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Background
Long-term public health monitoring for potentially toxigenic cyanobacteria (blue-green algae) in Tenmile Lakes has occurred since 2002 (Kann 2008; Jacoby and Kann 2007).  Tenmile Lakes were again sampled in 2009 to assess the dynamics of potentially toxic blue-green algal species, including Microcystis aeruginosa, Gloeotrichia echinulata, and various Anabaena species.  Microcystis and Gloeotrichia can produce hepatotoxins (known as microcystins), and Anabaena produces both neurotoxins (anatoxin-a) and microcystins.  Both toxins are capable of harmful effects to animals and humans (Chorus and Bartram 1999).  A toxic bloom of M. aeruginosa was first documented in Tenmile Lakes in September of 1997, prompting the Oregon Department of Health to issue a health advisory recommending that the lakes not be used for drinking water (numerous private homes around the lakes utilize treated lake water for potable purposes) and that contact recreation be avoided (Kann and Gilroy 1997).  The goal of 2009 sampling, performed by the Tenmile Lakes Basin Partnership, was to determine presence and cell density of these potentially toxic species at a limited number of sampling stations.  Cell density of potentially toxigenic species was then compared to drinking water guidance levels for lakes and reservoirs (e.g., Yoo et al. 1995; Chorus and Bartram 1999), as well as State of Oregon recreational guideline values (Oregon DHS 2009; Stone and Bress 2007).

Methods
Four long-term standard sampling stations (2 in each lake) were monitored to cover a major arm and open-water location in each lake (Fig. 1; red circles).  Stations S8 and N16 are centrally located and S3 and N11 are located near the terminus of Templeton Arm and Big Creek Arm, respectively. These stations were sampled 9 times beginning June 22nd and ending November 12th, 2009.  


Figure 1.  Location of standard and ancillary toxic algal sampling stations in Tenmile Lakes, 2009.

At these standard stations, samples were collected mid-day (to facilitate detection of conditions that may pose human health risk) and integrated over the upper 1/3 of the water column at the open-water stations (S8 and N16), and over the entire water column at the shallow stations (S3 sand N11).  At each of the established sampling locations a vertical tow ranging between 1 to 2.5 meters of the water column (depending on location) was made using a 64-µm plankton net.  

In addition, grab-samples were obtained from a series of ancillary stations (Fig. 1; yellow circles) that were sampled to assess blooms that were visibly noticeable in areas not overlapping the standard long-term stations.   

For both standard (where filtered contents of 3 replicate hauls were composited in a bucket) and ancillary stations, contents were placed in a 250 ml opaque sample bottle containing 1% Lugol’s preservative and shipped to plankton taxonomist Jim Sweet of Aquatic Analysts, INC., who performed a microscopic analysis for algal cell density (cells ml-1).  For toxin analyses at standard stations the contents of 3 replicate hauls taken with a tube sampler were composited in a bucket and then placed in a 1 liter bottle with no preservative and frozen at the TLBP office.  Similarly, 1-Liter grab-samples from the ancillary stations were frozen and stored at the TLBP office.   If cell density results received the following week from Aquatic Analysts, INC showed that density considerably exceeded the Alert Level 2 threshold of 2000 cells ml-1,  select frozen samples were then shipped overnight air to CyanoLab (division of GreenWater Labs in Palatka, FL) for the enzyme linked immunosorbent assay (ELISA) of microcystin toxin and LC/MS analysis to determine anatoxin-a (note: because health advisories and media outreach are initiated based upon cell density and not toxin concentration, toxin analysis is not prioritized when budgetary constraints exist or when cell counts are generally below 15,000 cells/ml). 

RESULTS

2009 Trends-Standard Stations
Results from the first sample trip of June 23rd showed low levels of blue-green algae, with only one station (S3) exceeding the WHO Alert Level 1 drinking water guideline (Yoo et al. 1995; also known as the increased vigilance level for drinking water systems) of 500 cells ml-1 for potentially toxigenic species (Table 1; Figure 2: the species Anabaena planctonica had a cell density of 501 cells per ml).  On the following sample date of July 13th, overall blue-green algae levels were still low, but Gloeotrichia echinulata (GTEC) at station N16 exceeded the Alert Level 2 guideline of 2000 cells/ml (at which time DHS and local health services typically issue a public alert for drinking water lakes and reservoirs).  The combined density of Microcystis aeruginosa (MSAE) and GTEC is computed because both MSAE and GTEC are potential microcystin producers (Carey et al. 2007).  Levels of Anabaena flos-aquae (ABFA) and planctonica (ABPL) remained below the Alert Level 2 guideline. 

Overall biovolume, which had previously been dominated by the diatoms Fragilaria crotonensis and Asterionella formosa on June 22nd, switched to domination by the cyanobacterium (blue-green) Aphanizomenon flos-aquae (APFA) on July 13th.  Although APFA has been shown to produce neurotoxins in other areas of the world, evidence indicates that toxin-producing species differ from those typically occurring in Oregon or other areas of North America (Li et al. 2000).  Various Chrysophytes, Cryptophytes, and Diatoms comprised the remainder of the biovolume at all stations (Appendix I). 
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Table 1.  Algal Cell Density for Potentially Toxigenic Species in Tenmile Lakes, 2009 (see below description for public health color coding).  Blue shaded stations refer to ancillary stations located in the vicinity of visual blooms.

	Station
	Date
	Microcystis aeruginosa (cells/ml)
	Gloeotrichia echinulata (cells/ml)
	Microcystis + Gloeotrichia (cells/ml)
	Anabaena flos-aquae (cells/ml)
	Anabaena planktonica (cells/ml)
	Anabaena circinalis (cells/ml)
	Anabaena sp. (cells/ml)
	Total Anabaena  (cells/ml)

	S3
	6/22/2009
	0
	0
	0
	0
	501
	0
	0
	501*

	S8
	6/22/2009
	0
	0
	0
	0
	0
	0
	0
	0

	N11
	6/22/2009
	0
	0
	0
	0
	0
	0
	0
	0

	N16
	6/22/2009
	0
	0
	0
	0
	0
	0
	0
	0

	S3
	7/13/2009
	0
	0
	0
	0
	348
	0
	0
	348

	S8
	7/13/2009
	0
	0
	0
	259
	677
	0
	0
	936

	N11
	7/13/2009
	0
	0
	0
	0
	0
	0
	0
	0

	N16
	7/13/2009
	0
	3,191
	3,191**
	0
	53
	0
	0
	53

	S3
	7/27/2009
	0
	0
	0
	353
	6,611
	0
	0
	6,964

	S8
	7/27/2009
	2,181
	0
	2,181
	0
	2,523
	0
	0
	2,523

	N11
	7/27/2009
	0
	0
	0
	0
	1,667
	0
	0
	1,667

	N16
	7/27/2009
	0
	0
	0
	0
	2,075
	0
	0
	2,075

	S3
	8/10/2009
	3,719
	0
	3,719
	0
	5,397
	0
	0
	5,397

	S8
	8/10/2009
	1,018
	0
	1,018
	15
	2,684
	0
	0
	2,699

	N11
	8/10/2009
	0
	0
	0
	0
	10,966
	0
	0
	10,966

	N16
	8/10/2009
	172
	0
	172
	0
	3,536
	0
	0
	3,536

	S3
	8/25/2009
	0
	0
	0
	0
	1,945
	0
	0
	1,945

	S8
	8/25/2009
	3,915
	0
	3,915
	0
	514
	23
	0
	537

	N11
	8/25/2009
	741
	0
	741
	0
	293
	0
	0
	293

	N16
	8/25/2009
	1,611
	0
	1,611
	0
	941
	0
	0
	941

	S3
	9/8/2009
	2,497
	0
	2,497
	0
	0
	0
	0
	0

	S8
	9/8/2009
	2,689
	0
	2,689
	0
	440
	0
	0
	440

	N11
	9/8/2009
	1,222
	0
	1,222
	0
	50
	0
	0
	50

	X
	9/8/2009
	300,940
	0
	300,940***
	0
	605,160
	0
	0
	605,160

	N16
	9/8/2009
	2,158
	0
	2,158
	0
	610
	62
	0
	672

	X
	9/15/2009
	1,104,048
	0
	1,104,048
	0
	147,703
	0
	0
	147,703

	Z
	9/15/2009
	2,158,388
	0
	2,158,388
	0
	2,137
	0
	0
	2,137

	S3
	9/21/2009
	12,362
	0
	12,362
	0
	260
	0
	0
	260

	S8
	9/21/2009
	1,901
	0
	1,901
	0
	184
	0
	0
	184

	Z
	9/21/2009
	1,008,139
	0
	1,008,139
	0
	17,932
	0
	0
	17,932

	N11
	9/21/2009
	4,126
	0
	4,126
	0
	428
	0
	0
	428

	N16
	9/21/2009
	3,479
	0
	3,479
	0
	1,516
	87
	0
	1,603

	S3
	10/5/2009
	1,974
	0
	1,974
	2
	17
	0
	0
	19

	S8
	10/5/2009
	1,112
	0
	1,112
	26
	24
	0
	0
	50

	N11
	10/5/2009
	4,507
	0
	4,507
	0
	40
	0
	0
	40

	N16
	10/5/2009
	4,599
	0
	4,599
	46
	147
	0
	0
	193

	NLR
	10/5/2009
	2,612,788
	0
	2,612,788
	814
	30,527
	0
	0
	31,341

	Z1
	10/5/2009
	3,197,474
	0
	3,197,474
	39,783
	86,400
	56,498
	0
	182,681

	Dock
	10/5/2009
	10,561
	0
	10,561
	223
	1,169
	135
	0
	1,527

	N16
	10/20/2009
	6,797
	0
	6,797
	182
	358
	0
	0
	540

	NLR
	10/20/2009
	601,663
	0
	601,663
	9,456
	5,621
	0
	0
	15,077

	Z1
	10/20/2009
	4,664,468
	0
	4,664,468
	770,835
	82,308
	0
	0
	853,143

	S3
	11/12/2009
	516
	0
	516
	112
	32
	0
	0
	144

	S8
	11/12/2009
	535
	0
	535
	51
	0
	0
	0
	51

	N11
	11/12/2009
	199
	0
	199
	13
	29
	0
	0
	42

	N16
	11/12/2009
	1,377
	0
	1,377
	90
	45
	0
	0
	134


*Exceeds World Health Organization Alert Level 1 increased vigilance guideline level of 500 cells ml-1 for potentially toxigenic species in drinking water systems. 
**Exceeds World Health Organization Alert Level 2 public health posting guideline level of 2000 cells ml-1 for potentially toxigenic species in drinking water systems.
***Exceeds State of Oregon Recreational Guideline Levels of 40,000 cells/ml for Microcystis or 100,000 cell/ml for Anabaena.

[bookmark: OLE_LINK1]Figure 2.  Cell Density of Microcystis aeruginosa and total Anabaena sp. in Tenmile Lakes at standard sampling stations, 2009.


Although MSAE levels exceeded Alert Level 2 only at station S8 on July 27th, Anabaena began to increase lake-wide, with S3, S8, and N16 exceeding Alert Level 2 (Table 1; Figure 2).  However, as stated in previous Technical Memos, the predominant Anabaena species was Anabaena planctonica (Appendix I), a species less commonly associated with toxin production. 

Samples form August 10th showed that although MSAE at station S8 (see Figure 2) declined below the WHO Alert Level 2 guideline of 2000 cells/ml, MSAE at station S3 increased sharply to 3719 cells/ml.  Total Anabaena continued to remain high overall, exceeding Alert Level 2 at all stations.   Overall, blue-green algae (cyanobacteria) continued to increased since the last sample date of July 27h (Figure 2); however, the predominant species switched from Aphanizomenon flos-aquae to Anabaena planktonica (Appendix I).  Maximum ABPL was 10,966 cells/ml at station N11. Total Anabaena then declined sharply by August 25th, and continued to remain low for the duration of the season at all standard sampling stations (however see data for ancillary stations below).  

In contrast, Microcystis, although still variable (stations S3 and S8 reversed as they did between 7/27 and 8/10 with MSAE at station S3 declining to a non-detect and station S8 increasing to 3915 cells/ml), increased overall on August 25th (Figure 2).  MSAE then continued to increase at S3, N11, and N16 on September 8th, with a further increase in those stations on September 21st (Table 1; Figure 2).  At that time S3, N11, and N16 all exceeded the 2000 cell/ml Alert Level 2 guideline, with a maximum of 12,362 cells/ml of MSAE at station S3.  In past years such levels in Tenmile Lakes (>2000-5000 cells/ml) have been associated with microcystin toxin levels exceeding the WHO 1 µg/L drinking water level.

On subsequent sample dates in October, MSAE levels in North Lake (N11 and N16) remained above Alert Level 2, while those in South Lake (S3 and S8) were below Alert Level 2 (Figure 2).  Although cyanobacteria continued to comprise the majority of algal biomass at S3 and S8, with Aphanizomenon flos-aquae comprising the majority of biovolume (Appendix I) on November 12th; at N11 the green alga Chlamydomonas was dominant with APFA second; while at N16 MSAE, APFA, and Anabaena comprised 50.6% of the biovolume (Appendix I).   However, by November 12th MSAE at all standard stations was below 2000 cells/ml.         

2009 Trends-Ancillary Stations
As noted above (see methods), several ancillary (non-standard) stations were sampled to account for patchy concentrations of cyanobacteria occurring in areas that did not overlap the standard stations (i.e., S3, S8, N11, and N16).  The first such event was noted during the September 8th sampling (Figure 3), and an additional sample was collected from North Tenmile at sample station “X” (see Figure 1 above for location).  Results from this station showed a high concentration of both Anabaena planctonica and Microcystis (Table 2; ABPL: 605,160 cell/ml and MSAE: 300,940 cells/ml).   Algal toxin results (Appendix II) show that on September 8th sample station “X” had 20 µg/L of microcystin, exceeding the 8 µg/L State of Oregon recreational posting guideline by 2.5x (Table 2).  These results confirm that MSAE levels exceeding 40,000 cells/ml can be associated with microcystin toxin levels that constitute a high probability of adverse health effects not only for those utilizing the lake for drinking water, but for recreational users of the lake as well.  





Figure 3.   September 8th 2009 cyanobacterial bloom condition at station “X” located in North Tenmile (see map above).





Table 2.  Cell density and toxin results for September 8th and algal cell density results for September 15th, 2009.

	
	
	
	Potentially Toxigenic Algal Species
	Algal Toxins

	Station
	Location
	Date
	Microcystis (cells/ml)
	Anabaena planktonica (cells/ml)
	Aphanizomenon flos-aquae (cells/ml)
	Microcystin (µg/L)
	Anatoxin -a (µg/L)
	Saxitoxin (µg/L)

	X
	North Lake
	9/8/2009 
	300,940
	605,160
	560,880
	20
	ND
	ND

	X
	North Lake
	9/15/2009
	1,104,048
	147,703
	736,709
	NT
	NT
	NT

	Z
	South Lake
	9/15/2009
	2,158,388
	2,137
	145,667
	NT
	NT
	NT



World Health Organization Alert Level 1 increased vigilance guideline level is 500 cells ml-1 for potentially toxigenic species in drinking water systems. 
World Health Organization Alert Level 2 public health posting guideline level is 2,000 cells ml-1 for potentially toxigenic species in drinking water systems
State of Oregon Recreational Guideline Levels is 40,000 cells/ml for Microcystis or 100,000 cells/ml for Anabaena
ND=not detect
NT=not tested




The above results also support previous statements that Anabaena planktonica (ABPL) has not been generally found to be associated with the algal toxin anatoxin-a in Tenmile Lakes (despite a cell density of >600,000 cells/ml, anatoxin-a was not detected).  Likewise, as noted above, although Aphanizomenon flos-aquae (APFA) has been associated with toxin production in other regions, the blooms typically experienced in Oregon have not been associated with toxin production; at a cell density of >560,000 cells/ml neither anatoxin nor saxitoxin were detected (Table 2). 

One week later on September 15th, blooms continued to be noticed visually (see red shaded areas in Figure 1), showing typical cyanobacterial bloom appearance (Figure 4).  A sample collected at North Lake station “X” continued to show prevalent blue-green algae, including a 3.6 fold increase in MSAE (Table 2; 1,104,048 cells/ml). An additional sample from South Tenmile (Figure 1; station “Z”) also showed a very high density of MSAE (2,158,388 cells/ml) and was the predominant species at that station (Table 2; Appendix 1). ABPL and APFA also comprised the bloom at both stations.  Thus, prevalent blue-green blooms were evident in varying areas of both North and South Tenmile Lakes, with both cell density and microcystin toxin results exceeding guidelines for recreation posting.  In addition, given varying effectiveness of home-owner drinking water treatment systems and the prevalence of toxic blooms, utilizing lake water for potable purposes was advised against at that time. 
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Figure 4.  September 15th 2009 bloom conditions at varying locations in Tenmile Lakes (see map above).


Sample station “Z” in Colman Arm of South Tenmile was again sampled on September 21st, and continued to show a very high concentration of MSAE (>1 million cells/ml; Table 1), greatly exceeding adverse health effect levels for recreational use of the lake. 

In October, stations Z1 (located in the Coleman Arm area of South Lake) and NLR (located in North Lake were sampled on 10/5 and 10/20 in persistent bloom areas (Figure 1).  Both stations showed very high concentrations of MSAE and Anabaena species (both ABFA and ABPL), with a maximum MSAE density of >4.5 million cells/ml; and a maximum total Anabaena of over 850 thousand cells/ml (Table 1).  Both stations exceeded drinking water and recreational posting guidelines.  Moreover, Anabaena flos-aquae (Table 1: 770,835 cells/ml), a species more commonly associated with neurotoxin production than is A. planctonica, dominated at station Z1 on 10/20.

An additional sample taken near Coleman Arm at a homeowner dock on October 5th (sample station “Dock” in Table 1 above) showed levels below recreational guidelines, but above the Drinking Water Alert Level 2 guideline of 2000 cell/ml.  On September 26th at this same station (“Dock”), algal toxin samples for microcystin were collected both near the intake of the water treatment system and from treated tap water.  The lab report for those data showed that near the intake, microcystin toxin was 1.8 µg/L (which is above the WHO 1 µg/L drinking water standard), but that microcystin toxin was not detected in the treated tap water (Appendix II).


2002-2009 Comparison
As noted previously (Kann 2008), unlike 2007 when density and consistency of detection of Microcystis in Tenmile Lakes was somewhat higher than all previous years, values in 2008 were more similar overall to years 2003-2006 (Figure 5).  However, in 2009 Microcystis cell densities (at standard stations only) were not only higher than 2008, but tended to be higher than all earlier years, showing the greatest frequency of exceedance of the Alert Level 2 guideline (Figure 5).

Although somewhat lower than 2007 and 2008, total Anabaena density continued to remain noticeably higher in 2009 than for the previous 2002-2006 period, with numerous occurrences when cell density exceeded the Alert Level 2 guideline (Figure 5).  As noted above, the predominant Anabaena species was Anabaena planktonica (Table 1), a species less commonly associated with toxin production than Anabaena flos-aquae.  However, note that Anabaena flos-aquae was found in high concentrations at non-standard locations (see above).


Summary
Initial exceedances of public health guideline values for drinking water began in early July for MSAE and in late July for Anabaena at standard sampling stations S3, S8, N11, and N16.   These exceedances continued through October for MSAE and August for total Anabaena, during which time DHS and local health services issued a public alert (precipitated by exceedance of the WHO Alert Level 2 guideline of 2000 cells/ml for drinking water lakes and reservoirs).  The maximum value of >12,000 cells/ml MSAE at S3 on September 21st was among the highest of the 2002-2009 period. 


Figure 5.  Cell density of Microcystis aeruginosa and Anabaena flos-aquae in Tenmile Lakes, 2002-2009; time-series of individual data points (a), and box plots grouped by station (b).
In addition, although cell density levels at the standard monitoring stations (stations S3, S8, N11, and N16) were still relatively low with respect to recreational guidelines (e.g., which would be 100,000 cells/ml for Anabaena and 40,000 cells/ml for Microcystis; Stone and Bress 2007), localized blooms and blue-green algal scums were noted that clearly had the potential exceed recreational guidelines.  Ancillary samples collected from these areas in both North and South Tenmile Lakes confirmed exceedance of these recreational guidelines, and Oregon DHS issued a public health advisory between 9/18 and 11/30 (Oregon Harmful Algae Bloom Program 2009 Bloom Season Recap; www.oregon.gov/DHS/ph/hab/2009_Bloom_Season_Recap.pdf).  Maximum MSAE and total Anabaena values (occurring at station Z1 on 10/20) exceeded the recreational advisory levels by over 100 times and 8 times, respectively.

Select samples analyzed for algal toxins showed that the September 8th sample at station “X” had 20 µg/L of microcystin, exceeding the 8 µg/L State of Oregon recreational posting guideline by 2.5x, confirming that MSAE levels exceeding 40,000 cells/ml can be associated with microcystin toxin levels that constitute an increased probability of adverse health effects not only for those utilizing the lake for drinking water, but for recreational users of the lake as well.  Another toxin sample collected on September 26th at a homeowner dock showed that near the water intake that microcystin toxin was 1.8 µg/L (which is above the WHO 1 µg/L drinking water standard), but that microcystin toxin was not detected in the treated tap water (Appendix II).

Finally, because reported levels indicate the general trend but can not guarantee that levels of potentially toxigenic species at a particular location do not exceed guideline values, and the fact that cyanobacterial cells have been previously reported in home-owner drinking water treatment systems (see Kann 2007), drinking water protection efforts should always be in place.  Patchy distribution of blue-green algae and accumulation in localized areas has been compellingly demonstrated in several years, and although levels of all potentially toxigenic cyanobacteria were well below the recreational guidelines of 40,000 cells/ml for Microcystis or 100,000 cells/ml for Anabaena at the standard sampling stations, they were greatly exceeded in adjacent areas.  
Thus, as previously noted in Tenmile Lakes monitoring memoranda: “…those utilizing the lake for drinking water should always follow Oregon Health Division recommendations for purification (attached).  In addition, recreational users should always avoid contact with water whenever noticeable surface concentrations of algae are evident or when the lake has an obvious green to blue-green appearance.”

   

Disclaimer
Due to the patchy nature of blue-green algal blooms it is possible for higher Microcystis and Anabaena densities (and therefore higher microcystin or anatoxin concentrations) to be present in areas not sampled in this survey, particularly along shorelines or during calm conditions of little to no wind.   Given the lakes’ demonstrated history of toxic Microcystis and Anabaena blooms, and the fact that all areas of the lake cannot be tested at all times, those utilizing the lake for drinking water should always follow Oregon Health Division recommendations for purification (see Appendix III).  In addition, recreational users should always avoid contact with water whenever noticeable surface concentrations of algae are evident or when the lake has an obvious green to blue-green appearance.  Moreover, because pets or other domestic animals are the most likely to ingest contaminated water, these animals should not be allowed access to the lakeshore whenever either noticeable surface concentrations of algae or an obvious green to blue-green appearance is evident.

2007 Tenmile Lakes Toxic Algae Summary	13	April 2007 
Aquatic Ecosystem Sciences LLC

Literature Cited


Carey, C.C., and J.F. Haney, and K.L. Cottingham.  2007.  First report of microcystin-LR in the cyanobacterium Gloeotrichia echinulata.  Environmental toxicology 22:337-339.

Chorus, I. and J. Bartram. 1999.  Toxic Cyanobacteria in Water; A Guide to their Public Health Consequences, Monitoring and Management.  World Health Organization Report. E & F Spon, London and New York. 416 p.

Jacoby, J.M., and J. Kann.  2007.  The occurrence and response to toxic cyanobacteria in the Pacific Northwest, North America.  Lake and Reserv. Manage.  23:123-143.  

Kann, J.  2008. Tenmile Lakes toxic algal sampling program: 2008 data summary report.  Prepared by Aquatic Ecosystem Sciences LLC for Tenmile Lakes Basin Partnership, P.O. Box L, Lakeside OR 97520.  Dec. 2008.

Kann, J., and D. Gilroy.  1998.  Tenmile Lakes toxic Microcystis bloom, September-November 1997.  Oregon Health Division Technical Report.  Environmental Services and Consultation Center for Environment and Health Systems, OHD, 800 NE Oregon St., Ste.608, Portland, OR 97232.

Li, R., W.W. Carmichael, Y. Liu, and M.M. Watanabe. 2000.  Taxonomic re-evaluation of Aphanizomenon flos-aquae NH-5 based on morphology and 16S rRNA gene sequences.  Hydrobiologia.  438:99-105.

Oregon DHS. 2009.  Public Health Advisory Guidance for Toxigenic Cyanobacteria in Recreational Waters. http://www.oregon.gov/DHS/ph/hab/index.shtml

Stone, D. and W. Bress. 2007. Addressing public health risks for cyanobacteria in recreational freshwaters: the Oregon and Vermont Framework. Integr. Environ. Assess. Manage. 3:137–143.

Yoo, S.R., W.W. Carmichael, R.C. Hoehn, and S.E. Hrudy.  Cyanobacterial (blue-green algal) toxins: a resource guide.  AWWA Research Foundation and American Water Works Association. Denver, CO.  229 p. (ISBN 0-89867-824-2)

Appendix I:  Aquatic Analysts, Inc Phytoplankton Reports 

Appendix II:  GreenWater Labs Algal Toxin Results

Appendix III:  Oregon DHS and Tenmile Lakes Harmful Algal Bloom Information
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