
DRCC  

Bridging research and teaching:  
Bringing environmental research-like experiences into 

the undergraduate analytical teaching laboratory 

D. E. Latch 

Department of Chemistry, Seattle University 



Instrumental Analysis at Seattle U 

CHEM 426 Instrumental Analysis .................................................................. 5 
Theory and techniques of instrumental methods representative of 
spectrometric, electroanalytical, and chromatographic techniques. Two lecture 
and two four-hour laboratory periods per week. Prerequisites: CHEM 319, 361. 
(spring) 

Enrollment is typically 10 - 20 students 
•  split between juniors and seniors  
•  mostly chemistry/biochemistry majors 
•  occasional biology major 
•  students ideally work in pairs 

 



Instrumental Analysis at Seattle U 

Instrumental Analysis at Seattle U has sometimes been taught in 
close collaboration with SU’s senior-level ecology course. We try 
to focus on labs of local/ecological/environmental interest. 
 

 

The labs: 
•  IR: xylenes quantification 
•  fluorescence: Stern-Volmer quenching 
•  AAS: lead in soils (request from People for Puget Sound) 
•  GC-MS: terpenes in tree resins (Langenhan group research) 
•  LC-MS-MS: pesticides analysis (Latch group research) 
•  UV and HPLC: pollutant photochemistry (Latch group research) 
 

 



•  Asarco Company had run a copper smelter out of Tacoma that emitted 
copious amounts of mercury and lead to the atmosphere 

•  Monitoring the legacy and continuing impact of mercury and lead in the path 
of the smelter plume is of concern to local community members/
organizations (this experiment started as a service-learning project with 
People for Puget Sound) 

Lead analysis: legacy of the Asarco smelter 



Can we contribute to the monitoring of Pb? 

� Focus areas: 
•  Vashon Island (because it is near 
the smelter and directly in the 
plume�s major pathway) 
•  Seattle University area (because 
there is currently a lack of data and it 
is relevant to the students� interests) 



Lead analysis by atomic absorption spectroscopy 

In the field: 
•  Students collect soil samples 
from Vashon Island and 
different sites in Seattle 
 

In the lab: 
•  Students develop an 
analytical method (based on 
an established EPA method) 
•  Create calibration curves 
•  Quantify lead 
•  Perform spike-recovery 
experiments 
•  Determine LODs 



Sample student data: lead at Seattle sites 







Conifer defense against pine beetles 

•  A pine beetle outbreak is 
currently threatening large 
areas of North America.  

•  Conifers’ primary defense 
against attack is resin. 

•  Pine resin is comprised 
primarily of monoterpenes 
and diterpene acids. 

•  Preliminary results suggest 
that monoterpene levels can 
influence bark beetle attack 
rates and success. 

•  This study aims to quantify 
monoterpene levels in 
conifers at different 
elevations before & after 
predation. 



Terpenes found in conifer resin 

Martin et al. Plant Physiology 2002, 129, 1003-1018. 



Sample student data: limonene calibration 



Sample student data: identification of terpenes 



Seattle PI 

Duwamish River: a local EPA Superfund site 



Found in over 3,500 commercial products 

Emerging contaminants: pyrethroids 



Summary of pyrethroids analysis 



LC-MS/MS: output from standards 

total ion chromatogram 
100 ng/mL standards 

MRM chromatogram 
100 ng/mL standards 
(gives identity of 
compounds responsible 
for each peak) 

trans-permethrin and 
trans-permethrin-13C6 

cis-permethrin and 
cis-permethrin-13C6 
 

bifenthrin 

cypermethrin 

cyhalothrin 



Sample student data: pyrethroids calibration 

0

1000

2000

3000

4000

5000

6000

7000

0 20 40 60 80 100

bifenthrin
cis-permethrin-13C6
permethrin
trans-permethrin-13C6
cypermethrin
cyhalothrin

M
R

M
 a

re
a

conc. (ng/mL)

The LC-MS-MS method 
displays great sensitivity 
and LODs 
 

Recoveries of better than 
90% are achieved 
 

We are capable of 
measuring pyrethroids in 
water, sediment, and tissue 
samples 



Bifenthrin in Duwamish River water 

total ion chromatogram 
100 ng/mL standards 

total ion 
chromatogram 
Duwamish River 
extract 

trans-permethrin and 

trans-permethrin-13C6 

cis-permethrin 

bifenthrin 

trans-permethrin-13C6 

(standard spike) 

bifenthrin 
appears at low 

levels 



Bisphenols in the environment 



Photochemical behavior of pollutants 

natural organic matter natural organic matter

direct
photolysis

indirect
photolysis

light screening

substrate products

3NOM 1O2 OH H2O2

photochemically produced
reactive intermediates (PPRI)



Measuring photochemical kinetics 

time 

ln
([S

] t/
[S

] 0)
 slope gives the 

rate constant 

substrates quantified by peak area degradation data treated according to 
pseudo-first order kinetics 



Sample student data: BPZ UV analysis 

UV results were used in developing HPLC methods and for interpreting photochemistry data 



Sample student data: BPZ photochemistry 



Initial studies of BPs in the research lab 
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Initial studies of BPs in the research lab: direct 
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Initial studies of BPs in the research lab: BPF 
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Insights 

from students: 
•  Trace-level analysis is difficult! 
•  Instruments can be finicky and experiments do not always 

work as planned 
•  �Real world��research is more satisfying but also more difficult 

than �cookbook��experiments 
from faculty: 
•  Students enjoy applying their skills to a good cause 
•  Students desire more interaction with their ecology colleagues 
•  Students gain experience using sophisticated equipment 
•  This course is a lot of work, but it is more enjoyable than the 

more traditional course had been  
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ECOLOGY LAB 

Field measurements 

Abiotic Biotic 

pH 
Temperature 

DO 
Salinity 

TSS 
NO3 
PO4 
 

Benthic Invert 
Density 

Size 
Plankton 

 

72 Liters  



Elute with EtOAc and 
evaporate 

Solid Phase 
Extraction 

Organic solid 

ECOLOGY LAB 

Field measurements 72 Liters  

Sterile Filter 

ORGANIC CHEMISTRY LAB 



Elute with EtOAc and 
evaporate 

Solid Phase 
Extraction 

Organic solid 

LC-MS/MS 

ECOLOGY LAB 

Field measurements 72 Liters  

Sterile Filter 

INSTRUMENTAL ANALYSIS LAB 

ORGANIC CHEMISTRY LAB 
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product mixture prior to MS

the first quadrupole acts as a filter, 
letting ions only with our desired 

mass-to-charge ratio (m/z) to pass 
through

at the second quadrupole, the ions 
that make it past the filter of 

quadrupole 1 are fragmented by a 
stream of nitrogen gas

the third quadrupole separates the 
fragment ions before they reach 

the detector. The detector records 
the characteristic mass spectrum

Q1 Q2 Q3

MS/MS: Sensitive and selective detection 


