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This summary generally describes the data validation processes used by DWM for ambient water quality monitoring data consisting of water sample (“laboratory”) and water quality probe data (“attended” and “unattended”).   Due to the wholly different nature of biological data, the procedures described here do not address the validity of biological data (e.g., fish populations, fish tissue toxins*, benthic macroinvertebrates, periphyton) collected by DWM.  

Overview of DWM Water Quality Monitoring Activities:
Each year from April to October, DWM gathers ambient water quality data at selected sites within a predetermined subset of watersheds in the Commonwealth of Massachusetts.   Water quality samples are collected and instrument readings taken in accordance with approved DWM SOPs and consistent with DWM’s approved monitoring QAPP.  Parameters sampled typically include nutrients (phosphorus, nitrogen), chlorophyll a, bacteria, color, turbidity, dissolved oxygen, temperature, pH and conductance.  Raw data products include fieldsheet metadata, electronic data deliverables (EDDs), Laboratory Information System (LIMS) exports, quality control (QC) audit data, laboratory QC data and probe data files.
In addition to DWM’s monitoring program, the MassDEP CERO-SMART regional fixed-site monitoring program collects bi-monthly water quality samples in the Nashua, Concord, Blackstone, French & Quinebaug, Millers and Chicopee watersheds for similar physico-chemical parameters.  The resulting laboratory and attended probe data from this program are also validated using DWM data validation procedures. 

Information Sources Used:
The following data, metadata and criteria information are used to validate annual datasets .   For non-data files, the definitive or most recent and best version of the source was used.  
· Raw fieldsheet metadata  

· LIMS-EDD lab data  

· Pre-processed probe data files (attended and unattended).  Continuous temperature logger data files were validated as part of the unattended data 
· DWM reporting rules  

· Analytical holding times  
· Decision criteria:
· Sampling stations 
· Instrument lab QC data
· Misc. notes, e-mail correspondence
Validation Process Overview:

Water quality data generated by DWM can be deemed suspect or erroneous based on a variety of issues that affect data quality, such as analytical holding time exceedances, poor accuracy and precision, non-representativeness, missing and/or incorrect  information, tidal influence, inadherence to field/lab methods, sample mixups, stability of probe readings, outliers or unreasonable data, field blank contamination, lack of QC information to evaluate data quality, and other sources of human and mechanical error.   DWM’s validation approach attempts to systematically accept, qualify or censor data using semi-automated procedures with built-in error-checking, as follows.


· Fieldsheet Metadata:   Definitive electronic files containing all entered metadata from DWM’s paper fieldsheets undergo 100% data entry QC.  These files are used, in combination with data files, to generating final data files.  As changes to the e-fieldsheet file are required during the validation process, the files are revised following consensus of at least two QA/database staff persons.   All changes to the definitive year-based e-fieldsheet record are documented by email to QC/database staff.
· Laboratory Data:   A master LIMS/EDD data file was created from the complete and most current LIMS extract from the WES lab and from all the complete Electronic Data Deliverable (EDD) files from DWM/other labs (MS EXCEL format).  Lab sample IDs were linked to OWMIDs in the electronic field sheet metadata file.  Station location information was added to the master file using the common data element of "unique ID".  Processing was done via Visual Basic (VB) script and EXCEL macros to efficiently manage the large datasets. VB code was developed for specific QC checks (duplicate accuracy, field blank contamination, hold times, and QAQC frequency).  Final QC2-level edits were manually made using additional information and best professional judgment.  File output is an EXCEL, "flat file" type, in which all analytes are provided in one column.  Standard DWM reporting rules (e.g., rounding and significant figures) were applied, and locational information included based on most current DWM station registration records.   Output  files are read-only and the data sheet protected.  Following the "technical QC" review (QC2), designated staff were asked to review the draft final data files as part of "QC3 review".   This project-level review involved additional checks for completeness, obvious outliers, incongruities, other errors.  Once any required edits from the QC3 review were made, the data status became QC4 (FINAL) followed by QC5 (Published).  
· Attended Data:   YSI and Hydrolab multiprobe data files were uploaded to PC and processed in YEAR sets.  Each file was pre-processed to select the "best line" from blocks of data (3-5 minute duration, 30 sec. apart to ensure a stable record at each site).  During pre-processing, each parameter was assessed for stability and "u" (unstable) qualifiers applied as appropriate.    All the "best lines" were then assembled and linked to electronic field sheet metadata records.   Processing was done via Visual Basic (VB) script to efficiently manage the large datasets.  VB code was also developed for specific QC checks to identify and correct errors (such as missing or inaccurate IDs, date/time errors, duplicate IDs, etc.) and to apply additional qualifiers (such as lab QC issues).    VB code also incorporated in-situ temperature QC measurements (needed to assess temperature-only unattended data records) from a separate file.  Final edits were manually made using additional information and best professional judgement.   File output is an EXCEL, "flat file" type.  Standard DWM reporting rules were applied and locational information included based on most current DWM station registration records.  Output  files are read-only and the data sheet protected.  Following the "technical QC" review (QC2), "QC3 review" was performed by selected staff to look for potential problems missed in QC2 review.  Once any required edits from the QC3 review were made, the data status became QC4 (FINAL) followed by QC5 (Published).  
· Unattended Data:   Multiprobe and temperature logger data files were uploaded to PC and processed in YEAR sets.  Each file was pre-processed to link to electronic field sheet metadata records.   Using Visual Basic (VB) code, files were trimmed for start/end times and automated QC checks were run to identify and correct errors, and to apply data qualifiers based on standard QC criteria.  Final edits were made manually using additional information and best professional judgement.   Overall, the validation process for unattended data was applied not only to censor suspect data with justifiable cause (i.e., data are probably erroneous), but also not to censor unpredictable data without reasonable cause (i.e., data may be real).  File output is an EXCEL, "flat file" type.  Each file contains a "read me" tab, data, a daily statistics sheet, a summary statistics sheet, and DO and temperature data charts.  The automated statistics and charts are provided to DWM staff not only for convenience, but also to provide accurate, quality-controlled and consistent output for the more common statistical measures for DO and T.  Standard DWM reporting rules were applied and locational information included based on most current DWM station registration records.  Output  files are read-only and the data sheet protected.  Following the "technical QC" review (QC2), "QC3 review" was performed by selected staff to look for potential problems missed in QC2 review.  Once any required edits from the QC3 review were made, the data status became QC4 (FINAL) followed by QC5 (Published).  

· Checks against previously expedited data validations:  In some cases, data were reviewed, validated and finalized at an earlier date to provide final data to needy parties (internal to DEP staff and/or external to outside group(s)).  For these situations, QC2 data are compared to the previously finalized data.  Since the formalized QC2 review is typically more thorough, errata to the expedited data are generated if discrepancies are found between the QC2 data and the previously validated (expedited) data.  Such errata are sent to the parties that received the expedited data to inform them of the correction.
Validation Procedural Documentation:

In addition to this summary, DWM’s data validation procedures are described in more detail in a series of SOPs, based on the type of data undergoing review:
· Laboratory Data:  The procedures used to process and validate the combined fieldsheet metadata and laboratory electronic data deliverables (EDDs), including the WES’ LIMS extract, are described here:   CN 056.6 - SOP_Data Validation_Laboratory Data_DRAFT.docx (CN 56.6).  This SOP describes the procedures used to evaluate lab data quality against DWM acceptance criteria.  Where data did not meet criteria, data were censored or qualified.

· Attended probe data:  SeeCN 056.4 - SOP_Data Validation_Attended Probe Data.docx  (CN 56.4) for procedures used to validate DO, pH, specific conductance and temperature data collected using attended multiprobe sondes.   This process was applied to multiple years of data (2006 through 2010).  Where data did not meet criteria, data were censored or qualified.

· Unattended probe data:  The procedures used to finalize continuous DO and temperature data using deployed multiprobe sondes are provided here:  CN 056.5 - SOP_Data Validation_Unattended Probe Data.docx  (CN 56.5).   This process also involved multiple year-sets of data (2005 through 2010).   Where data did not meet criteria, data were censored or qualified.
· Validation Criteria:  W:\DWM\SOP\CN 056.3 - SOP_Data Validation Decision Table.doc.

All electronic files related to data validation for any given year-dataset are retained indefinitely by DWM data management staff, for future reference if needed.  These include backup files, previous version files, working files, etc.   Similarly, paper files, such as emails, meeting notes, red-lined copies, etc., are also retained for at least 7 years.
Availability of draft and final data:

· QC2-level data:   The technical QC review described in the SOPs provided above results in draft data (QC2-level).  These data are available here:  W:\DWM\Data\QC2 data\, for further review by project managers in order to make final edits (QC3).  Once edits are made, data are removed from the QC2 network folder and re-exported to the corresponding QC4 folder as final data. 
· QC4-level data:    Final data are available here:  W:\DWM\Data\QC4 data (FINAL)\.    “READ ME” sheets in each file describe general process, list definitions for qualifier symbols and provide other relevant information.  The QC4 data can be used by DWM staff for analysis and reporting.  
Batch Upload of Final Data Files to “Database”:   As of May, 2012, the upload of QC4 final EXCEL data files to a DWM centralized database is PENDING.
Appendix A:  Data Symbols and Qualifiers

The following data qualifiers or symbols are used for qualified and censored water quality and multi-probe data.   Decisions regarding censoring vs. qualification for specific, problematic data are made based on a thorough review of all pertinent information related to the data.

General Symbols (applicable to all types):

“ ## ” =
 Censored data (i.e., data that has been discarded for some reason).  

“ ** ” = Missing data (i.e., data that should have been reported).  

“ -- ” =
No data (i.e., data not taken/not required)     

“ ^^ “ =  No data due to no water
Multi-probe-specific Qualifiers:

“ i ” =
inaccurate readings from Multi-probe likely; may be due to significant pre-survey calibration problems, post-survey checks outside typical acceptance ranges for the low ionic and deionized water checks, lack of calibration of the depth sensor prior to use, or to checks against laboratory analyses.  Where documentation on unit pre-calibration is lacking, but SOPs at the time of sampling dictated pre-calibration prior to use, then data are considered potentially inaccurate. 
“ m ” = method not followed; one or more protocols contained in the DWM Multi-probe SOP not followed, ie. operator error (eg. less than 3 readings per station (rivers) or per depth (lakes), or instrument failure not allowing method to be implemented.

“ s ” = field sheet recorded data were used to accept data, not data electronically recorded in the Multi-probe surveyor unit, due to operator error or equipment failure.

“ u ” = unstable readings, due to lack of sufficient equilibration time prior to final readings, non-representative location, highly-variable water quality conditions, etc.    See Section 4.1 for acceptance criteria.

“ c ” = greater than calibration standard used for pre-calibration, or outside the acceptable range about the calibration standard.   Typically used for conductivity (>718, 1,413, 2,760, 6,668 or 12,900 uS/cm) or turbidity (>10, 20 or 40 NTU).     It can also be used for TDS and Salinity calculations based on qualified (“c”) conductivity data, or that the calculation was not possible due to censored conductivity data ( TDS and Salinity are calculated values and entirely based on conductivity reading).   See Section 4.1 for acceptance criteria.

“ r ” = data not representative of actual field conditions.

“ t ” = tidal conditions

Sample-Specific Qualifiers:

“ a ” =
accuracy as estimated at WES Lab via matrix spikes, PT sample recoveries, internal check standards and lab-fortified blanks did not meet project data quality objectives identified for program or in QAPP.

“ b ” =
blank Contamination in lab reagant blanks and/or field blank samples (indicating possible bias high and false positives).

“ d ” =
precision of field duplicates (as RPD) did not meet project data quality objectives identified for program or in QAPP.   Batched samples may also be affected.

“ e ” =
not theoretically possible.  Specifically, used for bacteria data where colonies per unit volume for e-coli bacteria > fecal coliform bacteria, for lake Secchi and station depth data where a specific Secchi depth is greater than the reported station depth, and for other incongruous or conflicting results.

“ f ” =
frequency of quality control duplicates did not meet data quality objectives identified for program or in QAPP.

“ h ” =
holding time violation (usually indicating possible bias low)

“ j ” =
‘estimated’ value; used for lab-related issues where certain lab QC criteria are not met and re-testing is not possible (as identified by the WES lab only).   Also used to report sample data where the sample concentration is less than the ‘reporting’ limit or RDL and greater than the method detection limit or MDL  (mdl< x <rdl).  Also used to note where values have been reported at levels less than the mdl.

“ m ” = method SOP not followed, only partially implemented or not implemented at all, due to complications with sample matrix (eg. sediment in sample, floc formation), lab error (eg. cross-contamination between samples), additional steps taken by the lab to deal with matrix complications, lost/unanalyzed samples, and missing data. 

“ p ” =
samples not preserved per SOP or analytical method requirements.

“ r ” =
samples collected may not be representative of actual field conditions, including the possibility of “outlier” data and flow-limited conditions (e.g., pooled).

“ t ” = tidal conditions
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