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Abstract 

 

The ability to properly use scientific instrumentation is an essential part of research projects. 

Instrument users need to become familiar with the science behind the functions of the 

instrument, as well as its operational procedures. This is done by reading the instrument’s 

user manual. However, laboratory managers and technicians will summarize this information 

in an abbreviated Standard Operating Procedure (SOP) document to guide and train new 

instrument users. For my Marine Option Program project, I developed an SOP for the 

CosTech Elemental Analyzer (EA) and Delta V Isotope Ratio Mass Spectrometer (IRMS) 

housed at the University of Hawai‘i at Hilo Analytical Laboratory. The EA combusts solid 

samples to a gas, which is analyzed for carbon and nitrogen amounts, which then can be 

diverted into an IRMS, which then quantifies the amounts of specific stable isotopes for 

those elements. The SOP developed during this project is easier to understand, is organized 

with reference pictures on how to efficiently use the EA and IRMS. It can serve as a template 

for other instruments’ SOPs in the laboratory.  

 

Keywords: elemental analyzer, isotope ratio mass spectrometer, standard operating procedure, 

SOP 
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Introduction 

 When conducting research projects, analytical instrumentation is commonly used to 

analyze samples for microscopic variables, such as elements and their isotopes. The most 

commonly used instruments to do this are: elemental analyzers (EA), and high precision isotope 

ratio mass spectrometers (IRMS). The EA combusts solid samples to a gas, which is analyzed for 

carbon and nitrogen amounts within the sample, which then can be diverted into an IRMS, which 

then quantifies the amounts of specific stable isotopes for those elements.  

Carbon (C) and nitrogen (N) are the two most common elements analyzed in trophic level 

interactions and food web analysis. Stable isotopes of carbon and nitrogen (δ13C and δ15N) are 

used to identify photosynthetic pathways of primary producers, and for estimating trophic 

positioning in the food web, respectively (Doucett et al. 2009, Hondula et al. 2014, Layman et al. 

2012, Post 2002). Stable isotopes are also used in ecological studies such as diet specialization in 

marine mammals using δ13C and δ15N (Newsome et al. 2009), biological, oceanographic, and 

paleo-studies (Craig and Gordon 1965, Peterson and Fry 1987). They are highly useful in solving 

biogeochemical problems as they can be used as tracers as well as for processing information 

and can tell us changes in the environment, based on known characteristics of each element 

analyzed (Pearson and Fry 1987). During the coastal methods course I participated in fall of 

2016, my team and I collected 4 seaweed samples at 4 sites along the Keaukaha coast in Hilo, 

Hawai‘i. We dried and prepared the samples to be run in the EA and IRMS at the University of 

Hawai‘i at Hilo’s Analytical Laboratory. These dry seaweed samples were analyzed for stable 

nitrogen and carbon isotopes in order to identify if there were any anthropogenic waste 

contaminants entering the coastal waters.  
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 For my Marine Option Program (MOP) project, I worked with an EA and IRMS. The EA 

was a CosTech Elemental Combustion System. This EA combusts solid samples, and is set up to 

analyze those samples for carbon, nitrogen, and hydrogen. It can also be set up to do sulfur 

analysis. The IRMS was a Thermofisher Delta V Isotope Ratio Mass Spectrometer which 

analyzes gas samples for stable carbon and nitrogen isotope ratios. It was directly connected with 

the CosTech EA so that following the EA combustion, it could quantify the amount of each 

stable carbon and nitrogen isotope in the samples.   

These instruments can range from tens to hundreds of thousands of dollars, and repairs on 

these instruments can not only be expensive, but they can also cause a backup in jobs. Since it is 

a fee for service laboratory, clients that submit their samples expect high quality data returned to 

them in a timely manner so that they may finish their projects. However, if instruments go down, 

those samples must be placed on hold until the laboratory receives any required parts or they are 

able to troubleshoot and fix the instruments. It is essential that the laboratory technician using the 

machines knows how to properly use it, and can troubleshoot when problems arise. When the 

instrument is new, the instrument users must not only attend extensive training specifically for 

use of the instrument, but they must also become familiar with the operations manual. The 

operations manual for the instrument includes not only how to turn the instrument on and off, but 

how all the components of the instrument are connected, what the critical parts are, how the 

instrument analyzes and produces the data, and how to properly maintain and repair components 

of the instrument. However, this can be over 250 pages of reading. This is where the standard 

operating procedure (SOP) comes into play. An SOP is a set of written, easy to understand and 

well organized instructions that detail how to properly perform a specific function (EPA 2007; 
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Amare 2012). When writing an SOP, it is important to consider who the reader will be. There are 

two kinds of SOPs: a technical SOP and an administrative SOP (EPA 2007). 

For the benefit of future University of Hawai‘i at Hilo Analytical Laboratory users, I 

developed a more detailed, user-friendly SOP for the EA and IRMS. This is a technical SOP, 

which is defined as procedures that can be in a simple hierarchical step format used for any 

technical procedure or operational process. These are typically used for performing analytical 

methods in a laboratory (EPA 2007). Therefore, this format was chosen because an 

administrative SOP is more aimed at listing instruction on reviewing documentation or quality 

assurance of projects. The current SOP that is supplied in the lab is only text and provides no 

visual aids to help new users in becoming familiar with the proper usage of the instruments. 

However, the SOP that I have written is more simplified, with easy to understand step-by-step 

instructions for how to run a job from start-up of the instruments to processing of the data.  
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Methods 

 
Figure 1. Process of planning and writing a Standard Operating Procedure. Structured to fit my MOP 

project. 

To develop my SOP, I followed a step-by-step process on how to plan and write an SOP 

outlined by Amare (2012), and Colligon and Rosa (2006). Planning for the SOP began in 

November 2016 in the University of Hawai‘i at Hilo Analytical Laboratory (UH Hilo AL). The 

initial plan was to create a SOP for the new Delta V IRMS which was purchased with a National 

Science Foundation (NSF) Major Research Instrumentation (MRI) grant awarded to Dr. Tracy 

Wiegner and Tara Holitzki. On 8 November 206, a ThermoFisher technician arrived to open all 

the instruments’ boxes and began building and installing the new Thermo-chemical Elemental 

Analyzer, Delta V Isotope Ratio Mass Spectrometer, and Gas Bench II, as well as start training 

the laboratory manager and technician how to use the instruments. The installation of the 

instruments continued through to the middle of the spring 2017 semester. While the analytical 

laboratory awaited the new gases (C, H, O, N), I observed the process of installing the new 

machine. However, following winter recess, as the new IRMS was not fully set-up, calibrated, 
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and running yet, I changed my original MOP project plan. My new plan was to develop an 

updated, more user-friendly SOP with images for the current EA and IRMS. On 19 January 2017, 

the first IRMS job of the year was prepped and ready to run on the CosTech EA and Delta V 

IRMS. During the run, using Microsoft Office: Word notes were recorded. 

On 6 March 2017, the technician and I practiced the process of analyzing a sample for 

nitrogen and carbon from start to finish without a sample. We did this so I could ask questions 

regarding earlier note taking. Photos of the individual parts of the EA and IRMS, and of the 

computer screens were taken. 

 On 29 March 2017, I tested my SOP by running through a job. I instructed the technician 

on what to do, following each step of my SOP. I checked the SOP to make sure it included all the 

essential information from the instruments’ start-up, to what specific steps needed to be taken to 

ensure that accurate data would be produced, and finally to processing the instruments’ data. 

The final SOP is stored in the Analytical Laboratory and with Ms. Holitzki as both a 

printed copy and as an editable PDF. This SOP is unique to the EA and IRMS in the UH Hilo 

AL, and the procedures would need to be modified for use in another laboratory that may have 

different instrumentation. 

  

  

Figure 2. Project workflow from start (November 8, 2016) 

to finish (May, 2017). 
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Discussion 

Before starting this project, I had very little experience working in an analytical 

laboratory, and no experience writing SOPs. The amount of planning and coordinating that goes 

into not only writing the SOP, but also ensuring that it is comprehensive and can be understood 

by someone with no instrumentation experience was more time consuming and challenging than 

previously anticipated. However, the feedback that I received from Ms. Holitzki was a crucial 

part of completing project successfully and helped me to produce the best SOP possible. My 

SOP has not yet been used to train new IRMS users, however, Ms. Holitzki plans to use it with 

the next one.  

In conclusion, following the completion of this project, I gained a more technical 

understanding of the “behind-the-scenes” part of analytical laboratories. In addition to observing 

how incoming samples from clients are put into the job queue, I got to use my own research 

project to gain experience in drying, preparing, and logging samples and standards to be 

processed in the EA and IRMS. I got to observe, learn, and log how to use the EA and IRMS, 

starting with the warm-up procedures, calibrating the gases, loading and running the samples, 

and finally normalizing the data so that when it is sent back to the client, they can easily use it in 

their own research. Now, rather than being a researcher that submits samples to the laboratory 

and trusts that the results will come back perfectly, I have the knowledge of what it takes to 

process valuable research samples. The pressure and trust that is placed in the staff of analytical 

laboratories seems greatly underappreciated. However, I hope that with the knowledge gained 

from this project, I will be able to apply them in my future career.  
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