' Predicting mercury levels in freshwater fish through biotic

and abiotic factors: a case study of Nantucket Island

A Senior Honors Th

& “;-

- P Al M -
INTRODUCTION Implications for Environmental and Human Health -
Methylmercury (MeHg) is a neurotoxic pollutant that bioaccumulates 5
and biomagnifies in food webs throughout aquatic systems, impacting T T 00 winne pon ' c g;f:r’?oiegj&g';gi:(;')“"”9
Rl . i ' CapeCod 7~ - e T TS st isivea i e DT
i1 b o) ) E ................................................................................................................................................................................................................
the health of piscivorous wildlife anc;l human consumers of predatory S o % g T\ i TN
fish. Many of the lakes and streams in the US Northeast have been § 20 e g Criterion (0.30 mg/kg)
labeled “biological Hg hotspots,” and elevated MeHg concentrations fosia S . /\ ‘2
] i ; ] ] artha’s Vineyard [ N | A N /A B ’ =
have been found even In ﬁSherIeS Of ISOIatEd ISIand pond SyStemS Such Vi e R .= g ol § T e — USEPAHeaIthC”terlonfor
. 5 . 5 \ ' 3) . o O
_ = A = 0] - Pisci Birds (0.02 mg/k
as on Nantucket Island, M.A. In this stu.dy, .we.mvestlgated environmen Yellow Perch: White Perch: 2 =] - . = *'i , iscivorous Birds (0.02 mg/kg)
tal modulators of MeHg bioaccumulation in fish of four genera (sunfish, 34, Across 5 Ponds 27, Across 3 Ponds ol —whtepem = ol
. el fo . o 2 4 6 8 10 12 14 16 18 20 .
vellow perch, white perch, and killifish) across six eutrophic to Head of Hummock Fish Length (cm) Fish Length (cm)
. . . Pond (HHP
hyper-eutrophic freshwater pond systems of Nantucket to identify the ” fu ) 001 Head of Hummock Pond 007 Miacomet Pond
~ strongest biotic and abiotic predictors of freshwater fish total mercury 5 o MR 101 b. Fish Length at Which THg Exceeds Health Criterion (cm)
- (THg) levels. By collecting a large sample of fish representing a wide § 20 - 20 General Recreational
range of lengths, we were able to develop simple linear regression cg 30 w, Y a0 e Y Plzglg"z)mus/l?‘)rds Human Health ~ Human Fishers
: : - 02 m
models of In-THg vs. fish length relating agueous MeHg to THg S 40 401 Genus Pond SRS (0.30 mg/kg) (0.40 mg/kg)
: : : oy = e
bioaccumulation among fish within each pond system. Miacomet Pond (MP) Gibbs Pond (GP)  TomNevers £ °° _ngl:f*:; e = g':lffvyhph Sunfish ~ TNP | 15.4 18.0 |
Pond (TNP) O 5 o 12 14 T T8 20 . 3 4 6 & 10 12 14 16 18 20 *? GP 24.6 27.7 ’
Hg MGthYlatiOn Fish Length (cm) Fish Length (cm) s ¥ :
Affected by: Effect: MeHa Bioaccumulation Figure 2. Left: Maps of Nantucket Island, both from Google Earth satellite imagery (upper left) and from ArcGIS software (bottom right). The water- MP 24.8 27.5
Wetland Area + 9 e sheds relevant to this study’s pond systems are denoted in orange. Right: Linear regressions of natural log-transformed fish THg, wet-weight (mg/kg) WP 26.6 294
Watershed A * Affected by: Effect: : . . .
Ponzzzﬁzce zza + Pond Nutrients: N, P, Phytoplankton - Versus ﬁsh Ier?gtf-\ .(cm), !oy pond: GlbIE)s, H-ead of Hummock, and Miacomet. Each line denotes a separate genus from the labeled pond. Only those HHP TR 31
oH _ Fish: length, species, trophic level ~ + genera with significant linear regression lines are shown.
ity ) Result: In the same pond, recreationally fished species (i.e., sunfish, yellow perch, and white perch) appear to bioaccumulate MeHg at the same W. Perch GP 24.6 27.6
slope with increasing length. = P 19.9 214
5 0. 0o 0.0 - Y. Perch 20 s -
3 = -1.0- = 10| = o -1.0; ’
= © s [ GP (a, A) MP (2. A
£ ’ g 2.0 GF (a, B) 2.0 . / 2.0 - S Killifish MP N/A N/A
o MP (a, BC e o - R
(QPra) S WP (a, c(f ) - HHP (b, B) HHP (a, B) ’ il S R E 3 N/A N/A
Water [MeHqg] | Invertebrates 5 |
Phytoplankton % 4.0 HHP (b, D) 4.0 4.0 g Figure 4. With the In-THg vs. fish length regressions from each genus, we predicted
Fish — | lengths (cm) at which pond fish exceed EPA health criteria for piscivorous bird, general
Figure 1. A depiction of the MeHg contamination pathway, divided into its two main components: c 50 50- 504 human health, and recreational fishing consumption (a, using sunfish regressions as
Hg methylation (i.e., the source of bioavailable MeHg), and MeHg bioaccumulation (i.e., the extent ~ example), tabulated in (b). Bold values indicate that the projected length limit is within
to which MeHg is then accumulated in progressive trophic levels of the food web). The modulators 60— o4 00 the range of fish that we collected. All other projected lengths are within the known
of.each process are I|stefj uno]Icer Ieach compo.nent.h.lnhver’.cebrate; Tre |Includsd as ande:ia:\ple of a 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 2 4 6 .8 10 12 14 16 18 20 size ranges of each genus. Killifish criteria for human consumption are not listed
primary consumer prey item for larger organisms higher in trophic level, such as pond fish. Fish Length (cm) Fish Length (cm) Fish Length (cm) because killifish are not fished recreationally.
- e - Figure 3. Linear regressions of natural log-transformed fish THg, wet-weight (mg/kg) versus fish length (cm), by genus: sunfish (left), white perch Results (boxed in red): All study ponds appear to have fish mercury levels that are
METHODS (middle), and killifish (right). Each line denotes the set of fish from the labeled pond. Differences in lettered pairs assigned to each pond regression R toxic for local piscivorous bird species, and fish from TNP and HHP appear to exceed
. . denote significant differences in slope (lowercase) or intercept (uppercase) between regressions. Slope and intercept letters assigned to comparisons EPA health criteria for human consumption at lower lengths.
Field Collection: of pond regressions are exclusive to each genus.
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perch, and killifish from HHP (green line) appear to have a higher slope of MeHg bioaccumulation with increasing length.

Island (see Fig. 2).
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Rensselaer Polytechnic Institute, Troy, NY for
analysis of Total N, Total P, NO3, NH3, and Chl. a
o Measured total mercury (THg) levels in all fish using a Direct
Mercury Analyzer (DMA-80)
o Measured watershed area, pond surface area, and watershed
wetland area of each study pond using ArcGIS Software.
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