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Abstract  

Embryo production was reduced in female grass shrimp exposed to sediments 

with added coal fly ash and to sediments collected from an estuarine station containing 

high PAH concentrations due to its proximity to a highway storm drain. Grass shrimp 

embryos exposed to pore water from the high PAH and high metal sediments showed 

both reduced hatching and increases in DNA strand breaks (comet assay). Sediments with 

added coal fly ash had high concentrations of vanadium and selenium which may have 

contributed to effects similar to those observed with sediments with high PAH. The 

embryo pore water bioassay (hatching/ DNA strand breaks) gave results comparable to 

those observed for reproduction effects (reduced embryo production/embryo hatching) 

with female grass shrimp exposed to whole sediment. 
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Grass shrimp are an important component of the estuarine food web in the 

southeast United States. Grass shrimp embryos, enclosed in egg sacs, go through 10 

stages while attached to the female pleopods. After stage 10 a free swimming zoea 

emerges from the egg sac. Several DNA lesions (e.g. strand breaks, modified bases, 

DNA-DNA crosslinks, DNA-protein crosslinks) are produced after exposure to 

genotoxicants, e.g. metals and PAHs.  Reduced embryo production observed when grass 

shrimp are exposed to metals and PAHs (Lee et al., 2004) may be linked to damaged 

DNA. In the present study comparisons were made between reproduction processes in 

grass shrimp exposed to sediments containing coal combustion residues or highway 

runoff and hatching rates/ DNA strand breaks (comet assay) in embryos exposed to pore 

water from these sediments.  

Sediments were collected from three stations in an estuary in Hilton Head, South 

Carolina (USA): station A – next to a highway storm drain; station B -100 m away from 

the drain; station C – 500m away from the drain. For coal fly ash exposure experiments, 

400 g of coal fly ash from power plants in Augusta, GA (USA) or from Candiota, Rio 

Grande do Sul (Brazil) was blended with 2000 g of reference sediment. Coal ash is one of 

the residues from coal combustion and is composed primarily of metal oxides. Reference 
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sediment was from the Skidaway River estuary (Savannah, GA) (USA). Pore water was 

collected by centrifugation of sediments at 1000 X g for 30 min. Sediments to be 

analyzed for PAHs in sediment  were freeze dried, extracted with methylene chloride and  

extracts passed through a silica gel column. The PAH fractions from the silica gel column 

were analyzed with a Hewlett Packard 6890 Series Plus Gas Chromatography coupled to 

a 5973 mass spectrometer. Twenty three individual PAH analytes were quantified with a 

detection limit of 10 ng/g for each analyte.  Metals (V, Cr, Mn, Ni, Cu, Zn, As, Se, Ag, 

Cd, Pb) in sediment pore water samples were determined by ICP-MS (Fison Plasma 

Quad II Plus) equipped with a nebulizer. To determine reproductive parameters, 20 

juvenile grass shrimp were added to aquaria contain 700 g of test sediment and 40 l of 

seawater. Three aquaria were used for each station or experiment (n=3).  Salinity of the 

water was 28 ppt and  temperature was maintained at 27oC.  Shrimp were fed Artemia 

and kept under 12 h light/12 h dark regime.  Every 5 days the following parameters were 

determined: (a) mortality; (b) number of females with mature ovaries; (c) number of 

females with attached embryos. Grass shrimp were exposed to test sediments for 60 days 

with no change of seawater. Embryo hatching rates were determined after transferring 25 

stage 8 embryos to polystyrene plates with each well containing 1.2 ml of estuarine water 

and 1 embryo.  For pore water bioassays, 0.1 ml of sediment pore water was added to 

1.1ml of filtered estuarine water in a polystyrene plate with each well containing one 

stage 8 embryo (25 embryos per test) and hatching rates determined. For assessment of 

DNA strand breaks, the comet assay was carried out on stage 7 embryos exposed to 

sediment pore water (diluted 1:10 with filtered estuarine water) for 24 h. The comet assay 

followed the procedures described by Singh et al., (1988) with modifications described 
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by Lee and Kim (2002). A computerized image-analysis system (Komet Version 4.01, 

Kinetic Imaging Ltd.) was used to determine % DNA in tail of fifty randomly selected 

cells per slide. 

At different distances from the highway storm drain, total PAH concentrations 

(sum of 24 analytes) were 29, 1.5 and 0.1 µg/g sediment for stations A, B, and C, 

respectively (Table 1). Concentrations of the different PAH analytes in these stations 

were previously reported (Lee et al., 2004). In the coal fly ash experiment, the 

concentrations of vanadium and selenium in sediment pore water are reported (Table 1) 

since the concentrations of these metals in coal fly ash sediment pore water (V: 129-278 

µg/l; Se: 115-256 µg/l) was much higher than their concentrations in reference sediment 

pore water (V: 1-2 µg/l; Se: 0.04-0.1 µg/l). High selenium concentrations were found in 

sediment pore water near a coal-fired power station (Jung and Batley, 2004).  Grass 

shrimp exposed to coal combustion resides has increased DNA strand breaks and had 

accumulated selenium (Kuzmick et al., 2007). Embryos exposed to pore water from 

sediment close to a highway storm drain (station A) showed significant (p< 0.05) 

difference with respect DNA strand breaks (38% DNA in tail) and reduction in embryo 

hatching (35%) when compared with embryos exposed to sediments distant from the 

storm drain (Stations B and C) (Table 1). Embryos exposed to sediment with coal fly ash 

had reduced hatching (25-35%) and increased DNA strand breaks (38-41% DNA in tail) 

compared to controls. Zoea that emerged died within a few hours. Female grass shrimp 

exposed to highway runoff sediment and coal fly ash sediment, showed significant 

reduction in embryo production and embryo hatching (Table 2) compared to females 

exposed to reference sediment. 
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Table 1 

Bioassays with grass shrimp embryos  exposed to 

sediment pore water from reference station, 

highway runoff stations and sediment with added 

coal fly ash 

__________________________________________
____________________________________ 
 
Station or   DNA Strand Breaks- Embryo Hatching Vanadium
 Selenium 
Experiment  Comet Assay  (% hatching into (µg/L in  (µg/L 
in 
   (% DNA in tail) zoea)   pore water) pore 
water) 
   Mean ± SE; n=3) Mean ±  SD; n=3 
__________________________________________
____________________________________ 
 
I. Sediments at Different Distances from Highway Storm Drain 
   Station A   38 ± 10*  35 ± 5*  2  0.1 
   Station B  15 ± 7   70 ± 7   2  0.1 
   Station C  9 ± 6      87 ± 12  1  0.04 
 
II. Reference Sediment with Coal Fly Ash from Power Plants in Brazil and United States 
    Brazil ash  38 ± 8*  35 ± 10*  278  115 
    USA ash  41 ± 11*  25 ± 12*  129  256 
 
III. Reference   11 ± 7   92 ± 11  3  0.05 
__________________________________________
____________________________________ 
 
*Denotes significant difference from reference sediment at P<0.05 (ANOVA, F-test) 



ACCEPTED MANUSCRIPT 
 

Table 2. 

Reproduction parameters in female grass shrimp exposed to sediments from highway 

runoff stations or sediments with coal fly ash 

________________________________________________________________________ 
 
Station or   Embryo production  Embryo hatching Total PAHs 
Experiment  by gravid females  (% hatching into of sediment 
   (% gravid females   zoea stage)           (µg/g sediment) 
   producing embryos)  Mean ± SD (n=3) 
   Mean ± SD (n=3) 
________________________________________________________________________ 
 
Sediments at different distances(in parenthesis) from highway storm drain 
   Station A (0 m)  42 ± 11*   35 ± 5*  28.8 
   Station B (100 m)  53 ± 6    46 ± 13*  12.3 
   Station C (500 m)  65 ± 12   85 ± 6     1.0 
 
Coal fly ash from power plants in Brazil and United States added to reference sedimentsa 
    Brazil ash   52 ± 7*   24 ± 8*     3.4  
    USA ash   30 ± 12*   7  ± 8*      2.9 
 
Reference sediment  71 ± 14   88 ± 4      1.5 
a 400g of coal ash added to 2000 g of reference sediment 
*Denotes significant difference from reference sediment at P< 0.05  (ANOVA, F-test)  
     
 


