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ABSTRACT 20 

Coastal and estuarine regions are important areas of mercury pollution. Therefore, it is important 21 

to properly characterize the sources and bioaccumulation processes of mercury in these regions. 22 

Here, we present mercury stable isotopic compositions in 18 species of wild marine fish collected 23 

from the Pearl River Estuary (PRE), south China. Our results showed variations in mass-24 

independent fractionation (Δ199Hg:  +0.05 ± 0.10‰ to +0.59 ± 0.30‰) with a Δ199Hg / Δ201Hg of 25 

~1.26, suggesting that aqueous MeHg underwent photo-degradation prior to incorporation into the 26 

food chain. For the results, we discovered small but significant differences of Δ199Hg values among 27 

herbivorous, demersal, and carnivorous fish, indicating that different feeding guilds of fish may 28 

have incorporated MeHg with various degrees of photo-demethylation. The consistent mercury 29 

isotope compositions between fish feeding habitat and mercury sources in the estuary provide 30 

potentially important findings on the transformation and bioaccumulation of this toxic metal in 31 

subtropical coastal environments. 32 

 33 

INTRODUCTION 34 

Mercury (Hg), a global pollutant, is released into the environ- ment from both natural and 35 

anthropogenic sources. In an aqueous environment, inorganic Hg (IHg) can form methyl mercury 36 

(MeHg), a more toxic form that is readily bioaccumulated and biomagnified in aquatic food chains, 37 

posing a significant threat to aquatic eco- systems and human health (Fitzgerald et al., 2007; Blum 38 

et al., 2013). Anthropogenic activities have greatly altered the sources and biogeochemical 39 

processes of Hg, however, its impact on the transformation and bioaccumulation in the aqueous 40 

environment is less clear (Fitzgerald et al., 2007). 41 



With the recent documentation showing that Hg isotopes exhibit mass-dependent fractionation 42 

(MDF, as δ202Hg values) and mass-independent fractionation (MIF, as Δ199Hg values), Hg isotope 43 

geochemistry has greatly increased our understanding of the sources and fates of this toxin 44 

(Hintelmann, 2012; Blum et al., 2014; Yin et al., 2010a, 2014). Similar to δ13C and δ15N, Hg 45 

isotopes may offer insights into the sources and biogeochemical behavior of Hg in food webs 46 

(Bergquist and Blum, 2007; Senn et al., 2010; Jackson et al., 2008; Das et al., 2009; Gantner et al., 47 

2009; Laffont et al., 2009, 2011; Gehrke et al., 2011; Perrot et al., 2010, 2012; Kwon 48 

et al., 2012, 2013, 2014; Blum et al., 2013; Li et al., 2014). 49 

The δ202Hg values have been applied to link fish and Hg sources. For instance, a strong correlation 50 

between d202Hg in fish and that in co-located intertidal sediments was found in the San Francisco 51 

Estuary, USA (Gehrke et al., 2011). However, the use of fish δ202Hg to trace Hg sources was called 52 

into question by the occurrence of Hg- MDF during Hg bioaccumulation (Jackson et al., 2008; Das 53 

et al., 2009). Higher δ202Hg values have been observed in mammal predators [e.g., humans 54 

(Laffont et al., 2009, 2011; Sherman et al., 2013), whales (Li et al., 2014), seals (Perrot et al., 55 

2012), and birds (Point et al., 2011)] than in their fish prey. Recent studies observed no Hg-MDF 56 

during MeHg bioaccumulation by fish (Kwon et al., 2012, 2013), whereas intestinal MeHg 57 

degradation can cause significant MDF in mammals (Sherman et al., 2013). The most intriguing 58 

finding is the observation of Hg-MIF in fish (Bergquist and Blum, 2007; Jackson et al., 2008; Das 59 

et al., 2009; Gantner et al., 2009; Laffont et al., 2009, 2011; Gehrke et al., 2011; Perrot  et al., 2010, 60 

2012; Senn et al., 2010; Kwon et al., 2012, 2013, 2014; Blum et al., 2013; Li et al., 2014). The 61 

Hg-MIF in fish was initially explained to be caused during in vivo biological processes (Das et al., 62 

2009), whereas such an explanation is not supported by the observation of no Hg-MIF during 63 

microbial transformations (Rodríguez-Gonza,lez  et  al.,  2009;  Kritee  et  al.,  2013;  Jime,nez- 64 



Moreno et al., 2013), bioaccumulation and trophic transfer (Laffont et al., 2009, 2011; Perrot et 65 

al., 2012; Kwon et al., 2012, 2013; Blum et al., 2013). The Hg-MIF in fish was later explained by 66 

the aqueous MeHg photo-degradation process prior to bio- accumulation, due to the fact that >90% 67 

of Hg in fish is MeHg (Blum et al., 2013). With unperturbed Hg-MIF during bioaccumulation, it 68 

is speculated that fish Hg-MIF can provide important information on the photochemical cycling of 69 

MeHg in aquatic ecosystems (Bergquist and Blum, 2007; Blum et al., 2013). For instance, higher 70 

Hg-MIF (Δ199Hg > 1‰) has been documented in pelagic fish than in coastal fish (Δ199Hg < 1‰), 71 

indicating that MeHg in the open ocean water column is subjected to more photo-degradation than 72 

in coastal waters (Gehrke et al., 2011; Senn et al., 2010; Blum et al., 2013; Kwon et al., 2014). A 73 

systematic decline in Δ199Hg values with the depth of fish feed was observed, suggesting that Hg-74 

MIF can be a good indicator of the feeding depth of fish (Blum et al., 2013). 75 

The Pearl River Estuary (PRE) is a subtropical estuary located in the northern part of the South 76 

China Sea (SCS) (Fig. 1). During the last few decades, rapid economic development in the 77 

surrounding Pearl River Delta (PRD) region has led to excessive discharges of Hg and other 78 

pollutants into the PRE (Fu et al., 2010; Liu et al., 2011, 2012). Our recent study investigated Hg 79 

isotopes in surface sediments of the PRE, which indicated that the PRE receives Hg from 80 

atmospheric deposition, industrial waste discharges, urban emissions, and watershed runoff, with 81 

distinct Hg isotopic signatures (Yin et al., 2015). However, the impact of Hg pollution on the bio- 82 

accumulation in the aquatic food web in such a subtropical region is poorly understood. Here, we 83 

investigated the Hg isotopic variations in 18 fish species in the PRE. The objectives of this study 84 

were (1) to investigate the sources of MeHg in different feeding guilds of fish; (2) to evaluate the 85 

capability of Hg isotopes in tracking Hg through aquatic food webs using Hg isotopes; and (3) to 86 

evaluate the potential effect of human activities on Hg dynamics in food webs of the PRE. 87 



MATERIALS AND METHODS 88 

Fish Sampling 89 

The PRE (Fig. 1) covers an area of ~2000 km2, with depths varying from 0 to 30 m. The average 90 

distance is 49 km from north to south, and 4—58 km from east to west (Shi et al., 2010; Yin et al., 91 

2015). A total of 39 individual fish from 18 species of fish were collected in the PRE from August 92 

to December 2011. Details of the processing of the samples, the total mercury (THg) 93 

concentrations (9.5 ± 2.4 to 53 ± 15.2 ng g-1 wet weight), the MeHg concentrations (8.4 ± 1.9 to 94 

50.3 ± 16.0 ng g-1 wet weight), the δ15N (10.2 ± 0.4‰ to 18.7 ± 0.4‰), and the δ13N (—23.4 ± 95 

0.5‰ to 16.9 ± 0.2‰) of the fish samples have been given by Pan et al. (2014). The average 96 

fraction of MeHg (FMeHg) in the fish ranged from 87.6 ± 4.8% to 102.5 ± 7.8%, consistent with the 97 

previous finding that the majority of the Hg in fish was MeHg (Fitzgerald et al., 2007; Blum et al., 98 

2013). The analyses of Hg isotopes performed in this study were for THg. Based on THg, δ15N 99 

data, and dietary information, the fish in the PRE can be categorized into three main groups: 100 

herbivorous, demersal, and carnivorous (Fig. 2). 101 

 102 

Hg isotopic composition analysis 103 

About 0.5 g of dried samples (wet/dry ratio: 4.2—4.5) were weighed and digested at 95℃ for 3 h 104 

with a 10 mL acid mixture (HNO3:H2SO4 7:3, v/v). About 500 µL of BrCl was later added to each 105 

sample and kept for 12 h to allow the conversion of Hg to Hg(II). Then, 5 mL of a 20 M sodium 106 

hydroxide (NaOH) solution were slowly added to each digest to ensure that the acid concentration 107 

was <20%. Finally, the digests were diluted to 1—3 ng mL-1 of Hg using Milli-Q water (18.2MΩ 108 

cm). Certified reference material (TORT-2, Lobster Hepatopancreas) was prepared in the same 109 



way as the fish samples. The THg recovery of TORT-2 was in the range of 94—109% (n=6). A 110 

mercury isotope analysis was based on a sample-standard bracketing method validated by Yin et 111 

al. (2010b). The bracketing standard solutions (NIST SRM 3133) in a 10% acid solution 112 

(HNO3:H2SO4 = 7:3, v/v) were adjusted to within 10% of the THg concentration in the fish digests. 113 

Mercury isotope compositions are reported in terms of per mil deviations from the NIST SRM 114 

3133 Hg standard and expressed in delta notation (Blum and Bergquist, 2007): 115 

 116 

and xxx represent the mass of Hg isotopes between 199 and 202. Hg-MIF is reported in DxxxHg 117 

notation (deviation from mass dependency in units of permil,‰) using the following formulas 118 

(Blum and Bergquist, 2007): 119 

 120 

Replicate digests were prepared for each fish sample (n = 2) and standard reference material 121 

(TORT-2) (n = 6). The UM-Almaden standard solution was measured once in every 10 samples. 122 

Data uncertainties in this study corresponded to the larger value of the measurement uncertainty 123 

of either the replicate fish digests or UMAlmaden. Measurements of UM-Almaden (δ202Hg: —124 

0.49 ± 0.11‰; Δ199Hg: —0.05 ± 0.08‰; Δ201Hg: —0.05 ± 0.06‰; 2σ, n = 11) were consistent 125 

with previous data (Blum and Bergquist, 2007). As shown in Table 1, the TORT-2 (Δ202Hg: —126 

0.09 ± 0.12‰, Δ199Hg: —0.73 ± 0.08‰, Δ201Hg: —0.55 ± 0.08‰, 2 σ, n＝6) was within the range 127 

of errors of previous studies (Masbou et al., 2013; Tsui et al., 2012; Kwon et al., 2014). 128 



RESULTS AND DISCUSSION 129 

Differences in Hg isotope compositions between sediments and fish in the PRE 130 

The Hg isotopic compositions of the 18 species of fish are summarized in Table S1 of Supporting 131 

Information. Various degrees of both δ202Hg (—0.22 ± 0.10‰ to ＋0.38 ± 0.10‰) and Δ199Hg 132 

(—0.05 ± 0.10‰ to ＋0.59 ± 0.30‰) (Fig. 2A and B) were observed among different feeding 133 

guilds of fish, which may be interpreted as having been caused by the mixing of isotopically 134 

distinct sources and isotope fractionation during Hg biogeochemical cycling in sediments (or 135 

water column) and during trophic transfer to fish (Bergquist and Blum, 2007; Jackson et al., 2008; 136 

Das et al., 2009; Gantner et al., 2009; Laffont et al., 2009, 2011; Gehrke et al., 2011; Senn et 137 

al., 2010; Perrot et al., 2010, 2012; Kwon et al., 2012, 2013, 2014; Blum et al., 2013; Li et al., 138 

2014). 139 

In the PRE, Hg is released into the environment mainly ininorganic Hg (IHg) forms (Yin et al., 140 

2015). Inorganic Hg is subsequently converted to MeHg in deep anoxic water and sediments by 141 

sulfate- and iron-reducing bacteria (Fitzgerald et al., 2007; Kwon et al., 2014). An apparent 142 

increase in MeHg versus d13C was observed in the PRE fish, suggesting that the trophic transfer 143 

of MeHgwas largely via the benthic pathway. In the PRE, high levels of MeHg in sediments (Shi 144 

et al., 2010) and high fractions of MeHg in seawater (~10%) have been reported (Fu et al., 2010), 145 

compared to the much lower fractions of MeHg (~1%) in precipitation and river waters (Fu et 146 

al., 2010; Liu et al., 2012). This indicates that externalsources of MeHg (e.g., riverine and 147 

atmospheric inputs of MeHg) are generally limited in the PRE. The Hg isotopic compositions of 148 

the PRE sediments have been investigated and characterized to have relative low δ202Hg (—1.92‰ 149 

to —0.68‰, n＝27) and Δ199Hg (—0.15 to ＋0.16‰, n＝27) values (Yin et al., 2015). The 150 



observation of the isotopic differences between fish and sediments is important for understanding 151 

the biogeochemical cycling of Hg in the PRE. The positive offset in δ202Hg between fish and 152 

sediment in this study is well agreed with numerous recent studies. As no Hg-MDF has been 153 

demonstrated to occur during the assimilation of Hg by fish (Kwon et al., 2012, 2013), we suggest 154 

that fish mainly assimilate Hg with higher δ202Hg values. d202Hg reported in this study are for 155 

bulk fish Hg, which contains the dominant fraction of MeHg and minor IHg (Table S1). The IHg 156 

in the PRE fish may represent the bioavailable IHg in sediments and water column, while MeHg 157 

mainly comes from Hg methylation of the bioavailable IHg fractions. Bioavailable IHg species 158 

have been reported as being characterized by higher δ202Hg values (Yin et al., 2013a). The loss of 159 

lighter Hg isotopes during Hg adsorption of sediment particles [containing thiol (Wiederhold et 160 

al., 2010) and goethite (Jiska et al., 2012), Hg(II) photo-reduction (Bergquist and Blum, 2007; 161 

Zheng and Hintelmann, 2009), microbial Hg(II) reduction (Kritee et al., 2013), and evasion 162 

processes (Zheng et al., 2007) can shift the bioavailable IHg to higher δ202Hg values. In sediments 163 

and bottom water, MeHg is expected to have relative lower δ202Hg than the IHg, because 164 

preferential methylation of light Hg isotopes has been demonstrated during biotic and abiotic 165 

methylation of bioavailable IHg (Rodríguez-Gonzalez et al., 2009; Jimenez-Moreno et al., 2013). 166 

However, once transported to the surface water column via diffusion, advection and resuspension 167 

processes, subsequent photo- and microbial-demethylation of Hg can shift the MeHg toward 168 

higher δ202Hg values (Bergquist and Blum, 2007; Kritee et al., 2013). Differences in water 169 

conditions (e.g., depth and water clarity) may cause significant variations in the isotopic signatures 170 

of IHg and MeHg in water column and fish among different regions (Blum et al., 2013). For 171 

instance, Masbou et al. (2013) reported higher δ202Hg in MeHg than in the IHg fraction, while 172 

Jackson et al. (2008) demonstrated higher δ202Hg in IHg than in the MeHg fraction. In this study, 173 



negative correlations between fish δ202Hg and THg (Fig. 3A, p < 0.05, ANOVA) were observed, 174 

which contrasts with the findings reported in previous literature (Bergquist and Blum, 2007). 175 

However, no clear correlation between δ202Hg and FMeHg can be found (p > 0.3, ANOVA). Given 176 

the fact that the fish collection represents diverse feeding habitats in different locations of the PRE, 177 

it is still unclear whether the δ202Hg variability represents the variability of MeHg with isotopically 178 

distinct sources, or a mixing of IHg (with high δ202Hg) and MeHg (with low δ202Hg). Hence, more 179 

studies are needed in the future to investigate the key processes involved in the subtropical estuary. 180 

Compared to the PRE sediments, small positive Δ199Hg values were observed for the fish in the 181 

PRE (Fig. 2A). No clear correlations were observed between THg and Δ199Hg (Fig. 3B, p > 0.10, 182 

ANOVA), or between FMeHg and Δ199Hg (p > 0.10, ANOVA). Insignificant Hg- MIF during 183 

bioaccumulation and trophic transfer have been documented in prey-predator (e.g., fish-human, 184 

fish-seal) (Laffont et al., 2009, 2011; Point et al., 2011; Perrot et al., 2012; Sherman et al., 2013; 185 

Li et al., 2014) and plant studies (e.g., rice and aspen tree) (Demers et al., 2013; Yin et al., 2013b), 186 

as well as fish feeding experiments (Kwon et al., 2012, 2013). The Hg-MIF has been understood 187 

by the nuclear volume effect (NVE) and the magnetic isotope effect (MIE) (Schauble, 2007; 188 

Buchachenko et al., 2007). In laboratory experiments, the NVEwas observed during several 189 

processes [e.g., elemental Hg volatilization (Estrade et al., 2009), the non-photo reduction of Hg 190 

species (Zheng and Hintelmann, 2010), and Hg-thiol complexation (Wiederhold et al., 2010)], 191 

demonstrating Δ199Hg / Δ201Hg of ~1.6. These processes may not represent the Hg-MIF in the PRE 192 

fish because the linear regression of Δ199Hg and Δ201Hg yielded a slope of 1.26 (Fig. 4, p < 0.05, 193 

ANOVA), which is consistent with fish in other coastal regions (Gehrke et al., 2011; Senn et al., 194 

2010; Kwon et al., 2014). Laboratory experiments on the aqueous MeHg photo-degradation 195 

induced by MIE showed Δ199Hg / Δ201Hg of ~1.3, which was in accordance with the Δ199Hg / 196 



Δ201Hg observed in the PRE fish (Bergquist and Blum, 2007). Hence, it is thought that the Hg-197 

MIF is probably first generated by the MeHg photo-degradation prior to being transferred to fish. 198 

 199 

Using Hg-MIF to differentiate aquatic trophic structures 200 

Once methylated, MeHg can be released to the water column via diffusion, advection, and 201 

resuspension, and subjected to photodegradation prior to being transferred to fish via food uptake 202 

and bioaccumulation (Kwon et al., 2013). Therefore, Hg-MIF in fish can reveal important 203 

information on the MeHg exposure pathways and characteristics of water columns (Bergquist and 204 

Blum, 2007; Gantner et al., 2009; Gehrke et al., 2011; Senn et al., 2010; Blum et al., 2013; Sherman 205 

and Blum, 2013; Kwon et al., 2014). In the present study, both demersal fish and herbivorous fish 206 

showed lower THg and δ15N values (Table 2 and Fig. 5). A possible explanation for this is the fact 207 

that demersal fish mainly inhabit and feed on benthic organisms in bottom waters (close to 208 

sediment interface), and herbivorous fish mainly live and feed on algae and seagrass in the photic 209 

zone (Table S1). Large differences in Δ199Hg values (p < 0.05, ANOVA) were observed between 210 

demersal fish (mean: ＋0.10 ± 0.07‰, σ, n＝10) and herbivorous fish (mean: ＋0.36 ± 0.18‰, σ, 211 

n＝10). The offset of Hg-MIF between the pelagic and benthic organisms was also reported in 212 

several arctic lakes (Gantner et al., 2009) and in the North Pacific Subtropical Gyre (Blum et al., 213 

2013). The low Hg-MIF in demersal fish confirms that the source of MeHg in the PRE fish was 214 

largely via the benthic pathways.We suggested that demersal fish are mainly exposed to a benthic 215 

MeHg source that has not undergone much photochemical breakdown, while herbivorous fish are 216 

more likely to represent MeHg that has undergone intensive photo-degradation in surface waters. 217 

Carnivorous fish show intermediate mean Δ199Hg value (＋0.24 ± 0.09‰, σ, n＝20) between that 218 



of demersal and herbivorous fish (Table 2). Carnivorous fish with the highest THg and δ15N values 219 

(Fig. 2) suggest that such fish prey upon herbivorous, demersal fish, and other marine species, 220 

which will result in the intermediate Hg-MIF (Fig. 5). This further supports the hypothesis that the 221 

Hg-MIF in biological samples is directly constrained by the isotopic signature of the assimilated 222 

MeHg, rather than by in vivo mass-independent isotope fractionation (Blum et al., 2013; Kwon et 223 

al., 2012, 2013). 224 

 225 

Low Hg-MIF in the PRE fish 226 

Fig. 4 shows differences in Hg-MIF among fish from different geographic areas. In comparison 227 

with fish in the open ocean (Senn et al., 2010; Blum et al., 2013), much smaller Hg-MIF was 228 

observed in fish in the PRE and other coastal areas (Gehrke et al., 2011; Kwon et al., 2014), 229 

indicating that MeHg has undergone much less photodegradation before entering the coastal food 230 

web. Differences in water circulation between the pelagic and coastal areas may be responsible for 231 

the variability of fish Hg-MIF caused by the MeHg photo-degradation (Senn et al., 2010). The Hg-232 

MIF signatures in fish have been used to represent the degree of MeHg photodegradation in the 233 

water column (Blum et al., 2013; Sherman et al., 2013; Kwon et al., 2014). In the PRE, a low rate 234 

of MeHg photo-degradation is expected due to low water clarity in the PRE (generally < 1 m) and 235 

to the riverine transport of large volumes of suspended particulate matter (Liu et al., 2012; Yin et 236 

al., 2015). We estimated the percentage of MeHg photo-degradation based on the Δ199Hg values 237 

of the PRE fish. We calculated the expected relationship between Δ199Hg and the fraction of Hg2+ 238 

remaining in the aqueous system according to: 239 

 240 



Where f represents the fraction of MeHg that was photodemethylated; Δ199Hgi represents the initial 241 

Δ199Hg value (Δ199Hgi = 0), and Δ199Hgt represents the Δ199Hg value at a given time (here we use 242 

the fish data). The slope (S) is calculated by plotting 103*ln[(10-3 Δ199Hgt + 1)/( 10-3 Δ199Hgi + 1)] 243 

versus ln(1—f) for the relevant MeHg photo-degradation (Bergquist and Blum, 2007). For the 10 244 

mg/L DOC photo-reductions of Hg2+ experiment, S  =  —7.82. Finally, we estimated that less than 245 

10% of MeHg is photo-degraded prior to entering the food web. 246 

 247 

CONCLUSION 248 

Coastal areas such as the PRE have received Hg inputs from natural and anthropogenic sources 249 

(Yin et al., 2015). Methylation of Hg in deep anoxic waters and sediments contributes to the domi- 250 

nant sources of Hg in aquatic ecosystems (Kwon et al., 2014). In the surface water column, MeHg 251 

can be subjected to photo- degradation prior to being bioaccumulated into aquatic food webs; 252 

hence, Hg-MIF can be subsequently coded in fish. The pre- sent study observed much lower Hg-253 

MIF in the PRE fish compared to other coastal and oceanic fish, indicating that much less MeHg 254 

photo-degradation occurs in the PRE than in coastal and oceanic waters. The environmental risk 255 

associated with MeHg in fish can increase due to the low efficiency of MeHg photo-degradation. 256 

As a result, Hg-MIF in fish can be used to evaluate the process of MeHg accumulation. This study 257 

documented for significant variability in Hg-MIF among herbivorous, demersal, and carnivorous 258 

fish species, suggesting that different feeding guilds of fish may have incorpo- rated MeHg with 259 

various degrees of photo-demethylation in the water column. Based on these results, we concluded 260 

that Hg iso- topes (especially Hg-MIF) can be a powerful tool for revealing the exposure pathways 261 

and geochemical behaviors of MeHg in coastal food webs. 262 
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Fig. 1. Map showing the Pearl River Estuary (PRE), South China. 276 

  277 

Fig. 2. δ202Hg (A), Δ199Hg (B), THg (C) and δ15N (D) values in herbivorous [1. Flathead grey 278 
mullet (n = 2); 2.Western Pacific gizzard shad (n = 3); 3. Taiwanese mullet (n = 2) and 4. Silver 279 
pomfret (n = 2)], demersal [(5. Shortnose ponyfish (n = 2); 6. Large scale mullet (n = 2); 7. Mottled 280 
spinefoot (n = 2); 8. Speckled tonguesole (n = 2) and 9. Largescale tonguesole (n = 2)] and 281 
carnivorous fish [10. Belanger's croaker (n = 2); 11. Donkey croaker (n = 2); 12. Bartail flathead 282 
(n = 2); 13. Banded grouper (n = 2); 14. Devil stinger (n = 2); 15. Russell's Jewfish (n = 3); 16. 283 
Striped Catfish (n = 2); 17. Longtooth grouper (n = 3) and 18. Yellow Drum (n = 2)]. (For 284 
interpretation of the references to colour in this figure legend, the reader is referred to the web 285 
version of this article.) 286 



 287 

Fig. 3. Correlations of THg to δ202Hg (A) and Δ199Hg (B) in the PRE fish. 288 

 289 

 290 

 291 

Fig. 4. Mass-independent fractionation of Hg in coastal and oceanic fish. Oceanic fishes were 292 
collected from Gulf of Mexico (Senn et al., 2010) and North Pacific Ocean (Blum et al., 2013); 293 
Coastal fishes were collected from Terrebonne Bay (Senn et al., 2010), San Francisco Estuary 294 
(Gehrke et al., 2011) and the Northeast coast estuaries (Kwon et al., 2014) of United States 295 



 296 

Fig. 5. Utilization of THg and Δ199Hg to distinguish Hg sources in the PRE fish. ANOVA tests 297 
indicate statistic differences in Δ199Hg values between herbivorous and demersal fish (P < 0.05), 298 
and statistically higher THg values for carnivorous fish than herbivorous and demersal fish (P < 299 
0.05). Insignificant correlations can be observed with each group of fish, and the combined data 300 
(P > 0.2, ANOVA). 301 

 302 

 303 
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