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There are numerous options of commercially available systems for data storage and management

With costs
No-cost

You can find even more free 
alternatives if you search for 
„open source database“ or „free 
database“ on the web.

Laboratory LIMS systems are 
examples of relational databases 
but vary widely in style and ease 
of use

The “LibreOffice” and “OpenOffice” 
packages are fairly similar to each other and 
remind you very much of the Microsoft 
“Office” package in look and feel. They too 
include spreadsheet and database programs 
that offer similar functionalities as the 
Microsoft products.

Google offers a cloud service, called 
“Google Drive” where you can store data 
online. It has a very useful spreadsheet 
component, called  “Google Sheets”, that 
allows you to work with other people on the 
same spreadsheet table. You can also 
upload Excel files, which are then 
automatically translated into “Google 
Sheets” files with similar capabilities.

Lastly, there is a free database application 
called MySQL, which requires less overhead 
than an Oracle database in terms of 
installation and set-up, but at the same time 
offers more performance than Microsoft 
Access or its free counterparts.

Here are examples of two commercial 
vendors for data handling software: 

Microsoft offers its popular “Office” 
package, which includes “Excel”, a 
powerful Spreadsheet application that 
should be familiar to most of you. But 
it also includes “Access”, a database 
system designed for individuals and 
small-to-medium-sized businesses. It is 
easy to install, easy to use and to 
integrate into other Microsoft 
products, and offers all the benefits of 
a relational database. However, it is 
limited in the amount of data that it 
can hold: if the Access database 
grows over 2GB in size, it will start 
experiencing problems and cease to 
function properly.

Oracle Corporation offers the “Oracle 
Database”, which is the world’s most 
popular database for all kinds of data 
operations, including “Big Data”. It 
performs robustly, even under extreme 
workloads and offers many 
functionalities for data analysis. 
However, it takes an expert for 
installation and set-up and needs a 
dedicated server to operate.

Free
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• These generally fall into either Spreadsheets (e.g.) MS Excel



Data storage systems
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• Or relational databases such as MS Access, MS SQL / Oracle

These are much more 
suited to complex 
inter-related data with 
common linking fields 
e.g. Station Code



Comparison of benefits 
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Spreadsheets Relational Databases

• Designed to store key numeric data points rather than 
related details such as text fields

• Made of rows and columns that simulate a paper 
worksheet

• Manage and calculate information which can be used 
to create charts and graphs in-situ

• Ideal for calculations and (some) data analysis
• Tempting as a quick and easy way to store organized 

information

BUT

• Risk of not updating formulae etc. when any new data is 
input

• Not suited to concurrent user usage 
• Not really suited for long-term storage unless ground rules 

are applied and data entry fields are clearly defined 

• Designed to hold a much larger collection of organized 
information in one space

• Made up of a series of specific tables, that look like a 
spreadsheet, but where each row is a unique record within 
the dataset

• Each table holds only one type of information
• Tables are related to each other using key fields, enabling 

records of one table to be associated with records of 
several other tables 

• Suited to complex grouping and aggregation
• Capable of data export to commercial report writing

software for data aggregation etc. 

BUT

• More complex to design than spreadsheets
• Steep learning curve especially for new report writers

Source: Sven-Henrik Kleber (UCC)
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No matter how your data are stored, it is important to keep them organized 
and up-to-date, regardless of the amount of data.

Think about data like clothes in your wardrobe: 

• To find quickly what you want to wear, you need a simple system of 
organizing it.

• If every drawer or compartment has only one type of clothing (trousers, T-
shirts, socks), you only need to find the particular style that you want to 
wear today.

• No time is wasted digging through a mixed pile of clothes to find a 
matching pair of socks.

Your wardrobe for data is the hard drive of your computer.  Your drawers and 
compartments are the folders on that hard drive.

Electronic File Management

The goal of electronic file management is to ensure that you can find what 
you're looking for, even if you're looking for it years after its creation. Even 
after the person that created the data has left your organization.
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Electronic File Management

• Separate "original" from "modified" data - to be able to account for changes.

• Do not delete "old" data - instead, if you need to "clean-up", move them to an appropriately named sub-folder.

• Back-up your files regularly - either manually or automatically, to avoid data loss.

• Be consistent - When developing a naming scheme for your folders it is important that once you have decided on a 
method, stick to it!

• Create a template for folder structures - copy and paste it every time when a new branch with the same folder 
structure needs to be created.

• Document your system - create a cheat sheet of any abbreviations you’ll often use or any rules you may forget!

• Use folders - group files within folders, so information on a 
particular topic is located in one place.

• Name folders appropriately - name folders after the most 
relevant information that the data have in common. Use keywords.

• Structure folders hierarchically - start with a limited number of 
folders for the broader topics, and then create more specific 
folders within these. 
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Data Tools 
Tools for data quality control and assurance

Microsoft Excel

● Conditional formatting, e.g. when certain criteria are not met.

● Drop-down selection lists for allowed values.

● Validity checks with error message.

● Scripting language (VBA) for background automatization.

Relational databases 

● Validation rules for every individual column.

● Enforcing of certain data types.

● Full inclusion of controlled vocabularies through relations.

● Scripting languages for background automatization included 

for some products.

External Programs / Scripts

● Read data from any input format, transform it into a database 

import file and validate at the same time.



Data management …

Data quality control is implemented through four basic activities:

• Strategies for preventing errors from entering a dataset.

• Activities to ensure quality of data before entry into a database.

• Activities that involve monitoring and maintaining the quality of data during and after entering data into a database.

• Documenting information about the credibility / quality of stored data.

The intentions behind these activities are twofold:

• Allow for interpretation of anomalous values.

• Detect and clean-up data errors that were introduced during the various steps of data transcription as well as data entry into 
the storage system.
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In general, there are two types of errors that can occur:  

Errors of Commission

• Incorrect or inaccurate data entered due e.g. to  malfunctioning instrument, mistyped data

Errors of Omission

• Data or metadata not recorded due e.g. to inadequate documentation, human errors, like skipped 
lines or forgotten measurements, anomalies in the field, like GPS unit running out of battery or 
conditions at site prevent accurate sampling procedure



Define the data standards
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Data standards are rules defining how data are described and recorded in a consistent format.  

Standardizing the format and meaning of the data collected throughout the monitoring programme is required to 
understand, share and exchange the data. Standards are also essential to integrate data from multiple sources. 

Standards exist on different levels:

● File formats for exchange and sharing

● Data types 
○ e.g. string, integer, numeric, date/time

● Centralised data storage (data model)

During the monitoring program design and data management planning, existing data standards should be 
identified and applied consistently throughout the implementation and clearly documented.



File formats
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• Files should be retained unencrypted and uncompressed. 

• Use same formats and procedures for saving files within project.

• Examples of good standard formats that are readable by most data processing 

software and are well documented:

• Comma-separated values (CSV) - Very portable, text-based format for tables.

• Extensible Markup Language (XML)

 Capable of defining any arbitrary data structure. 

 Potentially very complex.

• OpenDocument Format (ODF)

XML-based file format for tables, charts, presentations and word processing 
of OpenOffice software (www.OpenOffice.org).

• Database SQL-Dumps

Content of a CSV-file with 

semicolons as column delimiter:

Content of an XML-file representing 

one row of an Excel table:

http://www.openoffice.org/
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• Stores data as a spreadsheet table.

• Can only be opened with spreadsheet software.

• Current Excel versions use Office Open XML file 
format, which is openly documented.

• Similar to OpenDocument Format, but a competing 
standard.

• Allows inclusion of figures and charts.

• Provides a wide variety of formulas to calculate cell 
values, as well as additional functionalities for 
formatting and data validation.

• Supports different data types and can detect them 
automatically.

• Explicit setting of data types for each column is 
strongly recommended to avoid problems.



File formats – CSV 
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• Can be opened and easily edited with a text editor.

• Represents a table:

 Each line of text is a table row.

 Each column is separated by a defined delimiter character
(for example comma "," or semicolon ";", but can be everything)

 Same delimiter character defined for whole document

• Each value is stored purely as text.

• Easy to read by computer programs on any operating system, 
but requires following information:

 delimiter character between columns, to separate them

 Intended data type for each column

 possibly "line terminator" character to indicate end of rows

• Can be easily imported into excel.

 No ambiguity regarding data types.

Columns
Column 

Delimiter

Example CSV-file with column 

values and column separators 

highlighted.

Excel import-dialogue for the CSV-

file above, with columns separated 

at the delimiter character ";" and 

allowing to set data types for each 

column individually.



File formats – managing the differences
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Time / Location
Parameter / Method 

Code
Water Quality Data

GEMS Station 
Number*

Sample Date* Sample Time* Sample Depth* Parameter Code* Analysis Method Code* Value* Value Flags
Integrated 

Sample
Remarks

XMP00052 2013-09-27 17:25:00 0.1 Alk-Tot Alk-T-POT-Auto 0.01 L

XMP00052 2013-09-27 17:25:00 0.1 Alk-Phen Alk-T-POT-8.3 104

XMP00052 2013-09-27 16:25:00 0.1 PV PV-T-COL-KMnO4 10
XMP00052 2013-09-27 16:25:00 0.1 Cl-Dis Cl-ISE 16
XMP00052 2013-09-27 17:25:00 0.5 Alk-Tot Alk-T-POT-Auto 0.01 L
XMP00052 2013-09-27 16:25:00 0.5 Alk-Phen Alk-T-POT-8.3 104

XMP00052 2013-09-27 15:25:00 0.5 PV PV-T-COL-KMnO4 10
XMP00052 2013-09-27 17:25:00 0.5 Cl-Dis Cl-ISE 16

GEMS / Water Quality Monitoring Data(Han River_ParDang)

pH EC SS NH3-N flow DO F- Cl- SO4
2- Na Mg Ca T-P Alkalinity W.T BOD 

Fecal 
Colifoum

Cd Cu Pb Hg Cr Zn

단위 ㎛hos/Cm ㎎/L ㎎/L ㎥/sec ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ℃ ㎎/L
MPN

/100mL
㎎/L ㎎/L ㎎/L ㎎/L ㎎/L ㎎/L

10/01/2018 8.7 231 2.1 0.155 173.800 13.3 0.200 19.355 16.204 12.605 4.559 23.591 0.014 53 2.1 0.8 2 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

24/01/2018 8.0 225 1.2 0.162 173.000 13.8 0.200 17.873 15.874 11.866 4.426 22.663 0.017 47 0.4 0.8 1 L0.002 L0.002 L0.002 L0.0005 L0.0006 L0.006

06/02/2018 8.5 230 1.8 0.208 177.300 13.4 0.202 19.497 17.255 12.760 4.690 24.228 0.013 53 0.8 0.7 1 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

21/02/2018 8.7 225 2.3 0.190 173.800 14.0 0.201 17.794 16.665 11.901 4.549 23.277 0.018 50 2.1 1.0 0 L0.002 L0.002 L0.002 L0.0005 0.0003 L0.006

07/03/2018 8.0 242 2.3 0.192 247.400 12.8 0.131 24.900 17.106 12.432 4.937 25.917 0.015 51 3.7 0.6 5 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

21/03/2018 7.6 252 10.8 0.191 250.100 11.7 0.193 28.648 18.853 17.237 4.938 26.032 0.038 53 8.0 2.0 4 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

04/04/2018 8.0 159 4.8 0.036 212.700 10.7 0.170 16.912 10.643 11.616 3.088 16.152 0.019 31 11.0 1.1 12 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

18/04/2018 8.5 216 7.7 0.026 289.400 11.0 0.197 21.677 15.081 14.255 4.328 23.077 0.027 48 12.7 1.2 9 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

02/05/2018 7.6 183 8.6 0.025 453.500 10.8 0.185 17.008 13.056 12.108 3.893 20.013 0.028 45 14.9 1.5 8 L0.002 L0.002 L0.002 L0.0005 L0.0002 L0.006

2017Kelani River Water Quality data 

Jan-17

Latitute Logtitute

Sampling Location
GEMS Water 

Station Id pH EC mS/cm Turb NTU Tem 0 C DO mg/l COD mg/l BOD5 mg/l Cl- mg/l NO3
-1 mg/l PO4

-3 mg/l TSS mg/l NH3 mg/l TH mg/l
Total Coliform 
MPN/100ml

Faecal  
Coliform 
MPN/100ml Cr   µg/l Pb   µg/l Cd µg/l Fe  µg/l

435816 E 772827 N Parawalathanna Bridge 7.60 50 2 25.3 8 10 3 4 <0.01 <0.01 1 0.13 40 1400 330 <10 <10 <10 <10

6  57  14 80  13  12 Thalduwa Bridge 76005 7.8 40 10 27.9 6.6 13 2 4 0.16 <0.01 4 0.08 16 9000 1700 <10 <10 <10 <10

418547 E 776036 N Karawanella Bridge 7.4 50 8 25.1 7 11 2 5 0.36 <0.01 5 0.12 20 1700 1100 <10 <10 <10 <10

418200 E 780505 N Aguruwella Bridge 7.2 50 4 28.2 7.4 11 3 5 <0.01 0.01 2 0.05 12 2200 1300 <10 <10 <10 <10

430254 E 764051 N Nakkawita Bridge 7.50 20 3 27.2 7.1 11 2 2 0.04 <0.01 3 0.11 26 1100 330 <10 <10 <10 <10

6  58   37 80  11  39 Seethawake Ferry 76006 7.4 470 18 28.1 6.8 12 <1 26 0.03 0.01 3 2.83 52 9000 1700 20 <10 <10 <10
Pugoda Ferry 76009 7.5 70 15 26.5 7.5 14 2 9 0.01 0.01 <1 0.02 20 700 270 20 <10 <10 <10

6  54  36 80  05  00 Hanwella Bridge 76007 7.6 60 12 26.3 7.6 16 2 6 0.17 0.01 1 0.06 16 330 270 40 <10 <10 <10

6  56  18 79  56  50 Welivita Bridge 76003 8.1 130 12 26.5 7.5 17 2 146 0.28 0.01 <1 0.16 20 3000 2400 <10 <10 <10 <10
Kaduwela Bridge 76008 8.2 90 12 26.5 7.2 14 1 6 0.12 0.01 3 0.25 12 1700 700 20 <10 <10 <10

Japan – data 
structured by 
station / 
parameters / 
data in GEMS 
Water format

Korea –
Samples down 
and dets
across per 
station

Sri Lanka –
Stations down 
– dets across, 
ordered by 
month
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• Makes the work of copying and moving of files between locations 
much more efficient

• Speeds up transfer of big files

• Allows extensive control via keyboard shortcuts

 It is really a faster way to work!

• Additional functionalities:

 compare file contents

 batch renaming

 FTP transfer client

 additional plugins for more specialized tasks

• Many options, for example:

 Total Commander (shareware)  https://www.ghisler.com/

 FreeCommander (freeware)  https://freecommander.com/en/summary/

https://uk.pcmag.com/cloud-services/71073/the-best-document-
management-software

https://www.ghisler.com/
https://freecommander.com/en/summary/
https://uk.pcmag.com/cloud-services/71073/the-best-document-management-software


Data extraction – ground rules
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 How you get access to your data out largely depends largely on how it has been stored

 It may require some degree of data transformation before use e.g. date reformatting (in Excel) 

 Raw (original) data should always remain intact and data assessment should be undertaken on extracted datasets 

unless the software used facilitates real-time access to updated data

 Where data requires manipulation the raw record should be appended with the corrections / dated / signed

 File naming / Version control is critical

 Read Me / Changes sections should be incorporated into e.g. Excel workbooks e.g. RawData_230918_v1.csv

 A more sophisticated way would be to use a version control system (like Git, or its windows interface TortoiseGit) 

that tracks changes to files and allows for comparison of file versions with each other. It also allows you to restore 

older versions.

https://tortoisegit.org/

 Make regular manual backups! – and don’t rely on Windows backup functionality to do this for you!

https://tortoisegit.org/


Data validation 
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• No data is ever ‘ perfect’ – there will generally always be some ‘odd’ results

• These can be minimised by using data validation definitions / rules

Table Field Validation Rule

STATIONS

LATITUDE Between -90 And 90

LONGITUDE Between -180 And 180

TYPE
In ("Groundwater", "Lake", 

"River")

BASINS BASIN_SIZE >0

SAMPLES SAMPLE_DATE <=Date()

VALUES
VALUE_FLAGS In (">","<","C")

VALUE >=0

PAR_METH DETECTION_LIMIT >=0

PARAMETER

PARAMETER_UNIT

In ("mg/l", "µg/l", "µS/cm", 

"pH Units", "1/100 ml", "1/l", 

"1/ml", "°C", "NTU")

PARAMETER_UPPER_LIMIT >0

PARAMETER_LOWER_LIMIT >=0

• Only values meeting these criteria will be 
accepted in the database

• Typographic errors typically 1:1000 characters

• http://allenbrowne.com/ValidationRule.html

http://allenbrowne.com/ValidationRule.html


Data ‘anomalies’
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 ‘Anomalies’ may be genuine but could also be likely to be manual data entry errors e.g. pH 95.1 not 9.51

 Examine all the possible ’Result’ fields to gain as much information as possible e.g. Ireland’s EDEN database has 3 
related results fields to accommodate data entry from multiple LIMS systems:

• Measured _Result …. The actual entered numeric value

• Meas_TextResult  … the actual measured value but reported as text e.g. < 0.5 … generally with no Meas_Result entry

• Result_String … usually things like OK, BLD etc. but may contain actual data values e.g. <0.1

 Substitute all BLD and LT (< values) with their approved surrogate value (0.5 * LoQ) 

 SI 272 of 2009 http://www.irishstatutebook.ie/eli/2011/si/489/made/en/pdf

 (Directive 2009/90/EC) https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:201:0036:0038:EN:PDF

 Convert units to a common / standardised form e.g. NO3 -> N, PO4 -> P, Cond 20°C -> 25°C

 Samples need to be viewed both in their own context and also in the context of other samples from the same site 
using historic data as a comparison (where available)

 Use selective ‘filters’ for identifying ‘ out of norm’ values e.g. Ammonia / MRP >0.5 mg/l, BOD >10 mg/l etc.

http://www.irishstatutebook.ie/eli/2011/si/489/made/en/pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:201:0036:0038:EN:PDF
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General ’outlier’ plausibility filters / R-code

graphics.off ()

df<-read.csv("E:\\Rcsv/2013_pH.csv")  

res<-(df$Meas_Result)

riv<-(df$River_Code)     

par(las=2, font.lab=2)

plot(res~riv, col=3, ylab = “pH", ylim = c(3,10), xlab = " ", 

main ="pH 2013 data ", cex.axis=0.3)

## if a line representing e.g. an EQS value is needed adding the 

following text to the bottom of the script will draw this where h= 

the y value for the line. E.G. Ph 4 and 9 as flag lmits’

Lwd = line width, col = 4 = blue line 

abline (h=4, lwd=2, col=4). 

Line will print at pH = 4. Repeat for pH=9
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General ’outlier’ output using basic R-code

‘Flagging’ limits set at pH4 and pH9

Values for checking
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Examining the whole sample data

07R01-0160 RIVERSTOWN - 2nd Br d/s Riverstown Br  (d/s STW) 

RIVERSTOWN 07R01-0160 178024-03-01-2017   03/01/2017 00:00Eden BOD - 5 days (Total) mg/l 1.2 OK 1.2

RIVERSTOWN 07R01-0160 178030-01-02-2017   01/02/2017 00:00Eden BOD - 5 days (Total) mg/l 5.2 OK 5.2

RIVERSTOWN 07R01-0160 178029-07-03-2017   07/03/2017 00:00Eden BOD - 5 days (Total) mg/l 1.6 OK 1.6

RIVERSTOWN 07R01-0160 178004-05-04-2017   05/04/2017 00:00Eden BOD - 5 days (Total) mg/l 1.3 BLD 1.3

RIVERSTOWN 07R01-0160 1780110919/017      02/05/2017 00:00Eden BOD - 5 days (Total) mg/l 13 OK 13

RIVERSTOWN 07R01-0160 175126-06-06-2017   06/06/2017 00:00Eden BOD - 5 days (Total) mg/l 1.8 OK 1.8

RIVERSTOWN 07R01-0160 1.78004E+13 04/07/2017 00:00Eden BOD - 5 days (Total) mg/l 1.6 OK 1.6

RIVERSTOWN 07R01-0160 178019-01-08-2017   01/08/2017 00:00Eden BOD - 5 days (Total) mg/l 1.1 OK 1.1

RIVERSTOWN 07R01-0160 1.7808E+11 13/09/2017 00:00Eden BOD - 5 days (Total) mg/l 1.5 OK 1.5

RIVERSTOWN 07R01-0160 1.7801E+13 10/10/2017 00:00Eden BOD - 5 days (Total) mg/l 1 BLD 1

RIVERSTOWN 07R01-0160 1.7801E+13 10/10/2017 12:00Eden BOD - 5 days (Total) mg/l <1

RIVERSTOWN 07R01-0160 120739/004 28/11/2017 12:00Eden BOD - 5 days (Total) mg/l 1.9 1.9

RIVERSTOWN 07R01-0160 121128/012 06/12/2017 12:00Eden BOD - 5 days (Total) mg/l 1.4 1.4

Possible typo error (1.3?) 

Data was not included in 

overall summary as no 

response from submitting lab 

when queried

1780110919/017      02/05/2017 00:00

Ammonia-Total (as N) mg/l 0.005 BLD

BOD - 5 days (Total) mg/l 13 OK

Conductivity @20Â°C ÂµS/cm 569 OK

Dissolved Oxygen

% 

Saturation 92.1 OK

ortho-Phosphate (as P) - unspecified mg/l 0.005 OK

pH pH units 8.3 OK

Temperature Â°C 16.9 OK

Total Nitrogen mg/l 1.2 OK

Total Phosphorus (as P) mg/l 0.02 OK

Ammonia        COD          Cond           MRP

0.043

0.031

0.041

0.006

0.003

0.003

0.01

0.008

0.012

0.022

0.057

0.035

45

41

31

26

28

34

23

23

51

33

594

505

543

571

569

560

617

580

580

643

643

605

0.016

0.03

0.014

0.013

0.005

0.018

0.023

0.009

0.008

0.005

0.003

0.023

Inclusive mean = 2.55 mg/l

Excluded mean = 1.68 mg/l
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Outlier ‘treatments’
Question Example Response

Is the result an obvious typo error? pH 95 Correct it and note the original entry 

Is the result scientifically impossible? Suspended Solids of -6  mg/l Remove it or have it rechecked by the submitter

Is the Gaussian distribution assumption dubious? Skewed data Retain but outlier tests like Grubbs test are less 

robust 

Is the ‘outlier’ scientifically interesting? e.g. an unusually polluted sample Don't throw out the data as an outlier until first 

thinking about whether the finding is potentially 

important.

Does the lab QC data suggest an analytical 

problem?

e.g. AQC bias failure Flag the result and do not use for data 

assessments

Do you have an ‘outlier’ policy? Removing data should not be an ad-hoc affair

Is there more than one ‘outlier’? 3.1, 3.5, 6.1, 3.6, 3.4, 5.7, 3.4, 3.1, 5.8 Removal of outliers may mask a genuine problem. 

Possible seasonality may be indicated

If you've answered No to all the questions above, there are two possibilities:

• The suspect value came from the same Gaussian population as the other values. You just happened to have collected a value from one of the tails of that 

distribution

• The suspect value came from a different distribution than the rest. Perhaps it was due to a mistake, such as bad pipetting, voltage spike, holes in filters, etc.

If you knew the first possibility was the case, you should keep the value in your analyses. Removing it would be a mistake.

If you knew the second possibility was the case, you should remove it, since including an erroneous value in your analyses will give invalid results.
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Grubb’s test for single outliers

Grubbs' test is one of the most popular ways to define outliers, and is quite easy to understand. This method is also 
called the ESD method (extreme studentized deviate).

The first step is to quantify how far the outlier is from the others. Calculate the ratio Z as the difference between 
the outlier and the mean divided by the SD. If Z is large, the value is far from the others. Note that you calculate the 
mean and SD from all values, including the outlier.

Grubbs and others have tabulated critical values for Z which have been tabulated. The critical value increases 
with sample size, as expected. If your calculated value of Z is greater than the critical value in the table, then the 
P value is less than 0.05.

Note that the Grubbs' test only tests the most extreme value in the sample. If it isn't obvious which value is 
most extreme, calculate Z for all values, but only calculate a P value for Grubbs' test from the largest value of Z.

http://www.lithoguru.com/scientist/statistics/Grubbs%20Test%20Critical%20Values.pdf

http://www.lithoguru.com/scientist/statistics/Grubbs Test Critical Values.pdf
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Limitations of ‘outlier’ testing

• If there is more than 1 extreme value Grubb’s test may not detect them as outliers since the SD will be 
larger. Test all of the extreme values individually and calculate the P value using the largest value of Z.

Left (one outlier) Right (two outliers)

Mean 60.364 68.167

SD 33.384 41.759

Z 2.8048 2.0554

n 11 12

Critical Z to define 

outlier (alpha=5%)

2.3547 2.4116

Critical Z to define 

outlier (alpha=1%)

2.5641 2.6357

Grubbs' outlier test computes a ratio Z by first calculating the 
difference between the possible outlier and the mean, and then 
dividing that difference by the standard deviation. If Z is large enough 
(considering the sample size), that point is declared to be an outlier. As 
the table opposite low shows, the presence of the second outlier (in a 
small data set) inflates the standard deviation, and so decreases the 
value of Z to below the threshold used to define an outlier.

https://www.graphpad.com/quickcalcs/Grubbs1.cfm

http://www.real-statistics.com/students-t-distribution/identifying-outliers-
using-t-distribution/grubbs-test/

https://www.graphpad.com/guides/prism/6/statistics/index.htm?stat_
checklist_identifying_outliers.htm

https://www.graphpad.com/guides/prism/6/statistics/stat_detecting_outliers_with_grubbs.htm
https://www.graphpad.com/quickcalcs/Grubbs1.cfm
http://www.real-statistics.com/students-t-distribution/identifying-outliers-using-t-distribution/grubbs-test/
https://www.graphpad.com/guides/prism/6/statistics/index.htm?stat_checklist_identifying_outliers.htm
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Examples of EPA data ‘anomalies’ 

2017 Rivers data (EPA) 

River_Name StationFullCode Station_Name Samp_Date Prm_Desc Units Meas_Result ResultString LoD Reason for removal 

FANE 06F01-0850

FANE - Ford 1.8km d/s Knock 

Bridge 25/04/2017 12:00 Ammonia-Total (as N) mg/l <0.53 0.53 LoQ unfit for purpose 

BALLYCUIRKE 30B14-0060

Downstream Monitoring of 

TPEFF1200D0191SW001 22/03/2017 10:00 Ammonia-Total (as N) mg/l 0 0 No LoQ applied to this data 

DERREEN 12D01-0330 Hacketstown Downstream 15/03/2017 09:35 Conductivity @20Â°C µS/cm 66 <132 132 LoQ not fit for purpose 

FLESK 

(KERRY) 22F02-0310

FLESK (KERRY) - Flesk Br S 

of Killarney RHS (F8) 28/03/2017 11:40 Ammonia-Total (as N) mg/l 17.82

Short duration pollution event -

resampled 11:45

-1.50

-1.00
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1.00
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2.50

3.00

1976 1996 2016

16
T

0
1-

0
6

0
0

Year

Data

Sen's estimate

95 % conf. min

95 % conf. max

Residual

Single result – possible TON 
units error (0.19 x62/14 = 0.84)

Mean: 1.66502

SD: 0.42406

# of values: 39

# of rows w/o data: 1 (0.19)

Outlier detected? Yes

Significance level: 0.05 (two-sided)

Critical value of Z: 3.025 (two-sided)

Calculated Z:                  3.479 – outlier likely
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Examples of possible DRIN data ‘anomalies’  

Trend of phosphate concentrations in the 
time-series 2006–2016 at station Bachallek
of the Drin River. 

Trend analysis of phosphates at station Kralan (062) of 
Lumbardhi i Deçanit River, White Drin’s sub-basin, 
within the time series 2008–2015. 

Pollution trends for selected parameters detected 
at Spilje on the Black Drin in the FYROM’s part 
during 2007–2015. 

Variation of nitrates and ammonium in Shkoder 
Lake within the time-series 2016–2016. 

Why are these 3  
stations less 
variable than 
those in the rest 
of the lake?

Downward trend 
may be being 
influenced by this 
very high value 

This station now 
shows much 
more variability 
– what has 
changed? 

Pollution trends for Nickel detected on the Black Drin 
in the FYROM’s part during 2007–2015. 

Ni concentrations 
are very close to 
the LoD. Is a trend 
really evident? 

These two 
results are 
abnormally 
high – was 
there a reason?
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Data management in practice – Water Framework Directive (Ireland)

GPC quality based on assessment of 

Acidification, Oxygenation, Nutrients

EQS criteria set out in SI 272 of 2009

• Over 1.5Million results for 2010 -2015

• Data managed in SQL / Excel using data 

principles shown earlier

• GPC combined with Bio elements and 

mismatches reviewed

• Chemical Status based on a Frequency / 

Magnitude risk matrix

Ireland’s river system -2019

http://www.irishstatutebook.ie/eli/2009/si/272/made/en/pdf


WFD – General Physico-Chemical Assessment (One Out All Out)
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Ecological Status is based on the poorest 
element of:
• General Phsyico-Chemistry

• pH
• Ammonia
• BOD
• Nitrate / TON
• Phosphorus 

• Chemical pollutants
• Metals
• Organics – VOCs, Pesticides, PAHs

• Biological Quality
• Fish
• Macrophytes
• Macroinvertebrates

• Each element is assessed individually using 
their own criteria and the output combined 
to determine the overall Ecological Status

• pH – limits depend on Hardness

• Use of Alkalinity as a surrogate where no data available

• Metals Cu, Cd, Zn status is also dependent on Hardness

• Fail only if Mean and 95%ile exceeded with 99%confidence (one tail 

assessment)

y = 0.8529x
R² = 0.9425
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One Out – All out
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• Oxygenation- Ammonia, BOD and DO assessments Combined – any anomalies examined  
S
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01D01-0650 Dissolved Oxygen % 1 219 219 219 219 NA 219 Fail Prob. Fail 

01E02-0300 Dissolved Oxygen % 16 97 99.3125 104 99 2.414366722 103.25 Pass Fail

01M01-0100 Dissolved Oxygen % 36 66 97.16666667 104 98 6.691145535 104 Pass Fail

01S02-0200 Dissolved Oxygen % 36 68 98.41666667 105 99 5.852349955 103.25 Pass Fail

03B01-0100 Dissolved Oxygen % 13 76 94.15384615 116 95 8.849163368 104.6 Pass Fail

03B01-0130 Dissolved Oxygen % 13 74 93.53846154 113 94 8.61795978 102.8 Pass Fail

03B01-0600 Dissolved Oxygen % 14 74 91.35714286 114 89.5 9.747639895 106.2 Pass Fail

03B01-0800 Dissolved Oxygen % 36 83 97.25 121 95.5 6.380214954 108.25 Pass Fail

03C01-0900 Dissolved Oxygen % 6 92 95.66666667 98 96.5 2.250925735 97.75 Pass Prob. Pass 

03C01-1200 Dissolved Oxygen % 6 92 94.5 98 94 2.588435821 97.75 Pass Prob. Pass 

03C01-1300 Dissolved Oxygen % 1 102 102 102 102 NA 102 Pass Prob. Pass 

03C01-1400 Dissolved Oxygen % 18 77 89.55555556 102 91 6.232950602 96.05 Pass Fail

03C02-1300 Dissolved Oxygen % 18 70 85.94444444 110 88 8.947377021 96.4 Pass Fail

03G04-0850 Dissolved Oxygen % 5 92 95.6 99 96 2.701851217 98.6 Pass Prob. Pass 

03M01-0100 Dissolved Oxygen % 18 77 95.22222222 119 96.5 8.802109076 107.95 Pass Fail

03M01-0400 Dissolved Oxygen % 18 76 94.66666667 116 96 8.065905004 104.1 Pass Fail

03M01-0500 Dissolved Oxygen % 18 73 91.83333333 104 93.5 7.172250447 99.75 Pass Fail

03M01-0650 Dissolved Oxygen % 6 92 94.83333333 98 94.5 2.857738033 98 Pass Prob. Pass 

03M06-0990 Dissolved Oxygen % 5 69 80 88 81 6.892024376 86.8 Pass Prob. Pass 

03M16-0840 Dissolved Oxygen % 5 90 94.6 97 95 2.880972058 97 Pass Prob. Pass 

03S01-0250 Dissolved Oxygen % 7 12 49.85714286 84 59 30.15199591 81.3 Pass Very high BOD, Ammonia and Low DO on 8/7/2014 1 Could be pollution event? Prob. Pass 

03S01-0300 Dissolved Oxygen % 7 39 64.14285714 78 67 13.66782806 77.7 Fail High BOD, Low DO on 8/7/14 1 Could be pollution event? Prob. Fail 

03S01-0500 Dissolved Oxygen % 19 24 69.89473684 94 73 14.71542931 85 Pass High BOD, Ammonia 1 Could be pollution event? Fail

03S02-0200 Dissolved Oxygen % 5 89 93.2 98 92 4.086563348 97.8 Pass Prob. Pass 

DO criteria 80-120% 

saturation



The outcome
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https://www.epa.ie/pubs/reports/water/waterqua/
waterqualityinireland2010-2015.html

https://www.epa.ie/pubs/reports/water/waterqua/waterqualityinireland2010-2015.html


Oxidised N – concentrations (2014-2016) and trend (2007 -2016)
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TON trend values

Strong downward (improving) 
> -0.2 mg/l N/yr

Weak Downward (improving)  
-0.1 to -0.2 mg/l N/Yr

Stable +/- <0.1 mg/l N/yr

Weak Upward (deterioration)
0.1  to  0.2 mg/l N/Yr

Strong upward (deterioration)
>0.2 mg/l N/Yr



Data management … WFD extras

• In addition to requiring information on chemical and biological assessments the WFD reporting requirement (2016) 
necessitated collation of a considerable amount of information from non-monitoring program sources. Much of this is likely to 
be in text / documentation formats and includes information on:

• Relevant national legislation

• Water body boundaries and shape file data

• Water abstractions / water usage / water re-use / irrigation etc.

• Drinking water protection measures / plans

• Wastewater treatment facilities, discharges / capital investment

• Floods Directive status and any impacts on water quality

• Hydro morphological barriers e.g. weirs / dams 

• Significant detail required on determination of  waterbody Pressures, POMs, and how changes will be measured

• Groundwater, Canals / Inland Waterways / HMWB, Marine data for coastal regions

• Procedures for determining Chemical Status and Ecological status or potential 

• Economic analyses of water use and capital investment in water infrastructure

When designing your monitoring programs it would be advisable to refer to the WFD reporting Guidance (402 pages) which is 
available at:

http://cdr.eionet.europa.eu/help/WFD/WFD_521_2016/Guidance/WFD_ReportingGuidance.pdf
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http://cdr.eionet.europa.eu/help/WFD/WFD_521_2016/Guidance/WFD_ReportingGuidance.pdf


Some references of interest…
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• “Guidelines for the Monitoring of Chemical Status of Surface Water Bodies”; Environmental Protection of International River Basins (EPIRB) 
Project Activity 1.3, Feb 2015. 

• “Case study on statistical methods for assessing compliance”; EC DG Environment, Feb 2012 (Draft)

• BS ISO 5667-20:2008, “Water Quality – Sampling; Part 20: Guidance on the use of sampling data for decision making – Compliance with thresholds 
and classification systems”.

• “Australian National Guidelines for Water Quality Monitoring and Reporting”, Australian and New Zealand Environment Council, 2000 – Chapter 6 
/ Appendix 5 – Data Analysis and Interpretation 

• “Handbook on the Design and Interpretation of Monitoring Programmes”, Ellis J, WRc 1989

• “Comparison of the Kaplan-Meier, Maximum Likelihood and ROS estimates for Left Censored data using simulation studies”  Annan S.Y., Liu P., 

Zhang, Y. http://homepage.divms.uiowa.edu/~kcowles/s166_2009/Annan.pdf

• “Statistics for Censored Environmental Data Using Minitab and R” (2012),  Helsel D.R. (Wiley & Son) ISBN 978-0-470-47988-9 

• “Extracting correct information from censored environmental data”, Shepard, R.B. Applied Ecosystem Services Inc. (2013)

• USEPA National Nonpoint Source Monitoring Program – Technotes 10 “Baseline Assessment of Left-Censored Environmental data using R”

• “Water Quality Data – Analysis and Interpretation” ; Arthur Hounslow, ISBN 9780873716765, Taylor & Francis publ.

http://homepage.divms.uiowa.edu/~kcowles/s166_2009/Annan.pdf


Data visualisation

34 6/25/2019



Data visualisation examples
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XLStat https://help.xlstat.com/customer/en/portal/articles/206
2303-mann-kendall-trend-test-in-excel-tutorial

MAKESENS – Finnish Meteorological Institute

https://en.ilmatieteenlaitos.fi/makesens
• Visualisation of data patterns over time
• Several R-code packages for TS analysis
• Decomposition into Seasonal / Annual patterns
• http://rstatistics.net/time-series-analysis/• Features in base R-code. Outliers shown as 

random points

• Excel graphics tutorial at: 
http://www.statisticshowto.com/probability-and-
statistics/descriptive-statistics/box-plot/

https://help.xlstat.com/customer/en/portal/articles/2062303-mann-kendall-trend-test-in-excel-tutorial
https://en.ilmatieteenlaitos.fi/makesens
http://rstatistics.net/time-series-analysis/
http://www.statisticshowto.com/probability-and-statistics/descriptive-statistics/box-plot/
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Data Tools - statistics 

As with data storage there are a range of software tools to facilitate statistical assessment and visualisation 
of data including both commercial and licence-free options

SPSS (IBM) (Statistical Package for the Social Sciences) is perhaps the most widely used statistics software package in                     

human behaviour research. 

SAS (Statistical Analysis Software) – a leading commercial system with excellent graphics

Stata is a general purpose stats software offered by StataCorp

Minitab is perhaps one of the most widely used commercial statistical packages with good technical support

(R Foundation for Statistical Computing) is a world wide ‘free’ software packages supported by many academic and 
professional packages. Relatively simple to learn it has very powerful graphing features.

Analyse-It and                            (XLStat) are both very powerful add-ins for MS Excel with ‘free trials’
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Data Tools  - additional references
Spreadsheets / Excel 

Basic Excel Tutorial: 

http://best-excel-tutorial.com/54-basics/64-what-is-excel

Microsoft Excel Training Videos:

https://support.office.com/en-us/article/excel-video-training-

9bc05390-e94c-46af-a5b3-

d7c22f6990bb?wt.mc_id=otc_home&ui=en-US&rs=en-

US&ad=US

Basic tasks in Excel:

https://support.office.com/en-us/article/basic-tasks-in-excel-

dc775dd1-fa52-430f-9c3c-d998d1735fca

Tutorial on Cell References:

https://www.excel-easy.com/functions/cell-references.html

Creating and Changing Cell References:

https://support.office.com/en-us/article/create-or-change-a-cell-

reference-c7b8b95d-c594-4488-947e-c835903cebaa

Databases / Access

Introduction to Tables:
https://support.office.com/en-us/article/introduction-to-tables-
78ff21ea-2f76-4fb0-8af6-c318d1ee0ea7

Introduction to data types and field properties:
https://support.office.com/en-us/article/introduction-to-data-types-
and-field-properties-30ad644f-946c-442e-8bd2-be067361987c

Guide to Table Relationships:
https://support.office.com/en-us/article/guide-to-table-
relationships-55b8db2c-9480-4269-b1bb-f6ec09623dfd#bm5

Discover the Structure of Access database:
https://support.office.com/en-us/article/learn-the-structure-of-an-
access-database-001a5c05-3fea-48f1-90a0-cccaa57ba4af

Introduction to Access SQL:
https://support.office.com/en-us/article/introduction-to-access-sql-
d5f21d10-cd73-4507-925e-bb26e377fe7e?ui=en-US&rs=en-
US&ad=US

http://best-excel-tutorial.com/54-basics/64-what-is-excel
https://support.office.com/en-us/article/excel-video-training-9bc05390-e94c-46af-a5b3-d7c22f6990bb?wt.mc_id=otc_home&ui=en-US&rs=en-US&ad=US
https://support.office.com/en-us/article/basic-tasks-in-excel-dc775dd1-fa52-430f-9c3c-d998d1735fca
https://www.excel-easy.com/functions/cell-references.html
https://support.office.com/en-us/article/create-or-change-a-cell-reference-c7b8b95d-c594-4488-947e-c835903cebaa
https://support.office.com/en-us/article/introduction-to-tables-78ff21ea-2f76-4fb0-8af6-c318d1ee0ea7
https://support.office.com/en-us/article/introduction-to-data-types-and-field-properties-30ad644f-946c-442e-8bd2-be067361987c
https://support.office.com/en-us/article/guide-to-table-relationships-55b8db2c-9480-4269-b1bb-f6ec09623dfd#bm5
https://support.office.com/en-us/article/learn-the-structure-of-an-access-database-001a5c05-3fea-48f1-90a0-cccaa57ba4af
https://support.office.com/en-us/article/introduction-to-access-sql-d5f21d10-cd73-4507-925e-bb26e377fe7e?ui=en-US&rs=en-US&ad=US


Thank You

With acknowledgement to Dr Dmytro Lisniak, UNEP 
GEMS/Water Data Centre, Federal Institute for Hydrology, 
Koblenz, Germany


