examination of Water and Wastewater (see Standard Methods Online, http://www.standardmethods.org/store/).
1.7.1.2. Some instruments may require the use of styrene divinylbenzene (SDVB) standards for calibration.
1.7.2. Secondary Standards:  Use only those certified by the manufacturer for a specific instrument.  Secondary standards must only be used for continuing calibration verifications according to the procedures in section 3.4 below.  Determine or verify the values of secondary standards according to the procedure in section 3.3 below.
1.7.3. Turbidity-free water: Use filtered, laboratory reagent water demonstrated to be free of measurable turbidity (<0.01 NTU) or purchase commercially prepared turbidity-free water.
CALIBRATION AND USE
1.8. General Concerns
1.8.1. Light absorption by dissolved and suspended matter may cause a negative bias on the turbidity measurement.  When present in significant concentrations, particles of light-absorbing materials such as activated carbon will cause a negative interference.  Likewise, the presence of dissolved, color-causing substances that absorb light may also cause a negative interference.  Some commercial instruments may have the capability of either correcting for slight color interference or optically blanking out the color effect.
1.8.2. Handle samples with natural effervescence as described in 3.5.7.1 below.
1.9. Calibration and Initial Calibration Verification
1.9.1. Follow the calibration activities in FT 1000, section 2.2, including requirements for chronological and quantitative bracketing. 
1.9.2. Perform an initial calibration using at least two primary standards.
1.9.2.1. If the instrument cannot be calibrated with two standards, calibrate the instrument with one standard and verify with a second standard per 3.2.3 below.
1.9.2.2. For measurement of samples of very low turbidity, select the lowest standard commercially available for bracketing the lower end of the anticipated sample turbidity range or dilute higher turbidity standards with turbidity-free water.
1.9.2.3. Do not use turbidity-free water as a calibration verification standard.
1.9.3. Perform an initial calibration verification by reading at least one primary standard as a sample in “read” or “run” mode.  The acceptance criterion for the initial calibration verification depends on the range of turbidity of the standard value:
· Standard Value = 0.1-10 NTU:  the response must be within 10% of the standard except specified in 3.2.3.1 below;
· Standard Value = 11-40 NTU:  the response must be within 8% of the standard;
· Standard Value = 41-100 NTU:  the response must be within 6.5% of the standard; and
· Standard Value > 100 NTU:  the response must be within 5% of the standard.
1.9.3.1. Turbidity–free water sold as a standard by a vendor (i.e., a blank) does not have to meet the acceptance requirement of ± 10%, but must meet the vendor’s stated value (typically < 0.1 NTU) or be less than the reporting limit. The user may still use this blank to set the zero point according to the instrument manufacturer’s manual. 
1.10. Determining the Values of Secondary Standards
1.10.1. Use only those standards certified by the manufacturer for a specific instrument.
1.10.2. Use verified secondary standards only for continuing calibration verifications.
1.10.3. Determining the initial value(s) of secondary standard(s):
1.10.3.1. Calibrate or verify the instrument with primary standards.  Select primary standards that bracket the range of the secondary standards.
1.10.3.2. Immediately after an initial calibration with primary standards or verification with a primary standard, read each secondary standard as a sample in “read” or “run” mode, using the reading from the instrument as the first assigned value.
1.10.4. Verifying Secondary Standards
1.10.4.1. At least once per quarter or at other documented intervals (see 3.3.5 below), determine or verify the values of secondary standards immediately after the instrument has been calibrated or verified with primary standards.
1.10.4.2. Read each secondary standard as a sample in “read” or “run” mode.  This reading must be within the manufacturer’s stated tolerance range and within the acceptance ranges of the assigned standard value as listed in 3.2.3., above.  If the criteria in section 3.2.3., above are not met, assign this reading as the value of the standard.  If the reading is outside the manufacturer’s stated tolerance range, discard the secondary standard.
1.10.5. More frequent calibration verifications may be required for discharge permit compliance measurements or other regulatory requirements.
1.11. Continuing Calibration Verification
[bookmark: _GoBack]Determine the maximum time between continuing calibration verifications for the specific turbidity measurement device based on instrument stability at demonstrated intervals as in FT 1000, sections 2.2.5.1 and 2.2.5.2. Sample readings must be chronologically and quantitatively bracketed per requirements in FT 1000, section 2.2.
1.11.1.  Perform a continuing calibration verification using at least one primary or secondary standard by reading the standard as a sample in “read” or “run” mode.  
1.11.2. The calibration acceptance criteria are the same as those listed in section 3.2.3 above.
1.12. Measuring Turbidity in Samples
1.12.1. Double-rinse the sample cell or cuvette with a small amount of the sample.  
1.12.2. Discard, and pour an aliquot into the sample cell or cuvette.
1.12.3. Gently agitate the sample and wait until air bubbles disappear.
1.12.4. Gently dry out its external surface with lint-free paper.
1.12.5. Insert the cell in the instrument and read the turbidity directly from the meter display.  
1.12.6. Process and measure the sample as above and record the instrument reading within 15 minutes of sample collection. 
1.12.7. Do not use vacuum degassing, ultrasonic bath or other devices to remove bubbles from the sample.  If the sample contains visible bubbles or if it effervesces (as in groundwater, with changes in pressure and temperature), make a note of this in the field records and collect a sample for laboratory measurement.
1.12.7.1. If effervescing samples are collected for laboratory analysis collect the sample without leaving headspace in the container and ship it as soon as possible to the laboratory (the holding time for this measurement is only 48 hrs).  
1.12.7.2. Ship this sample in wet ice at ≤6oC.
1.12.8. Pour out the sample, double-rinse the cuvette with de-ionized water in preparation for the next sample.
1.12.9. For measurement of turbidity in situ with a turbidity probe (for purposes included in Section 1 above), immerse or place the probe at a measuring location representative of the sampling source.
1.12.9.1. If the turbidity instrument has selectable settings to measure the full range of potential sample turbidities, select the correct range in order to take a reading.
1.12.9.2. Allow the turbidity instrument reading to stabilize.
1.12.9.3. Record the sample turbidity measurement after all applicable meter adjustments have been made and the instrument reading has stabilized.
1.12.9.4. For in situ measurements of turbidity at depth in surface water or wastewater, immerse the probe at the desired depth and wait for stabilization of the reading and record its value, as above.  
1.12.9.5. Measure groundwater sample turbidity in situ with a downhole probe or in a flow-through container or other applicable measurement configuration.
PREVENTIVE MAINTENANCE:  Refer to FT 1000, section 3.
[bookmark: OLE_LINK1]DOCUMENTATION
1.13. Standard and Reagent Documentation:  Document information about standards and reagents used for calibrations, verifications, and sample measurements.
13. Note the date of receipt, the expiration date and the date of first use for all standards and reagents.  Document acceptable verification of any standard used after its expiration date.
13. Record the concentration or other value for the standard in the appropriate measurement units.
1. Note vendor catalog number and description for preformulated solutions as well as for neat liquids and powdered standards.
1. Retain vendor assay specifications for standards as part of the calibration record.
13. Record the grade of standard or reagent used.
13. When formulated in-house, document all calculations used to formulate calibration standards.  Record the date of preparation for all in-house formulations.
1.13.4. Describe or cite the procedure(s) used to prepare any standards in-house (DEP SOP or internal SOP).
1. Field Instrument Calibration Documentation:  Document acceptable calibration and calibration verification for each instrument unit and field test or analysis, linking this record with affected sample measurements.
14. Retain vendor certifications of all factory-calibrated instrumentation.
1.14.1. Designate the identity of specific instrumentation in the documentation with a unique description or code for each instrument unit used.  Record manufacturer name, model number, and identifying number (such as a serial number) for each instrument unit.
14. Record the time and date of all initial calibrations and all calibration verifications.
14. For all calibration verifications, record the instrument reading (value) in appropriate measurement units to the resolution stated by the instrument manufacturer for the measurement range.
14. Record the name of the analyst(s) performing the calibration.
14. Document the specific standards used to calibrate or verify the instrument or field test with the following information:
· Type of standard or standard name (e.g., formazin)
· Value of standard, including correct units (e.g., 20 NTU)
· Link to information recorded according to section 5.1 above
14. Retain manufacturers’ instrument specifications.
14. Document whether successful initial calibration occurred.
14. Document whether each calibration verification passed or failed.
1.14.9. Document any corrective actions taken to correct instrument performance according to records requirements of FD 3000.
1.14.9.1. Document date and time of any corrective action.
1.14.9.2. Note any incidence of discontinuation of use of the instrument due to calibration failure.
1.14.10. Describe or cite the specific calibration or verification procedure performed (DEP SOP or internal SOP).
1.15. Record all field-testing measurement data, to include the following:
· Project name
· Date and time of measurement or test (including time zone, if applicable)
· Source and location of the measurement or test sample (e.g., monitoring well identification number, outfall number, station number or other description)
· Latitude and longitude of sampling source location (if required)
· Analyte or parameter measured 
· Measurement or test sample value, recorded to the resolution stated by the instrument manufacturer for the measurement range
· Reporting units
·  “J” data qualifier code and explanatory comment if the sample measurement is not chronologically and quantitatively bracketed by acceptable calibrations and verifications per requirements in FT 1000, section 2.2 
· Initials or name of analyst performing the measurement
· Unique identification of the specific instrument unit(s) used for the test(s)
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