
 
 
 
 
 
 
 

Eddy impact on anthropogenic chemicals in the lee of Hawai’i 
 

Rachel Faye Lipsy 
 

University of Washington   
School of Oceanography  

Box 357940  
1503 Northeast Boat Street  

 Seattle  
Washington 98195  

 
rfaye@u.washington.edu 

 
March 4, 2011 

 
Running title: Eddy impact on anthropogenic chemicals 



Lipsy 

 2 

Non-technical summary 

 Eddies are formed in the lee of the Hawaiian Islands when the Trade Winds blow across 

the steep topography.  The winds are blocked by the volcanoes and speed through the channels 

between the islands, especially the Alenuihaha channel between the Big Island and Maui, and the 

difference in pressure on the ocean surface creates an eddy (Bidigare et al. 2003).  This study 

was conducted aboard the R/V Thomas G. Thompson from 27 December 2010 – 6 January 2011.  

This study analyzed human-made chemicals found within and surrounding an eddy in the lee of 

Hawai’i.  These chemicals likely came from the islands, mixing into the surface waters and 

possibly the entire water column.  Both human-made and natural land-based compounds were 

found in the lee of the islands.  Both of these sub-groups of chemicals were likely affected by the 

eddy, with some compounds found only outside the eddy and some found only inside. Of the 

anthropogenic compounds, DCHP had the greatest total amount with 51.798 ug/L, and lilial had 

the least total amount with 0.014 ug/L; in general, there were a greater number of anthropogenic 

chemicals found outside the eddy.  However, other compounds did not seem to be affected by the 

eddy, which might indicate that man-made compounds are more common in the ocean than 

previously recognized. 
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Abstract 

 This study analyzed the anthropogenic chemicals found within and surrounding an eddy 

in the lee of Hawai’i. This study was conducted aboard the R/V Thomas G. Thompson from 27 

December 2010 – 6 January 2011.  The quantifiable anthropogenic chemicals found within the 

eddy were cumene, lilial, ethyl vanillin, dibutyl phthalate, bisphenol a, and dicyclohexyl 

phthalate.  The quantifiable natural or anthropogenic chemicals were benzaldehyde, limonene, 

benzyl acetate, thymol, eugenol, salicylic acid, vanillin, and trans-cinnamic acid.  Cumene, 

limonene, eugenol, salicylic acid, lilial, benzaldehyde, and dibutyl phthalate were found solely or 

mostly outside the eddy.  Thymol, vanillin, and ethyl vanillin were found solely or mostly within 

the eddy.  Benzyl acetate, trans-cinnamic acid, bisphenol a, and dicyclohexyl phthalate were 

found everywhere regardless of the eddy.  Of the anthropogenic compounds, DCHP had the 

greatest total amount with 51.798 ug/L, and lilial had the least total amount with 0.014 ug/L; in 

general, there were a greater number of anthropogenic chemicals found outside the eddy.  There 

are a few possible reasons for the differences in trends between the compounds, based on the 

transport of the compounds.  For instance, the common occurrence of bisphenol a and 

dicyclohexyl phthalate, both plastic derivatives, might indicate that anthropogenic compounds 

are more ubiquitous in the open ocean than previously recognized. 

Introduction 

 Both warm and cold core eddies are a common occurrence in the lee of Hawai’i, formed 

by the north-easterly winds driving across the steep topography (Benitz-Nelson and 

McGillicuddy 2008).  They form within the surface waters and can last from 4 weeks to 4 

months depending on the pattern of the trade winds (Dickey et al. 2008).  These eddies have 

been studied by the E-Flux program, an international research endeavor to accumulate more 
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knowledge on eddies.  The E-Flux program studied two cold-core eddies of different ages, Noah 

and Opal (Benitz-Nelson and McGillicuddy 2008) and found similar causes of formation and 

patterns of water movement. 

 Areas of high eddy formation can be found between 160°W and 156°W west of the Big 

Island of Hawai’i (Yoshida et al. 2010).  Both cyclonic, cold-core, and anti-cyclonic, warm-core, 

eddies will likely form and stay within this area; however, cyclonic eddies travel mostly 

northwestward while anti-cyclonic eddies travel mostly southwestward (Calil et al. 2008).  

Although eddies are relatively slow moving – 0.17 knots for the quickly moving Opal 

(Kuwahara et al. 2008) – they can be difficult to track in the field.  This is due to the delay of 

processing satellite or Acoustic Doppler Current Profiler (ADCP) data into a current vector that 

can be used to determine the ship’s location within the eddy.  Additionally, the eddy continues to 

move while the individual sample stations are being located.  When such stations are determined 

based on their relative position to the eddy rather than a fixed point they become infinitely more 

difficult to locate. 

 Few studies have been done on eddies, and no previous study has been done on the 

transport of anthropogenic chemicals in and around eddies.  The only previous studies done on 

both anthropogenic chemicals and eddies have focused on dissolved anthropogenic gasses 

specifically CFC-11, CO2, and ∆14C.   One such study used an ocean general circulation model to 

find that eddies impede the transport of such tracers into the atmosphere by decreasing the sea-

air flux (Lachkar et al. 2007).  Other studies on anthropogenic chemicals have focused on areas 

near shore with known contaminants or hazardous chemicals found in locations distant from 

humans (Blais 2005, Edmonds et al. 2001).  None have focused on land-based anthropogenic 

chemicals in eddies. 
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 Anthropogenic chemicals originate from all land surfaces inhabited by humans.  In the 

nutrient-poor tropical oceans (Benitz-Nelson and McGillicuddy 2008), these anthropogenic 

chemicals may have a large impact on biological productivity; nutrient runoff from plantations 

may increase biological productivity and oil runoff from streets may decrease it.  Although such 

biological surveys are not within the scope of this study, it is important to observe the transport 

of anthropogenic chemicals so that further studies may benefit from this spatial information. 

Methods 

 Samples were collected at a total of 16 different stations.  Two stations were near the 

islands and far from the eddy; they were used as controls for the samples taken within and 

immediately outside the eddy.  The two control stations were -4 and -3.  Another two stations 

were outside but nearby 

the eddy: -1 and 23.  One 

station, 0, was on the edge 

of the eddy.  The 

remaining stations were 

inside the eddy: 1, 2, 12, 

13, 15, 16, 17, 18, 19, 20, 

22, and 23.  Only one of 

those stations, 13, was in 

the center of the eddy. 

Figure 1 Sea surface temperature (SST) of the surface ocean 
around the islands of Hawai’i during the time of the cruise.  SST 
collected by ship shown along cruise track.  Station locations 
plotted along cruise track as well. 
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Table 1 In order of ship track, the station 
name, station number, and sample name.  
The labeling of the samples follows a 
pattern, from first letter to last: a “c” 
indicates a control, an “e” indicates a 
sample near or in the eddy; the following 
number is the chronological number of the 
sample; an “o” indicates outside the eddy, 
an “e” indicates on the edge of the eddy, an 
“i” indicates inside the eddy.  Additionally, 
some samples have “a” versions and “b” 
versions.  These are exactly the same 
samples except that one was processed in the 
lab and one was processed on board ship. 

 The eddy was located using various means.  The Naval Research Laboratory’s 1/30° 

Nowcast/Forecast model of ocean altimetry, current speed, and direction was one of those 

means.  In addition to this model, ADCP data was run through a Matlab script outputting current 

vectors roughly 20 minutes after the original data was collected.  This information, along with 

immediate sea surface temperature (SST) 

data, was used to locate the eddy and the 

ship’s position within the eddy.  The ADCP 

data was especially useful for determining the 

center of the eddy. 

 A total of 29 samples were collected 

from the 16 different stations.  Each sample 

was collected in a 10-L collapsible plastic 

bottle from either the flow through seawater 

system on the R/V Thompson or a CTD rosette 

cast.  The water from the flow through was 

collected from surface waters roughly 1-2 m 

below the surface, while the water from the 

CTD casts was collected at 5 m depth.  At 

seven stations water was collected both from 

the flow through and from the CTD in order to 

calibrate the flow through and recognize 

possible contaminants from the ship itself.  

These stations were -4, -3, 0, 1, 2, 12, and 13.  
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 Although 10 L of water was collected for each sample, only 8 L of water per sample was 

used for filtering and the subsequent processes.  On board ship the samples were filtered using 

GF/F filters under <15 mmHg, except for three samples – e14i, e17i, and e20i – which were 

filtered once they returned to the lab.  Also on board ship, samples c1o, c3oa, e1ob, e2eb, and 

e3ea, and e5ia were acidified to a pH of <3 using HPLC-grade hydrochloric acid.  They were 

then extracted using the methods for solid phase extraction found in Keil and Neibauer (2009), 

using 200 mg Waters Oasis HLB cartridges.  All other samples were acidified and extracted once 

reaching the lab at the UW campus. 

 The extraction phase was carried out in stages for multiple samples.  Due to the large 

volume of water collected for each sample and to ensure that the cartridges did not dry out, not 

every sample was run overnight.  For those samples that were not run overnight, each cartridge 

and its tube were placed in a plastic ziploc bag while water was still in the tube and then placed 

in the refrigerator overnight.  The samples were also placed in the refrigerator overnight.  The 

next morning all materials were removed from the fridge and set up once more to continue 

extractions.  Following extractions, the samples were eluted and run on a Time of Flight Gas 

Chromatograph Mass Spectrometer (TOF).  This is different than the methods in Keil and 

Neibauer (2009), which used an Agilent 6890N GC coupled to 5975 MSD fitted with a J&W 

DB-5MS column.  The TOF could “see” all chemicals found in the samples because it allowed 

all of the ions from the sample into the flight chamber at the same time, but then caused them to 

hit the detector one at a time.  This line-up of chemicals could be done because the flight time, 

from the flight chamber to the detector, varied with the square root of the mass-to-charge ratio of 

the ions; so the small ions could reach the detector before the large ions.  The TOF could then 

find and quantify the anthropogenic chemicals available in and outside of the eddy. 
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Figure 2 ADCP data collected during the cruise and 
plotted according to 20 m binned means.  Shade of 
arrow corresponds to the depth averaged for each 
bin.  Length of arrow corresponds to speed of 
current.  Station locations are plotted as stars along 
the cruise track.   

 The number of different anthropogenic chemicals, the amount of each, and the total 

amount of anthropogenic chemicals found at each station were collected and plotted using Excel. 

In addition, the anthropogenic chemical data received from the TOF was correlated with ADCP 

and SST data in order to be placed in their correct locations within or outside of the eddy.  

ArcGIS was used to layer the station locations on top of the ADCP current data and SST in order 

to analyze the chemical data in correlation with eddy movement. 

Results 

 The eddy located was a cold-core cyclonic eddy, with a diameter of over 120 km.  It was 

located between 19°N and 20.75°N, and 157°W and 159.5°W.  Once plotted, the ADCP and SST 

data revealed that the eddy had a likely 

core radius of 60 km, and average 

surface currents of 0.5 m/s.  During the 

cruise the eddy moved in a 

northwesterly direction (Fig 2). 

 The water collected from the 

flow-through did not have a one to one 

correlation with the water collected from 

the CTD.  The total number of 

compounds found from a single sample 

did not always match the total number of 

compounds found from a different 

sample from the same station, the 

difference between the samples being 
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Figure 3 The amount of anthropogenic compounds ordered by 
station number and the distance from the center of the eddy, 
plotted on a log-scale y-axis. 

whether they were collected from the flow through or the CTD.  In most instances where 

samples from the same station did not have the same number of compounds, the sample collected 

from the flow through had a lesser number of compounds than the sample from the CTD 

(Appendix A).  The correlation between the flow through and CTD samples had an R2 value of 

0.0164.  

 There were a total number of 14 recognizable compounds found.  These compounds were 

cumene, benzaldehyde, limonene, benzyl acetate, thymol, eugenol, salicylic acid, vanillin, lilial, 

trans-cinnamic acid, ethyl vanillin, dibutyl phthalate, bisphenol-a (BPA), and dicyclohexyl 

phthalate (DCHP).  The greatest number of compounds found in any one sample was 8 and the 

fewest number of compounds was 4.  DCHP and vanillin were the only compounds found in 

every sample, followed closely by BPA, which was lacking in only one sample.  Even though 

benzyl acetate was not found in every sample, it had the greatest total amount of all the 

compounds with 320.317 ug/L total.  DCHP followed as the next greatest total amount with 

51.798 ug/L total.  

 The chemicals 

found that can be 

determined to be wholly 

anthropogenic were 

cumene, lilial, ethyl 

vanillin, dibutyl 

phthalate, BPA, and 

DCHP (Fig 3).  The 
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chemicals found that may or may not be anthropogenic were benzaldehyde, limonene, benzyl 

acetate, thymol, eugenol, salicylic acid, vanillin, and trans-cinnamic acid.  From the 

anthropogenic chemicals, the ones found inside the eddy were ethyl vanillin, BPA, and DCHP.  

Of those three, BPA and DCHP were also found outside the eddy with no clear trend.  Only ethyl 

vanillin had a trend of being found only inside the eddy.  The anthropogenic compounds found 

only outside the eddy were dibutyl phthalate, cumene, and lilial.  Lilial was only found once, 

near the islands, but the two other compounds were found both near the islands and on the 

opposite side of the eddy. 

 The chemicals found that may be anthropogenic and may be natural were limonene, 

benzyl acetate, thymol, eugenol, salicylic acid, vanillin, trans-cinnamic acid, and benzaldehyde.  

Of the natural compounds, benzyl acetate did not show much of a trend, and trans-cinnamic acid 

seemed to disregard the eddy, although it had higher amounts closer to the islands.  Salicylic acid 

had greater amounts found outside the eddy and limonene, eugenol, and benzaldehyde were not 

found in the eddy at all.  Only vanillin was found in greater amounts inside the eddy. 

 Of the anthropogenic compounds, DCHP had the greatest total amount with 51.798 ug/L, 

and lilial had the least total amount with 0.014 ug/L.  DCHP was ubiquitous in the samples, 

while lilial was only found outside the eddy.  The two other compounds found purely outside the 

eddy were cumene with a total of 0.826 ug/L and dibuthyl phthalate with 5.153 ug/L.  Cumene 

was comparable to the total amount of BPA, which was 0.804 ug/L; however, like DCHP, BPA 

was ubiquitous in the samples. The single compound found only outside the eddy was ethyl 

vanillin with 3.975 ug/L.  In general, there were a greater number of anthropogenic chemicals 

found outside the eddy.  The full data set can be found in Appendix A.
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Figure 4 The top left figure is the ADCP plotted cruise track with station 
locations plotted along the cruise track.  The remaining figures are 
compounds plotted according to latitude and longitude.  Each circle 
corresponds to one sample, and some stations had multiple samples, thus 
some circles are centered on the same places.  The size of the circle 
corresponds to the amount of compound measured in ug/L was found 
within each sample. 
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Discussion 

 Although the eddy is a stronger feature in the upper levels of the water column 

(Kuwahara et al. 2008) where the samples were collected, the eddy impacted different 

compounds in different ways, and didn’t impact some compounds at all (Fig 4).  This variation 

can be seen through all of the compounds, both the anthropogenic and the natural ones.  But the 

natural compounds tended to be found in greater quantities outside of the eddy – out of 8 natural 

compounds, limonene, eugenol, salicylic acid, and benzaldehyde were found either solely or 

mostly outside of the eddy, benzyl acetate and trans-cinnamic acid were common everywhere, 

and thymol and vanillin were found mostly inside the eddy.  The anthropogenic compounds had 

similar trends.  Out of 6, cumene, lilial, and dibutyl phthalate were found solely or mostly 

outside of the eddy, ethyl vanillin was found only inside the eddy, and BPA and DCHP were 

found in equal amounts everywhere. 

 Since some of the compounds do follow a pattern of differentiation seemingly caused by 

the eddy, it is likely that the vertical shear mentioned by Kuwahara et al. (2008) was similarly 

strong in the eddy located for this study.  This might have caused a slight boundary between the 

inside and the outside of the eddy, trapping some of the compounds inside the eddy while 

pushing others out.  However, it is also possible that this eddy was old and thus weakening, as 

witnessed by Nencioli et al. (2008), and the shear along its edges was no longer as strong as it 

had been when the eddy had first formed.  This could have caused some overlap in compounds 

found inside or outside the eddy or along its edges. 

 Conversely, there are four possible reasons for compounds to follow one of the three 

general patterns of inside the eddy, outside the eddy, and everywhere.  The first reason is that the 

compound is natural and is a derivative of bacteria or plankton in the ocean.  It is known that 
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trans-cinnamic acid is a derivative of bacteria (Onofrejova et al. 2010), however, this is difficult 

to quantify for the other compounds due to little being known about such chemicals in the open 

ocean.  The second possibility is that the compound reached the ocean through rivers or runoff, 

and the third is that the compound was blown into the ocean by the wind.  Anthropogenic 

compounds would likely be burned on land in order to reach the ocean by wind but for natural 

compounds that is unlikely.  The fourth possible reason for differences in distribution is that 

anthropogenic compounds could be leached from plastic waste already in the ocean.  This is 

especially likely for the plastic derivatives such as BPA and DCHP.  The eddy would then affect 

these four different paths of compounds reaching the open ocean differently. 

 For the instances of the plastic derivatives found both in and outside the eddy, it could be 

argued that plastic on board the ship contaminated the samples or that plastics from the analysis 

process contaminated the samples.  If the samples were contaminated due to plastic tubing or 

piping on the ship, this would be seen as a consistent signature within the samples.  The only 

case in which this could have happened is DCHP, as no other plasticizer is found in every 

sample.  If the samples were contaminated due to dumping or burning of trash on the ship – 

which did occur during the cruise – there would be no consistent signature within the samples.  

Thus, at this point, it is impossible to find out if burning of trash on the cruise contaminated the 

samples.  Finally, it is not possible for plastics from the analysis process to have contaminated 

the samples, since the plastics used during the analysis process are purposely not tested for.  

Although these possibilities exist, the ratios seen in Fig 3 are extremely similar to the ratios 

found by Fromme et al. (2002) when measuring plastics in different water sources.  This might 

indicate that even if samples were contaminated during the cruise, they were not contaminated to 

the extent that the data is unusable.  Rather, any contamination that occurred is insignificant.   
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Figure 5 Each of the dots and boxes indicates 
an area where plastic debris were found and 
reported (Barnes et al. 2009). 

 It could then be argued that these plastic derivatives are so prevalent in our environment 

that they can be found even in such pristine island environments as Hawai’i.  Such an argument 

is supported by two different sources: plastic debris found in surface and benthic locations 

globally within the oceans (Barnes et al. 2009), and plasticizers that leach from the paint used on 

ships’ hulls (Merlatti et al. 2007).  

Although plasticizers may not be used in 

every type of paint, plastics debris have 

become ubiquitous within the world’s 

oceans (Fig 5).  The plasticizers found 

within this study could have originated 

from either of those sources. 

Conclusion 

 Anthropogenic chemicals 

originate from all land-surfaces touched by humans.  It is not clear if eddies near the Hawaiian 

Islands influence anthropogenic chemical transport to a significant degree, however it seems 

likely that eddies have some influence on the transport of these chemicals.  Whether or not 

eddies influence anthropogenic compounds, it has been concluded that anthropogenic chemicals 

can be found in the open ocean around Hawai’i.  Since this is an isolated island location there are 

only two possible ways for the compounds to have gotten there: one is for them to have come 

from the island, the other is for them to be mixed into the ocean everywhere.  The latter could 

especially be true for the compounds that did not seem to have trends affected by the eddy.  To 

conclude, more research is needed on compounds in the open ocean and in eddies so that humans 

can learn about the lifespan, locations, and effects of the compounds we create. 
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Appendix A 
 
Table 2 All data from research cruise.  Sample e14i(orange) was thrown out from the 
dataset due to incorrect labeling.  Sample e15i was thrown out due to machine error.  
Sample e5ib2 had an mysterious origin, but was likely a double sample taken at station 1; 
the results can be seen in all figures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Lipsy 

 18 

Table 3 Station coordinates along with their common 
names used by other seniors, the station numbers, the 
samples, and how the samples were processed. 
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