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ABSTRACT: Monitoring is a common, if generally implicit, part of 
spill response. However, there are no general guidelines for designing 
and carrying out spill response monitoring. With a few notable excep-
tions, as in shoreline assessments, monitoring rules are made up as the 
response progresses. Important rules of monitoring, such as those con-
cerning adequate controls, are often left out or remain ill-defined, 
leading to unjustified product claims. As a result, there is often consider-
able debate and confusion about the effectiveness of protection and 
cleanup actions as well as the need to move on or terminate the response. 

A framework has been developed to help make monitoring an explicit 
process in spill response management. This framework forces (1) clear 
identification of the objectives of prevention and cleanup strategies, (2) 
selection of meaningful and useful end points, to quickly document 
effectiveness, (3) an appropriate strategy (statistical or otherwise) for 
collecting and reporting needed feedback information, (4) an often-
overlooked quality assurance/quality control plan, (5) a data or infor-
mation management plan, and (6) confirmation that a decision was (or 
was not) made based on monitoring results. The most important aspect 
of an explicit monitoring plan is that it forces not only clear definition of 
"how clean is clean enough, " but also how this measure will be opera-
tionally documented. Elements of this process are indeed covered in 
many past responses and in some recent documents. Nevertheless, there 
is a critical need to develop additional rapid response tools for chemistry, 
biology, and toxicology and for a more thorough operational monitoring 
guide for spill response. 

This paper reviews the roles of monitoring in spill response and the 
development of monitoring strategies that make a difference. It is 
based largely on the author's direct experience in designing and carry-
ing out monitoring programs not only for spill response,5 but also other 
kinds of marine pollution monitoring. General approaches to marine 
environmental monitoring have been debated on many occasions,8 

while, guidelines for monitoring specific oil spill response activities 
exist, but are scattered among various documents.3'5'711 

The primary purpose of this report is to provide an overall context 
for operational monitoring and to ensure that specific monitoring 
activities adhere to basic monitoring principles. This report does not 
provide detailed step-by-step methods for specific kinds of monitoring. 
Instead, it defines some basic rules for developing operational monitor-
ing approaches and provides some examples. It shows how to think 
about monitoring as an integral part of the day-to-day and long-term 
response decision process. It is meant to provoke responders to include 
monitoring explicitly in strategic planning for better spill response 
management. 

Generally, those who carry out monitoring functions are experts far 
removed from direct communication with the on-scene coordinator 

(OSC) and OSC staff. An underlying objective of this paper, then, is to 
provide the OSC staff with some insight into the considerations, prob-
lems, and challenges that monitoring personnel must address during 
the course of a response. Likewise, members of the scientific monitor-
ing community must understand the needs of the OSC and the con-
straints imposed on monitoring by the spill response. Finally, demon-
strations or tests of new products are often done at spills of 
opportunity. Often, these tests are missing an important component of 
monitoring, such as adequate controls, which may lead to false or 
unverified product claims. It is thus incumbent on vendors as well to 
understand basic monitoring strategy and the need for it. 

What is monitoring? "Monitor" simply means "to watch or check 
on." In this sense, monitoring involves repeated observations to docu-
ment trends (are things getting better or worse?) or to confirm that an 
intended effect actually occurred. But there is more: "to monitor" also 
means "to keep track of systematically, with a view to collecting 
information; to test or sample on a regular or ongoing basis; to keep 
close watch over; to supervise; to direct." In this sense, monitoring is a 
purposeful, structured process that leads to specific decisions and 
actions. In effect, monitoring addresses uncertainties about alterna-
tives and effectiveness: if you are certain of the outcome, you don't 
have to monitor—a decision that should be made explicit. 

Why is monitoring important? Spill responders need timely, accu-
rate information about the effectiveness and progress of response 
actions. Monitoring provides that information. Thus, monitoring is not 
an isolated activity but part of a management process that provides 
feedback confirming that the intended action not only took place but 
also resulted in the claimed or desired benefits. Monitoring is neces-
sary for our expectations and perceptions to become facts. Some 
perceptions will be supported, reinforced; others will not. If done 
properly, according to specific guidelines (see below), monitoring will 
provide the basis for comparing alternative actions, deciding which 
courses of action to take next, and determining that a response is over. 
Monitoring will not resolve all uncertainties about response actions, 
but it will reduce uncertainty about what to expect from the actions 
chosen. 

What is operational monitoring? Operational monitoring is any 
measurement or observation activity required to ensure the success of 
a response, and in particular, to direct or redirect the response decision 
process. Operational monitoring includes not only environmental 
trend monitoring to document oil removal effectiveness or shoreline 
recovery, but also compliance monitoring to ensure operations are 
kept within predetermined limits, product and equipment monitoring 
to track performance, and hypothesis-testing to resolve uncertainties 
about alternative outcomes of actions. All these types of monitoring 
are already evident in responses. Examples include collecting weather 
and sea state data and forecasts, observing and mapping oil or pollu-
tant movements, confirming forecasts of pollutant fate, documenting 
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the effectiveness of dispersant operations, recording amounts of haz-
ardous waste recovered, and confirming that operations comply with 
incident-specific guidelines, such as those relating to wildlife conserva-
tion areas. What makes any kind of monitoring operational monitoring 
is timely reporting in a manner that can influence day-to-day as well as 
longer term strategic response decisions. 

The framework: elements of monitoring 

Although it may not always be apparent, any monitoring strategy 
has a number of basic elements: clear objectives, measurable or mean-
ingful end points, a survey approach, timely conduct and reporting, 
logistical considerations, and quality assurance/quality control (QA/ 
QC) procedures. 

Clear objectives. It is critical to state and document the objectives of 
both response and monitoring actions carefully, no matter what level of 
monitoring is undertaken. What is the goal of the response in terms of 
oil removal? In terms of resource protection? How clean is "clean 
enough," in terms of amounts of visible or chemically detectable oil? 
When we say "remove the most oil with the least amount of additional 
impact on resources," what does this mean quantitatively? 

The point of monitoring is to resolve uncertainty. The best way to 
define clear monitoring objectives is to carefully define what decisions 
will be made based on the monitoring results. What are the manage-
ment or treatment alternatives under consideration, and what is it we 
are uncertain about? For example, can dispersants continue to be 
used? What are the specific benefits and consequences of increasing 
the temperature or volume of hot-water washing? What is the most 
critical information needed to decide if dispersants or in situ burning 
can be used? Is a specific proposed shoreline cleaning agent more 
effective and less harmful to resources than hot-water washing? Is 
bioremediation being considered, and specifically, do we have enough 
information about the factors limiting degradation? 

Trends are important. For example, is the viscosity of the oil chang-
ing rapidly enough to prompt changes in response strategies (a clear 
consideration in the Exxon Valdez spill? Is oil already dispersing or 
sinking? 

Degree of difference is important. In comparing response alterna-
tives, what level of difference in effectiveness is being sought—two-
fold, five-fold? Or, what amount of variation—10 percent, 0 percent, 
100 percent?—is acceptable? 

It is necessary to be quantitative about expectations. What will 
constitute a deciding dispersant run and what will not? A certain 
percent loss in cover of the slick? On one pass? Observable loss in two 
of three runs? In three of five? What specific weather conditions merit 
continuing or shutting down an in situ burn, and as measured by what? 
What specific recovery rate or biological impact condition(s) merit 
continuing or terminating shoreline washing? Shoreline cleaners? Bio-
remediation? How, specifically, should oil removal effectiveness be 
compared with resource damage? 

Defining both response and monitoring objectives is an iterative 
process. It must be done frequently, with team members reminded of 
objectives daily. Moreover, the objectives may be refined as other 
specific monitoring considerations are reviewed (meaningful mea-
sures, survey design, timeliness, and so forth, as discussed below). 

Meaningful measures (end points). What measures of effectiveness 
and effects are most appropriate and logistically feasible to monitor for 
expected outcomes or decisions? For slick dispersal, will the measure 
be percent cover estimated visually during overflights? Of what— 
sheen, slick, mousse? For in situ burning, is it feasible to measure 
particulate concentrations at a certain point to meet predetermined 
concentration criteria? Should effectiveness be measured in terms of 
oil recovered, or oil remaining, or both? By what kind of observation 
method? How do you measure oil recovery during shoreline opera-
tions? Or, should the measure be of residual oil, regardless of recov-
ered amounts? How should remaining oil be measured? Or, should 
effectiveness be judged by the abundance or variety of shoreline 
marine life remaining, instead of by oil recovery? Will an easily ob-
served index do in place of a more complicated measurement? Will the 
index be calibrated against the measured variable? 

Although it may be assumed that operators monitor equipment to 
maintain peak performance, it should not be assumed that such "inter-
nal" monitoring will provide the information needed to decide about 

the effects or effectiveness of response methods. For example, shore-
line washing equipment is typically regulated in terms of pressures and 
temperatures experienced within the equipment itself: actual water 
velocities, impact pressures, and temperatures experienced by shore-
line surfaces and marine life may be entirely different and even unre-
lated to equipment performance. 

Survey design and sampling strategy. At a minimum, basic monitor-
ing should replicate observations or sampling at both treated and 
untreated areas before and after treatment (or any other specified or 
anticipated action). In developing the survey design, it is necessary to 
consider at least five basic elements: controls, replication, stratifica-
tion, equalization, and randomization*. 

Controls. A "control" is an untreated reference condition or loca-
tion. Several kinds of controls must be considered. Nature plays many 
tricks. Effectiveness, in terms of percent improvement or removal, can 
only be convincingly demonstrated by comparison with an untreated 
or unaffected control. It may not be sufficient, and may even be 
misleading, to use conditions at a site before treatment as its own 
control. A slick can coincidentally disperse because of changes in wind. 
The next high tide can remove oil regardless of the treatment. 

Often, new products or methods are tested at spills of opportunity. 
Shoreline cleaners and bioremediation agents are often applied in 
conjunction with high-pressure washing (as at a recent demonstration 
with a shoreline cleaner in Alaska). Without separating the two com-
ponents^—the cleaner and the washing—how can we know if effective-
ness is due primarily to the chemical or to the water washing? Of 
course, if the system works, who cares? We should care, especially if a 
product vendor will subsequently claim that, without additional infor-
mation, it was the chemical that made the difference. Could the same 
or a similar result be achieved without using the chemical? 

Replication. One observation can be misleading. Differences among 
treatment areas or actions can only be demonstrated by comparison to 
differences within areas or actions. Failure to visibly disperse oil after 
one pass may lead to the false conclusion that the oil is not dispersible: 
what if it did disperse in two out of three passes? In three out of four? 
The same questions can be asked of any other treatment action. There 
are several rules for determining the amount of replication needed: all 
deal with the amount of variation expected and the amount of differ-
ence one wishes to detect between treated and untreated situations.4 

Stratification. Large areas should be broken up for analysis into 
relatively homogeneous subareas. Shoreline types vary, including, for 
example, rocky and boulder-cobble shores, sand beaches, and 
marshes. Further, some shorelines can be covered with surviving ma-
rine plants and animals, while others are bare. What works in one area 
may be ineffective or even counterproductive in another. Observations 
to document treatment effectiveness must be made by comparing 
similar geomorphological and biological environments. 

Equalization. Similar numbers of samples or observations should be 
taken from both treated (or affected) and untreated (unaffected) 
areas, or from the same area before and after treatment. What if two of 
three treated slicks dispersed, but, because of changing wind condi-
tions, so would two out of three untreated slicks? Was the dispersant 
effective? Extending an overflight a few more minutes to observe the 
fate of untreated slicks might make a big difference in the final decision 
of whether to continue. 

Randomization. Randomization is the final act of objectivity. Once 
replicate conditions are identified, treatments can be assigned ran-
domly so that no bias is involved. Such bias might represent geographic 
or temporal gradients, as in alongshore salinity (which can alter disper-
sant effectiveness) or marsh cover density (which can alter nutrient 
dynamics during bioremediation). 

The statement that basic monitoring should involve replicate obser-
vations or sampling at both treated and untreated areas before and 
after treatment (or any other specified or anticipated action) will cause 
considerable debate, as it should. It implies invoking a statistical 
approach, which many may not feel is appropriate in spill response. 
However, when sampling, there is no such thing as a nonstatistical 
approach: samples are just that—samples—and may or may not be 
representative of the larger area of concern. Statistics is simply the 
science of making larger inferences from samples. Thus, any sampling 
or observation activity represents a statistical approach, whether or not 
one is declared. For example, the decision to take a single sample or 
observation is in fact a decision not to replicate. 

Logistical constraints. Operational monitoring is encumbered with 
the same logistical constraints as the response itself, and more. Mon-
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itoring requires logistical support from the response, in personnel, 
transportation, and time and attention from the OSC staff, and thus 
may be seen as adding to the response burden. However, if it reduces 
the response effort required, or helps set priorities, monitoring can 
reduce the load. Monitoring equipment can and should be simple, but 
there is need for further development of simple tools for chemistry and 
biology measurements (see below). Proper labeling and shipping is 
time-consuming and critical for chemical and toxicological samples and 
should be acknowledged as a critical activity. 

Timeliness. The monitoring strategy and methods must be designed 
to provide information in a timely manner. If results are needed on a 
daily basis (as for the evening report) then monitoring personnel must 
undertake measurements and observations that are simple, yet that do 
not seriously compromise the tenets of monitoring strategy described 
above. Visual, olfactory, and audio observations and simple physical 
measurements, such as depth of oil penetration in shoreline sediments, 
salinity assessed with a refractometer, phone contacts with others who 
have taken recent measurements, are the only feasible tools under this 
time constraint. Measurements involving detailed oil chemistry anal-
ysis with gas chromatography/mass spectrometry (GC/MS) involve 
sample collection, labeling, snipping, extraction, and analysis at dis-
tant locations. They yield extraordinarily important information on 
weathering and biodégradation, but cannot be expected to yield such 
information in less than one to two days. However, this information is 
highly relevant to decisions regarding seafood contamination and bio-
remediation. Thus, responders should weigh the costs as well as the 
benefits of postponing some decisions to obtain the best information 
possible. 

Quality assurance/quality control. Sampling or observation 
methods as implemented by different observers or types of equipment 
may not be comparable. Training is essential. Observers, samplers, 
and monitoring equipment should be periodically calibrated against 
each other for precision and against an accepted reference standard for 
accuracy. For visual observations, multiple observers are better than 
one: they can discuss their observations and come to some agreement 
(or not, which is just as important). Samples sent to laboratories for 
chemical analysis should include material from similar untreated sites 
as well as the source oil. 

Implementing a strategy 

Setting objectives. There is plenty of room for bringing monitoring 
into the planning phase of spill response. For example, response orga-
nizations can adopt and include in planning documents one of several 
shoreline assessment guides, such as NOAA's.7 Plans are also available 
for some districts to monitor dispersant effectiveness, in situ burn 
plumes, and bioremediation. These plans bring decision-related objec-
tives into planning and may represent templates for prespill design of 
other operational monitoring programs. 

During a response, and in the absence of an operational monitoring 
plan, it is incumbent that the OSC and monitoring personnel meet 
directly and outline both spill response and operational monitoring 
objectives on scene. Appointment of a dedicated monitoring or QA/ 
QC Officer should be considered. This officer's primary job is to 
ensure that both response and monitoring objectives are clearly under-
stood and met. 

Controls: the set-aside controversy. Securing and using controls— 
untreated areas—may be one of the most critical and hotly debated 
aspects of a response, because such an action implies delay in cleanup, 
at least for those sites. However, the value of maintaining, respecting, 
and monitoring untreated "set-asides" may outweigh the costs, which 
should be an explicit point of discussion. After scorching debate, set-
asides were established at the Exxon Valdez spill in Prince William 
Sound and were effectively used to separate the effects of hot-water 
washing from those of the oil itself.6 

Training and drills. Some monitoring scenarios are implicit in the 
early stages of most drills—collection and reporting of weather, and 
estimating the suitability of early countermeasures, such as dispersant 
use and in situ burning. However, later stages, particularly involving 
shoreline impacts, are often neglected. Extending drills to include 
monitoring, assessment, and decision making concerning the recovery 
of stranded oil could provide needed focus on the monitoring issues 
that extend real spills. 

Do we need all this? It may be that some or most of the conditions 
described cannot be met during response monitoring. What should be 
discussed openly, however, are the consequences and uncertainties of 
not meeting them all. Those consequences may be acceptable or the 
risks of ignoring unmet conditions may be worth taking. These should 
be explicit decisions. 

Stick with the results. It should be kept in mind that an unexpected 
or undesirable result is not necessarily a valid reason for rejecting the 
method. 

Where to get more information 

Any basic statistics book will reveal the considerations that must be 
taken into account in developing monitoring programs. As noted in the 
introduction, general approaches to marine environmental monitoring 
have been debated on many occasions, including a dedicated Oceans 
'86 Conference.1'910 These papers deal less with operational monitor-
ing and more with long-term environmental monitoring, but they do 
document the strategies and approaches that need to be considered in 
operational monitoring. Finally, guidelines for monitoring specific oil 
spill response activities are scattered among various documents.3'5'7 

Indeed, there is a critical need to develop a more thorough operational 
monitoring guide for spill response. 
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