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The purpose of this Standard Operating Procedure (SOP) is to describe the Florida Department of Environmental Protection methods for collecting continuous monitoring data using deployed instruments. This SOP is to guide the general use of continuous monitoring devices, e.g., to create clear, accurate and methodical records to document all operations and maintenance activities affecting continuous monitoring sampling devices, to provide minimum calibration requirements to accurately collect field data using these devices, to describe quality assurance procedures using spot-check measurements, and to detail additional guidance in preventative maintenance for continuous monitoring devices.
The department defines continuous monitoring as unattended data collected over a time series using a recording device. It can also be characterized as "a methodology that utilizes sensors connected to data loggers and provides multiple results of a given characteristic, spaced at pre-determined time intervals" (NWQMC Aquatic Sensor workgroup).
The minimum calibration requirements for Dissolved Oxygen, Specific Conductance, Temperature, pH, and Turbidity are discussed in this SOP because these parameters are commonly collected by continuous water quality monitors.
Use this SOP in conjunction with specific sampling and field testing procedures found in the DEP SOPs contained in the collection DEP-SOP-001.
See the DEP SOPs in collection DEP-SOP-001/01 for additional documentation requirements (http://www.dep.state.fl.us/water/sas/sop/sops.htm).
Refer to the associated sampling or field testing SOP for any requirements for the chronological or sequential documentation of data.
Refer to FQ 1000 Field Quality Control Requirements for Quality Assurance guidelines.
Implement review procedures to monitor and verify accurate manual and automated data entry and recordkeeping for all documentation tasks outlined in this SOP.
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Incorporate efficient archival design and concise documentation schemes for all record systems. Ensure that the history of a sample deployment is clearly evident in the retained records and documentation can be independently reconstructed.
Criteria for all documents
2.1.	Keep records of all original data as well as all reduced or manipulated forms of the original data for inspection.
2.1.1.	Original records consist of documentation that is produced by the person or organization responsible for the original generation of the documentation. Original records are the source from which copies are made.
2.1.2.	Original data is information generated at the time of or as the result of performing field procedures or tests, e.g., "raw" data automatically reported or logged from field instrumentation, handwritten field notes or drawings, completed field forms or sheets, photographs, etc.
2.1.3.	Manipulated data is information that has been reformatted from original data for the purpose of organizing, analyzing, reporting or presenting the data, e.g., lists or tables of results, reports of field sampling and testing results, analyzed or reduced forms of data that present statistical information, calculations or other evaluations and manipulations of the original data, etc.
2.2.	Specific requirements for documentation for projects may be included in quality assurance plans, sampling and analysis plans, monitoring plans or other planning documents that have been approved by DEP.
2.3.	According to the DEP Quality Assurance rule 62-160.650, F.A.C, authorized representatives of DEP shall inspect and request copies of any records using paper, electronic media, or other media during any DEP audit of physical facilities or onsite sampling events, and for any data validations conducted for applicable project data submitted to DEP (see 62-160.670, F.A.C.), as needed for DEP data usability assessments or other quality assurance purposes. 
2.4.	Electronic records are acceptable as documentation and are considered to be equivalent in status and function to original records, documents or papers, unless otherwise specified in a DEP contract, order, permit or Title 62 rule. 
2.4.1. All documentation requirements in the DEP SOPs (DEP-SOP-001/01, DEP-SOP-002/01 and DEP-SOP-003/11) shall apply equally to paper and electronic records. See section 11, below for additional requirements.
2.4.2. Electronic copies of original records can be designated as master copies for storage purposes. Electronic copies designated as master copies can serve the same function as original records.
2.4.3. Electronic copies intended to replace original records must contain the same information as the original records, regardless of whether the electronic copies are designated as master or duplicate records.
2.5. Record enough information so that clarifications, interpretations, or explanations of the data are not required from the originator of the documentation.
2.6. Clearly indicate the nature and intent of all documentation and all record entries.
2.7. Link citations to SOPs and other documents by the complete name, reference or publication number, revision number, and revision date for the cited document, when applicable. Also, assign this information to internally generated SOPs.
2.8. Retain copies of all revisions of all cited documents as part of the documentation archives.
2.9. Per the DEP QA Rule, 62-160.240, F.A.C., keep all documentation archives for a minimum of 5 years after the date of generation or completion of the records unless otherwise specified in a Department contract, order, permit, or Title 62 rules.
2.10.	Handle electronic (digital) data as with any data according to applicable provisions of this section.
2.10.1.	For data not directly read from the instrument display and manually recorded, retain all products or outputs from automatic data recording devices, such as strip chart recorders, data loggers, field measurement devices, computers, etc. Store records in electronic, magnetic, optical, or paper form, as necessary. Retain all original, raw output data. Ensure archiving of these data prior to subsequent reduction or other manipulation of the data.
2.10.2.	Identify output records as to purpose, analysis date and time, sonde or sensor ID, field sample or station identification number, etc. Maintain clear linkage with the associated sample, other data source or measured medium and specific instrument used to make the measurement.
2.10.3.	Control levels of access to electronic data systems as required to maintain system security and to prevent unauthorized editing of data.
2.10.4.	Do not alter raw instrumentation data or original manual data records in any fashion without retention of the original raw data.
2.10.5.	Maintain secure computer networks and appropriate virus protection as warranted for each system design.
2.10.6.	Store all electronic, magnetic, and optical media for easy retrieval of records.
2.10.7.	Ensure that all applicable records can be printed to paper if needed for audit or verification purposes.
2.10.8.	If it is anticipated that the documentation archive will become unreadable due to obsolescence of a particular storage technology, consider retaining a paper archive of the data or transfer to other suitable media when longer preservation is required.
2.10.9.	For easy retrieval of records, link all stored data to the associated sample data or other data source.
2.10.10.	Back up all data at a copy rate commensurate with the level of vulnerability of the data. Consider replicating all original data as soon as possible after origination.
2.11.	Verify the functioning of software used to manipulate or manage data when version upgrades or new software products are installed, or when software malfunction is observed or suspected.
2.11.1.	Ensure that any software used to perform automatic calculations conforms to required formulas or protocols.
2.11.2.	Document all software problems and their resolution in detail, where these problems have irretrievably affected data records or linkage. Record the calendar date, time, responsible personnel, and relevant technical details of all affected data and software files. Note all software changes, updates, installations, etc. per the above concerns. File and link all associated service records supplied by vendors or other service personnel.
2.12.	Protect electronic recordkeeping equipment and storage media with adequate storage conditions.
2.12.1.	Place stationary computers, instrumentation, and peripheral devices in locations of controlled temperature and humidity and away from areas where the potential for fluid leaks, fire, falling objects, or other hazards may exist. In the field, protect portable equipment from weather, excess heat or freezing, storage in closed vehicles, spillage from reagents and samples, etc.
2.12.2.	Protect storage media from deteriorating conditions such as temperature, humidity, magnetic fields, or other environmental hazards, as above.
2.13.	Ensure that documents signed with electronic signatures are consistent with the requirements of QA rule 62-160.405, F.A.C., according to the following:
2.13.1.	Ensure the integrity and security of the electronic signature.
2.13.2.	Ensure the signature or electronic code is unique to the signatory.
2.13.3.	Develop written policies for the generation and use of electronic signatures.
2.13.4.	Develop written procedures for ensuring the security, confidentiality, integrity, and auditability of each signature.
2.14.	Handle documentation prepared using other media according to applicable requirements in this section. Store media such as photographs, photographic negatives, microfilm, videotape, etc., under conditions generally prescribed for these media by manufacturers and conducive to long-term storage and protection from deterioration.
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3.1.	Expectations and requirements
3.1.1.	Follow the manufacturer's instructions for operation and maintenance of the equipment, including the sensors and the sonde unit.
3.1.2.	This SOP specifies the calibration requirements for each field-testing method listed below. Although instruments may vary in configuration or operation, the specified calibration requirements must be met.
3.1.2.1.	Where applicable to the sensor and field-testing method, use the minimum number of calibration standards specified. 
3.1.2.2.	Do not establish the lower limit of the quantitative calibration bracket with "zero" solutions, quality control blanks, or reagent dilution water. However, the user may set the zero point of the instrument according to the manufacturer's instructions, if applicable.
3.1.3.	Purchase or prepare reagents or standards from stock chemicals certified or assayed as analytical reagent grade or better. Some procedures may specify a higher grade or assay of reagent or standard.
3.2.	Definitions: This section outlines the essential concepts that must be applied for continuous monitoring.
3.2.1.	Initial Calibration (IC): The instrument or meter electronics are adjusted (manually or automatically) to a theoretical value (e.g., dissolved oxygen saturation) or a known value of a calibration standard (e.g., pH buffer solution).
3.2.2.	Initial Calibration Verification (ICV): The instrument or meter calibration is checked or verified directly following initial calibration by measuring a calibration standard of known value in "read" or "run" mode as if it were a sample and comparing the measured result to the calibration acceptance criteria listed in [Table 1].
3.2.3.	Continuous Calibration Verification (CCV): The instrument or meter calibration is checked or verified at any time interval after the ICV by measuring a calibration standard of known value in "read" or "run" mode as if it were a sample and comparing the measured result to the calibration acceptance criteria listed in the SOP.
3.2.4.	Chronological Calibration Bracket: The interval of time between verifications within which environmental sample measurements must occur. The instrument or meter is verified before and verified after the time of environmental sample measurement(s).
3.2.5.	Quantitative Calibration Bracket: The instrument or meter is calibrated or verified at two known values that encompass the range of observed environmental sample measurement(s).
3.2.6.	Acceptance Criteria: The numerical limits within which calibration verifications are acceptable. See [Table 1].
3.2.7.	Sonde: The combined unit consisting of one or more sensors which is deployed into the field.
3.2.8.	Sensor: A single sensor used to record a water parameter (i.e., a pH probe, depth sensor, etc.).
3.2.9.	Deployment: A sonde being placed in the field to record water data.
3.3.10.	Data-logging: Readings being recorded from a sonde, whether it is actually deployed in the field or not.
3.3.11.  DI Water: De-ionized water. Other analyte-free water may be used if the water does not contain the analyte of interest (e.g. no detectable turbidity) or does not contain interferences that may affect the specific test.
3.3.	Calibration Activities: Specific calibration procedures are given in the individual test method sections below. Perform the following general calibration activities according to the stated requirements and document as per Documentation section 11.
3.3.1.	Chronological Calibration Bracket
3.3.1.1.	Ensure that each field test result is preceded by an acceptable ICV or CCV and followed by an acceptable CCV. 
3.3.1.2.	Specific requirements for chronological bracketing are addressed in the individual FT-series SOPs.
3.3.2.	Quantitative Calibration Bracket
3.3.2.1.	Choose two standards that bracket the range of sample measurements. These standards may be used for initial calibrations or for any verifications.
3.3.2.2.	Specific requirements for quantitative bracketing, including exceptions to section 3.3.2.1 are addressed in the individual test method sections below.
3.3.3.	Initial Calibration (IC)
3.3.3.1.	Calibrate the instrument (all or specific sensors, as necessary) if no initial calibration has been performed or if a calibration verification does not meet acceptance criteria. Do not reuse standards for initial calibrations.
3.3.4.	Initial Calibration Verification (ICV)
3.3.4.1	Perform an ICV immediately after calibration. All ICV's must meet the calibration acceptance criteria specified in [Table 1] for the applicable instrument sensors.
3.3.4.2.	If an ICV fails to meet acceptance criteria, immediately recalibrate the instrument for the failing sensor(s) using the applicable initial calibration procedure(s) for the sensor(s), or remove the instrument or affected sensor(s) from service and perform any necessary maintenance, repair or replacement.
3.3.5.	Continuing Calibration Verification (CCV)
3.3.5.1 	Perform a CCV at predetermined intervals from the previous verification.
3.3.5.2.	Determine the verification intervals based on the project monitoring design requirements and historical instrument or sensor performance.
3.3.5.3.	Ensure that instrument or sensor performance has been adequately evaluated for expected environmental deployment conditions.
3.3.5.4.	Base the selected time interval on the shortest interval of documented instrument stability and calibrated condition. If CCVs consistently fail, shorten the period between verifications, or remove the instrument or affected sensor(s) from service and perform any necessary maintenance, repair, or replacement.
3.3.5.5.	All CCVs must meet the calibration acceptance criteria specified in [Table 1]. If a CCV fails to meet acceptance criteria, perform one or more of the following procedures as necessary.
3.3.5.5.1.	Reattempt the CCV again within the chronological bracket time interval without changing the instrument calibration. Do not perform maintenance, repair, or cleaning of the instrument or sensor. Sensors may be rinsed with analyte-free water or fresh verification standard. The CCV may be reattempted with a fresh aliquot of verification standard.
3.3.5.5.2.	If required by the continuous monitoring plan, perform a new initial calibration, perform an ICV, and re-deploy the sensor or sonde unit.
3.3.5.5.3.	Report all results between the last acceptable calibration verification and the failed calibration verification as estimated (report the value with the data qualifier code "J"). Include a narrative description of the problem in the field documentation.
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Perform calibrations for all dissolved oxygen electrode designs according to the following.
4.1.	General Concerns 
4.1.1.	Conventional dissolved oxygen electrodes (e.g., Clark cell) require a constant flow of sample water across the membrane-sample interface for accurate measurements.
4.1.2.	Follow instrument manufacturer's instructions for probe storage. For example, store the probe with a cover that creates a saturated atmosphere. A cap supplied with a wet sponge is typically used for this purpose, but other methods may be employed to keep the protective chamber and dissolved oxygen sensor moist during storage.
4.1.3.	Examine conventional electrodes before mobilizing for deployment and perform maintenance as needed. Check to make sure there are no bubbles beneath the probe membrane, or any wrinkles or tears in the probe membrane. If so, replace the membrane and KCL solution. Follow manufacturer's recommendation for conditioning newly installed membranes in order to ensure stable readings. For all sensors or sonde units, check cables, connectors and contacts for corrosion, and service or replace as necessary.
4.1.4.	Dissolved inorganic salts interfere with the performance of DO probes and also affect the solubility of oxygen in water. For example, DO readings in salt water are affected by the salinity and must be corrected. The DO meter may adjust automatically based on readings taken from the specific conductivity/salinity probe. If corrections are not automatic, the appropriate calculations must be used to correct for salinity. If automatic adjustments are used, the specific conductivity/salinity probe calibration must be verified or calibrated in accordance with section 5.2.
4.1.5.	For Clark-type electrodes, reactive gases, which pass through the membrane, may interfere. For example, chlorine will depolarize the cathode and cause a high probe output. Long-term exposures to chlorine will coat the anode with the chloride of the anode metal and eventually desensitize the probe. Sulfide (from H2S) will undergo oxidation if high enough potential (voltage) is applied, creating current flow, yielding faulty readings. If such interferences are suspected, change the membrane electrode more frequently and calibrate at more frequent intervals.
4.1.6.	Ensure that the temperature of the sensor and sample are stable. Unstable temperatures will produce erroneous calibrations, verifications or sample measurements for all electrode designs.
4.1.7.	Erroneous calibrations or verifications may result if the saturated air chamber is not vented to atmospheric pressure, properly humidified, and protected from temperature fluctuations produced by common field conditions such as evaporation or fluctuation in sunlight intensity.
4.2.	Follow all quality control requirements for calibration according to section 4.1 above and sections 4.3 – 4.5 below.
4.3.	Initial Calibration and Initial Calibration Verification of Dissolved Oxygen Sensors
Air calibration is typically employed for both calibration and verification of dissolved oxygen sensors deployed for unattended environmental monitoring.
4.3.1.	Air Calibration and Initial Calibration Verification (ICV)
Calibrate the meter at 100 % saturation. Before use, verify the meter calibration in water-saturated air to make sure it is properly calibrated and operating correctly. Make a similar verification at the end of the day, sampling event or at other appropriate intervals. Follow the manufacturer's instructions for operation of a specific instrument.
4.3.1.1.	Allow an appropriate equipment warm up period before initial calibration or verification, as suggested by the manufacturer.
4.3.1.2.	Wet the inside of the calibration chamber with water, pour out the excess water (leave a few drops), wipe any droplets off the membrane/sensor and insert the sensor into the chamber (this ensures 100 % humidity). Ensure that the chamber is not sealed air-tight (to allow pressure to equalize). 
4.3.1.3.	Allow adequate time for the DO sensor and the air inside the calibration chamber to equilibrate temperature and humidity.
4.3.1.4. 	Once the sensor/calibration chamber is stable at ambient temperature, check the air temperature and determine, from the DO versus temperature table, determine the DO saturation value for the observed temperature (see Table 2). A stable and accurate temperature is required for a valid calibration. The acceptance criterion for DO calibration verification is +/- 0.3 mg DO/L at the observed temperature of the verification.
4.4.	Continuous Calibration Verification
4.4.1. 	Air-Calibration Verification: The DO sensor is calibrated against air that is saturated with water at a known temperature and ambient atmospheric pressure. Use Table 2 below to verify calibration at a specified temperature.
4.4.1.1.	Wet the inside of the calibration chamber with water, pour out the excess water (leave a few drops) and insert the sensor into the chamber (this ensures 100 % humidity). Ensure that the chamber is not sealed air-tight, (to allow pressures to equalize). 
4.4.1.2.	Allow adequate time for the DO sensor and the air inside the calibration chamber to equilibrate.
4.4.1.3.	Measure the temperature in the calibration chamber and observe the readings until the instrument stabilizes.
4.4.1.4.	Use the oxygen solubility [Table 2] below to determine the DO saturation at a measured temperature and atmospheric pressure. Calculate values to the nearest tenth of a degree by interpolation or use an expanded version of the table found in other references which can provide saturation data in 0.1°C increments for a selected temperature range (see section 6.2.2.1).
4.4.1.5.	Compare the DO sensor reading with the value obtained from Table 2 to verify continuous calibration.

4.5. 	Additional Verification Methods: The following methods may be used as additional checks to verify calibration.
4.5.1.	Winkler method: This check is useful to assess the condition of the DO sensor (i.e., its degradation with time/use) and its capacity to maintain a valid calibration (see Standard Methods, 4500-O C).
4.5.1.1.	For an accuracy calibration verification using the Winkler method, follow method 4500-O C.
4.5.1.2.	Fill a clean bucket with uncontaminated or de-ionized water and place the calibrated dissolved oxygen sensor into the bucket. Fill at least two biological oxygen demand (BOD) bottles without entraining atmospheric oxygen into the bottles. Carefully submerge the bottom of the bottle (one at a time) into the water and allow the water to fill the bottle. Place the bottle on the bottom of the bucket and carefully place stopper into it without adding atmospheric oxygen. Retrieve the bottles and determine DO of both samples by the Winkler method (see method 4500-O-C for more details). Read the DO of the water in the bucket with the sensor.
4.5.1.3.	The DO reading from the sensor should be within ± 0.3 mg/L of the average DO concentration of the two samples determined by the Winkler test.
4.5.2.	Zero-DO Verification: The air calibration and the interfering effects of the sample can be further checked by means of a "zero-DO standard" (see Standard Methods 4500-O G).
4.5.2.1.	Prepare this standard onsite or prior to the site visit with an aliquot of the environmental sample, tap water or deionized water by adding excess sodium sulfite and a trace of cobalt chloride to bring the DO to zero. Alternatively, use preformulated zero-DO solution purchased from a vendor, or follow the sensor manufacturer's instructions for preparation of a zero-DO solution. Prepare this zero-DO standard in a beaker or a large-mouth sample container of appropriate size to insert the DO sensor or sonde unit.
4.5.2.2.	After adding the chemicals as necessary, gently swirl the water and let it sit for about 30 seconds before inserting the probe.
4.5.2.3.	Read the DO of the sample. If the reading is outside the acceptance interval of ± 0.3 mg/L, the instrument must be recalibrated and/or zero-adjusted if the meter allows for this adjustment.
4.5.3. 	Air-Saturated Water: The DO sensor or instrument system is calibrated against water that is saturated with oxygen at a known temperature and ambient atmospheric pressure. NOTE: The Air-Saturated Water technique may be used in place of the Air-Calibration technique for calibrations and verifications.
4.5.3.1.	The temperature and conductivity of water used for calibration should be about the same as the temperature and conductivity of the water to be measured.
4.5.3.2.	Place the DO sensor and calibration water in a large beaker or open-mouth container.
4.5.3.3.	Aerate the water for an adequate amount of time until it is 100 % saturated with oxygen.
4.5.3.4.	Measure the temperature of the saturated water. Temperature sensors must be calibrated or verified for accuracy before DO calibration verification.
4.5.3.5.	Use Table 2 to determine the DO saturation value at the measured water temperature. Compare the DO sensor reading with the DO saturation value for the measured temperature obtained from Table 2 to ensure acceptance of the sensor value to within ± 0.3 mg/L and continuing calibration.
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5.1.	General Concerns 
5.1.1.	Follow the instrument manufacturer's instructions for the details of operating the sensor, sonde, or other instrument.
5.1.2.	For instruments without automatic temperature compensation, attempt to adjust the temperature of the samples to 25°C. If the temperature cannot be adjusted, measure the temperature with a calibrated device (see 6.1 below), record the temperature, correct for temperature (per 5.4), and report the results corrected to 25°C. See references in sections 5.7 and 6.2.2.1 for further information about temperature correction.
5.1.3.	Ensure stable sample and sensor temperature before calibrating or taking sample readings. Drifting sensor or sample temperature may produce erroneous sample measurements, calibrations, or verifications.
5.1.4.	Thoroughly rinse the conductivity sensor with deionized water and then fresh standard when calibrating or verifying the calibration. For in-situ measurements, ensure adequate flushing of the sensor with fresh sample water prior to taking measurements. Any residual standard, sample, or deionized water remaining on the sensor may affect the measurement of the subsequent standard or sample. This is especially true when samples or low-concentration standards are measured subsequent to measuring high-concentration standards.
5.1.5.	Drifting readings or an inability to calibrate the sensor may also indicate a fouled conductivity electrode. Clean the electrodes per the manufacturer's instructions. 
5.1.6.	When successful calibration and verification cannot be achieved after ensuring that temperatures have stabilized and the sensor electrodes are clean and free of residual sample or standard from the previous measurement, suspect opened containers of standards, especially after repeated openings, when near the manufacturer's expiration date or when little standard volume remains in the container. Low-concentration conductivity standards are seldom stable for an extended period after opening.
5.2. 	Calibration and Calibration Verification: Perform calibrations for specific conductance electrodes according to the following.
5.2.1.	Follow all quality control requirements for calibration according to section 5.1 above and sections 5.3 – 5.7 below.
5.3.	Initial Calibration: Calibrate the conductivity sensor prior to use according to the following steps:
5.3.1.	Follow the manufacturer's calibration instructions for operation of the instrument, sonde, or sensor. 
5.3.2.	When the sample measurements are expected to be 100 mhos/cm or greater, use two standard potassium chloride solutions that bracket the range of expected sample conductivities. A single standard at 100 mhos/cm standard potassium chloride solution is acceptable for situations in which all sample measurements are expected to be less than 100 mhos/cm. See also section 5.1.4, above. 
5.3.3.	Calibrate the instrument with one of the two standards to create an upper or lower boundary for the quantitative bracket.
5.3.4.	Verify the calibration of the instrument with the second standard, quantitatively bracketing the range of expected sample values.
5.3.5.	If it is desired that the instrument be calibrated with more than one standard, choose additional calibration standards within the range of expected sample values. The second standard in section 5.3.4 above may be used as an additional calibration standard.
5.3.6. 	Note: If all samples are expected to be less than 100 mhos/cm, only one standard at 100 mhos/cm standard potassium chloride solution is required.
5.4.	Acceptance Criterion for Specific Conductance Calibration Verifications: Accept the calibration if the meter reads within +/- 5 % of the value of any calibration standard used to verify the calibration. For example, the acceptance range for a 100 mhos/cm standard is 95 to 105 mhos/cm. If the meter does not read within +/- 5 % of each calibration verification standard, determine the cause of the problem and correct before proceeding to recalibrate and verify the instrument as necessary to establish the verified calibration bracket for sample measurements according to section 1.3 above.
5.5.	Temperature Correction: Most field instruments read conductivity directly. If the meter does not automatically correct values to specific conductance at 25°C, calculate correction factors using the procedure in section 5.7 below. Record all readings and calculations in the calibration records.
5.6.	Continuing Calibration Verification for Specific Conductance: Check the conductivity sensor using the instrument read or measurement mode with at least one KCl standard with a specific conductance that quantitatively brackets the conductivity measured in environmental samples. The reading for the calibration verification must also be within +/- 5 % of the standard value (see section 3.2.3 above).
5.6.1.	If new environmental samples are encountered outside the range of the initial calibration in section 3.2.2 above, verify the instrument calibration with an additional standard that brackets the range of new sample values. If these calibration verifications fail, recalibrate the instrument as in section 3.2.2.
5.7.	Calculations for Specific Conductance Temperature Compensation
If the conductivity instrument does not automatically correct for temperature (manual or automatic adjustment), or if a probe with a cell constant other than 1 is used, the following formula must be used to normalize the data to 25°C:
K =	     (Km) (C)        .
				1 + 0.0191(T-25)
		Where:	 	K = conductivity in mhos/cm at 25°C
				Km = measured conductivity in mhos/cm at T degrees C
				C = cell constant
				T = measured temperature of the sample in degrees C


If the cell constant is 1, the formula for determining conductivity becomes:
			K =	        (Km)	        .
				1 + 0.0191(T-25)
Refer to Standard Methods, 2510B, if other calculations (e.g., determining cell constant) are required.
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Perform calibration verifications for all temperature measurement sensors according to the following:

6.1.	Standard Thermometer: Use a calibrated, standard thermometer to perform temperature verifications. Obtain a thermometer certified as traceable to NIST calibration, with scale marks for every 0.1°C increment, a range of 0°C to 100°C (or a range bracketing expected sample temperatures) and a correction chart supplied with the certification. The standard thermometer must have a valid certification for the period of measurement.
6.2.	Calibration Verification
6.2.1. 	Follow the applicable calibration activities specified in section 1.3 above.
6.2.2.	Verify all temperature sensor devices and field thermometers against the NIST-traceable standard thermometer at several temperatures in the expected sample measurement range, using any correction factor indicated by the certificate supplied with the NIST-traceable thermometer.
6.2.2.1.	See the U.S. Geological Survey, National Field Manual for the Collection of Water-Quality Data, Book 9, Chapter A6, Field Measurements, Section 6.1, Temperature, Techniques of Water-Resources Investigations, Version 2, 3/2006 for additional guidance about making temperature comparisons with the standard thermometer.
6.2.2.2.	Make note of the calibration in the calibration records. See section 2.2 above.
6.2.2.3.	The field measurement sensor may be used with a linear correction factor provided that the observed temperature difference with the standard thermometer is documented at incremental temperatures over the range of expected sample temperatures. 
6.2.2.4.	Use the resulting correction factor when making temperature measurements of samples with the field measurement sensor.
6.2.2.5. 	Prominently display the correction factor on the field measurement device and/or applicable field documentation, with the date last verified. A calibration correction curve or plot may also be used.
6.2.2.6.	To be acceptable, a calibration verification must be within +/- 0.5°C of the corrected reading of the NIST-traceable thermometer.
6.3.	Continuing Calibration Verifications:
6.3.1. 	Determine the maximum time between continuing calibration verifications for the specific field temperature measurement sensor, based on sensor or instrument stability.
6.3.2. 	Verify the field measurement sensor against the standard NIST-traceable thermometer as in section 4.2 above. 
6.3.3. 	Refer to additional calibration requirements in section 1.3.
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Perform calibration and verification for all pH measurement sensors according to the following:
7.1.	General Concerns 
7.1.1.	The acceptance criterion for initial and continuing calibration verifications is a reading of the pH buffer standard within ± 0.2 standard pH units of the expected buffer value.
7.1.2.	Within a week of calibration or verification, check the calibration to ensure the % theoretical slope is greater than 90 % (if applicable to the sensor or instrument type).
7.1.2.1.	Note the % slope in the calibration records.
7.1.2.2.	A % slope of less than 90 % indicates a failing electrode that must be changed or repaired.
7.1.2.3.	If % slope cannot be determined for the specific sensor or instrument, or the manufacturer's optimum specifications are different, follow the manufacturer's recommendation for diagnosing and maintaining optimum sensor or instrument performance.
7.2.	Interferences for calibrations and sample measurements
7.2.1.	Sodium at pH > 10.0 units can be reduced or eliminated by using a low sodium error electrode.
7.2.2.	Coatings of oils, greases, and particles may impair the electrode's response. Pat the electrode sensing area dry with lint-free paper or cloth and rinse with de-ionized water. For cleaning hard-to-remove films, use acetone very sparingly so that the electronic surface is not damaged. Follow manufacturer recommendations for cleaning when available.
7.2.3.	Temperature effects on the electrometric measurement of pH are controlled by using instruments having temperature compensation or by calibrating the meter at the temperature of the samples.
7.2.4.	Poorly buffered solutions with low specific conductance (< 200 mhos/cm) may cause fluctuations in the pH readings. Equilibrate electrode by immersing in several aliquots of sample before taking pH.
7.2.5.	Ensure stable sample and sensor temperature before calibrating or taking sample readings. Drifting sensor or sample temperature may produce erroneous sample measurements, calibrations, or verifications.
7.2.6.	Thoroughly rinse the pH sensor with deionized water or fresh buffer standard when calibrating or verifying the calibration or when taking sample measurements. For in-situ measurements, ensure adequate flushing of the sensor with fresh sample water prior to taking measurements. Any residual standard, sample, or deionized water remaining on the sensor may affect the measurement of the subsequent standard or sample. This is especially true when samples or standards of widely different pH value are successively measured.
7.2.7.	Drifting readings or an inability to calibrate the sensor may also indicate a fouled electrode. Clean the electrode per the manufacturer's instructions or replace.
7.3. 	Calibration 
Follow the manufacturer's operating instructions for performing calibrations specific to the sensor or instrument. Most instruments allow for a two-point calibration and some models can perform a three-point calibration. Use the appropriate number of standard buffer solutions for calibration. Do not reuse buffers for initial calibrations.
7.3.1. 	Rinse the pH sensor with de-ionized water (DI) before and between each standard buffer solution.
7.3.2.	Follow the calibration activities specified in section 1.3.
7.3.2.1.	Perform an initial calibration using at least two buffers. Always use a pH 7 buffer first, if specified by the sensor manufacturer.
7.3.2.2.	If the range of expected environmental pH values is expected to be wider than the range established by a two-point calibration (i.e., the 2-point quantitative bracket established as in section 1.3), then add a third calibration point. If the instrument cannot be calibrated with three buffers, the third buffer may be used as the initial calibration verification to extend the range.
7.3.2.3.	After initial calibration, immediately perform an initial calibration verification (ICV). Read a buffer as a sample. To be acceptable, a calibration verification must be within +/- 0.2 pH units of the stated buffer value. For example, if reading the pH 4.0 buffer, the result must be in the 3.8 to 4.2 range.
7.3.2.4.	After sample measurement(s), perform a continuing calibration verification (CCV). Read a buffer as a sample. To be acceptable, a calibration verification must be within +/- 0.2 pH units of the stated buffer value. This CCV (if within acceptance criteria) can be used as the beginning of the next chronological bracket.
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Perform calibration and verification for all turbidity sensors according to the following.

8.1.	General Concerns
8.1.1.	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.


8.2.	Calibration and Initial Calibration Verification
8.2.1.	Follow the calibration activities in section 1.3.
8.2.2.	Perform an initial calibration using at least two primary standards (section 3.1) according to the sensor or instrument manufacturer's operating instructions for performing calibrations.
8.2.2.1.	If the instrument cannot be calibrated with two standards, calibrate the instrument with one standard and verify with a second standard per section 8.2.3 below.
8.2.2.2.	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.
8.2.2.3.	Do not use turbidity-free water as a calibration verification standard.
8.2.3.	Perform an initial calibration verification by reading at least one primary standard as a sample. 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 section 3.2.3.1 above.
· 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.
· Standard Value > 100 NTU: the response must be within 5 % of the standard.
8.2.3.1.	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 required for the monitoring plan. The user may still use this blank to set the zero point according to the instrument manufacturer's operating instructions for performing calibrations.
8.3.	Continuing Calibration Verification: Perform a continuing calibration verification using at least one primary standard. The calibration acceptance criteria are the same as those listed in section 8.2.3 above.
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Perform the following steps if comparison with spot-check measurements is implemented as part of the monitoring plan to help determine if the deployed sensor yields readings representative of the site being targeted. Discrepancies between compared measurements could arise from physical effects such as smothering, hydrological effects such as eddies, biological interference, or poor positioning of the mounting. Discrepancies do not mandate that data be qualified but strongly suggest that the cause should be identified and corrected.

9.1. 	Perform a spot-check measurement at or as near as possible to the same location as the deployed sensor(s). The spot-check measurement must be representative of the water column measured by the deployed instrument. Use a separate instrument for the spot-check measurement that has been properly calibrated and verified for the appropriate individual parameter tests according to the applicable DEP SOPs.
9.2.	Once retrieved, compare the results of the spot-check measurement with the deployed sensor readings taken at the same time the spot-check measurement was performed. The differences between the deployed sensor readings and the spot-check measurement values should be no greater than the following recommended values (double the calibration allowances):
· Dissolved Oxygen: no greater than 0.6 mg/L difference.
· Specific Conductance: no greater than 10 % difference.
· pH: no greater than 0.4 pH units difference.
· Temperature: no greater than 1.0°C difference.
· Turbidity: no greater than double the range of calibration acceptance criteria (see Table 1) dependent on % of standard value.
9.3.	When the comparisons performed according to the steps above indicate a difference between the spot-check measurement value and the deployed sensor value for any parameter, perform the following:
9.3.1.	Verify the calibration of the affected sensor(s) according to section 3.3.5 above.
9.3.2.	If calibration verification cannot be accepted, determine the cause of the problem and perform appropriate corrective actions, such as cleaning, maintenance, repair, new initial calibration or other activities needed for the proper operation of the deployed sensor under calibrated conditions.
9.3.3.	All acceptable field data must be bracketed by acceptable calibration verifications (see section 3.3 above). Qualify data that are not bracketed by acceptable calibration verifications.
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10.1.	Overall, care for sonde and probes in accordance with the manufacturer's recommendations for the specific equipment being used. The manufacturer's directions may overrule the general maintenance procedures and suggestions in this document.
10.2.	It is encouraged to check and replace seals in accordance with the manufacturer's recommendations. During regular use pay close attention to their condition and any signs of rolling or fouling. 
10.3.	When stored for indefinite long periods, such as at the end of a project, remove the batteries to prevent acid leaking.
10.4.	Never store a pH probe in deionized water; this greatly shortens the probe's life.
10.5.	Clean sensors as called for in manufacturer's recommendations.
10.6.	After cleaning a pH probe with bleach solution or soaking the unit in vinegar, flush the probes' sensors thoroughly and completely. Residues may react with some pH standards and leave chemical products on the surfaces.
10.7.	Avoid forcing a moving part, such as a brush or wiper, to move manually. The mechanism inside can be very delicate and become easily damaged.
10.8.	Optional Procedures
10.8.1.	Be aware of how each sensor functions and the principles by which it works. This will assist in deciding how to clean them, avoiding accidental damage, and understanding why some of the procedures are in place. It can also help with field use, troubleshooting, and QA/QC of data.
10.8.2.	An overnight bath in vinegar is useful to soften encrusting organisms. A PVC pipe just larger than the sonde and capped at one end can be helpful as a container for this, as would a burette washer.
10.8.3.	Putting two layers of nylon pantyhose held on with rubber bands or taping plastic wrap on the sonde body can greatly help in keeping it clean of encrusting organisms and protect information on it such as ID tags or other markings. It may also provide some protection against the constant repeat bumping caused by waves. This should be positioned so as to not interfere with the water flow across the sensors. Wrappings of tape or copper cladding are other possibilities, and manufacturers may have more suggestions. Please note that fouling not on the probes' actual sensors isn't necessarily significant beyond aesthetics and even encrusting organisms often can be easily cleaned off if not more than a month old.
10.8.4.	A hanging mount in the lab for sonde maintenance and calibration can be helpful for ease of use and preventing accidental bumping of sensors. Using a lightweight chain leader with a double-ended snap clip allows easy adjustment for different sondes.
10.8.5	Try to have maintenance materials such as spare seals, lubricants, alcohol, and other such things in stock ahead of time. They will be used eventually and having them on hand will save time while reducing any temptation to make do with questionable parts while awaiting them.
10.8.6.	For extended storage, lowering the pH below 7 by mixing a little pH 4 buffer into the water around the probes can benefit the pH sensor.
10.8.7.	When possible, have recommended preventative maintenance done by an agency offering a warranty on both the parts and work. This is usually the manufacturer. Keep track of the pertinent paperwork until at least the end of the warranty period. 
10.8.8.	When shipping use a good packing container and keep in mind the replacement cost of the items being sent back and forth vs the cost of shipping. Plastic ice chests can serve well.
10.8.9.	Thoroughly consider whether an application truly needs anti-fouling adaptations such as copper tape or brass materials. Even in saltwater, they are usually unnecessary for deployments less than a month long, add work and cost, and can bring unexpected issues. For an example, they may then necessitate adding sacrificial anodes.
10.8.10.	If the unit and deployment need sacrificial anodes, be sure they are inspected periodically and replaced when appropriate. Note that not all saltwater deployments need them and there can be unusual and subtle side-effects. As an example of this, zinc anodes could sometimes interact with one of the metal foils in membrane DO sensors and reduce the sensor's lifespan.
10.8.11.	When suspending a unit, keep in mind that types of line have different characteristics which can come into play depending upon the circumstances. UV and abrasion resistance, buoyancy, and how much stretch a line has are some examples.
10.8.12. When designing a mounting for long-term use, keep in mind how fouling on it may impede water flow to a sonde and if the mounting may ever need to be cleaned. Clearing oysters, mussels, or heavy algae away from water ports may be needed periodically.
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11.1.	Standard and Reagent Documentation
Document information about standards and reagents used for verifications.
11.1.1.	Note the date of receipt, the expiration date and the date of first use for all standards and reagents.
11.1.2.	Record the concentration or other value for the standard in the appropriate measurement units.
11.1.3.	Note vendor catalog number and description for pre-formulated solutions as well as for neat liquids and powdered standards.
11.1.4.	Retain vendor assay specifications for standards as part of the calibration record.
11.1.5. 	Record the grade of standard or reagent used.
11.1.6. 	When formulated in-house, document all calculations used to formulate calibration standards.
· Record the date of preparation for all in-house formulations.
· Describe or cite the procedure(s) used to prepare any standards in-house (DEP SOP or internal SOP).

11.2.	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.

11.2.1.	Retain vendor certifications of all factory-calibrated instrumentation.
11.2.2.	Designate the identity of specific instrumentation in the documentation with a unique description or code for each instrument unit used.
11.2.2.1.	Record the manufacturer name, model number and identifying number such as a serial number for each instrument unit.
11.2.3.	Record the time and date of all initial calibrations and all calibration verifications.
11.2.4.	Record the instrument reading (value in appropriate measurement units to the level of resolution stated by the sensor manufacturer) of all calibration verifications.
11.2.5.	Record the temperature associated with all calibration verifications.
11.2.6.	Record the name of the analyst(s) performing the calibration.
11.2.7.	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., saturation).
· Value of standard, including correct units (e.g., mg/L at 25°C).
· Link to information recorded according to section 4.1 above.
11.2.8.	Retain manufacturers' instrument specifications.
11.2.9.	Document whether successful initial calibration occurred.
11.2.10.	Document whether each calibration verification passed or failed.
11.2.11.	Document any corrective actions taken to correct instrument performance according to records requirements of FD 3000.
· Document the date and time of any corrective action.
· Note any incidence of discontinuation of use of the instrument due to calibration failure.
11.2.12.	Describe or cite the specific calibration or verification procedure performed (DEP SOP or internal SOP).

11.3.	Data Elements To Record
Record field-testing measurement data to include at least the following:
11.3.1. 	Agency and project name (if applicable).
11.3.2. 	Date and time (should include time zone).
11.3.2.1.	You must record the date/time for the start and end of the data-logging period as well as for the field deployment period if the two are not identical.
(i.e., if the data-logging is begun in the lab before deployment, record that date/time as well as when the unit was actually deployed on site. If data-logging continued post-deployment, record both when the unit's deployment ended and when data-logging was halted.)
11.3.2.2.	Data recorded for each distinct measurement taken must include the date and time.
(i.e., if set to take readings at 30-minute intervals, the date/time must be recorded along with the sampled data at those times.)
11.3.3. 	Source and location of the measurement or test sample (e.g., monitoring well identification number, outfall number, station number or other description).
11.3.4. 	Latitude and longitude of sampling source location (if required).
11.3.5. 	Analyte or parameter measured. 
11.3.6.	Measurement or test sample value, recorded to the level of resolution stated by the manufacturer for the specific sensor.
11.3.7.	J-qualifier code for the sample result(s) if not bracketed by acceptable calibration verifications.
11.3.8. 	Reporting units.
11.3.9. 	Initials or name of analyst performing the deployment/recovery.
11.3.10. 	Unique identification of the specific instrument unit(s) used for the test(s).
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	Parameter
	Method
	Calibration Acceptance Criteria
	Calibration Verification Acceptance Criteria

	pH
	FT 1100
	± 0.2 Standard pH units of buffer or more stringent program criteria
	± 0.2 unit

	Specific Conductance
	FT 1200
	± 5 % of standard value
	± 5 %

	Temperature
	FT 1400
	± 0.5°C of NIST-traceable value (with correction factors)
Verification over range of applicable values
	± 0.5°C

	Dissolved Oxygen
	FT 1500
	± 0.3 mg/L of theoretical value
(see Table FT 1500-1)
	± 0.3 mg/L

	Turbidity
	FT 1600
	0.1 - 10 NTU: ± 10 % of standard value
11 - 40 NTU: ± 8 % of standard value
41 - 100 NTU: ± 6.5 % of standard value
> 100 NTU: ± 5 % of standard value
	0.1 - 10 NTU: ± 10 % of standard value
11 - 40 NTU: ± 8 % of standard value
41 - 100 NTU: ± 6.5 % of standard value
> 100 NTU: ± 5 % of standard value




[bookmark: _Toc478136752][bookmark: _Toc478366753]Table 2. Solubility of oxygen in water at atmospheric pressure1,2
1 The table provides three decimal places to aid interpolation.
2 Under equilibrium conditions, the partial pressure of oxygen in air-saturated water is equal to that of the oxygen in water-saturated air.
	Temperature (⁰C)
	Oxygen Solubility (mg/L)

	0.0
	14.621

	1.0
	14.216

	2.0
	13.829

	3.0
	13.460

	4.0
	13.107

	5.0
	12.770

	6.0
	12.447

	7.0
	12.139

	8.0
	11.843

	9.0
	11.559

	10.0
	11.288

	11.0
	11.027

	12.0
	10.777

	13.0
	10.537

	14.0
	10.306

	15.0
	10.084

	16.0
	9.870

	17.0
	9.665

	18.0
	9.467

	19.0
	9.276

	20.0
	9.092

	21.0
	8.915

	22.0
	8.743

	23.0
	8.578

	24.0
	8.418

	25.0
	8.263

	26.0
	8.113

	27.0
	7.968

	28.0
	7.827

	29.0
	7.691

	30.0
	7.559

	31.0
	7.43

	32.0
	7.305

	33.0
	7.183

	34.0
	7.065

	355.0
	7.039.65

	36.0
	6.837

	37.0
	6.727

	38.0
	6.62

	39.0
	6.515

	40.0
	6.412

	41.0
	6.312

	42.0
	6.213

	43.0
	6.116

	44.0
	6.021

	45.0
	5.927

	46.0
	8.835 likely false

	47.0
	5.744

	48.0
	5.654

	49.0
	5.565

	50.0
	5.477
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