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$�FDVXDO�SHUXVDO�RI�WKH�SULPH�WLPH�WHOHYLVLRQ�VFKHGXOH�
TXLFNO\�UHYHDOV�WKDW�FULPH�VFHQH�LQYHVWLJDWLRQV�DQG�
IRUHQVLF�HYLGHQFH�HYDOXDWLRQ�DUH�YHU\�SRSXODU�WKHPHV�
IRU�YLHZHUV��2IWHQ��WKH�VWRU\OLQH� LQYROYHV�D�FDUHIXO�
DQG�SHUFHSWLYH�LQYHVWLJDWLRQ�DW�WKH�VFHQH�RI�WKH�FULPH�
ZKHUH�LQYHVWLJDWRUV�FROOHFW�DQG�FDWDORJ�YDULRXV�LWHPV�
RI�HYLGHQFH��%DFN�DW�WKH�FULPH�ODE��KLJK�WHFK�DQDO\WLFDO�
LQVWUXPHQWV�TXLFNO\�LGHQWLI\�WKH�VRXUFH�RI�WKH�WUDFH�
VXEVWDQFH��RU�D�'1$�DQDO\VLV�LGHQWLÀHV�WKH�SHUSHWUD-
tor. 

,Q�WKH�UHDO�ZRUOG��8�6��&RDVW�*XDUG�SRO-
OXWLRQ�LQYHVWLJDWRUV� IUHTXHQWO\�UHVSRQG�
WR� ´P\VWHU\� VSLOOVμ� �RLO� LQ� WKH�HQYLURQ-
PHQW�IURP�QR�REYLRXV�VRXUFH��WR�SURWHFW�
WKH�HQYLURQPHQW�IURP�IXUWKHU�KDUP�DQG�
WR� LGHQWLI\�WKH�VRXUFH�RI�WKH�VSLOOHG�RLO��
7KHLU�SK\VLFDO�LQYHVWLJDWLRQ�RI�WKH�VFHQH�
LV�FUXFLDO�WR�VROYLQJ�WKH�FDVH��,QYHVWLJD-
WRUV�REWDLQ�VDPSOHV�RI�WKH�VSLOO�DV�ZHOO�DV�
VDPSOHV� IURP�SRWHQWLDO� VRXUFHV��ZKLFK�
WKHQ�XQGHUJR�IRUHQVLF�FKHPLFDO�DQDO\VLV�
WR�LGHQWLI\�WKH�UHVSRQVLEOH�SDUW\��

6RPHWLPHV� WKH�SROOXWLRQ� LQYHVWLJDWLRQ�
LQYROYHV�DQ�LGHQWLÀDEOH�VRXUFH��)RU�PDQ\�
months following the Deepwater Horizon 
H[SORVLRQ�DQG�ÀUH��PLOOLRQV�RI�EDUUHOV�RI�
FUXGH�RLO�EXEEOHG�XS�IURP�WKH�ZHOOKHDG�
D�PLOH�EHORZ�WKH�VXUIDFH�� As the world 
ZDWFKHG�YLGHR�FRYHUDJH�RI�WKH�HVFDSLQJ�
RLO�DQG�JDV��WKH�8�6��&RDVW�*XDUG�RYHUVDZ�
D�JUHDW�HIIRUW�WR�VWRS�WKH�UHOHDVH��FRQWDLQ�
WKH� VSLOOHG�RLO��DQG�PLQLPL]H� WKH�HQYL-

URQPHQWDO�FRQVHTXHQFHV��'XULQJ�DQG�DIWHU�WKH�VSLOO��
1DWLRQDO�2FHDQRJUDSKLF�DQG�$WPRVSKHULF�$JHQF\�
SHUVRQQHO��DORQJ�ZLWK�&RDVW�*XDUG�SROOXWLRQ�LQYHVWL-
JDWRUV��FROOHFWHG�RLO�VDPSOHV�IRU�IRUHQVLF�DQDO\VLV�IURP�
VKRUHOLQHV�DQG� PDUVKHV�DV�ZHOO�DV� IURP� LPSDFWHG�
wildlife.

Solving the Mystery of “Mystery Spills”

7KH� 0DULQH� 6DIHW\�/DERUDWRU\� �06/�� LV� WKH� &RDVW�
*XDUG·V�IRUHQVLF�ODERUDWRU\�IRU�RLO�VSLOO�VRXUFH�LGHQ-
WLÀFDWLRQ��RU�´RLO�ÀQJHUSULQWLQJ�μ�D�WHUP�DGRSWHG�LQ�
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U.S. Coast Guard forensic oil spill analysis.
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The Marine Safety Lab 

The Marine Safety Lab provides: 

■  consultation with field investigators, district offices, hearing 

officers, as well as National Pollution Funds Center, Department 

of Justice, and other federal agency personnel concerning the 

oil identification system and MSL analysis reports;

■  expert opinions and testimony at legal proceedings;

■  a system of quality controls to assure the integrity of the Oil 

Identification System;

■  evaluation of new methods and advancements in technology 

that may increase the accuracy, reliability, and efficiency of the 

Oil Identification System;

■  long-term secure storage of oil samples (evidence) that MSL has 

received from field units in support of oil pollution cases.
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WKH�PLG�����V�ZKHQ�WKH�&RDVW�*XDUG�5HVHDUFK�DQG�
'HYHORSPHQW�&HQWHU�GHYHORSHG�WKH�RLO�VSLOO�LGHQWLÀFD-
WLRQ�PHWKRGRORJ\���7KH�SULPDU\�PLVVLRQ�RI�06/�LV�WR�
FRQGXFW�WKH�FKHPLFDO�DQDO\VHV�QHFHVVDU\�WR�LGHQWLI\�
WKH�VRXUFH�RI�DQ�RLO�VSLOO�LQ�FRQMXQFWLRQ�ZLWK�&RDVW�
*XDUG�ÀHOG�LQYHVWLJDWLRQV��

7KH�0DULQH�6DIHW\�/DE�VXSSRUWV�SROOXWLRQ�LQYHVWLJD-
WRUV�DQG�YDULRXV�IHGHUDO��VWDWH��DQG�ORFDO�DJHQFLHV�E\�
SURYLGLQJ�IRUHQVLF�DQDO\VLV�RI�VSLOOHG�RLO�VDPSOHV�DQG�
VXVSHFWHG�VRXUFH�VDPSOHV��$GGLWLRQDOO\��06/�ZRUNV�
FORVHO\�ZLWK�WKH�1DWLRQDO�3ROOXWLRQ�)XQGV�&HQWHU�DQG�
WKH�'HSDUWPHQW�RI�-XVWLFH�WR�SURVHFXWH�UHVSRQVLEOH�
SDUWLHV��7KH�0DULQH�6DIHW\�/DERUDWRU\·V�DQDO\WLFDO�
HYLGHQFH�SURYLGHV�ODZ�HQIRUFHPHQW�DQG�FRVW�UHFRY-
HU\�EHQHÀWV��DV�06/·V�IRUHQVLF�FKHPLVW�SURYLGHV�H[SHUW�
ZLWQHVV�WHVWLPRQ\�IRU�KHDULQJV�DQG�FRXUW�SURFHHG-
LQJV��DV�QHFHVVDU\��

7KH�ODE�XVHV�VHYHUDO�FRPSOHPHQWDU\�FKHPLFDO�WHVWV�
WKDW�H[SORLW�WKH�XQLTXH�LQWULQVLF�SURSHUWLHV�RI�SHWUR-
OHXP�RLO�DQG�PDNH�LW�SRVVLEOH�WR�PDWFK�VSLOOHG�RLO�ZLWK�
LWV�FKHPLFDO�VRXUFH��06/�SURYLGHV�WKH�PHDQV�WR�À[�
RLO�SROOXWLRQ�UHVSRQVLELOLW\��DVVHVV�SHQDOWLHV��DQG�KHOS�
UHFRYHU� IHGHUDO�SROOXWLRQ�FOHDQXS� IXQGV�H[SHQGHG�
GXULQJ�DQ�LQFLGHQW��7KH�ODE·V�ZRUN�DOVR�VHUYHV�DV�D�
GHWHUUHQW�WR�GHOLEHUDWH�RLO�SROOXWLRQ�GLVFKDUJHV�DQG�
HQFRXUDJHV�UHSRUWLQJ�DQG�DFFHSWDQFH�RI�UHVSRQVLELOLW\�
IRU�DFFLGHQWDO�VSLOOV��

Oil Spill Identification Methodology

7KH�2LO�,GHQWLÀFDWLRQ�6\VWHP��2,6��XVHV�WKH�XQLTXH��
LQWULQVLF�SURSHUWLHV�RI�SHWUROHXP�RLO�WKDW�
PDNH�LW�SRVVLEOH�WR�PDWFK�VSLOOHG�RLO�WR�
WKH�FRUUHFW�FKHPLFDO�VRXUFH��7KH�V\VWHP�
VXSSRUWV�PXOWLSOH�DQDO\WLFDO�PHWKRGV��
2I�WKH�RULJLQDO�IRXU�WHFKQLTXHV�GHYHO-
RSHG�DQG�HYDOXDWHG� IRU� WKH�2,6�� WZR�
RI� WKHP� XVHG� WRGD\� KDYH� XQGHUJRQH�
PDUNHG�WHFKQRORJLFDO�UHÀQHPHQWV��JDV�
FKURPDWRJUDSK\�DQG�LQIUDUHG�VSHFWURV-
FRS\��

$GGLWLRQDOO\�� JDV� FKURPDWRJUDSK\�
PDVV�VSHFWURPHWU\�KDV�EHHQ�DGGHG�DV�
WKH�PRVW�SRZHUIXO�DQDO\WLFDO�WHFKQLTXH�
DYDLODEOH� IRU�RLO� ILQJHUSULQWLQJ�� $V� D�
FRQVHTXHQFH�RI�PRUH�GHÀQLWLYH�UHVXOWV�
PDGH�SRVVLEOH�E\�WKHVH�LPSURYHG�PHWK-
RGV�� WKH� ODE�QR� ORQJHU�XVHV� WKH�RWKHU�
WZR�RULJLQDO� WHFKQLTXHV��ÁXRUHVFHQFH�
VSHFWURVFRS\�DQG� WKLQ� OD\HU�FKURPD�
WRJUDSK\��

Analytical Techniques

Gas Chromatography

Gas chromatography separates the 

components of oil, primarily on the 

basis of their boiling points. The sepa-

ration is carried out under controlled 

conditions such that the same compo-

nent will be eluted (removed by 

dissolving) from the gas chromato-

graphic column at the same relative 

time for all samples. 

The separated components are 

sensed by a flame ionization detector 

and simultaneously recorded elec-

tronically. Interpretation of evap-

orative weathering is relatively straightforward, because it 

affects components in the same sequence as they are displayed 

graphically.

Gas Chromatography-Mass Spectrometry

Gas chromatography-mass spectrometry uses a mass selec-

tive detector to continuously collect the mass spectrum for the 

components eluting from the gas chromatograph. 

The mass spectrum, reflecting the ion fragments present, can be 

used to conclusively identify individual components. For oil iden-

tification, selected target ions representing biomarkers in the oil 

are selected. These biomarkers are components unique to petro-

leum oils; their ratios are used to characterize individual oils. 

Because some are highly resistant to biodegradation and other 

types of weathering, severely weathered oils that cannot be 

identified by other means can often be matched through this 

technique.

Fourier Transform Infrared Spectroscopy 

Fourier transform infrared spectroscopy uses the absorption of 

infrared energy over a spectral region that corresponds to the 

bond stretches and vibrations of the molecules that form the oil. 

A number of absorptions are common to all petroleum oils, which 

allows the analyst to identify the sample as a petroleum product. 

Other absorptions are used for uniquely identifying specific oil 

samples. 

Comparison of the infrared spectra, taking into account weath-

ering differences, is sometimes used to eliminate dissimilar 

sources from further analysis. Fourier transform infrared spec-

troscopy is particularly sensitive to the presence of water and 

can be used to screen samples to reduce prep time, especially in 

cases containing a very large number of samples from cargo or 

fuel tanks that are likely to be free of water. 
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These modern analytical methods mea-
sure different chemical properties of an oil 
sample. If two oils are chemically similar, 
they are said to derive from a common 
source. In nearly every case, oils from 
other possible sources are simultane-
ously eliminated from consideration as 
the pollutant source because they are 
chemically different as determined by 
the test methods.

How Is a Typical Oil Spill Case 

Processed? 

When a pollution incident occurs, a local 
Coast Guard unit will collect samples of 
the spill and obtain samples from pos-
sible sources (vessels and shore facilities) 
in accordance with MSL’s Sample Han-
dling and Transmittal Guide.3 Most oil 
spill cases arrive at the lab by overnight 
shipping. 

The sealed boxes are opened and all sam-
ples are accounted for by checking them 
against the enclosed chain of custody. 
Any discrepancies are noted and will 
be resolved by MSL personnel through 
consultation with the investigating unit. 
Also enclosed with the samples is a letter 
of request. This document tells personnel 
what the investigators need the lab to do 

A Marine Safety Lab forensic chemist and 

technician work to extract a sample from a 

hose suspected of being used to bypass an 

oily water separator. USCG photo.

History

The Federal Water Pollution Control 

Amendments of 1972 assigned 

general responsibilities to the Coast 

Guard for the protection of the marine 

environment, including enforce-

ment of the nation’s antipollution 

discharge laws and regulations. 

To carry out these responsibilities, in 

1973 the Coast Guard Research and 

Development (R&D) Center began to 

develop a system to identify pollutant 

sources. In four years, many analyt-

ical tests and procedures were evalu-

ated for their ability to distinguish 

all types of petroleum oil. In 1977, 

the R&D Center published its final 

report detailing the Coast Guard’s 

Oil Spill Identification System. The 

Central Oil Identification Laboratory 

(COIL), established in November 1977, 

applied the system and was located 

within the R&D Center facilities in 

Groton, Conn.

Legal Precedent

One of the first steps for COIL and 

the new Oil Identification System 

was obtaining legal precedent for 

its “oil fingerprinting” technique. 

This occurred in December 1978 at a 

federal criminal jury trial, under the 

Federal Water Pollution Control Act, 

involving spilled oil. In U.S. v. Distler, 

Judge Charles  M. Allen ruled that 

“chemical evidence” would be admis-

sible, thereby establishing the neces-

sary legal precedent.1

In 1979, administrative control of the 

Central Oil Identification Laboratory 

transferred to the Coast Guard 

Oceanographic Unit in Washington, 

D.C. However, COIL operations under 

the Oceanographic Unit were to be 

short lived when the “O Unit” closed 

in April 1982. At that time, COIL 

became a branch of the Port and 

Environmental Safety Division, Office 

of Marine Environment and Systems. 

The Central Oil Identification 

Laboratory then moved to the Avery 

Point campus of the University of 

Connecticut in Groton, Conn., in 1986. 

In 1988, COIL and the Marine Fire 

and Safety Research Staff merged to 

form the Coast Guard Marine Safety 

Laboratories. During 1991, control of 

the Marine Fire and Safety Research 

program returned to the Coast Guard 

R&D Center and COIL became the 

Marine Safety Laboratory. 

The Evolution

As part of the Coast Guard’s stream-

lining initiatives in 1996, the labora-

tory’s top leadership position was 

converted from a commanding officer 

to a Coast Guard civilian supervisory 

chemist with the title of manager. 

In January 2006, as part of the Coast 

Guard’s continued modernization 

efforts, MSL divested as a subunit 

of the National Maritime Center and 

became a headquarters unit under the 

Coast Guard’s Office of Investigations 

and Analysis. Shortly thereafter, the 

Marine Safety Lab underwent an A-76 

streamlined competition study. MSL’s 

proposed most efficient organization 

won the competitive bid and began 

its first year of contract performance 

on January 31, 2007.

In February 2009, the Marine Safety 

Lab, along with the R&D Center and 

International Ice Patrol, relocated 

from Avery Point, Groton, to the Fort 

Trumbull area in New London. 

Endnote:

1.  United States v. Distler, 9 ENVTL. L. REP. (ENVTL. 

L. INST.) 20,700 (W.D. Ky. 1979). 

The Marine Safety Lab
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with the samples (compare or ID only) and in what 
time frame (regular, priority, or RUSH).

After the samples are checked in on paper and elec-
tronically, staffers move to the sample preparation 
stage. While most of us think of oil as an environmen-
tal pollutant, from our perspective, the environment 
is polluting our oil sample. At the prep station all the 
water, sand, seaweed, and such is removed, leaving 
a “neat” (unadulterated) oil sample. The neat is then 
diluted with cyclohexane solvent for injection into 
the gas chromatograph (GC). It takes about an hour 
for the GC to analyze each sample. Fortunately, once 
the prepared vials are placed into the sample tray, an 
automated sample handler allows the instrument to 
run 24/7 without an operator.

After the lab technician and the forensic chemist 
review the GC data, the samples are analyzed via gas 
chromatography-mass spectrometry, which provides 
even more detailed information about the composi-
tion. 

Interpreting the analytical test results is usually 
not straightforward because of increased analytical 
 complexity brought about by weathering or contami-
nation of the spilled oil. “Weathering,” for example, 
includes such processes as evaporation, dissolution, 
biodegradation, oxidation, and other chemical, physi-
cal, and biological environmental changes that alter 
WKH�PDNHXS�RI�WKH�VSLOOHG�RLO��VLJQLÀFDQWO\�FRPSOLFDW-
ing the analyst’s job.

MSL prepares a written analysis report for each case 
DQG�PDLQWDLQV�D�FRPSOHWH�FDVH�ÀOH�WKDW�LQFOXGHV��

�� WKH�H[SHUW�RSLQLRQ�RI�D�WUDLQHG�IRUHQVLF�FKHPLVW�
�� D�IRUZDUGLQJ�OHWWHU��
�� ODERUDWRU\�UHSRUW�ZLWK�UHVXOWV�DQG�FRQFOXVLRQV��
�� VDPSOH�FKHFN�LQ�ORJ�

�� FDVH�GRFXPHQWDWLRQ��VXFK�DV�WKH�DQDO\VLV�UHTXHVW�
DQG�FKDLQ�RI�FXVWRG\���

�� TXDOLW\�DVVXUDQFH�VKHHW��
�� FRVW�UHFRYHU\�GRFXPHQWDWLRQ��
�� ZRUNVKHHWV��
�� WKH�RULJLQDO�WHVW�GDWD�

How Can We Improve the Process?

06/�SURYLGHV�RQ�FDOO�DVVLVWDQFH�WR�&RDVW�*XDUG�ÀHOG�
investigators, district personnel, and hearing offi-
cers as well as the National Pollution Funds Center, 
Department of Justice, and other government agen-
FLHV��RQ�DOO�DVSHFWV�RI�WKH�2LO�,GHQWLÀFDWLRQ�6\VWHP��
7KLV�DVVLVWDQFH�LQFOXGHV�

�� �DQVZHULQJ�TXHVWLRQV�DQG�H[SODLQLQJ�WKH�VLJQLÀ-
cance of test results,

�� �HYDOXDWLQJ�WHVW�GDWD�IURP�RWKHU�ODERUDWRULHV�
�� SURYLGLQJ�H[SHUW�ZLWQHVV�VXSSRUW�
�� �SODQQLQJ�VDPSOLQJ�VWUDWHJLHV�LQ�FRPSOH[�FDVHV��

$Q�HIIHFWLYH�2LO�,GHQWLÀFDWLRQ�6\VWHP�GHSHQGV�XSRQ�
good communication and understanding among the 
various users of the system and Marine Safety Lab 
personnel. Please give us a call. We are eager to help!
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Endnotes:
1.  Deepwater Horizon Oil Spill. Available at www.uscg.mil/foia/docs/DWH/

BPDWH.pdf.
2.  2LO�6SLOO�,GHQWLÀFDWLRQ�6\VWHP��USCG R&D Center Report No. CG-D-52-77 

(NTIS #ADA044750), 1977. 
3.  Sample Handling and Transmittal Guide, Version 7.0. U. S. Coast Guard 

Marine Safety Laboratory, October 2010.


