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Abstract
Marine organisms inhabiting urban estuaries (such as the New York Harbor) are

exposed to a variety of anthropogenic stressors (i.e., low oxygen, organic

pollutants and toxic metals). Toxic metals (such as Cu, Zn, Cd and Hg) are of

concern due to the potential for transfer up food chains. One mechanism by

which these organisms can detoxify metals is by the induction of metal-binding

proteins called metallothionein (MT). Interestingly however, the storage via

MT can increase metal transfer to predators. The purpose of this project was to

understand the relationship between metal concentrations in an important

estuarine organism (the grass shrimp, Palaemonetes pugio) and levels of MT in

their tissues. Grass shrimp were collected from various sites around Staten

Island, NY. These sites included: Lemon Creek, Nassau Creek, Meredith Marsh

and Travis Ave. A reference site in southern NJ (Tuckerton) was also included.

Metals in shrimp were assessed via acid digestion, followed by analysis via ICP

(or CVAFS for methylmercury; MeHg). MT was determined using a

radioisotope (Hg203) based assay procedure. In general, metals in shrimp

across the study sites tracked a suspected “impact” gradient with shrimp from

Travis Ave having the highest MeHg concentrations (~175 ng/g tissue). These

shrimp were also found to have the highest MT concentrations (~2x fold higher

than the other Staten Island sites). These results suggest that shrimp inhabiting

the most “impacted” site may be using MT to detoxify MeHg. Future studies

will determine if this reliance on MT for MeHg detoxification results in an

increased trophic transfer of this toxic metal to grass shrimp predators.

Introduction
Metal contaminants [such as copper (Cu), zinc (Zn), cadmium (Cd) and

methylmercury (MeHg)] can persist in harbor sediments long after mitigation of

sources of this contamination. Contaminated sediments pose a risk to benthic

dwelling organisms (like worms, clams and shrimp) due to possible toxicity,

local extinction of metal-sensitive species and shifts in community structure

towards more metal-tolerant species (Cain et al. 2004; Perez and Wallace 2004).

There is also the potential for the food chain transfer of this metal, which poses

a risk to pelagic organisms (like fish) (Lodge et al. 2015). Beyond these

ecological concerns, there are possible human health risks due to the

consumption of contaminated seafood, which has led to several seafood

consumption advisories (McGeer et al. 2003; Copat et al. 2013).

Although benthic dwelling organisms have direct contact with these

contaminated sediments, some have the ability to detoxify this accumulated

metal. One such mechanism is the induction of metal-binding proteins

(metallothioneins – MT) (Amiard et al. 2006; Wallace et al. 2003). MT is a

low-molecular weight, cysteine-rich heat stable protein that maintains cellular

homeostasis of essential metals (Cu, Zn), but can also sequester non-essential

metals such as Cd and Hg. This sequestration can prevent DNA damage and

can protect more sensitive intracellular constituents (Vincent-Hubert et al. 2014;

Wallace et al. 2003).

Interestingly however, binding of metal to MT may increase its bioavailability

(or trophic transfer potential) to predators. Thus, organisms using MT as a

means of metal detoxification could represent an important vector of metal

transfer up the food chain (Wallace and Luoma 2003; Seebaugh et al. 2005)

Objectives
The objectives of this project were to investigate: 1) metal burdens [copper

(Cu), zinc (Zn), cadmium (Cd) and methylmercury (MeHg) and 2)

metallothionein (MT) concentrations in an important estuarine organism, the

grass shrimp, Palaemonetes pugio. Shrimp were collected from various sites

around Staten Island (NY) as well as a reference site in southern NJ. It was

hypothesized that metal concentrations, along with MT concentrations in grass

shrimp would be higher at Staten Island sites than the reference site (in NJ).
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Results & Discussion

Figure 3 shows that Cu (A) and Zn (B) burdens in P. pugio are similar among sites (~125 ug Cu/g, ~80 ug Zn/g).  This consistency in Cu and Zn burdens may 

be the result of the internal regulation of these metals as both are essential to normal homeostasis.  The assessment of Cu and Zn in sediments at these sites may 

help to better interrupt these results (i.e., if sites differ greatly in sediment Cu and Zn, regulation of these essential metals would be supported).

Figure 4 shows that Cd (A) burdens in P. pugio may increase along this “impact” gradient (~1.1 - ~1.6 ugCd/g), however, due to the lack of replication (n=1 in 

most cases, the result of detection limit issues with Cd), this needs to be explored further.  It is clear however, that MeHg (B) burdens in P. pugio increase 

dramatically from ~15 ngMeHg/g at one of the least “impacted” sites (LC) to ~175 ngMeHg/g at the most “impacted” site (TA).  It should be noted that MeHg 

in TK shrimp (the reference site) was not assessed.  The increase in MeHg along this gradient is in keeping with other studies that show that sites within the 

Arthur Kill (NC, MM and TA) are greatly impacted by a variety of pollutants.

Figure 5 shows that metallothionein (MT) concentrations in P. pugio steadily increase from the least “impacted” site (TK, ~11nmol MT binding sites/g wt) to 

the highest “impacted” site (TA, ~35 nmol MT binding sites/g wt).  P. pugio at TA may be the most impacted due to proximity to the Freshkills landfill (Fig. 2).

Figure 6 examines the relationship between shrimp metal body burdens and MT concentrations.  While trends between increasing Cu (A), Zn (B) and Cd (C) 

shrimp body burdens and MT concentrations are found, a rather strong relationship (r
2

=77) between MeHg (D) and MT is revealed.  This suggests that increased 

MT concentrations in P. pugio are perhaps driven by the need to detoxify MeHg.

Future Studies will aim to understand if metal burdens and associated MT concentrations in P. pugio are related to sediment metal concentrations and if they 

result in increased metal transfer to predators; studies have shown that increased binding of metal to MT can result in increased metal trophic transfer.
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Methods
P. pugio were collected from four Staten Island (NY) sites representing a

documented “impact” gradient (Perez and Wallace 2004) [Lemon Creek (LC),

Nassau Creek (NC), Meredith Marsh (MM) and Travis Ave (TA)] as well as a

reference site in southern NJ (Tuckerton – TK) (Fig.1). Shrimp were

maintained in the laboratory for 24hrs subsequent to sampling so as to depurate

gut contents. Metals in shrimp were assessed via acid digestion followed by

analysis via ICP (Cu, Zn, Cd) or CVAFS (for MeHg) (Cain et al. 2004). MT in

grass shrimp was assessed using a radioactive mercury (Hg203) saturation

technique (Dutton et al. 1993; Cooper and Fortin 2012). This approach relies on

the high binding affinity of mercury (greater than that of other metals Cu, Zn

and Cd) to metal-binding sites within MT (Roesijadi 1992; Dutton et al. 1993).

Figure 1:  The grass shrimp,  Palaemonetes pugio, is an important estuarine 

organism that inhabits creeks such as those surrounding Staten Island, NY.

Figure 2: Map of study sites for the collection of P. pugio. Study sites included

four Staten Island sites (listed in order of increasing environmental “impact”):

Lemon Creek (LC), Nassau Creek (NC), Meredith Marsh (MM) and Travis Ave

(TA). Shrimp were also collected from a reference site (Tuckerton, NJ; TK).

(map, Perez and Wallace 2004)
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Figure 4:  A) Cd and B) MeHg concentrations (mean +/- SE; n=1-2 

Cd; n=~15 MeHg) in P. pugio from the study sites.  ANOVA was not 

possible for Cd, but p<0.001 for MeHg (with a < b < c).  na = no 

MeHg data was available for TK shrimp.

Figure 3:  A) Cu and B) Zn concentrations (mean +/- SE; n=3-4) in 

P. pugio from the study sites.  ANOVA was nonsignificant (ns) for 

both metals.

Figure 6:  The relationship between metals [A) Cu, B) Zn, C) Cd and 

D) MeHg] and MT binding sites in P. pugio from various study sites.

The strongest relationship (r
2

=77) is between MeHg and MT. [note:

no MeHg data was available for TK shrimp]

Figure 5: The concentration of metallothionein (MT) binding sites 

(mean +/- SE; n=10) in P. pugio collected from the sites.  ANOVA 

p<0.001 (with a < b < c).


