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Factors that NOAA considers when determining spill complexity 
(Michel et a l., 2011)

● Spill volume
● Product releas ed (es pecially if unus ual or dangerous )
● Spatial extent of oiling (e.g., number of miles  or acres  affected)
● Number and complexity of shoreline types potentially affected
● Sensitivity of oiled shoreline types
● Uniformity/ complexity of oiling
● Multiple zones  of oiling within s egments  prevalent vs . one continuous  band
● “3-dimens ional” oiling (e.g., oiling on s tems  or branches  of mars h/ mangrove)
● Spill conditions (e.g., buried or s unken, oil (evaporation, trans port) or ocean conditions  changing rapidly?)
● Sources  changing (fuel oil vers us  plas tics ?)
● Logistical constraints to shoreline access
● Res ource concerns  that need to be s pecifically confirmed in the field
● Recreational or industrial use of the oiled shorelines, seasonal use factors
● Commercial, recreational, and/or subsistence consumption of resources
● Aes thetic requirements  (which might require us e of chemical agents  or other means  to reach endpoints )
● Degree of cooperation among the Res pons ible Party (RP) and Natural Res ource Trus tee agencies  (Trus tees )



Conceptual Site Models

A conceptual s ite model is  a  useful tool for s electing s ampling locations . It helps  ensure that 
sources , migration pathways , and receptors  throughout the s ite are cons idered before s ampling 
locations  are chosen.
● Potential Sources: Site (was te pile, lagoon); drum dump; s ewage plant outfall; agricultural 

activities .
● Potential Migration Pathway (Surface Water): Runoff from the was te pile, lagoon, drum dump, 

or agricultural activities ; outfall from the lagoon or s ewage plant.
● Potential Migration Routes: Inges tion or direct contact with water in the river, lake, or aquifer 

(e.g., inges tion of drinking water, direct contact with water a t the public beach)
● Potential Receptors of Concern:
● Human Population (Res idents / Workers / Trespas sers ): Inges tion or direct contact with 

contaminated water in the river, lake, or aquifer (e.g., swimming, drinking).
● Biota: Endangered/ threatened species  or human food chain organisms  suspected of 

inges ting or being in direct contact with contaminated water.



Sample Collection

● When sampling, s everal things  mus t be cons idered to ensure that your 
s ample is  representative.
○ points  of s ampling
○ Frequency of s ampling
○ Maintenance of integrity with respect to s amples  prior to analys is

● Things  to cons ider
o Prior actions  a t the s ite
o Properties  and characteris tics  of the suspected contaminants
o Topographic, geologic, hydrologic and meteorological conditions
o Habita ts  and human vulnerability



Essentials components of the sampling plan

● What are the data  use and quality as surance objectives
● Sampling objectives
● Sampling equipment and methodology
● Sampling des ign
● SOP
● Analytical methods
● Decontamination goals
● Sample handling and shipment
● data  validation



Sampling types (“average” concentration within area, 
flow etc)
● Grab- discrete a liquot from one specific s ampling location at a  specific point in time, and may 

be cons idered representative of homogenous  conditions  over a  period of time and/ or 
geographical area (cons ider depth s tra tification)
○ Generally preferred – minimizes  time and expens e, reduces  ris k expos ure for pers onnel, pres erves  s ample 

integrity becaus e you avoid s torage of s amples  in les s  than ideal conditions  while you collect a  compos ition 
s ample.

● Compos ite – non dis crete containing two or more aliquots , collected at various  locations  and 
times .  Combines  grab s amples  collected at defined intervals  – areal (equal a liquot grab 
s amples  collected in identical manner, over a  defined area), vertical, flow proportional 
(proportional to a  flow rate us ing time varying/ cons tant volume or time cons tant/ varying 
volume), and time (varying number of dis crete a liquots  collected at equal time intervals  
during g the period of time over which you are collecting the compos ite s amples ).



Sampling considerations:

● Hydrology
● Topography
● Water quality data  and measurements  (chemical, phys ical)
● s tra tification
● Measurements  a t 1m for CTD parameters



QA/QC

● Precis ion (variability in the data  collection proces s )
● Accuracy (bias )- bias  in the analytical proces s
● Completenes s  -how many of the s ampling points  pas sed the tes ts
● Representativenes s  – to which degree are the s ample data  accurately and 

precis ely represent the characteris tics  and concentrations  of the s ite 
contaminants .

● Comparability – evaluation of the s imilarity of conditions  (depth etc) under 
which s eparate s ets  of data  are produced



Data quality objectives

● Decis ions  to be made or ques tions  to be answered by data
● Why analytical data  are needed and how will it be used
● Time and resource cons tra ints  on data  collection
● Descriptions  of the analytical data  to be collected
● Applicable model or data  interpreta tion used to arrived a t a  conclus ion
● Detection limits  of analytes  of concern
● Sampling and analytical error.



How to decide what to sample

● Rely on his torical data  or previous  monitoring efforts

● If his torical data  are not helping determining which pollutants / s ources  are 
important then go to the field s creening approach. 

● Field s creening as s is ts  with s election of s ampling locations  and depths  or 
s amples  to be s ent for laboratory analyses  by narrowing the groups  or clas s es  of 
chemicals . Effective and economical for gathering lots  of data .

● If s creening res ults  of inconclus ive then s end a  s ubset of s amples  from the areas  
of concern for a  full chemical characterization by off s ite. (GC/ MS, ICP  and  IR)



Sampling approaches

● J udgmental s ampling (biased, not good for s ta tis tics )
● Random sampling – samples  having s imilar contaminants  within define 

boundaries  of the area . Bes t used when there is  no easy way to decide where 
to s ample.

● Grid s ampling – square or triangular grid
● Sys tematic random sampling- random sampling within grid squares .



Sampling approaches

● Transect s ampling
● Stratified s ampling to enable different s tra tegies  

to be used in different s tra ta- chosen based on 
areas  where s eparate clean-up decis ions  need to 
be made or varying contaminants  or 
concentra tions  are expected (better for 
s ediments )

● 3D sampling (sys tematic but with depth included)



Surface water and sediment field analytical screening

EPA



Surface water and sediment field analytical screening



Surface Water



Surface water



Sediments



Sediments



Regarding questions about length of monitoring

● Palos  Verdes  shelf dumps ite, large coas ta l 
spill s ites .
○ Comprehens ive survey undertaken a t some point to 

delineate area  of contamination and resources  
contaminated (so bottom feeding fish and locally 
caught fish were s tudied as  well), marine top 
predators  were a lso s tudied. Then follow up with 
s tudying s ediments  (i.e., source) periodically (e.g. 
every year after the firs t year and fading to every 3 
years , for example) to s ee how the contaminant load 
is  decreas ing or changing a t the source. Periodically 
monitor subsets  of the food web (to predators , fish).



Monitoring for baselines – Palos  Verdes  example
- this  s ite couldn’t be cleaned up and is  as s umed to be contaminated for 

a  very long time (may be forever)- indefinite monitoring
To evaluate the potential losses in natural resources associated with the presence of contaminated sediments at the PV Shelf. The 
NRDA included the following components: 

• Collection and analysis of sediment core samples on the shelf, slope, and adjacent basins to describe 
the vertical and horizontal extent of contamination. 

• Evaluation of potential biological effects levels for sediment concentrations of DDTs and PCBs

• Evaluation of potential effects on different receptors including fish, birds, and mammals. 

• Predictive models of changes in concentrations of DDTs (the majority of DDT has been converted to 
dichlorodiphenyldichloroethene [DDE]) at two shelf locations (through the year 2100) as a result of 
natural physical and biological processes. 

--- Comprehensive study, at some point, undertaken to characterize the nature of the disaster site; 
monitor (every 3 years or so) using a basic set of parameters to see if their models of 
transport/degradation are right and to see whether/how thing have changed.



But not all disasters need to be monitored indefinitely

● Objectives  matter: if your goal is  to s ay that the spill is  no long important then 
you have to show that some references  point has  been reached in your 
s amples  of interes t. For example, PAHs  in fish after a  spill. Sample long 
enough until you can figure out the depuration ra te. Community compos ition 
of primary producers  and primary production measurements  may be a  useful 
way to demons tra te that a  sys tem is  back to normal

”



ITOPF guidance on monitoring duration

● Duration of the monitoring program and frequency of repeat s ampling 
depends  on the program objectives  and the inherent characteris tics  of the 
specific parameters  that are being measured. Example
○ If oil concentra tion in a  particular environment is  what you care about then you are likely to 

need weeks  to months  of monitoring before background concentra tions  are re-es tablished
○ If the objective is  to determine whether a  particular response was  effective – i.e. dispersant 

addition – then immediate implementation of monitoring and rapid proces s ing of results  
would be crucia l to enable a  timely decis ion to be made





Regarding questions about length of monitoring

● What you spill matters  – nitric acid, likely dis socia tes  and becomes  
“undetectable” fa irly quickly (soluble spills ), oil could s tick around for a  while 
especia lly a long the shoreline, marine debris  may s it in s ediments  for a  while 
or collect on shorelines  (but this  can be handled by visual surveys  fa iry eas ily 
and you can employ local s takeholders  to help with those “s ightings .”





Develop/assist “standard methods Xpress 
Pearl
•Provide a common currency of analytical results for 
researchers and interested folks to study in the 
aftermath of Xpress Pearl

•All valuable measurements from “low-cost” and up.



Methods (Easiest and valuable) and publishable

•Mass: Pellets are 25 mg (possible weathering already) and 
burnt remants.
•Need an analytical balance at ideally 0.1 mg ($150) and one reference 
mass; 10 or 30 mg ($40 but varies on tolerance)
•Size/shape/color: Use Bryan’s program (some details 
published and more in preparation.) (Alternative would be 
ruler, calipers and reference color sheets).
•Need microscope ($125) from Amazon



Methods (more challenging)
•Solvent-extractable mass: Need solvent, hood, 
balance, and syringe.  (Need to ensure balance for mass 
is suitable; see below too)
•Density (PE vs etc): Need methanol/ethanol, syringe, 
and balance.
•Loss-on-ignition: Need muffle oven and balance.



Methods (Challenging)
•FTIR: Instrument access and reference (determine 
polymer composition: reference library comparison 
(https://openanalysis.org/openspecy/) ; upload spectrum 
and post process within the database (statistical 
comparison)

Weathering: there is some evidence with FTIR. Forensic value.
•TGA?: Thermogravimetric analysis 

https://openanalysis.org/openspecy/


Make a case to use these previous, 
simpler results for more complex 
analyses
•Elemental analysis
•GC-based techniques
•LC-based techniques
•High-resolution MS
•??
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