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I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the information, the information submitted is, 
to the best of my knowledge and belief, true, accurate and complete. I am aware that there are significant 
penalties for submitting false information, including the possibility of fine and imprisonment for knowing 
violations. 
 
 
 
 
                           
 Mr. Bruce Ambo 
 City of Morro Bay 
 
 
                Date           
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Mr. Bruce Keogh 25 August 2006 
Wastewater Division Manager 
City of Morro Bay 
955 Shasta Avenue 
Morro Bay, CA  93442 
 
Reference: Chemical and Bioassay Analysis Results for Effluent Samples Collected in July 2006 

 
Dear Mr. Keogh: 
 
Enclosed are the results of: 

• A chronic bioassay conducted on a composite effluent sample collected on 17 July 2006; 
• An acute bioassay conducted on four effluent grab samples collected daily from 17 July through 20 

July 2006; 
• Chemical analyses conducted on grab and composite effluent samples collected on 12 July 2006; 

and 
• Radioactivity measured on a composite effluent sample collected on 12 July 2006. 

All analyses were conducted in accordance with the requirements of Monitoring and Reporting Program 
Number 98-151 to assess compliance with effluent limitations specified in the Waste Discharge 
Requirements of the NPDES Discharge Permit2. 

Bioassay protocols conformed to the revised requirements specified by RWQCB3 staff that eliminated 
techniques previously used to mitigate interference from ammonia toxicity4. Nevertheless, all of the 
measured chemical concentrations and toxicity endpoints complied with the limitations promulgated by the 
current discharge permit. This includes outdated acute-toxicity limitations that are no longer promulgated by 
the current version of the California Ocean Plan5 because they were determined to be unnecessarily 
stringent. This cover letter summarizes the bioassay results and discusses the chemical compounds that were 
detected in the effluent samples. The full laboratory results as well as the pertinent QA/QC data and chains 
of custody are included as attachments. 

Chronic Bioassay 

As summarized in Table 1, the chronic bioassay tests demonstrated that effluent toxicity to marine organisms 
was an order of magnitude lower than the limitations specified in the NPDES permit. Results were 
comparable to the low toxicities determined in tests conducted over the last decade. Chronic bioassays 
                                                 
1  Monitoring and Reporting Program No. 98-15 for City of Morro Bay and Cayucos Sanitary District Wastewater 

Treatment Plant, San Luis Obispo County promulgated by the State of California Regional Water Quality Control 
Board Central Coast Region and the United States Environmental Protection Agency Region IX, San Francisco 
California. 11 December 1998 

2  State of California Regional Water Quality Control Board Central Coast Region Waste Discharge Requirements 
Order No. 98-15 and United States Environmental Protection Agency Region IX, San Francisco California 
National Pollutant Discharge Elimination System Permit No. CA0047881 for City of Morro Bay and Cayucos 
Sanitary District Wastewater Treatment Plant, San Luis Obispo County 

3  California Regional Water Quality Control Board, Central Coast Division 
4  Letter from Roger W. Briggs, Executive Officer of the RWQCB to Mr. Bruce Keogh, City of Morro Bay WWTP, 

dated 14 March 2003: 2002 Annual Offshore monitoring Report, City of Morro Bay and Cayucos Sanitary 
District Wastewater Treatment Plant, San Luis Obispo County 

5  State Water Resources Control Board (SWRCB). 2001. Water quality control plan, ocean waters of California, 
California Ocean Plan. California Environmental Protection Agency. Effective December 3, 2001 
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provide a far more sensitive and accurate measure of toxic effects to marine organisms than do acute toxicity 
tests, which are plagued with interference from ammonia, as is described below. As with past bioassays, the 
chronic toxicity tests conducted in July 2006 measured spore germination and growth response in giant kelp 
(Macrocystis pyrifera) after exposure to a range of effluent dilutions. Toxic screening studies conducted in 
19936 established that giant kelp (M. pyrifera) is substantially more sensitive to MBCSD7 effluent than other 
species, such as the larvae of the inland silverside (Menidia beryllina) and bay mussel (Mytilus edulis).  

The chronic bioassay results presented in Table 1 demonstrate the effluent’s continuing low toxicity to this 
most-sensitive marine species. Both chronic-toxicity concentrations (3.12 TUc) were more than 40-times 
lower than the applicable permit limitation (134 TUc). The reported chronic toxic units (TUc) were based on 
a ‘No Observable Effects Concentration’ (NOEC), which is the highest effluent concentration that does not 
cause an adverse effect statistically different from a control sample. Chronic bioassays did not reveal adverse 
effects in marine organisms with effluent concentrations at or below 32%, while the permit allows adverse 
effects in concentrations as low as 0.75%. 

As part of quality control, chronic bioassays were also conducted using a reference toxic chemical (copper 
chloride) to determine the sensitivity of this particular set of giant kelp spores (M. pyrifera) to toxins. Results 
demonstrated that the kelp specimens were susceptible to toxic exposure because they experienced a 
significant reduction in germination in concentrations as low as 56 µg/L, and a significant reduction in 
growth in concentrations as low as 32 µg/L of the reference toxicant. The concomitant NOECs for the 
reference toxicant of 32 µg/L for germination and 18 µg/L for growth were comparable to toxic 
concentrations found in reference tests conducted over the last several years.10 This suggests that this 
particular batch of kelp spores was highly susceptible to toxic materials. Nevertheless, they were only 
minimally affected by exposure to treatment-plant effluent. 

                                                 
6  Table 2-4, Page 2-7 of the MBCSD 1993 Annual Monitoring. Report to the City of Morro Bay and Cayucos 

Sanitary District. Prepared by Marine Research Specialists, February 1994. 
7  City of Morro Bay and the Cayucos Sanitary District, joint owners of the wastewater treatment and disposal 

facility 
8  NOEC or the No Observed Effects Concentration, which is the highest concentration of effluent that did not 

produce an adverse effect statistically different from the control experiment 
9  LC50 or the effluent concentration that produces death of 50% of the test organisms exposed to the toxicants for 

96 hours 
10 cf. The Giant Kelp Germ Tube Growth Laboratory Control Chart attached to this report 

Table 1. Comparison of Measured Toxicity Levels with Permit Limitations 
  Toxicity Permit Limitations (TU) 

Bioassay 
Test 

End Point
(%) 

Concentration
(TU) 

30-day 
Average

7-day 
Average 

Instantaneous 
Maximum 

Chronic: Giant Kelp (Macrocystis pyrifera) 
 Chronic Germination 

 
328 

 
3.12 

   
134 

 Chronic Growth 329 3.12   134 
 
Acute: 
Fathead Minnow (Pimephales promelas) 

 
>70.79 

 
1.41 

 
1.5 

 
2.0 

 
2.5 
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Acute Bioassay 

In contrast to the chronic toxicity tests, the acute bioassay was confounded by toxic interference caused by 
the presence of ammonia in the test sample. Current bioassay protocols11 limit the use of techniques that, in 
the past, have been widely used to reduce the confounding influence of ammonia during acute bioassay tests. 
The acute bioassay test examined the mortality of the Fathead Minnow (Pimephales promelas) exposed to 
various concentrations of effluent. Historically, these tests have reliably evaluated a broad range of 
freshwater, marine, and effluent samples. However, they are problematic when test samples contain 
ammonia, a constituent that is naturally elevated in sewage-derived wastewater. Under ambient ocean 
conditions, ammonia is not particularly toxic to marine organisms. This is reflected by the strikingly high 
limit for ammonia concentrations that is specified in the NPDES discharge permit (804 mg/L)12 as compared 
to typical effluent ammonia concentrations (≤ 36 mg/L)13. This is because ammonia remains in a relatively 
benign, ionic ammonium14 form in seawater and wastewater. However, in an acute bioassay, effluent remains 
static in the test chambers for an extended period during which complex interactions among the organic 
constituents cause pH to increase. As pH increases, ammonium is converted into a deionized ammonia 
form15 that is highly toxic to the test organisms. In contrast, the pH of the marine receiving waters is 
stabilized by the highly buffered oceanic carbonate system. Thus, the acute bioassay tests are not 
representative of the alkalinity conditions in the ocean environment and, as a result, report artificially 
elevated toxic concentrations. 

Various methods have been developed over the years to reduce the artifactual toxicity that results from 
changes in wastewater ammonia during bioassay tests.16 Ammonia interference in the acute bioassays 
conducted on MBCSD effluent samples has previously been successfully reduced through the use of zeolite 
pretreatment. As a result, in the 21 acute tests conducted since 1997, and prior to April 2003, the highest 
measured acute toxicity was 0.59 TUa. This practice was discontinued in April 2003 when the RWQCB staff 
specified the use of new EPA protocols in their comments on the 2002 Annual Monitoring Report for the 
MBSCD Wastewater Discharge.17 Among other changes, the new protocols use much younger, smaller test 
specimens, and encourage the use of sample-renewal techniques to reduce moderate levels of ammonia 
interference, rather than chemical techniques. Based on this, the RWQCB staff further required that the acute 
toxicity tests no longer implement any form of chemical sample manipulation to reduce toxic ammonia 
interference.  

However, renewal methods, in which test chambers are periodically refreshed with new sample solutions, are 
significantly more complex and costly to implement than previous bioassay procedures, and fall far short of 
eliminating significant artifactual toxicity arising from ammonia deionization. As a result, the acute toxicity 
reported here is somewhat elevated compared to past tests, although it remained below the permitted limit. 
The apparent increase is not attributable to an actual change in the characteristic toxicity of the effluent itself. 

                                                 
11 Methods for Measuring the Acute Toxicity of Effluents and Receiving Water to Freshwater and Marine 

Organisms, Fifth Edition. October 2002. U.S. Environmental Protection Agency, Office of Water (4303T), 1200 
Pennsylvania Avenue, NW Washington, DC 20460. EPA-821-R-02-012 

12  Instantaneous maximum ammonia concentration specified in the NPDES waste-discharge requirements for the 
MBCSD effluent 

13  Marine Research Specialists (MRS). 2006. City of Morro Bay and Cayucos Sanitary District, Offshore 
Monitoring and Reporting Program, 2004 Annual Report. Submitted February 2005 to the City of Morro Bay 
and Cayucos Sanitary District, Morro Bay, CA 

14  
+
4NH  

15  NH3 
16  Mercer, B.W., Ames, L.L., Touhill, C.J., Slyke, W.J., Dean, R.B., 1970. Ammonia removal from secondary 

effuents by selective ion exchange. Journal of the Water Pollution Control Federation 42 (2,Part 2), R95–R107. 
17  RWQCB, 2003 (Footnote 4) op. cit. 
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Instead, it is an artifact of changes in the protocols used to assess acute toxicity. This is obvious because 
there was no commensurate increase in the accompanying chronic-toxicity measurements. 

Because static renewal is only marginally effective in accommodating the artifactual toxicity resulting from 
pH-induced ammonia interference in MBCSD effluent samples, extraordinary measures were instituted in an 
attempt to reduce impacts from ammonia toxicity to the maximum extent possible. The current bioassay 
protocols were implemented using daily grab effluent samples that were hand delivered to the testing facility 
in Ventura, California shortly after collection at the MBCSD treatment plant. Extra care was also taken to 
remove all headspace in sample containers and to maintain a uniform sample temperature during transit to 
the bioassay laboratory. Finally, care was also taken during renewal in the laboratory to avoid physical 
impact to the extremely small larval-fish specimens. 

Despite these extraordinary measures, the presence of ammonia toxicity was unmistakable during the tests. 
The artificially elevated acute toxicity that is reported in Table 1 is a direct result of this artifactual toxicity. 
The test results incorrectly imply that the effluent acute toxicity was only 0.09 TUa below the permitted 
limit, or 94% of the permitted toxicity. In reality, the effluent discharge does not result in pH-induced 
ammonia toxicity, DO depletion, or physical stress on marine organisms upon discharge into receiving 
waters. Consequently, the reported results do not accurately reflect the toxicity that is experienced by marine 
organisms exposed to MBCSD effluent. Instead, ancillary measurements collected during the tests 
demonstrate that all of these confounding influences were present, and that they caused elevated measured 
toxicities that were close to the NPDES discharge permit limit.  

The impact of unmitigated ammonia interference on the acute bioassay is evident in the water quality 
measurements reported in the attached raw test data. The increase in the toxic deionized form of ammonia 
can be computed from the changes in pH measured in the test chambers. Prior to renewal on the first day of 
the test (July 19), pH increased from 7.5 to 8.0 in the test chamber containing 100% effluent. This caused 
toxic deionized ammonia concentrations to nearly triple, from 0.6 mg/l to 1.6 mg/l, and resulted in the 
mortality of 16 of the 20 test specimens in the two test chambers containing 100% effluent on the first day of 
the test. In test chambers with lower effluent concentrations, daily static renewal was also only partially 
successful at ameliorating pH fluctuations. However, because the effluent was diluted, the concentrations of 
deionized ammonia were proportionally smaller, and despite the observed increases in pH that occurred, the 
test organisms survived in the other test chambers. Nevertheless, the impacts apparent in the test chambers 
containing 100% effluent demonstrate that artifactual ammonia toxicity was not sufficiently accommodated 
by static renewal methods. 

As part of the quality control procedures, acute bioassay tests were also conducted using a reference toxic 
chemical18 in order to determine the relative sensitivity of the test organisms. Results demonstrated that the 
batch of Fathead Minnows (P. promelas) used in the July 2006 bioassay were particularly susceptible to 
toxic exposure. They experienced 100% mortality in concentrations as low as 4 mg/L of the reference 
toxicant19. The concomitant LC50 for the reference toxicant was 2.8 mg/L, which is 2 standard deviations 
below the average toxicant concentrations found in reference tests conducted in previous years.  

Quantifiable Chemical Constituents 

The nontoxic character of the MBCSD effluent was confirmed by the general absence of chemical 
contaminants within the grab and composite samples collected on 12 July 2006. The samples were tested for 
the presence of 164 chemical compounds. Table 2 shows that only seven compounds were detected in 
quantifiable amounts in the July-2006 effluent samples. These compounds were ammonia, copper, lead, zinc, 
cyanide, and two chlorination by-products. Table 2 also shows that the concentrations measured for these 
seven compounds were all well below the discharge limitations promulgated by the NPDES permit. The 
                                                 
18  Sodium dodecyl sulfate 
19  cf. The Larval Fathead Minnow Juvenile Acute Laboratory Control Chart attached to this report 
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permit limits were derived from the receiving-water objectives stated in Table B of the California Ocean 
Plan,20 and a critical initial dilution ratio of 133:1 computed from a conservative oceanic dispersion model 
applied to the MBCSD outfall.21  Because the PQL’s22 for nearly all undetected compounds were well below 
their respective permit limits, the chemical analyses were sensitive enough to detect potentially toxic levels 
of compounds in the effluent. All analyses were conducted in accordance with EPA protocols. 

Six of the seven compounds found in the July-2006 effluent samples have been routinely detected at 
similarly low concentrations within effluent27 and biosolid28 samples collected over the past decade. The 
detection of low levels of chloromethane, although new, is not unexpected. Like chloroform, it is a common 
byproduct of chlorination. Ammonia as nitrogen29 is measured in grab effluent samples that are collected on 
a monthly basis. It has always been present in detectable concentrations that average approximately 23 
mg/L, well below the most-stringent permit limit of 80.4 mg/L, which applies to a 6-month median.  

Metals 

The presence of copper, lead, and zinc at low concentrations within the July effluent sample is not indicative 
of any significant new contaminant sources within the influent stream. Unlike synthetic organic compounds, 
these metals occur naturally within the mineralogy of sediments along the central California coast. They 
enter the wastewater collection system through erosion of natural mineral deposits. Copper, lead, and zinc 
also frequently enter the wastewater collection system through internal corrosion of household plumbing 
systems. Lead can also be introduced to the system from the illegal dumping of lead-based paints, gasoline, 
or fuel-contaminated dusts. Given the history of consistently low but detectable lead concentrations, the 
                                                 
20  State Water Resources Control Board (SWRCB). 1997. California Ocean Plan, Water Quality Control Plan 

Ocean Waters of California. State Water Resources Control Board, California Environmental Protection Agency. 
Effective July 23, 1997. 

21  See the discussion beginning on Page III-1 in: Supplement to the 2003 Renewal Application for Ocean 
Discharge under NPDES Permit No. CA0047881. Prepared for the City of Morro Bay, Morro Bay, CA, July 
2003. 

22  The Practical Quantification Limit is the smallest quantifiable concentration based on the sample size and 
analytical technique. 

23  6-month median limitation unless otherwise indicated. 
24  Drinking Water Limit. 
25  30-Day Average. 
26  Limit on the sum of halomethanes. 
27  Table 14 (Page III-20) in: Supplement to the 2003 Renewal Application for Ocean Discharge under NPDES 

Permit No. CA0047881. Prepared for the City of Morro Bay, Morro Bay, CA. July 2003. 
28  Table 22 (Page III-78) op. cit. 
29  NH3-N 

Table 2. Comparison of Effluent Chemical Concentrations with NPDES Permit Limitations 

 Concentration 
Constituent Units Measured Limitation23 
Cyanide mg/L 0.03 0.13 
Copper µg/L 20.  140. 
Lead µg/L 2.1 270. 
Zinc µg/L 60.   1620. 
Radioactivity (gross α) pCi/L 0.26±0.55 15.24 
Radioactivity (gross β) pCi/L 17.4±4.02 50.24 
Chloroform µg/L 0.83 17400.25 
Chloromethane µg/L 0.85 17400.25,26 
Ammonia (as N) mg/L 32. 80.4 
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latter are not a common occurrence, and did not measurably contribute to the concentrations measured in the 
July-2006 effluent samples. 

In addition, the measured concentrations of lead (2.1 µg/L) and zinc (60 µg/L) were only slightly above their 
respective PQLs (1 µg/L and 50 µg/L). Measured lead concentrations were more than 100 times lower than 
the limits specified in the NPDES discharge permit. Similarly, copper and zinc concentrations measured in 
the July effluent sample were more than seven-times lower than their respective permit limits. 

Halomethanes (Chloroform and Chloromethane) 

Chloroform and chloromethane are part of a group of compounds known as halomethanes. These 
compounds are common by-products of wastewater and drinking water chlorination which form during the 
chlorine disinfection process when organic substances are present. Chloroform has been occasionally 
detected in quantifiable concentrations in effluent samples collected in prior years. At the low concentrations 
detected, it is not clear whether their presence is the result of wastewater disinfection within the treatment 
plant, or is the result of drinking-water chlorination. Although these compounds can negatively affect human 
health, the concentrations detected in July 2006 are more than four orders of magnitude below the permitted 
limit.  

Cyanide 

Only one additional compound was detected at quantifiable amounts in the July-2006 effluent sample. 
Cyanide was detected at a concentration (0.03 mg/L) only slightly above its PQL of 0.02 mg/L. The 
measured concentration was more than 4-times lower than the permit limitation and therefore, not of 
ecological concern. Although cyanide has not been frequently detected in effluent samples in the past, it was 
encountered in both the January and July-2005 effluent samples, and is commonly found in low 
concentrations in biosolids30. There are many natural sources of cyanide; it is frequently used in pigments 
and can be introduced into the collection system during photo processing, newspaper printing, jewelry 
making, chemicals used to develop photographs, electroplating, and metal cleaning. Cyanide is also a 
component in many insecticides.  

Additionally, however, cyanide derivatives may form in effluent as byproducts of the chlorination process 
used for disinfection of the effluent.31,32 Until recently, much of the chemistry surrounding the formation 
and/or degradation of cyanide in treatment plant processes was largely unknown. However, in 2003, the 
Water Environment Research Foundation (WERF) confirmed that most (if not all) treatment plants produce 
cyanide in their treatment process33. Although cyanide formation patterns varied significantly among 
treatment plants, the chlorination of thiocyanate seemed to be the most important mechanism for the 
formation of cyanide in wastewater treatment processes. Regardless, at flow rates comparable to 2005, the 
mass emission of cyanide will remain well below the stringent mass-loading goal of 57 kg/yr identified in 
the NPDES permit. 

                                                 
30  Table 22 (Page III-77) op. cit. 
31  Zheng A, Dzombak DA, Luthy RG, Kavanaugh MC, Deeb RA. 2004. The occurrence of cyanide formation in 

six full-scale publicly owned treatment works. Water Environ Res. 2004 Mar-Apr;76(2):101-12 
32  Zheng, Anping; Dzombak, David A.; Zheng, Richard G. 2004. Effects of Nitrosation on the Formation of 

Cyanide in Publicly Owned Treatment Works Secondary Effluent. Water Environment Research, Volume 76, 
Number 3, May/June 2004, pp. 197-204(8)  

33  WERF. 2003. Cyanide formation and fate in complex effluents and its relation to water quality criteria. 
publication No. 98-HHE-5. Water Environment Research Foundation, Alexandria, Va.  
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Radioactivity 

As in the past, radioactivity was also measured in effluent samples at low levels well below drinking water 
standards. Alpha particle activity arises from natural mineral deposits that enter the collection system 
through erosion. Beta particle activity arises from radioactive decay in both natural and man-made materials. 

Detected Chemical Constituents 

In addition to the seven compounds measured in the effluent at quantifiable concentrations, seven other 
constituents were detected at levels too minute to be accurately quantified by standard laboratory procedures. 
These compounds are listed in Table 3 along with their estimated concentrations. They include four naturally 
occurring metals, a gasoline-related compound, a chlorination by-product, and a commonly occurring 
phthalate compound (bis 2-ethylhexyl phthalate). 

The gasoline-related compound, toluene, comprises one of the four aromatic hydrocarbon compounds 
collectively known as BTEX (benzene, toluene, ethyl benzene, and xylene). BTEX compounds are primarily 
associated with gasoline contamination.  

Dibromochloromethane is a halomethane which can form during the chlorine disinfection process when 
organic substances are present. Laboratory contamination may have played a part in the detection of this 
compound, because the concentration detected in the sample travel blank was more than six times greater 
than the estimated detected sample concentration within the sample itself. 

The phthalate compound, bis (2-ethylhexyl) phthalate (BEHP), is a ubiquitous compound that has been 
consistently detected at low levels in effluent and biosolid samples collected over the past decade. Phthalate 
esters, such as BEHP, are components of synthetic dyes, resins, plasticizers, insecticides, and, 
pharmaceuticals. Nearly 2.7 million metric tons (6 billion pounds) of phthalate esters are produced each year, 
of which more than half is BEHP. BEHP is a physical plasticizer that is added to plastic resins to soften 
them, providing increased flexibility. It is not, however, covalently bound to the resin, which allows it to 
slowly leach out of the plastic and into the environment over time through evaporation or dissolution. 
Because of their mobility, high vapor pressure, and the massive scale at which they are produced, phthalate 
esters, and BEHP in particular, have become pervasive in the environment. Although this phthalate 
compound can negatively affect human health, concentrations would have to be more than 20-times higher 
than those measured in July 2006 to be of a human-health concern. 

                                                 
34  Not detected at levels above the indicated practical quantification (detection) limit 

Table 3.  Non-Quantifiable Effluent Constituents Detected  

  Concentration 

Constituent 
Unit

s   MDL Estimated34 PQL Limitation23 
Antimony µg/L 7.1 11 100. 160800.25 

Arsenic µg/L 0.89 1.9 2. 670. 
Bis (2-ethylhexyl) phthalate µg/L 9.8 22. 50. 470.25 
Nickel µg/L 3.5 4.4 10. 670. 
Selenium µg/L 0.31 1.9 2. 2010. 
Dibromochloromethane µg/L 0.12 0.23 0.5 17400.25,26 
Toluene µg/L 0.098 0.15 0.5 11400000.25 
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Conclusions 

The comprehensive chemical and bioassay analyses conducted on effluent samples collected in July 2006 
augment data collected over the last two decades. Together, these measurements demonstrate the consistently 
benign nature of the discharge from the MBSCD treatment plant. The absence of heavy industry within the 
collection area and the high performance of the treatment process are reflected in the general lack of toxicity 
and chemical contaminants within the effluent samples. The concentrations of the few chemical compounds 
that were detected in the July-2006 samples were typical of wastewater derived from domestic sources, and 
all were far below limits specified in the NPDES discharge permit. All measurements fully complied with 
the requirements and limitations specified in the current NPDES discharge permit. 

Please contact the undersigned if you have questions regarding these results. 

Sincerely, 

Douglas A. Coats, Ph.D. 
Program Manager 

Enclosure (Four Report Copies)  
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