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Literature Inventory

Background Priority Cyanotoxins

Harmful A|ga| Blooms (HABS) are a growing concern due to the potential to impact water quality, restrict Table 1 Priority cyanotoxins for literature search and data extraction, selected based on production 1’125 References tagged Wlth 101 Cvanotoxins Habitat, exposure route, EffECt, and SpECiES tags

by the most common HAB-forming cyanobacteria in the U.S. freshwater and marine ecosystems.

recreation, and cause health risks due to associated toxins. HABs produced by cyanobacteria can result

: . . . - _ -~ : » Microcvstin =~ assigned during full-text screening
in release of cyanotoxins that are deadly to humans, pets, livestock, fish, and wildlife. Cyanotoxins can Priority cyanotoxins Activity y ooyt YR =
have acute and chronic effects that are not well characterized across the multiple cyanotoxins (e.g., 1 Microcystin-LR @ 101043-37-2 Hepatotoxic .l Habitat Exposure Type Effect Type  Species Group
most studies are in microcystins) or potentially exposed organisms (e.g., limited information on effects 2 Microcystin-RR 2 111755-37-4 Hepatotoxic _ | o p— @ |
. . - Microcystin RR | Neosaxitoxin ‘ Mortality
in microbes, plants, and wildlife). 3 Anatoxin-a ? 64285-06-9 Neurotoxic Aquatic Aquatic
Mehinto et al. 2021 doi: 10.1016/j.scitotenv.2021.148864; S t : -
Christensen and Khan 2020 doi: 10.1016/j.scitotenv.2020.139515; 4 Guanitoxin [Anatoxin-a(S)] b 103170-78-1 Neurotoxic aXI OXI n Growth
https://www.epa.gov/cyanohabs
5 Saxitoxin @ 35523-89-8 Neurotoxic M i CI' O C Sti n L R Included oral Reproduction
. . 6  Prymnesin 1° 168180-17-4 Hemolytic y : @ @
O b t Anatoxins . Sehavior
jec |Ves 7 Prymnesin 2 @ 168010-52-4 Hemolytic Okadaic acid Terrestrial In vitro |
(Soil and Non-Soil) ° nvertebrates
8  Beta-methylamino-L-alanine (BMAA)?  15920-93-1 Neurotoxic Full-text 45 refs have both Physiclogy
¢ C hensively and systematicall ble ecological effects of toxins using the well Aquatic and Terrestri e
- quatic an errestria H §
om;)lreh e;swe Yy ar: s]zlshema ICally asslem e ECC: C:jglC?;\) errects or cyanotoxins using the we 9 Cylindrospermopsin 143545-90-8 Hepatotoxic -.. e Injection P —
established protocols of the ECOTOXicology Knowledgebase (ECOTOX, www.epa.gov/ecotox ans
P gy g ( ! pa.gov/ ) 10  Lyngbyatoxin-a @ 70497-14-2 Dermatoxic, cytotoxic . @
. . . . . . ool aci . Cellul
* Create a literature inventory of the extent, distribution, and types of toxicity effects of cyanotoxins 11 Oscillatoxin 66671-952 Dermatoxic, cytotoxic D d- Environmentl ellular
on aquatlc.and terreSt.rlal organisms ] ) ] ) 12 Aplysiatoxin P 52659-57-1 Dermatoxic, cytotoxic = ° o ‘°°hem' Note: Each reference may
- Provide foundation for evaluation of ecological risk from HABs and occurrence of cyanotoxins —— _ _ TetI’Od otoxin o v include mulipl exposure
) ) 13 Debromoaplysiatoxin © 52423-28-6 Dermatoxic, cytotoxic ) types, effect types, and
in the environment Population species grotbs
Inf f h th hid ificati fd . . d dooi 14  Neo-debromoaplysiatoxin ° 2334247-91-3 Dermatoxic, cytotoxic
- ntorm tuture research through identitication ot aata gaps (spec1es, toxins, ana en pOIntS) ) oh I - Ceoin 18 Figure 3. Literature tag tree for the 1,125 included cyanotoxin references, showing expansion
. L. . . . . L 5 -bromoaplysiatoxin 48-18- Dermatoxic, cytotoxic : : : : .
« Provide structured effects data for priority cyanotoxins, including study details and toxicity results , : , - , — of the aquatic habitat and exposure type to show the diversity of effect types and species
|d tf t tent toxi d iti . 3Included in March 2021 literature search, along with an additional ~100 cyanotoxins documented in publications and government reports Figure 2. Number of publications by cyanotoxin, shown by box size with cyanotoxin studies reported (based on full-text screenmg)_ Number in circle indicates #
- entl mos otent cvanotoxins and sensitive species (i.e., EPA Report # EPA/600/R-17/344; Cusick and Sayler 2013 doi: 10.3390/md11040991). March 2021 literature search included total of . o . . ! ! .
y . P R y p . 165 chemical names and associated CASRNSs; P Included in November 2022 supplemental literature search. for those identified in full-text screening as relevant for ECOTOX. of references in each category.
- Characterize variability in responses across species and cyanotoxin classes Black labels = cyanotoxin name, white labels = cyanotoxin group.

Toxicity Data Curation

The literature search, review, and data extraction for cyanotoxin studies followed the Criteria for inclusion in ECOTOX Full data extraction completed for 354 Publications Number of references by cyanotoxin Data array for select toxicity studies
well-established ECOTOX protocols described in Olker et al. 2022 doi: 10.1002/etc.5324. Table 2. Criteria and requirements for inclusion in ECOTOX 0 891 Total d | )
. . . . g .
. . . following well-established Standard Operating Procedures. ’ otal data recorads 0 § ECOREF#69268-Rhinella arenarum-Development1 B
- @ normal,
Literature search and study selection flow diagram R 8,689 Aquatic ., 3 & gt 3
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. . Primary literature search: Supplemental literature search: . . 3 E g 5 2 2 5 & Infected, 30 d
Flgu re 1. Literature 9 priority + additional 98 cyanotoxins, with synonyms 6 added priority cyanotoxins, with synonyms b LIVE, whole organisms ° Cu rated data avalla ble on ECOTOX. Microcystin LR 5] : = t::z ' _3 3 nz. ECOREF#188807-Lithobates catesbeianus-Genetics 1 +
search and study [March 2021] [Nov 2022] e Organism taxonomic information verifiable against Jecot WLy 2 2y Gieexpfessm 304
. . WWW_ e a . OV eco OX Microcystin-YR ECOREF#188807-Lithobates catesbeianus-Enzyme(s)
SEIECtlon ﬂOW E References removed before screening: References removed before screening: Sta nda rd taxonomlc sources p g [D-Lemmlccrrooccyysﬁﬂanﬂ_‘ﬁ Lysozyme activity, 30 d
H H k=i References identified Duplicate references removed References identified Duplicate references removed HP. : : H ) . Microcyslir\f LF ] ECOREF#188807-Lithobates catesbeianus-Cell(s)
diagram, following S| | rom dotaboses o aton References iden! N e Priority species are wild (test results for terrestrial t e ey Bew, § o o 77250562 Microcysti (0-Asp3frocysin % Eaophi, 30.
guidelines from E | | (n-64644) References removed with species (n=3321) References removed with species domestic and laboratory species are used to fill data ; ® 4 s ¥ ® . 54235069 Anatoxin.a L e ECOREF#188807-Lithobates catesbeianus-Biochemistry |
PRISMA (P f d ] filter (n = 15,036) filter (n = 411) h d d) € . = : . e T e . = 15920931 beta-N-Methylamino-L-alan - ?]thqcrocysu:]-vt’g Lipopolysaccharide, 30 d
referre - gaps when neede a A .. ¥ A n A ¥ - = e T N oLy ] ECOREF#187039-Xenopus laevis-Mortality | A A
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Reporting Items for ) : — ' : e In vitro studies (with viable cells or tissue) flagged for 2 i l i " 'R ! s & 111755374 Microcystin RR D atoxin-a . Mortaliy, 4 d
References screened References excluded - not applicable References screened References excluded - not applicable ® @ - O A m | | A 143545008 Cylindrospermopsin " Anatoxllun_da fumara;e ECOREF#187039-Xenopus laevis-Growth X
Systematic Reviews Title and Abstract »| (n=6171) Title and Abstract > n=353) possible inclusion as requested by Programs 2 " A VS s 11050218 Ciauatoxin-1 "N N-Dmelhyianatoxin Length, 4
(n=7,501) 2,194 reviewed, rest model predicted (n=398) 255 reviewed, rest model predicted > 0.01 ' 2 £ s B 5 o % a 4 'guatoxin- Anatoxin-a(s) ECOREF#187039-Xenopus laevis-Development X e
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ibubne n=3 or retrieva =0 . . 5 X 322408742 [D-Leut]Mi tin-LR Nodulari '
statement.org/). E (n=1,330) (n=45) (=9 Exposure e Single chemical exposure = o001 4 4 . * 77238176 A[ph aﬁ't"o:in'crocys " - Me%’,}}';ﬂ,’ﬂi,"f”;}g%{g. 2 ECOREF#186990-Lithobates pipiens-Immunological{
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Criteria for inclusion i Relevant to environmental exposure 8 056 Do s atoxin seto.ethyiamine Latanine r25mOG 264 | 11 ECOREF#186990-L thobates pipiens-Behavior R
in ECOTOX are Ilsted References assessed for eligibility - . References found through other sources PY Report exposure Concentrat|0n, dose or appllcat|on £ H N L] @ 154037704 Microcystin LF ErE\;?iﬁ;ll;-iglj;gI;ﬁ) g Swimming, 5 d Endpoint
Full-text - (i.e., review papers, more recent searches) g 220355668 Saxitoxin diacetate Okadaic acid{ 2 ECOREF#186989-Lithobates clamitans-Mortality - ® Ecos
H T bl 2 n=1552 (n=177) t o (.000001 ; Malyngamide B{ 2 Mortality, 3 d
In lable 2. ) [ (=155 rate © 118399227 Nodularin , ngbyatoun-A { 2 £ COREF#186089-EohimosiomatidasMortal e
— v _ e Report duration of exposure 101064486 Microcystin YR 4. Hydropsroayosciiomun B3| 1 Fohinostomatidac-ortality Suzr‘vivah ; d} M:tamy’ 14 ~ LoEC
References met inclusion criteria References excluded as not applicable ® . . . L A 1219922301 Anatoxin-a fumarate Meo: dehmmﬁgﬁ%ﬂﬁ:‘ggg } - - - 1] NOEC
o || (n=1125) " (n=427) e Sediment studies must have a water concentration 14277975 Domoic acid 4 45,8.19.12.14.16.18.20-Nonamethoxy.-pentacosene | 1 ECOREF#186989-Echinostomatidae-Behavior | Pfy cenetration, 2. 4 No deaths
ic, ial . L . L ) > > & ) . i P 6,8,10,12,14, 20,22-Decamethoxy-1-heptacosene | )
T =2 Aquat‘i 278 Terreete reported to be included G@f}a\\%‘a@00%@\60??@0'3\\@;@0@\}’9@0\0@&-c?\\o(;@ﬁq@é\@ v@ﬁ@i@‘i@c}@(\é@l&& : ggﬂgggg :?’::;E:{?::"omam Anabackepente 1 ] ECOREF#186461-Lithobates grylio-Mortality |
S . . . & e S < ) -1 # Ref: Oscillamide Y { 1 i
£ | [ References with full data extraction - Dec 2022 update e NOT: Air pollution studies related to CO2 and ozone o S S ESF ¢ e T 64314165 Anatoxin-a hydrochloride 160 1 Anabsnopepin 8 | 1 0601 001 T e 160
(n=354) . . A qﬁe‘ 1427 n CTX-C31 1 Exposure concentration, pg/L
310 Aquatic, 55 Terrestrial Effect/ e Biological effect measured Effect Group 120 oot S0 | 1
Response e Effect concurrent with associated chemical exposure " o A onyautoun i Figure 5. Array of data records for select amphibian studies on toxicity
@ Chemical-based literature searches in multiple databases: ProQuest, Scopus, ToxLine, Theses, PubAg, Web of Science, Unify (internal USEPA database .. . . . i i i i phantoxin | . .
. . P ; Q pus, one V! ) e Adverse effects are priority (beneficial, nutritional Figure 4. Data for effects of cyanotoxins shown by exposure concentration and species T am——— ] of microcystin-LR (CASRN 101043-37-2).
References tagged with reason for exclusion at both title and abstract screening and full-text review. N Endboints include BAF. LCXX. LDXX. LTXX. ECXX. ICXX LOEC/LOER d lethality: .
¢ Data extraction includes pertinent study details (species, chemicals, test methods, and toxicity results) following the ECOTOX controlled vocabulary. effects are lower prlorlty) group. [ napoints inciude ’ 4 4 4 4 4 » and lethality; | £ ref h . ECOREF #69268. Chernoff et al. Toxicol.22(1): 13-17, 2002; ECOREF #188807. Shu et al. Ecotoxicol.
Toxicity results are updated to the ECOTOX public website on a quarterly basis. Publication/ ° Primary source of the data NOEC/NOEL/NOER and no Iethallty data (n=2,259 FECOFdS) and records with no Table 3. NUTber Ohre er?nces with data mbECOTOX by. Environ. Saf.238:10 p., 2022; ECOREF #187039. Dvorakova et al. Environ. Toxicol.17(6): 547-555, 2002;
Data Format e Study must be a full article in English endpoint reported (n=483) excluded.] Cyanotoxin Or €ach Species group, sor.ted y cyanotoxin (E:EOREF #;86929206 g/gllo;i;et;l).lzar:égzlészsl.;;g):Zsh13-520, 2:)1’5:]; ECIOEEFZ(138169E;%. E:SZSI;I.
. . H : -7/37, ; . , et al. . . : 20-26, .
o NOT: Reviews or abstract only https://cfpub.epa.gov/ecotox/explore.cfm?cgid=40 groupr.DGrey :Ondlcza(l)tze; no references with data extracted emosphere ang, et al. Phycol. Res.60(1)
as of December .
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al | Read more about the ECOTOX Knowledgebase in Olker et al. 2022 Bl
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