
Health, Safety and Environment 

(HSE)

KJM3070 Colloquium



Safe Job Analysis (SJA)

• Safe job analysis 

must be made for all 

analytical operations 

representing any danger

– What can go wrong?

– What can we do to avoid this?

– What can we do to minimize the damage?
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Safety rutines

• HMS0504 – Feltsikkerhet

should have been taken before the fieldwork

;-)

• HMS0503 – Laboratoriesikkerhet

must be taken before the lab work

• In the lab you must use goggles

• The doors to chemicals must be locked

– Door to lab must be locked

– Cabinets must be locked and key hidden

https://www.uio.no/studier/emner/matnat/kjemi/HMS0504/index.html
https://www.uio.no/studier/emner/matnat/kjemi/HMS0503/index.html


Health Safety and Environment

• All participants need to fill in field card form 

for participants

– https://nettskjema.no/a/130224#/page/1

• Responsible of the field: Rolf D. Vogt

• Project name or course number: KJM3070

• Start/ Starting date of the field work: 23.10.2020

• Finishing date of the field work: 23.10.2020

• Participation is mandatory

– though send me an e-mail and explain why

if it is impossible within 2 days

https://nettskjema.no/a/130224#/page/1


Analysis plan

Colloquium, KJM3070



Lab work



Conductivity

• Conductivity meter 

– The instrument is calibrated 
using 
84 µS/cm calibration solutions

• The measurements are done for 
quality control purposes in order 
to compare measured and 
calculated conductivity

• Determined as described in 
ISO7888 using non-filtered water 
sample and preferably measured at 
25C. 

• The reading is presented as mS m-1

(1mS m-1 = 10µS/cm)

• No SJA needed 



{H+} determined 

using pH electrode

• Orion pH-meter 
with a Ross pH electrode 
– The pH-meter is calibrated with 

pH = 4.00 and 7.01 buffer solutions

• Risk of degassing of CO2

– Stir till stable – wait till stable

• Determined as described in ISO10523 
using non-filtered water sample

• Measurements should preferably 
be conducted at 25C

• No SJA needed 



Total Alkalinity titration
• Determined potentiometrically as described in ISO9963

• Titration with acid to pH 4,5 and preferably measured at 25C

CO3²
-+ HCO3

- + 3H3O
+
 2H2CO3+ 3H2O

• Total alkalinity (=[HCO3
-]+2[CO3²

-]) + H+ needed to change the 

pH from sample pH down to pH 4.5 Endpoint in the acid range

 Also other weak acids (A-, Al(OH)n
3-n)
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UV/VIS MAS
 Measurement of absorbency scan and 

@ 254, 400 and 600nm

 Absorbency at UV 254 nm 
is commonly used as a proxy 
for Dissolved Natural Organic Matter (DNOM)

 Strongly correlated with TOC due to 
conjugated double bonds chromophores 
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 Measurement of absorbency scan and 
@ 254, 400 and 600nm

 Absorbency at UV 254 nm 
is commonly used as a proxy 
for Dissolved Natural Organic Matter (DNOM)

 Strongly correlated with TOC due to 
conjugated double bonds chromophores

 Algae absorb light at UV 254 nm, 
but more than DNOM at VIS 400 nm

 Read SJA   



Analytical Instrument analysis



Major anions to be determined 

by Ion Chromatograph (IC)

• Principle
– The sample is injected 

in a flow of eluent

– The analyte ions are 
separated by different 
degree of binding to the 
active sites on the ion 
exchange material

– Cations are exchanged 
with H+

– The activity x specific 
conductivity of the analyte 
along with H+ in the eluent 
stream are measured by 
means of a conductometer



Major anions to be determined 

by Ion Chromatograph (IC)
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https://www.youtube.com/watch?v=q3fMqgT1do8



Major cations to be determined by 

MP AES
= Microwave Plasma – Atomic Emission Spectrometer



Major cations to be determined by MP-AES
https://www.youtube.com/watch?v=sRwpw614aPg, 0’59 to 3’22’’

https://www.youtube.com/watch?v=sRwpw614aPg


External analysis



P determination

• Orthophosphate reacts with 

ammoniummolybdate to a yellow-coloured 

phosphorousmolybdate acid, that is reduced with 

ascorbic acid in the presence of antimony 

to a strongly blue coloured complex

• This colour is measured photometrically as 

described in Norwegian Standard (NS 4724)

file://platon/rvogt/Tekst/Undervisning/KJM4010/Forelesninger/Orthophosphate_and_Total_P.doc


Total organic carbon

• High temperature (680ºC) catalytic combustion analysis on a 
Shimadzu TOC instrument

• Principle:
– The organic carbon is combusted to CO2 by high temperature and 

catalysis. The amount of CO2 produced is measured using an IR 
detector



Total organic carbon

• Analytes measured may include:



Total nitrogen

• Total Nitrogen couples the Shimadzu TOC with a 
chemiluminescent nitrogen detector. 

• The combustion tube is packed with a catalyst 
(platinum on an alumna support) and assembled in a 
furnace and heated to 720°C. 



Data assessment



Problems with analysis of 

major anions and cations in water 

• Anions are analysed in filtered raw water

• Cations are analysed in filtered water 

digested 

in acid (HNO3)

– Colloidal material 

(<0.45µm) is 

included in the 

cation analysis 

but not in the 

anion analysis



Species in natural freshwater

Central equilibriums in natural water samples

KJM3070



Compilation, calculations 

and QC of data

• After the analysis 

the data must be:

– compiled

– reckoned in terms of equivalent charge and 

– quality controlled by ion balance and agreement between 

measured and calculated conductivity





Activity
• {X} = X · [X]

– {X} is the activity to X

– [X] is the concentration to X

– X is the activity coefficient to X 

• X is dimensionless 

• It is determined by: 

– The diameter (å) 

of the hydrated X

– Its valence (nX)

– The ionic strength (I)

n=1

n=2

n=3

n=4

Not possible to 

calculate further 

than I=0.1 

I

• when I 0 

when I<10-5M   1



Activity

Molar of the salt give rise to an I equals:

AgCl:     ½(c·1²+c·1²) = ½ ·  2c = 1c

Ba(IO3)2 : ½(c·2²+2c·1²)= ½ ·  6c = 3c

BaSO4:   ½(c·2²+c·2²)  = ½ ·  8c = 4c

Al(NO3)3: ½(c·3²+3c·1²)= ½ ·12c = 6c

”I” is expressed in mol/L

I can be roughly estimated based on the amount of solved material (TDS):

I = 2.5•10-5 •TDS (mg/L)



Debye Huckel (DH) equation

• For ionic strengths (I) < 0.1 M 
the X can be calculated by means of 
the e.g. Debye Huckel equation: 

I < 0.1 M

I < 0.005 M  

– 0.5 & 0.33 are 
temperature dependent table values  

• Presented values are for 25°C

– åX is a table value 
for the specie in question
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Calculated vs. Measured conductivity

• Calculate:

µM → µeq/L

Ionic strength (I)

Activity {x}

Specific conductivity → SCX = Λ0
m X m

Add all the specific conductivities

Compare measured with specific conductivity
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Statistical analysis

• Correlation matrix

– Identify parameters that are directly correlated or 

co-variate



Multivariate statistics

• How to interpret information in a data matrix of 

1000 samples with typically 20 – 30 parameters 



Cluster analysis

• Organizing parameters that co-variate

in clusters

– Identify 

• Links between parameters and groups of 

parameters

• Identify key explanatory factors  

• General patterns



Cluster analysis
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Principal Component Analysis

• Makes an n-dimentioal graph of your 

n parameters 

• Identifies the greatest variation in the swarm of data 

points and draws 

the PC1 through its 

axis. 

• Identifies the next 

PC perpendicular to 

the previous

• Produce loading 

plots that are 

projections of the 

points to the PC plane 0,40,30,20,10,0-0,1-0,2-0,3
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Szopińska et al., 2016


