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Charges 

 
Charge 1:  Proposal 11-101, Proposal 11-102, Proposal 11-103 

 
Findings & Conclusions: 
 

The 2013 ISSC voting delegates in San Antonio adopted the recommendations of the Growing Area 
Classification Committee in response to Proposals 11-101, 11-102 and 11-103.  In August, 2014, 
the ISSC Executive Office, along with an workgroup of the Growing Area Classification 
Committee, organized and held a meeting of MSC expert scientists and the members of the 
Growing Area Classification Committee to discuss the current science on MSC.  Following the 
MSC Informational Meeting, the Growing Area Classification Committee met and voted on specific 
issues within Proposals 11-101, 11-102 and 11-103 to further expand the use of MSC in the NSSP.  
The committee further decided to draft Proposals for submission to the 2015 ISSC Biennial meeting 
expanding the use of MSC in determining the size of prohibited zones adjacent WWTP outfalls; 
relay; and depuration.  The specific questions and issues discussed by the GAC committee at the 
committee meeting in Charlotte can be seen in the attached MSC Informational Meeting Committee 
Report.  A workgroup of the GAC Committee was formed and draft proposals for committee review 
were developed after numerous conference calls.  The full GAC committee discussed the proposals 
developed by the workgroup and recommended that the proposals be drafted and submitted by the 
GAC committee for review and discussion by the 2015 ISSC voting delegates.  Those Proposals are 
15-102 and 15-106.  
 
The committee deliberated Proposal 11-103 to expand the use of MSC with regard to depuration. 
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Recommendations: 
 
The Growing Area Classification Committee recommends No Action on Proposal 11-101. 
 
The Growing Area Classification Committee recommends No Action on Proposal 11-102. 
 
The Growing Area Classification Committee recommends Proposal 11-103 be referred to the 
appropriate committee as determined by the Conference Chair. 
 

 
Charge 4:  Proposal 13-118 
 
 Findings & Conclusions: 
 
The 2013 ISSC voting delegates recommended a workgroup be formed to review and evaluate the 
dilution guidance document “Determining Appropriately Sized Prohibited Areas Associated with 
Wastewater Treatment Plants” recommended by FDA in Proposal 13-118.  A workgroup of the 
Growing Area Classification Committee was formed and after several conference calls drafted the 
new guidance document attached.  The new draft guidance document developed by the workgroup 
was fully discussed by the full Growing Area Classification Committee.  The Growing Area 
Classification Committee recommended the amended guidance document move forward for ISSC 
approval. 
 

 
Recommendations: 

 
The Growing Area Classification Committee recommends adoption of Proposal 13-118 as 
amended. 
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Determining Appropriately Sized Prohibited Areas Associated with Wastewater 

Treatment Plants 

Introduction  

 

The original National Shellfish Sanitation Program (NSSP) principles have proved effective in controlling 

bacterial illness associated with shellfish harvested from polluted waters.  These principles, namely a 

robust sanitary survey, regular water and shellfish monitoring using bacterial indicators, controlled 

harvest times and labelling the origin of shell stock remain applicable as the primary preventative food 

safety control measures for growing areas. 

 

However, there is now ample scientific evidence to show that the current bacterial indicators are 

inadequate to predict the risk of viral illness for the following reasons: 

 

(1) Enteric viruses are resistant to treatment and disinfection processes in a wastewater treatment plant 

(WWTP) and are frequently detected in the WWTP’s final effluent under normal operating conditions 

(Baggi et al. 2001; Burkhardt et al. 2005, Pouillot et al. 2015). 

 

(2) Shellfish can bioaccumulate enteric viruses up to 100-fold from surrounding water (Seraichekas et al. 

1968; Maalouf et al. 2011). 

 

(3) Certain enteric viruses are retained by molluscan shellfish to a greater extent and for longer than the 

indicator bacteria currently used to classify shellfish growing areas (Sobsey et al. 1987; Dore & Lees 

1995; Love et al. 2010).  It has been well documented that enteric virus detection is not indexed by 

levels of conventional indicator bacteria.   

 

For several decades now viral illnesses, in particular norovirus (NoV) and Hepatitis A (HAV), have been 

the most common food safety problem associated with bivalve molluscan shellfish (Woods 2010; 

Iwamoto et al 2010; Scallan et al. 2011;  Batz et al. 2012; Hall et al 2012).  NoV genogroups I, II and IV 

and HAV are typically associated with ill-individuals and transferred by the fecal-oral route.  Because 

WWTPs do not completely remove infectious enteric viruses emphasis should be placed on the 

importance of ensuring there is adequate dilution between a sewage source and a shellfish growing area.  
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In addition to the risk of enteric viruses WWTP effluents may also contain other chemicals and 

deleterious substances including pharmaceuticals, nanoparticles, and other contaminants of emerging 

concern.  Establishment of a prohibitive area in proximity to WWTP discharges is an effective strategy to 

reduce the risk posed by both enteric viruses and other contaminants found in WWTP effluents.  This 

guide provides information on the recommended dilution rates with respect to enteric viruses to ensure 

WWTP effluent does not cause a significant viral food safety risk within shellfish growing areas.  The 

guide also considers the factors that should be used to assess a WWTP. 

 

Delineation of the Prohibited Zone around a Wastewater Treatment Plant 

 

The NSSP Model Ordinance Section II, Chapter IV. @.03 (2) (b) and @.03 E(5)  states that all growing 

areas which have a sewage treatment plant outfall or other point source outfall of public health 

significance within or adjacent to the shellfish growing area must have a prohibited classification 

established adjacent to the outfall taking account of the following factors: 

(1) The volume flow rate, location of discharge, performance of the wastewater treatment plant and the 

microbiological quality of the effluent;  

(2) The decay rate of the contaminants of public health significance in the wastewater discharged;  

(3) The wastewater's dispersion and dilution and the time of waste transport to the area where shellstock 

may be harvested; and  

(4) The location of the shellfish resources, classification of adjacent waters and identifiable landmarks or 

boundaries.  

There are several important considerations for the shellfish authority to consider when establishing the 

size of each prohibited zone: 

 

(1) The area to ensure that there is adequate dilution when the WWTP is operating as normal. 

“Normal” means that the WWTP is operating fully within the plant’s design specifications, 

including design flows; treatment stages; disinfection; as well as compliance with all permit 

conditions that relate to the WWTPs effectiveness in reducing enteric viruses in sewage.   
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Below is not an exhaustive list but serves as examples of situations that could occur and are 

critical for Shellfish Control Authorities (SCAs) on evaluating each WWTP when developing 

Conditional Area Management Plan (CAMP): 

Bypassing stage of treatment 

A plant may be considered operating outside of normal operation if a treatment stage such as 

primary or secondary treatment is bypassed which may result in an increased load of solids in the 

disinfection step and reduce the effectiveness of disinfection.  An additional example would be 

when a WWTP experiences a loss in disinfection and thus the ability to effectively treat the final 

effluent.  SCAs should determine the significance of these types of events and make appropriate 

provisions in the CAMP. 

Operating outside design specifications/other types of failures or events 

It is not uncommon for a WWTP to periodically experience mechanical failures of equipment that 

could alter the treatment of sewage.  Additionally, a WWTP may also need to periodically 

perform routine maintenance to the various stages of treatment and may need to temporarily take 

a portion of a treatment stage off-line for cleaning.  Other unexpected maintenance may need to 

occur for example bio-fouling of filters or membranes used in treatment.  SCAs should be 

informed by WWTP operators of these events to determine if any additional temporary action is 

needed if not addressed in the CAMP. 

Operating above design flow 

Some WWTPs may operate above its design flow and not necessarily bypass any particular stage 

of treatment.  During these events it is typical for WWTP operators to adjust the operation of the 

WWTP which may include reducing the treatment time in the aeration stage and/or solids 

separation/settling stage of treatment.  Under some circumstances this could lead to a significant 

reduction in the effectiveness of disinfection.  SCAs may consider assessing the efficiency of 

WWTPs to determine the significance of these type of events and if additional provisions should 

be made in the CAMP. 
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WWTP permit violations 

If a WWTP is exceeding the permitted bacterial indicator levels in the final effluent this indicates 

that effectiveness of the disinfection step has been reduced.  Other measured parameters in the 

effluent (e.g. TSS, BOD) may also indicate a reduction in treatment efficiency as occurred.  SCAs 

may consider assessing the efficiency of WWTPs to determine the significance of these type of 

events and if additional provisions should be made in the CAMP. 

Situations where compliance with permit but risk to shellfish growing area 

There could be situations in which a particular WWTP could be in compliance with a permit, and 

could still pose a risk to the shellfish harvest area.  For example, a WWTP may have permit 

conditions to allow for flow blending during high flow periods where a portion of the sewage 

may receive full treatment but a portion of the sewage may only be partially treated and 

“blended” in the final disinfection step.  Although this may be an acceptable practice under a 

permit it could result in conditions in which the efficiency of the WWTP to remove enteric 

viruses is considerably reduced.  SCAs may consider assessing the efficiency of WWTPs to 

determine the significance of these type of events and if additional provisions should be made in 

the CAMP. 

(2) That the collection system has no malfunctions, bypasses or other factors that would lead to 

significant leakages of untreated sewage to the marine environment. 

(3) That there is adequate detection and response time when any malfunction occurs to ensure that all 

harvesting ceases and closures are enforced, so that contaminated product does not reach the 

market. 

Additional considerations 

It is critical for SCAs to communicate with WWTP operators and ensure that there is no 

confusion over how SCAs define “outside of normal operation” in a Conditional Area 

Management Plan (CAMP) which may differ from how “malfunctions” or “violations” are 

defined in a permit.  The SCAs also need to ensure that the WWTP operators understand the 

CAMP and that shellfish growing areas may close based on conditions of the CAMP even though 

the WWTP is operating in compliance within permitted conditions. Thus, it is important to 

communicate with WWTP operators to ensure that when shellfish closures occur and are reported 

that SCAs are using terminology that is understood by both parties.   
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Guidelines for Dilution, Dispersion, and Time of Travel of Effluent 

 

Dilution refers to the dilution of effluent that occurs when the effluent is subjected to a number of 

physical processes in the receiving waters including turbulent mixing of the effluent in the vicinity of 

the outfall and at further distances primarily through tidal action, wind, and density stratification. 

Dispersion refers to the spread, location, and shape of the effluent discharge plume with time as it 

leaves the WWTP outfall.  Time of travel refers to the time it takes effluent to reach the shellfish 

harvest site starting from the point of discharge.  

 

It is essential to recognize that water samples collected near discharge outfalls are not useful for 

determining the size of prohibited zones because normal operating conditions in WWTPs can 

effectively reduce or even eliminate the fecal and total coliforms  which are the current indicator 

microorganisms used to assess treatment efficiency.  In contrast, many human enteric viruses are not 

inactivated by functioning WWTP treatment and disinfection systems, hence the need for an adequate 

dilution zone between the outfall and the shellfish resource. 

It is important to consider not only the WWTP discharge, but also overflow points on the collection 

system such as those from pumping stations.  While a malfunctioning WWTP may provide partial 

treatment, the discharge from a collection system is untreated and may be a more common failure 

point in the overall system.  

When determining if a WWTP or collection system discharge within the watershed or catchment area 

draining to a shellfish estuary potentially impacts a shellfish growing area, in the absence of a 

performance history of the treatment and collection system, and a database of influent and effluent 

quality, the NSSP recommends that a worst case raw sewage discharge be assumed.  In this 

circumstance, if a level of 1.4 x 106 FC/100ml is assumed for a raw sewage release, a 100,000:1 

dilution would be required to dilute the sewage sufficient to meet the approved area standard of 14 

FC/100ml.  If dilution analysis determines that the location of the discharge is such that the dilution 

of effluent would be greater than 100,000:1 then the WWTP could be considered located outside the 

zone of influence to the shellfish growing area.  Different dilution ratios may be applied depending on 

the known concentration of sewage, provided that the water quality objective of the downstream 

harvest area is met.   
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In areas where the required WWTP discharge dilution is less than 100,000:1 and/or a raw sewage 

release results in FC levels in the growing area of >14 FC/100 ml  a conditional management may be 

considered.   However, conditional management is only recommended for, highly efficient WWTPs 

that are well monitored to detect malfunctions and changes in effluent quality and when the shellfish 

authority has the resources to effectively administrate and patrol the conditions of the growing area 

management plan.  

In all cases the FDA recommends the minimum of a 1000:1 dilution around a WWTP outfall to 

mitigate the impact of viruses on shellfish growing areas.   

 

A dye study can be used to measure the dilution and dispersion of the effluent during specific 

discharge conditions.  Computer modeling programs can also be used to estimate the dispersion and 

dilution of the effluent plume from WWTPs and collection system overflows.   

 

Scientific Rationale for 1000:1 Dilution Guidance 

 

In 1995 the FDA determined the 1000:1 dilution was necessary using the most relevant the scientific 

literature available at that time (Kohn, et al. 1995; Havelaar et al. 1993; Kapikian et al. 1990; Liu et al. 

1966).   In 2008 FDA performed an investigation in the upper portion of Mobile Bay, Alabama, the 

results of which were published in the Journal of Shellfish Research (Goblick, et al., 2011).  The article 

describes how FDA used technical advances to assess the 1995 1000:1 dilution recommendation.  The 

Mobile Bay study confirmed that this level of dilution was appropriate to mitigate the risk of viruses 

discharged in treated wastewater effluent.     

 

Since the 2008 Mobile Bay study there have been major advances in the detection and enumeration of 

NoV in wastewater and shellfish and fluorometer technologies have enabled more sophisticated 

hydrographic dye study methods.  Using these advances, FDA has now conducted numerous dye studies 

supplemented with the testing of shellfish sentinels for enteric viruses and their surrogates.   The findings 

from these studies demonstrate that achieving a steady-state 1000:1 dilution level in the requisite 

Prohibited area appears to be adequate for mitigating the impacts of viruses on shellfish when WWTPs 

have typical treatment and disinfection practices, such as secondary treatment and chlorination, and when 

operating under normal conditions. 
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While evaluating the 1000:1 dilution level Male Specific Coliphage (MSC) results in shellfish from the 

2008-2015 studies were evaluated.    These collaborative studies with State Shellfish Control Authorities 

and Industry were conducted in the Gulf, Mid-Alantic, East and West Coast, and under varying 

hydrographic and meteorological conditions. Various additional factors were considered such as type of 

wastewater treatment and disinfection technology, seasonal conditions, and shellfish species etc. and are 

represented in the data collected.   In some cases, data was collected during a period of which the WWTP 

was considered to be operating outside of “normal” operating conditions.  In other cases, the WWTP was 

considered not suitable for conditional area management due to design/poor performance even during 

routine/normal operation.  Focus was given to the MSC threshold of 50 PFU/100 grams of shellfish tissue 

which is the level used for re-opening harvest areas after an emergency closure due to raw untreated 

sewage discharged from a large community sewage collection system or a WWTP (Model Ordinance 

(Section II, Chapter IV, @.03 A(5)(C)(ii))).  From the 2008-2015 studies, a total 216 samples were 

assessed including conditions when the WWTPs were considered operating normally as well as under a 

bypass or degraded operation conditions.  In summary, 216 samples were analyzed for MSC of which 176 

samples (81%) were positive for MSC; 118 samples (67%) contained MSC levels > than 50 PFU/100 

grams; and 43 samples (20%) had MSC levels > 50 PFU/100 grams and wastewater effluent dilution was 

greater than 1000:1.  These results are shown in Figure 1 and Table 1 below.  
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Figure 1: Comparison of dilution in receiving water and MSC levels in shellfish – all conditions 
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Table 1: MSC in shellfish operating under “normal” and outside of normal operation  

MSC Results 
All Conditions  

(n=216) 
Normal Operating Conditions  

(n=129) 

MSC detectable 81% (176) 62% (80) 

MSC levels >50 pfu/100g 67% (118) 36% (46) 

MSC levels >50 pfu/100g and 
Dilution in Growing Area >1000:1 

20% (43) 0% (0) 

 

In separating the data attributed to “normal” operation from other conditions, 129  of the 216 total 

samples were considered to be attributed to “normal” WWTP operation, also shown on Table 1. Eighty 

seven (87) samples were removed as they were attributed to conditions of WWTP malfunction or 

situations considered not suitable for conditional area management.  From the 87 samples, 80 were 

associated with degraded WWTP performance or malfunction of which 6 were associated with a primary 

bypass, 13 were associated within a period of a WWTP upgrade during which the WWTP reportedly was 

operating an extended period (weeks) without disinfection, 31 were associated with degraded treatment 

quality because of rainfall/flows exceeding the WWTP design capacity, and 30 were attributed to a 

WWTP with no secondary treatment and operated frequently with flows exceeding the design capacity.  

Of the remaining 7 samples, 6 were associated with a WWTP utilizing unconventional disinfection 

technology (membrane filtration) and demonstrated poor performance in removing viruses compared to 

other conventional technologies during normal operating conditions, and 1 sample was attributed to a 

potential point source sewage discharge other than the WWTP. 

 

When considering the remaining 129 samples attributed to “normal” WWTP operating conditions there 

were no samples that were above 50 PFU/100 grams when dilution was greater than 1000:1.  In 

comparison, of the 87 samples attributed to malfunction or unsuitable conditions, 43 samples exceeded 50 

PFU/100 grams when dilution was greater than 1000:1.  These results are shown in Figure 2 below. 
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Figure 2: Comparison of dilution in receiving water and MSC levels in shellfish under normal operation 

 

 

Comparing MSC with NoV sample results, out of the 216 samples analyzed for MSC, 161 samples were 

also analyzed for NoV.  Of the 161 samples tested for NoV, 66 were positive (41% of total) were positive 

for NoV.  Out of the 66 NoV positive samples, 62 (94% of total) were also positive for MSC and 53 (85% 

of total) had levels greater than 50 PFU/100 grams.  There were only 4 cases where NoV was positive but 
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MSC was not detected.  However, in these cases, 3 of the sample results were near the Limit of Detection 

(LOD) for NoV enumeration.   In one case it is suspected that both MSC and NoV may have been present 

but not likely viable as the WWTP utilized UV disinfection and was operating under normal conditions.  

These results are shown in Figure 3 and Table 2 below:   

 

Figure 3: Comparison of MSC and NoV results 

 

Table 2: Comparison of MSC and NoV Results in shellfish 

MSC and NoV Results
NoV detected in shellfish 41% (66 of 161) 

MSC detectable  39% (62 of 161) 
MSC negative when NoV detected (MSC<10 pfu/100g) 7% (4 of 66)* 
MSC present when NoV detected (MSC>10 pfu/100g) 94% (62 of 66) 
MSC present when NoV detected (MSC>50 pfu/100g) 85% (53 of 66) 

*NoV detected at LOD of Assay 

 

The overall results of FDA’s field studies demonstrate a strong relationship between increased levels of 

enteric viruses and MSC and decreased levels of dilution.  This trend was observed in all of the studies 

conducted by FDA at conventional WWTPs.  These results also emphasize the critical need for sufficient 

notification time, meaning travel time from the WWTP discharge in the prohibited area is long enough to 
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close the shellfish growing area in the event of a malfunction.  This preventative measure may necessitate 

the Prohibited Area be larger than the zone necessary to achieve 1000:1 dilution.  Furthermore, this 

analysis demonstrates the need to individually assess each WWTP, to assess their performance to remove 

enteric viruses.  

 

In addition to the FDA field studies, as part of a Joint United States-Canada Norovirus in Bivalve 

Molluscan Shellfish Risk Assessment, a Meta-Analysis of the Reduction of NoV and MSC 

Concentrations by Wastewater Treatment was conducted (Pouillot, 2015).  The meta-analysis included 

previously unpublished surveillance data from the United States and Canada and relevant data reported in 

the literature (2,943 measurements in total). 

For WWTPs with mechanical systems and chlorine disinfection, mean log10 reductions were 2.4 log10 

gc/liter, for NoV GI, 2.7 log10 gc/liter, for NoV GII, and 2.9 log10 PFU per liter for MSCs. Comparable 

values for WWTPs with lagoon systems and chlorine disinfection were 1.4 log10 gc/liter for NoV GI, 1.7 

log10 gc/liter for NoV GII, and 3.6 log10 PFU per liter for MSCs.  WWTPs with ultra-violet (UV) 

disinfection demonstrated slightly higher mean log10 reductions with 3.0  log10 gc/liter, for NoV GI, 3.3 

log10 gc/liter, for NoV GII, and 4.3 log10 PFU per liter for MSCs.  The results of the reduction of NoV 

and MSC are shown in Table 3 below: 

Table 3: Log reduction in NoV and MSC in treated wastewater with disinfection 

Wastewater Treatment 
and Disinfection 

Log10 NoV GI 
Reduction 

Log10 NoV GII 
Reduction 

Log10 MSC 
Reduction 

Mechanical with Chlorine 
Disinfection 

2.4 2.7 2.9 

Lagoon with Chlorine 
Disinfection 

1.4 1.7 3.6 

Mechanical with UV 
Disinfection 

3.0 3.3 4.3 

 

This meta-analysis also demonstrated that Chlorine Disinfection had little effect on the mean reductions 

of the NoV and MSC.   The mean log10 reduction that occur due to mechanical and biological treatment 

of the facility (prior to disinfection) were 2.2 log10 gc/liter, for NoV GI, 2.5 log10 gc/liter, for NoV GII, 

and 2.4 log10 PFU per liter for MSCs which varied little from mean log reduction after disinfection.  In 

addition, a strong correlation, 0.8, existed between the reductions of NoV GII and MSC that occurred 
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following treatment at the same WWTP indicating that MSCs could be useful in evaluating the efficiency 

of a WWTP. 

Alternate Options  

The FDA studies also suggested that certain factors, such as the quality of sewage treatment or the time of 

year, may exert influences on the levels of viruses discharged.  However, at this time FDA does not have 

reliable data to justify specific dilution levels associated with environmental variables.  It is recognized 

that such criteria could be determined by SCAs on a case by case basis, where factors of WWTP 

performance, disinfection method, tidal flushing, shellfish species and seasonal impacts may vary.     

For example, in consideration of a raw sewage discharge, a lower dilution level than a 100,000:1 could be 

justified provided that specific data to that particular WWTP demonstrates that a lower bacteriological 

level associated with a potential raw sewage discharge is supported.  Additional or other site specific 

information also can be used to justify alternative approaches that  take into account other factors (such as 

no prior history of raw sewage discharges or containment structures sufficiently sized to accommodate a 

raw sewage event preventing a discharge). 

 

Alternative options for calculating the size of the prohibited zone to mitigate the virological effects of 

WWTP discharges at the shellfish growing area may be used provided that they are based on sound 

scientific principles that can be verified. For example, it is reasonable to expect a potentially higher 

reduction in viral load from a properly maintained wastewater treatment system employing ultraviolet 

(UV) disinfection,  tertiary treatment and operating under optimum design flow conditions.  Regardless of 

the technology employed any proposed alternative minimum level of dilution for conditional management 

other than 1000:1 would need validation.  MSC could potentially be used on a case-by-case basis as the 

validation process (for example to validate treatment efficiency) if demonstrated it is a successful/feasible 

strategy for the given location/situation.  However, when there is insufficient information available for a 

growing area to support the use of a lower level of dilution, the 1000:1 dilution should be employed.    If 

MSC is selected as an alternative option for calculating the size of the prohibited zone of a WWTP 

discharge, the authority should select an MSC criteria that adequately protects shellfish growing areas 

from virological effects and should be based on the most recent data and regional studies. 
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