Summary and follow-up of a survey on the current situation and
future of analytical chemistry in Sweden

In Sweden, both the pharmaceutical industry and parts of the biotech industry have undergone
recent challenging development, which has resulted in a changed labor market for analytical
chemists. At the same time, the research characteristic of analytical chemistry has
changed. Currently, instrument development is largely driven by instrument manufacturers, and
research in analytical chemistry mainly concerns method development and applications. In
order to better understand the current situation for analytical chemists in Sweden in terms of
education, research and industry activities, a survey has been carried out among all active
members of the Division of Analytical Chemistry of the Swedish Chemical Society. About one
third of the members replied to the survey (120 out of 360). Basically, the survey aimed to
answer the following questions about analytical chemists in Sweden: Who are we? What work
tasks do we have? Do we need more trained analytical chemists? Do we train analytical
chemists with the "right" skills for the current and future needs of industry and the
community? How much and what do we teach in basic education in analytical chemistry? Are
we looking for external research funds, and how do we succeed in this?

The first survey was then followed by a follow-up survey, which was answered by 50 people.
In addition, a survey was sent to all divisions of the Swedish Chemical society (121 answers).
The complete results from the survey is available upon request.

About the surveys

» Analytical Division of the Swedish Chemical
Society: survey sent to all members, first in
June 2019, then a follow-up survey in
February 2020

» A third survey was sent to all (non-analytical
chemistry) divisions of the Swedish Chemical
Society in February 2020

» 120 out of 360 answered to the 1st survey, 50
the 2nd and 121 the 3rd.

» All results in the survey are anonymous




Survey #1

¢ Survey sent to the Analytical Chemistry Division of the
Swedish Chemical Society

¢ Total number of answers: 120 (out of 360)

Educational background

Highest academic education (single choice)
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From which university do you have your degree?




Employer category
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Academics Industry Other

Examples of Other: Research institute, authorities, student, retired

What is your position?

Academics Industry Other
Laboratory technician Analytical chemist Chemist
Laboratory engineer Scientist Hospital chemist
Health officer Laboratory engineer Auditor
Chemical safety advisor Chemistry engineer Investigator
PhD student Specialist Team manager
Postdoc Research scientist Project manager
Research scientist Field service engineer Research scientist
Teacher Instrument developer CEO
Lecturer Sales representative Owner
Project manager Project manager Retired
Associate professor Stability manager Student
Professor Regulatory manager Unemployed
Director Team manager
Lab director Line manager
Principal Development director
Quality, health, safety & environment
director
CEO

Which analytical techniques have you worked with
during the last 5 years?

(multiple choice)

90
80
70
60
50
40
30
20
10
,c 1 N =m O -
< © A A A
s & & 0§ & g s 9 s F o8& & 8
g & ¢ & F£F & g & £ £ s & &
6”5&58”2,350&’35“'@'00
s & & 5 ¢ &£ & 5 & & & 5
&g o & o ¢&© ¢ < o .o < &
& g 5§ &£ & @ F F 9 N
X § £ & 5 & &
@ L & & ¢ £ g
T S f& 5 4 52
<
&



What are your most common tasks?

(chose max 3)
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Describe in free text briefly what is included in your tasks

Examples:

"Analytical method development and validation including sample
preparation of biological samples”

"Troubleshooting, method development, and quality investigations”
"Research, teaching, administration”

"Sales and support in Chromatography and Spectroscopy”
"Develop automated analysis methods for inhalers”

Do you have a picture of the recruitment situation for
analytical chemists in your workplace?
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Describe in free text briefly the recruitement situation

Examples:

"International applicants often do not have the experience of advanced
equipment required”

"Recruitment of doctoral students gives many applicants (over 100) per
service, but extremely few with sufficient expertise in analytical
chemistry”

"In our organization, the salary situation is too low to get the right skills.”

Are you expected to have a broad technical knowledge or
more focus within a specific technology?

Examples:

"To not only know the analysis technique, you also need to understand
the product you are analyzing and how it is produced.”

"Unfortunately, there has been more focus on technology”
"There are both generalists and specialists”

"Lab staff are expected to be able to use most of the various
techniques used in routine labs. Specialists can be technology-
focused.”

Are you a research leader?
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Frequency (# answers)

Frequency (# answers)

Academics: research leaders’ group composition
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Academics: is it part of your work tasks to apply for
research funding?
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From where do you apply for funding?
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If you receive research funding, what is your annual
turnover? (1 MSEK is around 100 KEUR)

<1 MSEK 1-2 MSEK 3-5 MSEK >5 MSEK No answer
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For what type of research do you apply for funding?
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Fundamental Applied Small project Collaborations

How do you experience the funding agencies attitudes to
research in analytical chemistry?

Examples:

"It is far easier to obtain research funding for applied research than for
basic research, and easier with collaborations than single projects.”

"They wish it to be applied, i.e. a tool is to achieve goals, the tool itself is
not the goal (=hard to get funding for analytical chemistry on its own,
without a directly coupled application of the technique)”

"This is problematic in some situations, not because people are against
analytical chemistry, but because most panels are mixed interests and
the population of the panel is based on the fraction of proposals.”

"Since we no longer get feedback from the research councils,
it is impossible to know how the research is appreciated.”



Do you teach basic education (BSc, MSc) in analytical
chemistry?
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Yes No

How large part of your work time is teaching?
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Which analytical techniques do you teach?
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How many MSc students are graduating within
analytical chemistry per year at your university?
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Do you also teach/supervise in PhD education?
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Short summary of the 1% survey

Analytical chemists work with a large variety of analytical techniques and a large range
of different work tasks!

Recruitment situation in both industry and universities: Many applicants but few with
the right skills! Only ca. 17% of the industry affiliated answered "plenty of relevant
applications".

Research groups typically: 1-5 PhD students, 0-3 postdocs, a few BSc/MSc students,
rarely a technician, and very few visiting researchers

Academics apply for funding from a variety of sources, for fundamental and applied
research, and in collaborations. One aspect of this is whether analytical chemists are
involved in collaborations as a support rather than having a core/leading role.

It appears from the free text results in the survey about funding agencies attitudes to
research in analytical chemistry that applied research in analytical chemistry easier
brings in funding as compared to basic research.

A majority of academics teach in the basic education, around 11-30% teaching duty. Top
4 techniques taught: sample prep, separations, mass spec, spectroscopy.

In general, we teach the same proportions of analytical techniques as we are using
them, except for in chemometrics/statistics, where it seems like we use it more than we
teach it.

Sweden needs more international staff (only 6 (out of 120) with a degree from outside
Sweden), and more international visitors in the research groups.

Follow-up questions

Is analytical chemistry becoming mainly a tool for other disciplines? What is a
correct/appropriate definition of analytical chemistry, and its role in collaborative
projects?

How are researchers in other disciplines reasoning around the role of analytical
chemistry, and its future development?

Are we training students in the ”analytical thinking philosophy”, or do we focus too much
on teaching different (old and new) technologies?

What is the demand in industry in terms of skills and knowledge in newly recruited
analytical chemists?

What are the different views on the subject analytical chemistry in an international
perspective?

Is the internationalization in research groups as poor as it seems from the survey, or do
we have a bias in membership in the Swedish Chemical Society?

How do we see the future of analytical chemistry in ten years from now?



Survey #2 (follow-up from 1% survey)

¢ Survey sent to the Analytical Chemistry Division of the

Swedish Chemical Society

+» Total number of answers: 50 (out of 360)

General information

Title (multiple choice)
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From which university do you have your degree?

University Subject
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I work today with an activity that is linked to analytical
chemistry, and I identify myself as an ”analytical chemist”

| work today with an activity that is linked to I identify myself as an "analytical chemist"
analytical chemistry
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"HOW WOULD YOU DEFINE ANALYTICAL CHEMISTRY?

B Fundamental and practical applications of how to measure important chemical things, which include
concentrations, rate constants, lifetimes, and whatever - as long as what is measured is a chemically
important parameter [R.W. Murray, Anal. Chem., 2007, 79

B Analytical chemistry deals with the identification of compounds and mixtures (qualitative analysis) or the
determination of the proportions of the constituents (quantitative analysis) [Webster's New World College
Dictionary, 2010]

B Analytical chemistry is what analytical chemists do [C.N. Reilly, 1965]

m Other
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Other suggestions of definitions

Examples:

% Analytical chemistry is more than measuring things. Analytical chemistry
deals with the qualitative analysis of chemical parameters, but also how
these parameters relate to larger scientific questions about chemistry.

% The development of techniques and methods for qualitative and
quantitative determination of compounds in sample matrices, as well as
studies of the physical and chemical interactions that enable separation
and detection

% Design and development of new tools and their application to study
important chemistry and chemical parameters and correct and quantitative
measurements of the same

We see a danger that "chemical analysis'' may fall outside the core of
analytical chemistry, and that we are losing ground to biology, medicine,
pharmacy, environmental science, food science, etc. What is your opinion?

Examples:

% That may be a correct observation. One important issues is to retain Analytical chemistry
as a separate dicipline at our Universities

« | think that the implementaiton of user-friendly analytical equipment has enabled
chemical analysis to be performed by operators that are not trained in Analytical
Chemistry. This could mean that there is a risk that such operators lack knowledge in
fundamental principles and skills in troubleshooting and maintanance of the chosen
analytical technique.

“ There is a risk of it being considered a helpful, and supporting, science. Not as a stand-
alone discipline. Everything needs to be so applied these days. Pure analytical questions
are not seen as worthwhile as they may have been historically. On the other hand
Lavoisier's perspective that we should only measure things is not good either. | think
there is a risk that analytical chemistry may fall within applied technology in the future.

Examples, continued:

7

< Analytical chemistry is an applied science and that means that "other" fields always will
perform chemical analysis and the knowledge will thus constantly be evolving at the
outskirts of our control. To not be losing ground, it is thus up to us analytical chemists to
be relevant to the needs of these emerging fields by developing new techniques,
instruments and statistical methods that solve their analysis problems. We should thus
lead the way and maintain a high standard by defending good chemical analysis and
criticize poor use of it, while also aiming for fit for purpose methods since overdoing
things will not help anyone but “the others”.

% From my experience, it is important that "chemical analysis" is included as an essential
part of analytical chemistry. Chemical analysis is fundamental to modern society and
undergoes continous development regarding techniques, instruments, procedures and
organisation



How do you view the role of analytical chemist in society?

Examples:

7
L X4

Contributes with knowledge and support for accurate measurements,
enhances the competence of instrument operators performing chemical
measurements, and improves/invents new analytical methods and
techniques.

An analytical scientist is more concerned about the quality of the
measurements

Fundamental (providing essential data for decisions in day to day
operations as well as in research)

Important for the quality of the result as well as for the development of
new techniques and methods.

How do you think others (from other disciplines) view
your role as analytical chemist?

Examples:

Wondering what an analytical chemist is needed for

Sorry but low status

Someone who provide analytical data and develop test methods

Part of the science machinery

Not highly appreciated, but good they are available, but slow in their work
Important support

I've heard too many times that "You only did the analyses". It's totally

disrespectful and shows an ingorance of the importance of high quality analyses.

As a technical operator that supports other disciplines.

At best as a helpful, and supporting, science. Not as a stand-alone discipline.
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Chemometrics can be considered as being close to the core
of analytical chemistry? What is your opinion?

Examples:

| believe that experimental planning, chemometrics etc should not be
limited to be used by analytical chemists only, but rather a tool for anyone
with enough knowledge to use it. Trying to "box it" into analytical chemistry
is not good idea

\/
0‘0

Yes, | think it can be considered close to the core of analytical chemistry.

X/
0‘0

Chemometrics should be included in analytical chemistry.
No. Chemometrics is something different, but very important

*
0‘0

X/
o0

Chemometrics is a useful tool for industry but not as an academic discipline

X/
0‘0

Chemometrics is seen more as a mathematical process of generated data,
not as a part of analytical chemistry.

What parts of chemometrics/statistics are taught in
analytical chemistry in your organization?
What parts of chemometrics/statistics do you use?

Teaching 9% Using
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Do you work with recruitment? Rank the importance of
the following for recruiting an analytical chemist.
(rank 1 to 5, where 1 is most important and 5 is less important)

Academics: Industry:

No
29%

Yes
71%

Ranking: Ranking:

1. To be able to speak and write English 1. Overall "analytical chemistry thinking"

2. That the person has a basic degree in analytical chemistry 2. Experience of project management

3. Overall "analytical chemistry thinking” 3. Experience in a specific area (application)
4. Educational level (eg. MSc or PhD) 4. Knowledge of a specific technique

Academics: How do you view internationalization in your
group/organization?

Examples:

« Important as we are part of EU research programs
« Itis inevitable and welcome.

<&

We work in an environment where international exchange of PhD-students and
PostDocs are customary

* Compared to other groups in the chemistry department, our group has relatively
low internationalization. | personally do not think nationally matters much, but
experience from other universities can add to our own.

% Very important since this brings in the strongest competences and a variety of
experiences.

“ We consist of mainly Swedes in our group.

How many guests do you currently have in your group
from another country (eg. guest doctoral student, guest
researcher, trainee, sabbatical professors, etc.)?

# Responses PhD students/Postdocs from other countries # Responses Guests from other countries

0
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3
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Have you been abroad as a postdoc, visiting researcher,
sabbatical or similar for at least 3 months? (Academics)

m No

m Yes

Do you have any suggestions on how to promote mobility
and international exchange?

Examples:

J
0'0

DS

X3

*

e

%

Collaborations and openness
Scholarships
Make it a strong merit and compulsory for academic careers

Facilitate/help with housing, provide support if there is a family or husband/wife
joining the researcher.

Networks in foreign countries.

Apply competence-based international recruitment (avoid selecting an internal
candidate), and travel for international conferences for the purpose of networking

| don't think this is necessary, there are plenty of opportunities
It is done more than enough

How do you view basic research in analytical chemistry?
Rank the importance of components/motifs that you think
should be included in a basic research project

Ranking:

1. Development of new analytical methods

2. Development of new instrumental techniques

3. International collaboration

4. The project leads to the training of doctoral students
5. The project generates external funding

6. Collaboration with other disciplines within the project
7. Publication in highly ranked journals

8. The societal benefits of the project
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Are you a research leader?
If YES, what is the composition of your group right now?

Number of responses
14
mi. Number of doctoral students

1 Most common:
0-4 PhD students mii. Number of postdoctoral fellows
10 0-2 Postdocs
0-1 Researchers i Number of .
m iii. Number of researchers
3 1-2 degree students
0-1 guests
6 Zero technluans/Res Engineers iv. Number of degree workers / project students
4 m V. Number of guests: (guest researcher / guest doctoral
students / trainees / sabbatical professors)
2 | | | | | | | m vi. Number of technicians / project assistants / research
engineers
o IRELIERE 1 1 11
1 2 3 4 5 6 7 m vii. Number of staff (in total) with a primary school

education from another country
Number of staff

How many collaborative projects are you involved in right now?
In how many of these projects are you the leader/principal
investigator?

# Responses

In average, leader/Pl in
46% of the collaborative
projects

0 I I I I

Two Three Five Seven Eleven Fifteen

N N W W b

A

What else can your role be in the projects?

+» Researcher, principal scientist
< WP leader

* In projects based in developing countries | am, in practise, acting PI.
Otherwise | could, perhaps, be regarded as Sr Consultant.

«» Support
« Scientific expert and supervisor
+ Co-supervisor

+ Co-leadership, co-supervision, offer expertise in certain techniques
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Survey #3
How is other disciplines considering the
discipline of analytical chemistry?

+ Survey sent to all other divisions (not Analytical Chemistry
Division) of the Swedish Chemical Society

+* Total number of answers: 121

+ 29 of the persons answered that they “identify themselves
as an analytical chemist”. These are sorted out in most
figures below (when indicated “non-analytical chemists”)

Do you think analytical chemistry is one of the few core
topics in chemistry? (answers from non-analytical chemists)

UNIVERSITY, NON-ANALYTICAL CHEMISTS INDUSTRY, NON-ANALYTICAL CHEMISTS

mYes mNo mNoopinion mYes mNo mNoopinion

33 answers 30 answers

What role does analytical chemistry play in research

collaborations? (rank 1 to 5, where 1 is most important and 5 is
less important) Answers from non-analytical chemists

Role of analytical chemistry in aresearch collaboration University Industry | Total including all Ranking
Ensuresthat alot of articles are published in the project 2,0 2,2 2,6 1
Contributes with a holistic view of the entire research project 2,0 2,7 2,9 2
Contributes with statistical/chemometrics knowledge 2,7 3,5 3,5 3
Contributes with analysis datato joint publications/reports 3,4 3,8 3,9 4
Contribute with analytical expertise in different ways 3,5 3,8 4 5
Develop analytical methods that can be used in a project 3,5 4,2 4,1 6
Perform chemical analysis 3,7 3,9 4,1 7
n=30 n=30 *n=121

Some of the answers might
be a misunderstanding of

A *Total, including all: Retired, unemployed, research institute, other +
the scoring system 1-5

answers from analytical chemists that answered to this survey
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How would you define analytical chemistry as a topic?
(answers from non-analytical chemists)

Examples:
% Developing analytical methods and processes

)
0'0

Identification and quantification of molecules in various samples

X3

S

Determining what and how much of a chemical occurs around us

e

S

It is a branch of physical chemistry with an emphasis on quantification

7
0‘0

A discipline that delivers data for better undestanding

7
0.0

Validation of the presence of chemical substances and their quantification in a sample.

7
0.0

The art of defining the purity and concentration of substances.

X3

S

Any way of getting grades out of matter
The basis for synthesis and for environmental chemistry

X3

S

X3

S

Chemical measurements with (statistical) quality, QA

How do you view the role of analytical chemists in the
society? (answers from non-analytical chemists)

Examples:
% Supporting science
«+ Creating tools for efficient analysis of environmental samples, tracing leaks, surveying

drug metabolization or mapping distributions of compounds etc., is extremely important
for all parts of society.

Important for biotechnology and chemistry industry

Repetitive

Provide "other" chemists (and scientists/engineers) with good data
Important! It develops measurement techniques.

Absolutely essential, you know, air, water, soil, health & forensics...
As a tool for other topics/sciences.

Picky

Important since it gives theoretical chemists experimental data

o
0’0

X3

2

7
0.0

e

o
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S

o
0’0

Conclusions

In the follow-up survey, which was unfortunately not answered by as many as in the first
survey, several outcomes can be highlighted. First of all, a majority of the respondents would
define the discipline of analytical chemistry as more than just the development of qualitative
and quantitative methods, and also more than just measuring chemical things. One suggestion
of a definition from the survey: “The development of techniques and methods for qualitative
and quantitative determination of compounds in sample matrices, as well as studies of the
physical and chemical interactions that enable separation and detection”. It has also been
commented that there is a risk that Analytical chemistry may “fall within applied technology”
in the future. Several opinions were submitted around the issue that "chemical analysis" may
fall outside the core of analytical chemistry, and that we are losing ground to other
disciplines. One reaction from several respondents was that there is a risk that in the future,
Analytical chemistry might no longer be its own discipline at the university. This could be
due to the many modern and user-friendly instruments for chemical analysis available
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nowadays, that may “fool” the user to think that deeper knowledge in analytical chemistry is
not needed.

Our own view on the role of analytical chemists in the society is basically as stated by one of
the respondents: ”Contributes with knowledge and support for accurate measurements,
enhances the competence of instrument operators performing chemical measurements,
and improves/invents new analytical methods and techniques”. However, our view on how
others (from other disciplines) view the role of analytical chemists in the society is in general
quite negative, i.e. “supporting science”, “low status”, and “technical operator”. Some
respondents are more positive expressing “important support”. ”To be supportive “’is the main
theme among responses.

In the (third) survey to other disciplines, it becomes clear that analytical chemistry is defined
as a method science focused on “Identification and quantification of molecules in various
samples” and that “it is a branch of physical chemistry with an emphasis on quantification”.
Further, other disciplines view analytical chemists as a “Supporting science” and “Providing
other chemists (and scientists/engineers) with good data”. In this third survey to other
disciplines it was clearly a difference between academics and industry, in that only 70% of the
academics thought that analytical chemistry is a core topic in chemistry, while 87% of the
industry affiliated believed that analytical chemistry is a core chemistry topic.

More key results from the second (follow-up) survey to analytical chemists:

e Some thinks that chemometrics is close to the core of analytical chemistry, some disagree

e We teach less of chemometrics than we use

e When recruiting analytical chemists, at the university we rank ability to speak English and
background education and ability to “think™ in analytical chemistry, while industry ranks
the “analytical chemistry thinking”, as well as experience on project management,
application areas and techniques as the most important.

e Internationalisation in our research groups vary considerably from zero to very common.
The views on the importance of internationalisation also vary a lot.

e 57% of the academic respondents have never been abroad for 3 months or more.

e What is considered as most important in basic research in analytical chemistry is the
development of new analytical methods and techniques, as well as international
collaborations.

e The most common composition of a research group is 0-4 PhD students, 0-2 postdocs, 0-1
researchers, 1-2 degree students, 0-1 guest and no technician/research engineer.

e Involvement in collaborative projects vary considerably, but most common is 2-5
collaborations. In average, analytical chemists are leader/PI in 46% of the collaborations.
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