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ABSTRACT: A field-portable water-sampling system
was designed and fabricated for collecting adequate
volumes of seawater to meet the quantitation requirements
to support Natural Resource Damage Assessment (NRDA)
toxicity determinations and modeling efforts following an
oil spill. This system is a significant improvement to
conventional water sampling equipment and includes the
ability to filter water samples at the time of collection,
thereby providing critical differentiation between truly
dissolved constituents and dispersed oil droplets. The
system can be quickly and easily deployed from shoreline
structures (piers and breakwaters) and/or vessels of
opportunity to provide essential data during the early
stages of a spill. Likewise, data collected with the system
can be used to document dispersant effectiveness and
provide information relating to seafood exposure, tainting,
and toxicity issues.

In many oil-spill NRDA efforts, water-column effects
from dissolved components and dispersed oil droplets have
not been adequately quantified or documented because: (1)
samples are not obtained early enough after the spill event;
(2) insufficient volumes are collected; and (3) the wrong
constituents are analyzed. Generally, EPA hazardous-
materials sampling approaches are followed, leading to
inadequate sample sizes (e.g., 40 mL for volatile
component analyses and 1 L samples for
dissolved/dispersed constituents). Analytically, EPA
semivolatile gas chromatography/mass spectrometry
(GC/MS) SW-846 Method 8270 is often specified for
polynuclear aromatic hydrocarbons (PAH). These sample
sizes are not large enough to meet the detection limits
required for most marine hydrocarbon analyses (de Lappe
et al., 1980; Payne, 1997 and references therein), and the

EPA PAH target analyte list does not include the majority
of alkyl-substituted one-, two-, and three-ring aromatics
that are the primary dissolved constituents actually present
in the water column following an oil spill (Sauer and
Boehm, 1991).

As a result, water column effects are often written off as
being short-lived or insignificant. Alternatively, impacts
are often assessed by computer modeling efforts with
limited field validation. In either event, there is inadequate
profiling of the extent and duration of petroleum
hydrocarbon exposure to marine organisms. Furthermore,
when adequate volumes of water have been collected and
the proper target analytes have been specified, provisions
have not been taken to differentiate between truly dissolved
components and dispersed oil droplets. Consequently, later
data analyses are unreliable in their ability to reflect
conditions as they actually existed during the early stages
of the spill. For example, PAH analyses of unfiltered water
samples are confounded by the facts that: (1) a significant,
but unknown fraction of discrete oil droplets in the water
column will rise to the surface with time; (2) high levels of
dispersed oil droplets will raise detection limits of
dissolved PAH; and (3) it is impossible to determine how
much of the PAH is in the truly dissolved state where it will
persist as a toxic fraction to exposed organisms and how
much is simply associated with slightly less toxic oil
droplets that are subject to relatively rapid removal by
resurfacing. The equipment and field implementation
approach described in this paper can provide samples that
are not subject to the aforementioned problems.
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Equipment design considerations, fabrication, and
use

Oil:water partitioning behavior -- dissolution of PAH.
:KHQ�FUXGH�RLOV�RU�UHILQHG�SHWUROHXP�SURGXFWV� DUH� VSLOOHG
LQ� WKH� PDULQH� HQYLURQPHQW�� D� QXPEHU� RI� QDWXUDO� RLO
ZHDWKHULQJ� SURFHVVHV� RFFXU�� LQFOXGLQJ� VSUHDGLQJ�
HYDSRUDWLRQ�� GLVVROXWLRQ�� GLVSHUVLRQ� RI� ZKROH�RLO� GURSOHWV
LQWR� WKH�ZDWHU�FROXPQ��SKRWRFKHPLFDO�R[LGDWLRQ��ZDWHU�LQ�
RLO� HPXOVLILFDWLRQ�� PLFURELDO� GHJUDGDWLRQ�� DGVRUSWLRQ� RQWR
VXVSHQGHG� SDUWLFXODWH� PDWHULDO�� LQJHVWLRQ� E\� RUJDQLVPV�
VLQNLQJ�� DQG� VHGLPHQWDWLRQ�� )URP�12$$�VSRQVRUHG�ZDYH
WDQN� H[SHULPHQWV� �3D\QH� et al��� ������ ������ 3D\QH� DQG
0F1DEE�� -U��� ������ DQG� PHDVXUHPHQWV� FRPSOHWHG� LQ� WKH
ILHOG� IROORZLQJ� VHYHUDO� PDMRU� RLO� VSLOOV� DQG� EORZRXWV
�VXPPDUL]HG� LQ� 3D\QH� ������ )UHQFK�� ������� LW� LV� NQRZQ
WKDW� ZDWHU�FROXPQ� FRQFHQWUDWLRQV� RI� ERWK� GLVVROYHG
DURPDWLFV� DQG� GLVSHUVHG� RLO� GURSOHWV� FDQ� UHDFK
FRQFHQWUDWLRQV� LQ� WKH� KXQGUHGV� RI� µJ�/� �SDUWV� SHU� ELOOLRQ
�SSE��� GXULQJ� WKH� ILUVW� ��� WR� ��� KRXUV� IROORZLQJ� D� VSLOO�
)XUWKHUPRUH��FRQFHQWUDWLRQV�RI�LQGLYLGXDO�3$+�FDQ�SHUVLVW
LQ�WKH�ZDWHU�FROXPQ�DW�PXFK�ORZHU�OHYHOV�IRU�VHYHUDO�ZHHNV
RU�PRQWKV� �DV� ORQJ�DV� WKH�RLO�RU�GLVWLOODWH�SURGXFW� UHPDLQV
RQ�WKH�ZDWHU�VXUIDFH�RU�VWUDQGHG�RQ�VKRUHOLQHV��IROORZLQJ�D
VSLOO�

Sample size requirements to yield minimum detection
limits that support NRDA modeling efforts.�%DVHG�RQ�DQ
H[WHQVLYH�OLWHUDWXUH�UHYLHZ�RI�WR[LFLW\�PRGHOV�DQG�DYDLODEOH
GDWD� WR� HVWLPDWH� DGGLWLYH� WR[LFLW\� RI� 3$+V� LQ� RLO� �)UHQFK�
����������KRXU�/&���YDOXHV�ZHUH�GHULYHG�IRU�WKH�VXP�RI���
VHOHFWHG����DQG���ULQJ�DURPDWLFV�DQG�WKHLU�UHVSHFWLYH�DON\O�
VXEVWLWXWHG�KRPRORJXHV��&DOFXODWHG� DGGLWLYH� ���KRXU�/&��

GDWD� IRU� FUXVWDFHDQV�� ILVK�� DQG� RWKHU� LQYHUWHEUDWHV� ZHUH
REWDLQHG� IRU� �� GLIIHUHQW� RLOV� DQG� RWKHU� UHILQHG� SURGXFWV�
,QWHUHVWLQJO\�� DOO� �� RLOV� \LHOGHG� DERXW� WKH� VDPH� ���KRXU
/&��� YDOXHV� IRU� WKH� VXP�RI� WKH� ���3$+V�GLVVROYHG� LQ� WKH
ZDWHU�DW���R�&� �H�J��� DQ� DSSUR[LPDWH�PHDQ�RI����µJ�/� IRU
VHQVLWLYH� FUXVWDFHDQV� DQG� ���� WR� ���� �J�/� IRU� VSHFLHV� RI
DYHUDJH�VHQVLWLYLW\��
7\SLFDOO\��WR[LFRORJLVWV�XVH�D�FRQVHUYDWLYH����RI�WKH����

KRXU� /&��� FRQFHQWUDWLRQ� WR� HVWLPDWH� D� WKUHVKROG
FRQFHQWUDWLRQ� IRU� QR� WR[LF� HIIHFWV� �L�H��� D� QR�REVHUYDEOH�
DGYHUVH�HIIHFWV� OHYHO�� �&DODEUHVH� DQG� %DOGZLQ�� ������
7KHUHIRUH��WKH�VXP�RI�WKH�FRQFHQWUDWLRQV�RI�WKH����VHOHFWHG
��� DQG� ��ULQJ� DURPDWLFV� DERYH� ZKLFK� DQ� HIIHFW� PLJKW� EH
H[SHFWHG�ZRXOG�EH�LQ�WKH�UDQJH�RI�����WR���µJ�/��7DNLQJ�WKH
PRUH�FRQVHUYDWLYH�YDOXH�DQG�WKH�UHODWLYH�SHUFHQW�RI� WKH���

VHOHFWHG� 3$+� LQ� 1R�� �� IXHO� RLO� DQG� $ODVND� 1RUWK� 6ORSH
FUXGH�RLO��D�PLQLPXP�SHU�FRPSRQHQW�GHWHFWLRQ�OLPLW�LQ�WKH
UDQJH�RI���WR���QJ�/��RU� ORZHU��VKRXOG�EH�REWDLQHG�WR�EHVW
VXSSRUW� 15'$� PRGHOLQJ� HIIRUWV� �3D\QH�� ������
8QIRUWXQDWHO\�� VXFK� GHWHFWLRQ� OLPLWV� DUH� ORZHU� WKDQ� PRVW
FRPPHUFLDO�ODERUDWRULHV�URXWLQHO\�UHSRUW��SDUWLFXODUO\�ZKHQ
H[WUDFWLQJ�D���/�VDPSOH�
/RZHU� W\SLFDO� GHWHFWLRQ� OLPLWV� FDQ� EH� REWDLQHG� E\

LPSOHPHQWLQJ� D� IHZ� PLQRU� FKDQJHV� LQ� VDPSOLQJ� DQG
DQDO\WLFDO� SURWRFROV�� %\� LQFUHDVLQJ� WKH� VDPSOH� YROXPH
H[WUDFWHG� IURP���WR���/��QRPLQDO���JDOORQ��� UHGXFLQJ� ILQDO
VROYHQW� H[WUDFWV� IURP� �� P/� WR� D� QRQURXWLQH�� EXW� HDVLO\
ZRUNDEOH�����µ/��DQG�LQMHFWLQJ�D�ODUJHU�VDPSOH�YROXPH���
YHUVXV���µ/��LQWR�*&�06�LQVWUXPHQWDWLRQ�RSHUDWLQJ�LQ� WKH
VHOHFWHG� LRQ�PRQLWRULQJ� �6,0��PRGH�� GHWHFWLRQ� OLPLWV� FDQ
HDVLO\�UHDFK�WKH�UHTXLUHG���WR���QJ�/�UDQJH��3D\QH��������
$V� VXFK�� WKH�PLQLPXP�YROXPH� UHTXLUHPHQW� IRU� DQ\�ZDWHU
VDPSOLQJ�V\VWHP�WR�VXSSRUW�15'$�HIIRUWV�PXVW�EH�DW�OHDVW
��/��RU�D�QRPLQDO���JDOORQ��
,Q� DGGLWLRQ� WR� LPSURYLQJ� WKH� GHWHFWLRQ� OLPLW�� DQRWKHU

DGYDQWDJH�WR�ODUJHU�VDPSOH�VL]HV�LV�LQ�WKH�GLIIHUHQWLDWLRQ�RI
GLVVROYHG�3$+�DQG�GLVSHUVHG�RLO� GURSOHWV�� 6SHFLILFDOO\�� DV
VDPSOH� VL]H� LV� LQFUHDVHG�� PRUH� UHSUHVHQWDWLYH� VDPSOHV� DUH
REWDLQHG�� 'LVSHUVHG� GURSOHW� GLVWULEXWLRQV� DUH� PRUH
KHWHURJHQHRXV�WKDQ�GLVVROYHG�FRPSRQHQWV��DQG�DV�D� UHVXOW�
ODUJHU� VDPSOH� YROXPHV� FDQ� SURYLGH� EHWWHU� VDPSOHV� WR
FKDUDFWHUL]H� ZDWHU� FROXPQ� LPSDFWV�� )LQDOO\�� ILOWUDWLRQ� RI
VHDZDWHU� WR� GLIIHUHQWLDWH� GLVVROYHG� DQG� GLVSHUVHG
FRPSRQHQWV� LV� IDFLOLWDWHG� E\� ODUJHU� VDPSOH� YROXPHV�� ERWK
IURP� D� VWDQGSRLQW� RI� VDPSOH� KDQGOLQJ� DW� WKH� WLPH� RI
FROOHFWLRQ�DQG�IURP�HDVH�RI�ODERUDWRU\�DQDO\VHV�

Sampler construction and materials considerations.
)LJXUH� �� LV� D� VFKHPDWLF� GLDJUDP� RI� WKH� 3RUWDEOH� /DUJH�
9ROXPH�:DWHU� 6DPSOLQJ�6\VWHP� �3/9:66���7KLV� GHVLJQ
LV�EDVHG�RQ�WKH�DSSURDFK�XVHG�E\�3D\QH�et al���������GXULQJ
QXPHURXV�ZDYH�WDQN�VWXGLHV�DQG�GXULQJ�WKH�12$$�/DXQFK
����� LQYHVWLJDWLRQ� RI� RLO�VXVSHQGHG� SDUWLFXODWH� PDWHULDO
�630�� LQWHUDFWLRQV� IROORZLQJ� WKH� Exxon Valdez� RLO� VSLOO
�3D\QH�et al����������)LJXUH���SUHVHQWV�D�SKRWRJUDSK�RI�WKH
DVVHPEOHG�XQLW�FRQWDLQHG�LQ�D� VSHFLDOO\� IDEULFDWHG�ZRRGHQ
FUXLVH�ER[�ZRUN�VWDWLRQ�GHVLJQHG�WR�IDFLOLWDWH�HDV\�WUDQVSRUW
DQG� VHFXUH� WKH�SXPS�� LQOLQH� WUDS�� DQG�ZDWHU� VDPSOH� ERWWOH
GXULQJ�XVH��7KH�ILOWUDWLRQ�XQLW�DQG�WXELQJ�DUH�FRQWDLQHG�LQ�D
VHSDUDWH�FUXLVH�ER[�RI�VLPLODU�GLPHQVLRQV�
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Figure 1. Schematic diagram of the Portable large-Volume Water Sampling System.



7KH� 3/9:66� LV� FRQVWUXFWHG� HQWLUHO\� RI
QRQFRQWDPLQDWLQJ�� FKHPLFDOO\� UHVLVWDQW�� DQG� HDV\�WR�FOHDQ
PDWHULDOV� �H�J��� VWDLQOHVV� VWHHO�� 7HIORQ��� 9LWRQ��� DQG
)OXRURSRO\PHU� �)(3�� WXELQJ� DQG� FRQQHFWLRQV��� 7KH
VDPSOLQJ� WXEH� LV� ����LQFK�GLDPHWHU� VWDLQOHVV� VWHHO� WXELQJ�
ZKLFK� FDQ�EH� VROYHQW�ULQVHG� EHWZHHQ� VDPSOLQJ� VWDWLRQV�� LI
GHVLUHG�� $OO� ò�LQFK�,�'�� �����LQFK�2�'��� WXELQJ� XVHG� WR
FRQQHFW� LQGLYLGXDO� FRPSRQHQWV� RI� WKH�3/9:66� XSVWUHDP
RI� WKH� VDPSOH� ERWWOH� LV� )(3�OLQHG� 7\JRQ� WXELQJ�� 7KLV
WXELQJ� LV� H[WUHPHO\� IOH[LEOH�� GRHV� QRW� FROODSVH� XQGHU
YDFXXP� ���� LQFKHV� +J��� DQG� KDV� EHHQ� VKRZQ� E\� *&�06
DQDO\VHV�RI�V\VWHP�EODQNV�QRW�WR�FRQWULEXWH�DQ\�EDFNJURXQG
RUJDQLFV�� 7KH� ����PP�GLDPHWHU� 0LOOLSRUH� ILOWHU� XQLW
�FRQWDLQLQJ� D� ����µP� SRUH�VL]H� JODVV� ILEHU� ILOWHU�� LV
FRQVWUXFWHG�HQWLUHO\�RI�����VWDLQOHVV�VWHHO��7KH�WXELQJ�IURP
WKH� VDPSOH� ERWWOH� WR� WKH� LQ�OLQH� FKDUFRDO� WUDS� DQG� YDFXXP
SXPS� LV� ó�LQFK� FRUUXJDWHG� )(3�� ZKLFK� KDV� WKH� LQHUW
SURSHUWLHV�RI�7HIORQ�EXW� LV� IOH[LEOH�DQG�GRHV�QRW�FROODSVH
XQGHU� YDFXXP�� 7KH� HQWLUH� VDPSOLQJ� WUDLQ� XSVWUHDP� RI� WKH
VDPSOH� ERWWOH� FDQ� EH� VROYHQW�ULQVHG� WR� HOLPLQDWH� SRWHQWLDO
IRU� FDUU\�RYHU� FRQWDPLQDWLRQ� EHWZHHQ� VDPSOHV� �3D\QH� et
al��� ������ ������� 7KH� ����µP� SRUH�VL]H� JODVV�ILEHU� ILOWHUV
�3DOO�*HOPDQ� 6FLHQFHV�� ,QF��� SDUW� QXPEHU� ;������� KDYH
EHHQ� VKRZQ� QRW� WR� FRQWULEXWH� VLJQLILFDQW� EDFNJURXQG
FRQWDPLQDWLRQ� �3D\QH� et al��� ������� DQG� WKH\� HIIHFWLYHO\
VHSDUDWH� WKH� WUXO\� GLVVROYHG� FRQVWLWXHQWV� IURP� WKH
SDUWLFXODWH� �RLO� GURSOHW��SKDVH� �*RUGRQ�et al��� ������:HOOV
DQG� 6SUDJXH�� ������� :KLOH� EDFNJURXQG� FRQWDPLQDWLRQ� RI
VDPSOHV�IURP�WKH�JODVV�ILEHU�ILOWHUV�KDV�QRW�EHHQ�D�SUREOHP
LQ� WKH� SDVW�� WKH� DGGLWLRQDO� SUHFDXWLRQ� RI� NLOQ�ILULQJ� WKH
ILOWHUV�DW����R�&�IRU���KRXUV�EHIRUH�XVH�LV�UHFRPPHQGHG�LQ
OLJKW� RI� WKH� LPSURYHG� VHQVLWLYLW\� RI� PRGHUQ� DQDO\WLFDO
LQVWUXPHQWDWLRQ��7KH�ILOWHUV�DUH�QR�ORQJHU�NLOQ�ILUHG�GXULQJ
WKH� PDQXIDFWXULQJ� SURFHVV� �0�� 6D\HU�� SHUVRQDO
FRPPXQLFDWLRQ�� ������� VR� WKH� ILOWHUV� XVHG� ZLWK� WKH
3/9:66�KDYH�EHHQ�NLOQ�ILUHG�E\�WKH�DQDO\WLFDO�ODERUDWRU\�
ZUDSSHG� LQ� VROYHQW�ULQVHG� DOXPLQXP� IRLO�� DQG� WKHQ
VWRFNSLOHG�ZLWK�WKH�VDPSOHU�IRU�XVH�LQ�WKH�ILHOG�
7KH� XVH� RI� D� ODUJH�GLDPHWHU� ������ FP�� ILOWHU� V\VWHP� LV

LPSRUWDQW�EHFDXVH�LW�HQVXUHV�WKDW�WKH�VHDZDWHU�VDPSOH�GRHV
QRW�KDYH�WR�SDVV��RU�EH�ILOWHUHG��WKURXJK�D�VWDQGLQJ�OD\HU�RI
RLO��:LWK� WKLV� V\VWHP�� WKH� FDSWXUHG�RLO�GURSOHWV� DUH�ZLGHO\
GLVSHUVHG�RQ�WKH�ILOWHU��DQG�WKH�PDMRULW\�RI�WKH�ZDWHU�SDVVHV
WKURXJK� WKH� ILOWHU� ZLWKRXW� EHLQJ� IRUFHG� WR� SDVV� WKURXJK� D
VWDQGLQJ� RLO� SKDVH� �DV� PLJKW� EH� WKH� FDVH� RQ� VPDOOHU�
GLDPHWHU�ILOWHUV���7KLV�SUHYHQWV�WKH�SRWHQWLDO�DQG�DUWLIDFWXDO
H[WUDFWLRQ� �OHDFKLQJ�� RI� DGGLWLRQDO� GLVVROYHG� 3$+
FRQVWLWXHQWV� GXULQJ� VDPSOH� ILOWUDWLRQ� DW� WKH� WLPH� RI
FROOHFWLRQ�
7KH� WZR�KROHG� VWRSSHU� XVHG� WR� VHDO� WKH� VDPSOH� ERWWOH

GXULQJ�YDFXXP�SXPSLQJ�LV�PDGH�RI�7HIORQ�ZLWK�D�9LWRQ

³2�ULQJ�´�7KH�9LWRQ� �2�ULQJ�� SURYLGHV� D� EHWWHU� VHDO�� EXW
FDUH� PXVW� EH� WDNHQ� QRW� WR� H[SRVH� LW� WR� DFHWRQH� GXULQJ
FOHDQLQJ�
7KH� FRPELQHG� LQ�OLQH� FKDUFRDO� ILOWHU� DQG� ZDWHU� WUDS

�&ROH�3DUPHU� ,QVWUXPHQW�&RPSDQ\�� ,QF��� SDUW� QXPEHUV� (�
���������DQG�(�����������EHWZHHQ�WKH�JODVV�VDPSOH�ERWWOH
DQG� WKH� YDFXXP� SXPS� VHUYHV� WZR� IXQFWLRQV�� )LUVW�� LW
SURWHFWV�WKH�YDFXXP�SXPS�IURP�ZDWHU�GDPDJH�LI�WKH�ZDWHU�
VDPSOH� ERWWOH� VKRXOG� EH� LQDGYHUWHQWO\� RYHUILOOHG�� DQG
VHFRQG�� LW� SUHYHQWV� SRWHQWLDO� EDFN�GLIIXVLRQ� RI� YDFXXP
SXPS�RLO� YDSRUV� LQWR� WKH� VDPSOH� ERWWOH�� ,Q� WKH� V\VWHP

GHVFULEHG� LQ� WKLV� SDSHU�� WKLV�SUREOHP� LV� IXUWKHU� HOLPLQDWHG
E\� WKH� XVH� RI� D� *DVW� 0RGHO� '$$�9����(%� RLO�OHVV
YDFXXP� SXPS�� 7KH� FUXLVH� ER[HV� ZHUH� FRDWHG� ZLWK� WKUHH
OD\HUV� RI� D� QRQFRQWDPLQDWLQJ� ZDWHU�EDVHG� FURVV�OLQNHG
DFU\OLF� SDLQW� �%UHDN�7KURXJK� E\� 9DQH[�� ,QF��� WKDW� ZDV
GHVLJQHG�IRU�XVH�LQ�FOHDQURRPV�DQG�RWKHU�KLJK�SHUIRUPDQFH
DSSOLFDWLRQV�WKDW�UHTXLUH�DQ�H[WUHPHO\�LQHUW�SDLQWHG�VXUIDFH�

Field implementation.� 7KH� 3/9:66� FDQ� EH� GHSOR\HG
IURP� VKRUHOLQH� IRU� LQWHUWLGDO�VXEWLGDO� VWDWLRQV� DV� ZHOO� DV
IURP�D�VPDOO�ERDW��H�J���D�%RVWRQ�:KDOHU�RU�ILVKLQJ�YHVVHO�
WR� GRFXPHQW� ZDWHU�FROXPQ� HIIHFWV� IDUWKHU� IURP� VKRUH�
(OHFWULFDO� SRZHU� IRU� WKH� YDFXXP� SXPS� LV� SURYLGHG� E\� D
FRPPHUFLDO�SRUWDEOH�JHQHUDWRU�IRU�VKRUHOLQH�DSSOLFDWLRQV�RU
WKH��UHVHDUFK�� YHVVHO¶V�RZQ�����YROW�$&�SRZHU� VXSSO\�� LI
DYDLODEOH�� 2EYLRXVO\�� LI� D� SRUWDEOH� JHQHUDWRU� LV� XVHG�� LW
VKRXOG�EH�SRVLWLRQHG�GRZQZLQG�IURP�VDPSOLQJ�RSHUDWLRQV�
)RU� QHDU�VXUIDFH� VDPSOHV� �WR� ��P� GHSWKV��� WKH� IOH[LEOH

)(3�OLQHG� YDFXXP� WXELQJ� LV� DWWDFKHG� WR� D� ��P� VWDLQOHVV
VWHHO�VDPSOLQJ�WXEH�WKDW�LV�FORVHG�DW�WKH�ZDWHU�VDPSOLQJ�HQG
ZLWK�D�GLVSRVDEOH�FRUN�RU�9LWRQ�VWRSSHU��$IWHU�GHSOR\PHQW
RI� WKH� VDPSOLQJ� WXEH� WKURXJK� WKH� DLU�VHD� LQWHUIDFH�
EDFNSUHVVXUH� �RLO�IUHH� DLU� VXSSOLHG� IURP� D� VFXED� WDQN�� LV
DSSOLHG�WKURXJK�D�³WHH´�ZLWK�D� VWDLQOHVV� VWHHO�EDOO�YDOYH� WR
EORZ� RII� WKH� HQG� FDS� �VWRSSHU��� $OWHUQDWLYHO\�� RLO�IUHH� DLU
IRUFHG� WKURXJK� WKH� RSHQ� HQG� RI� WKH� VDPSOLQJ� WXEH� GXULQJ
GHSOR\PHQW� FDQ� DOVR� SUHYHQW� LQWHUQDO� FRQWDPLQDWLRQ� IURP
WKH�VXUIDFH�PLFUROD\HU�RU�DQ\�REYLRXV�RLO� VOLFNV��2QFH� WKH
VDPSOLQJ� WXEH� LV� SRVLWLRQHG� DW� WKH� GHVLUHG� GHSWK�� WKH
YDFXXP�V\VWHP� LV� WXUQHG�RQ�DQG� WKH���/� VDPSOH� LV� GUDZQ
WKURXJK� WKH� ����µP� JODVV�ILEHU� ILOWHU� DQG� LQWR� WKH� VDPSOH
ERWWOH��7KLV�SURFHVV�WDNHV�DERXW���WR����PLQXWHV��SURYLGLQJ
D�PRUH�UHSUHVHQWDWLYH�VDPSOH�WKDQ�D�RQH�WLPH�JUDE��$W�WKDW
WLPH��WKH�����µP�JODVV�ILEHU�ILOWHU�LV�FDUHIXOO\�UHPRYHG�DQG
VWRUHG� LQ� VROYHQW�ULQVHG� DOXPLQXP� IRLO� IRU� ODWHU� VROYHQW
H[WUDFWLRQ�DQG�DQDO\VLV�RI�WKH�GLVSHUVHG�RLO�SKDVH��IUHH]LQJ
LV� UHFRPPHQGHG� DV� WKH� EHVW� VDPSOH�SUHVHUYDWLYH�PHWKRG��
7KH� GLVVROYHG�SKDVH� ZDWHU� VDPSOH� FDQ� WKHQ� EH� VWRUHG� RQ
LFH��DFLGLILHG��RU�SRLVRQHG�ZLWK����WR�����P/�RI�PHWK\OHQH
FKORULGH�IRU�VKLSPHQW�WR�WKH�DQDO\WLFDO�ODERUDWRU\�
:KHQ�XVHG�LQ�FRQQHFWLRQ�ZLWK�D�7HIORQ�OLQHG����/�*R�

)OR� %RWWOH� �SUHIHUDEO\� HTXLSSHG� ZLWK� TXLFN�FRQQHFW
ILWWLQJV� IRU� FDUERQ�ILOWHU� SXUJH� YDOYHV� DQG� VWDLQOHVV� VWHHO
GUDLQ� YDOYHV�� RU� RWKHU� PRUH� WUDGLWLRQDO� ZDWHU� VDPSOLQJ
HTXLSPHQW�� WKH� 3/9:66� FDQ� EH� XVHG� WR� SURFHVV� GHHSHU
�L�H��� JUHDWHU� WKDQ� �� P�� ZDWHU� VDPSOHV� WR� DOORZ� GHSWK
SURILOHV� WR� EH� REWDLQHG�� ,Q� WKLV� FDVH�� WKH� IOH[LEOH� ò�LQFK
)(3�OLQHG� 7\JRQ� WXELQJ� LV� VLPSO\� DWWDFKHG� WR� WKH� GUDLQ
YDOYH� RQ� WKH� *R�)OR� %RWWOH�� DQG� WKH� FRQWHQWV� RI� WKH
VDPSOHU� DUH� YDFXXP�SXPSHG� GLUHFWO\� LQWR� WKH� ����PP�
GLDPHWHU� ILOWHU� DQG� ZDWHU� ERWWOH� DV� EHIRUH�� 7R� PLQLPL]H
SRWHQWLDO� DLUERUQH� FRQWDPLQDWLRQ� RI� WKH� VDPSOH�� LW� LV
UHFRPPHQGHG� WKDW� WKH� SXUJH� YDOYH� RQ� WKH�*R�)OR�%RWWOH

EH� FRQQHFWHG� WR� D� FDUERQ� ILOWHU� WR� SURYLGH� FOHDQ� DLU� IRU
YROXPH�UHSODFHPHQW�GXULQJ�GUDLQLQJ�

Results and discussion

$V�RI�WKLV�ZULWLQJ��WKH�3/9:66�DV�SK\VLFDOO\�FRQILJXUHG
LQ�)LJXUH���KDV�QRW�EHHQ�XVHG� LQ� DQ� DFWXDO� VSLOO� HYHQW��7R
GHPRQVWUDWH� WKH� W\SH� RI� LQIRUPDWLRQ� WKDW� FDQ� EH� REWDLQHG



IURP� D� SURWRW\SH� VDPSOHU� WKDW� XVHG� WKH� VDPH� ILOWUDWLRQ
V\VWHP�� )LJXUH� �� SUHVHQWV� IODPH� LRQL]DWLRQ� GHWHFWRU� �),'�
JDV� FKURPDWRJUDSKLF� SURILOHV� RI� WKH� VXUIDFH� RLO�� WKH
GLVSHUVHG� RLO� GURSOHWV�� DQG� WKH� GLVVROYHG�SKDVH� �ILOWHUHG

VHDZDWHU��VDPSOHV�REWDLQHG�DIWHU����KRXUV�RI�RLO�ZHDWKHULQJ
LQ�DQ�RXWGRRU�IORZ�WKURXJK�ZDYH�WDQN�V\VWHP��3D\QH�et al��
������

Figure 2. Portable Large-Volume Water Sampling System assembled for filtration/capture of dispersed oil droplets
and collection of a 4-L (nominal 1 gallon) sample of dissolved hydrocarbon components. The vacuum pump, in-line
trap, and glass sample bottle are secured in position within the cruise box/work station. The 293-mm-diameter filter
unit, 0.7-µm glass-fiber filters, and PFE-lined tubing are carried in a second cruise box/work station of similar
dimensions. Commercially available and pre-cleaned 1-gallon glass sample bottles are shipped separately.



Figure 3. Flame ionization detector gas chromatographic profiles of surface oil (A), dispersed oil droplets (B), and
dissolved components (C) collected with a prototype Portable Large-Volume Water Sampling System after 48 hours
of oil weathering in flow-through wave-tank experiments. Kovats retention indices are printed above the predominant
n-alkanes in A and B and the dissolved PAH in C.

$IWHU����KRXUV�RI�ZHDWKHULQJ��WKH�VXUIDFH�RLO��)LJXUH��$�
KDG� ORVW� DOO� FRPSRQHQWV� EHORZ� Q�&�� �.RYDWV� ,QGH[� ����
.RYDWV�� ������ E\� D� FRPELQDWLRQ� RI� HYDSRUDWLRQ� DQG

GLVVROXWLRQ� SURFHVVHV�� 1RW� VXUSULVLQJO\�� WKH� FKHPLFDO
FRPSRVLWLRQ�RI� WKH�GLVSHUVHG�RLO�GURSOHWV� ILOWHUHG� IURP� WKH
ZDWHU�FROXPQ� DW� WKH� VDPH� WLPH� �)LJXUH� �%�� LV� QHDUO\



LGHQWLFDO�WR�WKDW�RI�WKH�VXUIDFH��VRXUFH��RLO��1RWZLWKVWDQGLQJ
WKH�IDFW�WKDW�PRVW�RLOV�ZLOO�QRW�UHDGLO\�VLQN��IUHVK�RLO�FDQ�EH
WHPSRUDULO\� GLVSHUVHG�GULYHQ� LQWR� WKH� ZDWHU� FROXPQ� E\
ZLQG� DQG� ZDYH� WXUEXOHQFH�� ,Q� VXFK� LQVWDQFHV�� KRZHYHU�
GURSOHWV�DERYH�D�FHUWDLQ�VL]H� UDQJH� �JHQHUDOO\�JUHDWHU� WKDQ
���µP�RU������PP��ZLOO�TXLFNO\�UHVXUIDFH�LQ�WKH�DEVHQFH�RI
WXUEXOHQFH��7KHQ��DV�WKH�VXUIDFH�RLO�YLVFRVLW\�LQFUHDVHV�GXH
WR� ZDWHU�LQ�RLO� HPXOVLILFDWLRQ� RU� PRXVVH� IRUPDWLRQ�� LW
EHFRPHV� LQFUHDVLQJO\� GLIILFXOW� IRU� ZLQG�GULYHQ� ZDYHV� WR
SOXQJH�GLVFUHWH�RLO�GURSOHWV�LQWR�WKH�ZDWHU�FROXPQ��,QVWHDG�
DV�WKH�RLO�ZHDWKHUV��WKH�RLO�ZDWHU�LQWHUIDFLDO�VXUIDFH�WHQVLRQ
GHFUHDVHV� IURP� DSSUR[LPDWHO\� ������ G\QHV�FP� WR
DSSUR[LPDWHO\������G\QHV�FP��$W�WKLV�VWDJH��VPDOO��������WR
��PP�� RLO� IODNHV� DQG� GURSOHWV� FDQ� EH� VORZO\� WRUQ� RII� WKH
VXUIDFH� RI� WKH� HPXOVLILHG� PRXVVH� DFFXPXODWLRQV�� 7KHVH
IODNHV�DQG�GURSOHWV�HLWKHU�UHPDLQ�RQ�WKH�ZDWHU�VXUIDFH�RU�DUH
GLVSHUVHG�E\� WXUEXOHQFH� LQWR� WKH�XSSHU�PL[HG� OD\HU� RI� WKH
ZDWHU�FROXPQ�
7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�GLVVROYHG�SKDVH��ILOWHUHG

VHDZDWHU��LV�GUDVWLFDOO\�GLIIHUHQW�IURP�HLWKHU�WKH�VXUIDFH�RLO
RU�WKH�GLVSHUVHG�RLO�GURSOHWV�FROOHFWHG�DW�WKH�VDPH�WLPH��DQG
)LJXUH� �&� VKRZV� WKH� SUHIHUHQWLDO� GLVVROXWLRQ� RI� DON\O�
VXEVWLWXWHG� EHQ]HQHV�� QDSKWKDOHQHV�� SKHQDQWKUHQHV�
DQWKUDFHQHV�� DQG� GLEHQ]RWKLRSKHQHV� LQ� WKH� .RYDWV� ,QGH[
���� WR� ����� UDQJH�� 7KH� WRWDO� UHVROYHG� DURPDWLF
K\GURFDUERQ�FRQFHQWUDWLRQ� LQ� WKH�����µP� ILOWHUHG�VHDZDWHU
VDPSOH� ZDV� ���µJ�/� FRPSDUHG� WR� D� FRQFHQWUDWLRQ� RI� ���
µJ�/� IRU� WKH� DOLSKDWLFV� �SULPDULO\� Q�DONDQHV�� LQ� WKH
GLVSHUVHG� RLO� GURSOHWV�� +DG� D� VLPSOH� �JUDE�� VDPSOH� RI
XQILOWHUHG� ZDWHU� EHHQ� DQDO\]HG�� LW� ZRXOG� KDYH� DSSHDUHG
�HQULFKHG��LQ�DURPDWLFV�FRPSDUHG�WR�WKH�VXUIDFH�RLO��\HW��LW
ZRXOG�KDYH�EHHQ�LPSRVVLEOH�WR�JLYH�DQ�DFFXUDWH�DFFRXQWLQJ
RI� 3$+� H[SRVXUHV� WR� ZDWHU�FROXPQ� RUJDQLVPV� GXH� WR
XQFHUWDLQWLHV�UHJDUGLQJ�WKH�UHODWLYH�SURSRUWLRQV�RI�GLVVROYHG
YHUVXV� RLO�SKDVH� 3$+� FRQVWLWXHQWV� DQG� RLO� GURSOHW
UHVXUIDFLQJ�� $V� QRWHG� DERYH�� ZKROH� RLO� GURSOHW� GLVSHUVLRQ
EHFRPHV� VHOI�OLPLWLQJ� ZLWK� LQFUHDVHV� LQ� YLVFRVLW\�� 7KXV�
DIWHU� �� WR� ��� GD\V�� WKH� FRQFHQWUDWLRQV� RI� Q�DONDQHV� IURP
GLVSHUVHG� RLO� GURSOHWV� LQ� WKH� ZDYH� WDQNV� GHFOLQHG� WR� OHVV
WKDQ� �� µJ�/�� ZKLOH� WKH� WUXO\� GLVVROYHG� 3$+� FRPSRQHQWV
ZHUH�VWLOO�EHWZHHQ�������µJ�/�
2QO\� E\� LQFOXGLQJ� SURYLVLRQV� IRU� ILOWHULQJ� ODUJH�YROXPH

VHDZDWHU� VDPSOHV� WKURXJK� D� ILOWHU� RI� ����µP� �RU� VPDOOHU�
SRUH�VL]H� DW� WKH� WLPH� RI� FROOHFWLRQ� FDQ� VXFK� GHWDLOHG
LQIRUPDWLRQ� DERXW� 3$+� H[SRVXUHV� WR� ZDWHU�FROXPQ
RUJDQLVPV�EH�REWDLQHG�

Conclusions

%RWK� GLVVROYHG� DQG� SDUWLFXODWH� �RLO�SKDVH�� 3$+� FDQ� EH
VXEOHWKDO� RU� DFXWHO\� WR[LF� WR� QXPHURXV�PDULQH� RUJDQLVPV�
$V� VXFK�� 3$+� FRQFHQWUDWLRQV� VKRXOG� EH� GRFXPHQWHG�
HVSHFLDOO\� LI� FRPPHUFLDOO\� RU� HFRORJLFDOO\� LPSRUWDQW
VSHFLHV� �H�J��� KHUULQJ�� VDOPRQ�� FODPV�� OREVWHU�� DUH� SUHVHQW
DQG�VSDZQLQJ�DW�WKH�WLPH�RI�DQ�RLO�VSLOO�HYHQW�
7KH�3/9:66�LV�VLPSOH��HDV\�WR�XVH��DQG�KLJKO\�SRUWDEOH�

,W� FDQ� EH� WUDQVSRUWHG� ZLWK� VWRFNSLOHG� VXSSOLHV
�FRPPHUFLDOO\� DYDLODEOH� ��JDOORQ� DPEHU�JODVV� ERWWOHV� DQG
JODVV�ILEHU�ILOWHUV��E\�DLU� IRU�DUULYDO�RQ�VWDWLRQ�ZLWKLQ����WR
���KRXUV�RI�QRWLILFDWLRQ�RI�D�VSLOO�HYHQW��,W�FDQ�EH�GHSOR\HG

IURP�VKRUHOLQH�IHDWXUHV��DQG�IRU�RIIVKRUH�VXUIDFH����WR���P�
VDPSOHV�� LW� FDQ� EH� XVHG� RQ� DQ\� ³YHVVHO� RI� RSSRUWXQLW\´
ZLWKRXW� WKH� QHHG� IRU� $�IUDPHV�� ZLQFKHV�� RU� RWKHU
RFHDQRJUDSKLF� HTXLSPHQW�� ,I� ���� YROW� $&� SRZHU� LV� QRW
DYDLODEOH� IURP� WKH� YHVVHO� �RU� IRU� VKRUHOLQH� VWDWLRQV��
HOHFWULFDO�SRZHU�FDQ�EH�VXSSOLHG�IURP�D�SRUWDEOH�JHQHUDWRU
SRVLWLRQHG� GRZQ�ZLQG� RI� WKH� VDPSOHU�� $V� VXFK�� WKH
3/9:66�FDQ�EH�XWLOL]HG�TXLFNO\�GXULQJ� WKH� ILUVW�KRXUV�RU
GD\V�RI�D� VSLOO�HYHQW��ZKHQ�GLVVROYHG�3$+�DQG�SK\VLFDOO\
GLVSHUVHG�RLO�GURSOHW�FRQFHQWUDWLRQV�DUH�DW�WKHLU�KLJKHVW�
:LWK� WKH� 3/9:66� GHVFULEHG� LQ� WKLV� SDSHU�� FRQWHQWLRXV

LVVXHV�RI�ZDWHU�FROXPQ�H[SRVXUHV� FDQ�EH� WDNHQ� RXW� RI� WKH
UHDOP�RI�VSHFXODWLRQ�DQG�LQVWHDG�EH�VXSSRUWHG�E\�KDUG�GDWD�
,Q�DGGLWLRQ��ZLWK�DFFXUDWH�PHDVXUHPHQWV�RI�GLVVROYHG�SKDVH
3$+� DQG� GLVSHUVHG� RLO�GURSOHW� FRQFHQWUDWLRQV� DW� VSHFLILF
LQWHUYDOV��H�J���������������DQG����KRXUV��LQWR�D�VSLOO�HYHQW��LW
ZLOO� EH� SRVVLEOH� WR� HQKDQFH� WKH� SUHGLFWLYH� FDSDELOLW\� RI
PRGHOLQJ� HIIRUWV�� 6SHFLILFDOO\�� WKHVH� GDWD� ZLOO� VXSSRUW
DFFXUDWH� KLQGFDVWLQJ� WR� SHDN� 3$+� FRQFHQWUDWLRQV� DQG
H[SRVXUH�GXUDWLRQV�WKDW�DUH�NQRZQ�WR�RFFXU�LQ�WKH�ILUVW���WR
��� KRXUV� RI� D� VSLOO�� )LQDOO\��ZDWHU� VDPSOHV� FROOHFWHG� ZLWK
WKH�3/9:66�FRXOG�EH�XVHG�E\�12$$�6FLHQWLILF�6XSSRUW
&RRUGLQDWRUV� DQG� %LRORJLFDO� $VVHVVPHQW� 7HDPV� IRU
HYDOXDWLRQ�RI�GLVSHUVDQW�HIIHFWLYHQHVV�RU�RWKHU�UHPHGLDWLRQ
DSSURDFKHV�VXFK�DV�in situ EXUQLQJ�
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