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As spectroscopists we tend to focus on 
spectra. Nothing new there then, but 
maybe we need to be paying more 
attention to the information surround-
ing our measurements which define the 
context and relevance of the data and 
in many cases the fundamental ability to 
display the spectra correctly. I must admit 
to having somewhat neglected the crea-
tion and fate of metadata in all the data 
handling and migration work we have 
carried out over the years. It was occa-
sionally funny to see certain spectrome-
ter manufacturers using the ##OWNER= 
field in JCAMP-DX files to claim they 
owned the spectra we were creating and 
to be honest we pretty much ignored 
this when helping the vendors to get the 
actual data migrations compliant to the 
standards. However, there are increasing 
demands on scientists to upload accom-
panying data with their peer-reviewed 
papers, companies to make better use of 
the big data and machine learning tools 
are becoming ever more accessible. This 
means it is the metadata which gives 
meaning to the measured spectra and 
it is the metadata which will probably 
outlive the original creator of the spec-
tra and almost certainly the organisations 
within which the data were created. In a 
world where digital rights management is 
ever more important, do you really want 
to leave the ownership of your data in 
the hands of your instrument vendor?

Why are metadata so 
important?
Last year we reported from the IUPAC/
CODATA workshop in Amsterdam 
“Supporting FAIR Exchange of Chemical 

Data through Standards Development”.1 
This was fol lowed up by IUPAC 
formally endorsing the Manifesto of the 
Chemistry GO FAIR Implementation 
Network (ChIN) on 28 January 2019. 
This chemistry network is part of a larger 
global science network that supports the 
FAIR guiding principles for scientific data 
management and stewardship.

In the original report last year, we 
mention that the follow-up would 
include a Project Group 2: focussing on 
metadata for data publication and the 
items that could be considered impor-
tant to FAIRify the data. A workshop was 
held titled Fair Publishing Guidelines for 
Spectral Data and Chemical Structures 
on 29–30 March 2019 during the 
American Chemical Society National 
Meeting & Exposition in Orlando, Florida 
which threw up some interesting chal-
lenges for IUPAC and the future data 
standards work. The original JCAMP-DX 
formats were never designed to trans-
port all the metadata from an instrumen-
tal measurement to a vendor-neutral file 
format. The JCAMP-DX CORE fields were 
just those essential to correctly read-
ing and interpreting the data and which 
were accepted by all the vendors work-
ing on the development of the various 
standards. There are also many poten-
tial labels defined in the standards which 
were not essential, but their use was not 
controlled by us. We know of at least 
one vendor who developed a JCAMP-DX 
export software which made extensive 
use of the $$ prefixed private labels to 
export all their instrumental parameters 
to their JCAMP-DX files. This allowed the 
vendor to completely re-create the data 

set on another software system. As they 
were un-documented to the outside 
world could not be used by anyone 
except the vendor.

From my regulatory compliance experi-
ence any records created in a regulated 
environment fall under some record reten-
tion policy or other, so discussing whether 
to store individual bits of the record—the 
metadata—as if it had a life all on its own 
seemed utterly pointless. Indeed, the orig-
inal FDA 21CFR part 11 guidelines created 
all sorts of questions about the use of 
the JCAMP-DX standard file format in this 
scenario as it did not require the storage 
of all the original metadata (see below for 
the new Guidance which makes it much 
easier to accept JCAMP-DX files in this 
environment).

As the discussions continued since last 
year, it has become clear that increas-
ing demands on scientists publishing 
research to upload their “raw data” to 
some open public repository or other has 
caused issues when the only metadata 
available were linked to the publication 
rather than the data itself. This is fine if 
your scope is simply limited to locating 
data in the repository from the perspec-
tive of the specific publication they are 
cited in, but what if you would like to find 
all the 13C-NMR spectra measured with 
instruments with 500 MHz field strengths 
or better using deuterated chloroform as 
the solvent?

Metadata are critical to 
the correct functioning of 
our data systems!
My overly cited quote from Sherlock 
Holmes that “It is a capital mistake to 
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theorise before one has data” from 
A Study in Scarlet has unfortunately 
turned on me and should now probably 
read “It is a capital mistake to theorise 
before one has data, and the associ-
ated domain-specific metadata to ensure 
that the data are Findable, Accessible, 
Interoperable and Reusable”.1,3,4

What do we need to consider 
here? I have recently talked to a 
system owner with a widely deployed 
Chromatography Data System (CDS) 
from one of the top international 
vendors. Even though the CDS was 
professionally deployed, maintained 
and continually updated to the latest 
release versions, the highly profes-
sional outsourced data storage provider 
had, without reference back to their 
customer, decided at some point into 
their contract not to back up the meta-
data tables in the database. I think you 
all know what is coming, yes… I will 
not spell it out as it is too painful but 
the inevitable did happen…. Major 
lesson learned (hopefully) to test your 
disaster recovery position REGULARLY! 
All the data could be restored but none 
of the metadata. Fortunately, as far as 
I know this system did not fall under 
any sort or regulatory compliance posi-
tion. And to think of all the times I 
have jealously praised the chromatog-
raphers for having better and more reli-
able tools at their disposal than us poor 
spectroscopists!

Metadata is often described as infor-
mation about data. The loss of metadata 
goes to show that metadata is critical 
for the operation of our scientific soci-
ety in the short to medium term but in 
the longer term the metadata may well 
need to evolve as the context changes to 
remain relevant. In the short term, being 
able to identify five chromatograms, six 
NMR spectra and a couple of infrared 
spectra as being measured as part of 
a specific analytical question is essen-
tial to generating and validating results. 
In the longer term, these data sets may 
become part of a much greater set of 
essential evidence in proving a new 
drug is safe to use. After an audit the 
same data sets and the way they were 
processed could be called upon forming 
the basis of proving compliance to good 

laboratory practises for an organisation. 
In this way the “information about the 
data” and the way it is used can evolve.

The original Dublin Core
So, let us go back a little in history and 
look at one of the early initiatives to 
standardise on specific metadata fields 
to create some order out of the chaos 
of retrieving information from diverse 
sources and location in the internet age. 
Figure 1 shows an early attempt to start 
to define metadata than could be applied 
to any digital or physical object such as 
videos, pictures, web pages, books, 
DVDs, artworks or even spectra, known 
as the Dublin Core.4 Unfortunately for our 
Irish readers, the Core was named after 
the original invitational Metadata work-
shop called by The Online Computer 
Library Center (OCLC) and the National 
Center for Supercomputing Applications 
(NCSA) on 1–3 March 1995, in Dublin, 
Ohio, USA, to address the issue of the 
search and retrieval of data from the 
internet. The attendees were librarians, 
archivists, humanities scholars and geog-
raphers according to the report from 
the meeting, along with with IT stand-
ardisation experts. This original work 
was expanded and adopted by various 
bodies and is now also an ISO stand-
ard ISO 15836-1:2017, which estab-
lishes 15 core metadata elements for 
cross-domain resource description, the 
Dublin Core metadata element set—Part 
2: DCMI Properties and Classes is await-
ing approval before publication as ISO/
DIS 15836-2 due in 2019.

This would lend itself to our spectro-
scopic data storage system and if neces-
sary we could use the original “Form”, 
now “Format”, element to indicate the 
record was a particular IUPAC JCAMP-DX 
spectroscopy data file, but there is little 
in here to help or future researcher locate 
records which meet the search question 
identified above.

As this discussion continues it is well 
worth noting a few key observations 
from the original workshop which we 
should not lose sight of…

“…indexes are most useful in small 
collections within a given domain. As 
the scope of their coverage expands, 
indexes succumb to problems of 
large retrieval sets and problems of 
cross disciplinary semantic drift…”
Or in layman’s terms, what might be 

stored under the label PULSE SEQUENCE 
from an NMR spectrum or FID would 
cause a medical practitioner quite a 
headache. So, clearly a need exists to 
separate the technical metadata, which 
effectively points you towards a specific 
record on a particular system and will 
clearly change over time, from the busi-
ness metadata which gives meaning to 
the record within a particular discipline 
or environment. This brings us back to 
the current question of how to meet 
the demands of Open Access storage of 
scientific data in a way which fulfils the 
FAIR requirements. Fortunately, there is 
a clear route to managing what the origi-
nal Dublin Core authors described as the 
problems of cross disciplinary semantic 
drift.

1. Subject: The topic addressed by the work
2. Title: The name of the object
3. Author: The person(s) primarily responsible for the intellectual content of the object
4. Publisher: The agent or agency responsible for making the object available
5. OtherAgent: The person(s), such as editors and transcribers, who have made other 

significant intellectual contributions to the work
6. Date: The date of publication
7. ObjectType: The genre of the object, such as novel, poem, or dictionary
8. Form: The physical manifestation of the object, such as Postscript file or Windows execut-

able file
9. Identifier: String or number used to uniquely identify the object
10. Relation: Relationship to other objects
11. Source: Objects, either print or electronic, from which this object is derived, if applicable
12. Language: Language of the intellectual content
13. Coverage: The spatial locations and temporal durations characteristic of the object

Figure 1. The original 13 Dublin Core Metadata Element Set.
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Under the REUSABLE part of the FAIR 
principles is R1.3. (Meta)data meet 
domain-relevant community stan-
dards. So as a specific data record may 
be relevant and shared across different 
“communities” it becomes essential that 
the metadata which makes a specific 
data record relevant to that community 
is clearly separated from what could be 
an identical metadata term standardised 
by a different community. Both sets of 
metadata items can be equally relevant 
at the time they are generated and have 
different lifetimes depending on usage 
(Figure 2).

The GoFair initiative has a nice section 
explaining what “R1.3. (Meta)data meet 
domain-relevant community standards” 
means in practice, which opens the way 
to integrate our well-established spectro-
scopic data standards into this environ-
ment:

“It is easier to reuse data sets if they 
are similar: same type of data, data 
organised in a standardised way, 
well-established and sustainable 
file formats, documentation (meta-
data) following a common template 
and using common vocabulary. If 
community standards or best prac-
tices for data archiving and sharing 
exist, they should be followed. For 
instance, many communities have 
minimal information standards (e.g., 
MIAME, MIAPE). FAIR data should at 
least meet those standards.”

Metadata in regulatory 
compliance
And this is where this debate gets a lot 
more serious and is not just some sort 
of fancy theoretical exercise. As many 
of you may have read, the Food and 
Drug Administration has been crack-
ing down on data integrity in the phar-
maceutical industry. So much so that 
they decided to issue a new guidance 
note in December 2018 in the form 
of a Question and Answer session to 
support corporate data compliance in 
companies. This guidance note helps 
users understand some of the key 
underlying regulatory requirement laid 
out in the so-called predicate rules… 
in this case those that make up current 
good manufacturing practice (CGMP) 

for drugs, as required in 21 CFR parts 
210, 211 and 212.5 In case anyone 
thought that the retention of metadata 
was not a key component of an over-
arching data integrity policy the guid-
ance is very clear:

“What is ‘metadata’?
Metadata is the contextual infor-

mation required to understand data. 
A data value is by itself meaningless 
without additional information about 
the data. Metadata is often described 
as data about data. Metadata is 
structured information that describes, 
explains, or otherwise makes it easier 
to retrieve, use, or manage data. For 
example, the number ‘23’ is mean-
ingless without metadata, such as 
an indication of the unit ‘mg’. Among 
other things, metadata for a particu-
lar piece of data could include a 
date/time stamp documenting when 
the data were acquired, a user ID of 
the person who conducted the test 
or analysis that generated the data, 
the instrument ID used to acquire the 
data, material status data, the mate-
rial identification number, and audit 
trails.

Data should be maintained 
throughout the record’s retention 
period with all associated meta-
data required to reconstruct the 
CGMP activity (e.g., §§ 211.188 and 
211.194). The relationships between 
data and their metadata should be 

preserved in a secure and traceable 
manner.”
Of course, none of this is new, but 

the increased focus on data integrity is 
now shining a bright spotlight on indus-
try practises and the software solutions 
we have in place to generate, process, 
archive and restore our data.

There are two other pieces of guid-
ance in the document which I want to 
reproduce before we end this article as 
food for thought...

“9. Can electronic copies be used 
as accurate reproductions of paper or 
electronic records?

Yes. Electronic copies can be used 
as true copies of paper or electronic 
records, provided the copies preserve 
the content and meaning of the 
original record, which includes all 
metadata required to reconstruct 
the CGMP activity and the static 
or dynamic nature of the original 
records.”
And in question 10 the equiva-

lency of paper and electronic records is 
discussed, for printouts from pH meters 
and balances this might satisfy the record 
retention requirements however,

“10. Is it acceptable to retain paper 
printouts or static records instead of 
original electronic records from stand-
alone computerized laboratory instru-
ments, such as an FT-IR instrument?

Figure 2. All relevant metadata about the same record but show clear conflicts if the domain 
relevance of the specific metadata item is not retained.

continued on page 23
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QUALITY MATTERS

meet the lower end of the range 
requirement below these values.

Scenario #2
In the absorbance range encompass-
ing 0.2 to 0.8, the photometric accuracy 
shall not differ by more than ± 0.5 % of 
samples whose absorbance has been 
established by a standardising labora-
tory.

Criteria: This statement relates to a 
system “under test” and not just specifi-
cally referring to the limits associated 
with the reference material.

Now the required levels cannot be 
achieved, as already stated, by use of the 
uncertainty budget associated with the 
CRM, or by the specification of a good 
quality laboratory UV/vis spectrometer 
even when considered individually. Apply 
the Decision Rule where they also have 
to be combined in a linear manner and 
clearly you have a problem.

For example:
A double-beam, double-monochro-

mator has a typical specification of 
± 0.0015 A.

A single monochromator instrument 
typically has a specification of ± 0.003 
to 0.005 A.

The “best measurement” capability of 
NIST in the above range was produced 
by their certification of SRM 930e, at 
± 0.0023 A.5

So, adding these values together we 
get 0.0038 A “at best”, and typically 
0.0053 A to 0.0073 A.

Clearly, in both above scenarios, 
compliance with the requirement cannot 
be achieved with the Decision Rules 
stated, so the question must be:

“…what Decision Rule is expected to 
be applied and, given the above discus-
sion, how is it expected that an accuracy 
of ± 0.001 A at the 0.2 A be achieved?”

In addition, which UV spectrometer 
are you going to use to achieve such 
measurement performance when the 
requirement is better than the best 
measurement capability of national labo-
ratories?
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… However, electronic records from 
certain types of laboratory instru-
ments—whether stand-alone or 
networked—are dynamic, and a 
printout or a static record does not 
preserve the dynamic record format 
that is part of the complete original 
record. For example, the spectral file 
created by FT-IR (Fourier transform 
infrared) spectroscopy is dynamic and 
can be reprocessed. However, a static 
record or printout is fixed and would 
not satisfy CGMP requirements to 
retain original records or true copies 
[§ 211.180(d)]. Also, if the full spec-
trum is not displayed in the printout, 
contaminants may be excluded.”
But please go and read the full guid-

ance for all this information to be put into 
context.

Conclusions
Well for me this whole experience has 
been a bit of an eye opener. The chal-
lenges of getting the data exchange 
between vendors through a vendor-
neutral standardised human-readable 
format has always been around the data 
content section and carrying enough 
metadata through the migrations to 
ensure the data could be correctly read 
and interpreted in a second data system 
(meeting the new FDA guidance expla-
nation of electronic copies needing to 
preserve the content and meaning of 
the original record, which includes all 
metadata required to reconstruct the 
CGMP activity). So, our new challenge 
for 2019—to be discussed at the IUPAC 
100-year celebrations at the 50th IUPAC 
General Assembly taking place from 5 
to 12 July 2019, in Paris, France—will be 
to decide what improvements we need 
to make, together with the instrument 

vendors, to meet these new metadata 
challenges. Any volunteers out there?
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