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Summary

/Lake Wateree SC is a man-made impoundment at the end of the Catawba\ i AN e S
River. The Catawba watershed is a heavily developed region stretching from | Y M S,
the Appalachians of North Carolina to below the fall line on the South >
Carolina coastal plain. There has been a persistent infestation of Lyngbya
wollel in this lake for approximately ten years and it has grown to encompass
approximately 140 km of shoreline. The Center for Oceans and Human
Health at the University of South Carolina has been working to determine the
molecular identity of harmful algal bloom toxins entering Lake Wateree as a

result of this bloom and identify the cause of toxin production. Toxin STX LWT1 LWT2/3
production may be a result of chemical signaling between different microbial O O
. . . o H3C HsC
populations in the lake or provoked by nutrient availability. Methods for \f \i
detection and quantification of toxin in natural environments are discussed.
The current work details the amount of toxin entering the lake on a yearly | R\ VAN, DR TR N
\basis from the bloom and attempts to determine its trends over time. . s o . ol H~N NH
Lake Wateree Shoreline Usage Lake Wateree | HN)\N -OF
" Exeing Connersa  LAKC Weleree e e nal ke i o sere - H
5% and Residential - Aerial photoaraph of a H
= Existing Infrastructural Covering over 21 square miles and with Lyn gb)l?a W oﬁ]ei EI oom LWT4 LWTS LWT6
181 miles of shoreline, the lake is a . f . . L . A
48% ®Future Commercial o ior of residential. commercial and in the northern cove Lyngbya wollei toxins (LWTs) are part of the saxitoxin (STX) family of
3% g st and Fawre  Tecreational activity for the surrounding near the causeway of  peurotoxins. Toxicity ranges on the mouse assay from LWT5, which is 13% as
Public Recreation counties. The residence time of the lake Lake Wateree State toxic as STX, to LWTs 1, 4, and 6 which do not produce a response. LWT 2 &
2904, Protected can vary from many months during dry Park. L. wollel Is seen 3 are structural isomers of each other. Saxitoxin was used as a calibration
2% times, to only a few days during rain at the surface during standard, and all LWTs except 2/3 were quantified by mass spectrometry.
Source: Catawba-Wateree Comprehensive Relicensing Agreement, Duke Energy 2013 eventS pe”OdS Of hlgh aCUVlty - /

Color variation in the

bloom indicates natural Res u ItS

Sampling, Extraction, and Carbon Analysis

Q st variation and presence
Bl e | of pine pollen and 4 . : . )
i i e S SR | ot plal?nts Iili)(e Juckweed Carbon and inorganic content data was collected for each data point, then all
e o e | | three sites were averaged and plotted over time (below right). LWTs 1, 4, 5, &
L eft: 6 were guantified, summed, and averaged across three sites to show the
| Map of Lake Wateree temporal variation in toxin (bottom). Toxin profiles and average summed toxin
Q sies showing the three sites | @re plotted for each location, demonstrating that LWTs 5 & 6 are the most
regularly sampled for L. | predominant (below left). Error bars for these graphs demonstrate the large
wollei. Inset shows _natural variations in the samples. ,
Q se location in South
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Live L. wollei floating at L. wollei collected in a Freeze-dried L. wollel, 20% .
the surface net from the water 82% mass loss from S 400 I
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10 mL of 0.1 M The sample was An aliguot was filtered & 50 - < L-* ' }
acetic acid was sonicated for 15 and diluted 50-fold for = 10 S 1.5 100 10% -
added to 100 mg minutes and then UPLC-MS/MS analysis 5 . o Acetic Acid = -+-Inorganic —e—Carbon Content
freeze-dried algae centrifuged ;E 30 - = Algal Matrix N o1 Sitel | Site2 | Site3 %
: : | | . o & mLWT6 1475 | 1200 | 275.2 B D xD D D D DD DD DD DD DD D LD O
"Three sampling locations were chosen based on 10-year history of blooms) = 20- o §05 SLWTS 1262 | 3387 | 1793 5\»«\\&;&%&'\ Ocl*’;o%@o}\ 5@0’2&:@'\ @’g@';@'\ 50«1\»';&5';@@“ Oc’»*’;o*'\
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(Site _1) and proximity to drmlqng water intakes (Sites 2 & 3), shown In the O . e = > bate Sample Collected
map In the center. These sites were sampled approximately every two 0 & | | | | 0 S — S
weeks for 16 months. Sampling and extraction procedure is described in the 0 20 40 60 80 100 ! o 190 1000 1100 ¢
_ .. _ . : T [STX] (ppb) log,, Dilution Factor 1000 £
above figure. In addition to toxin quantification, each individual sample was T
analyzed by solid state total carbon analysis to determine the percent -~ _ - _ — N 01
carbon content and incombustible inorganic material. Average carbon @ | All toxins were quantified using Ultra Performance Liquid Chromatography (UPLC) | ¢ 800 ¢ =Summed Average Toxin
content was 28.1 + 0.7%, and inorganic material was 27.6 + 1.3%, both at with a triple quadrupole mass spectrometer. Since analytical standards are not | £ 700 +
.the 95% confidence level (n=347). ) | available for most of the LWTs, saxitoxin was used as a surrogate external | 2 600 +
Right: Freeze-dried L. wollei = calibration standard and all toxins were quantified against saxitoxin response. When £ 500
before (A) and after (B) saxitoxin calibration curves were prepared in an extract of algae, the resulting £ 400 +
combustion in a 850°C regression fit was non-linear (above left). The same curve prepared in neat acetic | = 300 +
furnace for 30 minutes. The acid produced a linear regression. Dilution of the extract samples resulted in an 200 £
algae contains a large Increase In signal for saxitoxin and all LWTs except LWT 1 (above right). Maximum 100 +
amount of inorganic content analytical signal was reached at a dilution factor of between 4 and 10, depending on o J S S A A S S SIS S S S A S A S S W
and continues to maintain its the toxin. A dilution factor of 50 was chosen for all samples in order to ensure that (\;\‘b 0\;\% Q,\‘b Q,\‘b SO R 0 Q;@ Q;@ INEES x@ x\q Q,@ &;9 q;@ Q,@ 20 0®
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shape even after _changes in the matrix would not mask toxin signal. y N T AN OER RV R SR R SRR G R S ar> A O
combustion. Date Sample Collected
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The natural matrix sampled causes ion suppression in the Suporiad by the National Instiat of Environmental Heatth Scintes oo At J o trand rant %/h
mass spectrometer, leading to a loss of signal. Dilution is D16 S02bo45. The connt s oty e esponebiny of he whor over fime. Alough the trend 1S consistent, the

. - and does not necessarily represent the official views of the National Var|ab|l|ty IS St|” h|gh
necessary to remove this interference. Institutes of Health. . . .
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