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Abstract - The St. Johns River is Florida’s longest river and a valued resource. The river is 
LPSRUWDQW�IRU�WKH�UHJLRQ¶V�HFRORJ\�DQG�VRFLRHFRQRPLFV��+XPDQ�GLVWXUEDQFHV��ÀRRGLQJ�IURP�
hurricanes, and runoff from industrial and wastewater treatment facilities and agricultural 
¿HOGV�LQ�UHFHQW�\HDUV�KDV�SURPSWHG�WKH�QHHG�IRU�DQ�LQFUHDVHG�IUHTXHQF\�LQ�PRQLWRULQJ�RI�WKH�
ZDWHU�TXDOLW\�FRQGLWLRQV�LQ�WKH�6W��-RKQV�5LYHU��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�PHDVXUH�
various water chemistry parameters and metal (cadmium, copper, lead, nickel, silver, and 
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 Land use surrounding the LSJR varies and includes agricultural, industrial, 
urban, suburban, and rural (Fig. 1); therefore, the pollutants and their loading also 
YDU\��3LQWR�HW�DO��������3\DWL�HW�DO���������%RWK�SRLQW�DQG�QRQSRLQW�VRXUFHV�KDYH�
contributed to the pollution in the LSJR over the years, including direct surface 
GLVFKDUJH��DWPRVSKHULF�HPLVVLRQV��DQG�VWRUPZDWHU�UXQRII��3LQWR�HW�DO��������3\DWL�
HW�DO���������$FFRUGLQJ�WR�WKH�7R[LFV�5HOHDVH�,QYHQWRU\��WKH�PDLQ�LQGXVWULHV�UHOHDV-
ing chemicals in the LSJR basin include electric utilities, paper industries, the US 
Department of Defense (e.g., Army National Guard and US Naval stations), metals 
LQGXVWULHV��DQG�SHWUROHXP�LQGXVWULHV��(3$��������1LWUDWHV��DPPRQLD��DQG�PHWDOV�DUH�
DPRQJ�WKH�FKHPLFDOV�UHOHDVHG�LQWR�WKH�/6-5��(3$��������
� ,Q�DGGLWLRQ�WR�WKH�YDULHW\�RI�LQGXVWULHV�GLVFKDUJLQJ�FKHPLFDOV��VWRUPZDWHU�UXQRII�
can carry pollutants from agricultural, silvicultural, urban, and rural areas into the 
ULYHU��%LHOP\HU�)UDVHU�HW�DO��������3LQWR�HW�DO���������1LWURJHQ�DQG�SKRVSKRUXV�DUH�
important components of fertilizers and are therefore found in stormwater runoff 
�&RUUHOO�������&RUUHOO�HW�DO���������,Q�H[FHVV��WKRVH�QXWULHQWV�FDQ�FDXVH�HXWURSKLF�
FRQGLWLRQV� LQ� DQ� DTXDWLF� V\VWHP�� UHVXOWLQJ� LQ� VWLPXODWHG� JURZWK� RI� SK\WRSODQN-
ton and bacteria, and depletion of dissolved oxygen (DO; Jordan et al. 1997a, b; 

)LJXUH�����*,6�PDS�FRQWDLQLQJ��$��VDPSOLQJ�VLWH�ORFDWLRQV��ZLWK�LQVHW�PDS�RI�WKH�6WDWH�RI�
Florida with the St. Johns River highlighted (the box indicates the area of interest), and 
(B) land-use designations in the Lower St. Johns River, FL. Site 1 = Jacksonville Univer-
sity dock, site 2 = Arlington River mouth, site 3 = Arlington River, site 4 = Hogan’s Creek, 
site 5 = Downtown Dry Dock (south of Mathew’s Bridge), site 6 = Superfund site (north of 
Mathew’s Bridge), site 7 = Trout River Bridge, and site 8 = Ribault River Bridge.
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Naumann 1929; Nixon 1995). Additionally, metals have been found in stormwater 
HQWHULQJ�WKH�/6-5�DQG�LQ�WKH�VHGLPHQWV�IURP�SDVW�FRQWDPLQDWLRQ��3LQWR�HW�DO���������
A variety of pollutants have been reported to exceed acceptable limits in the LSJR. 
For example, the US Naval Station at Mayport (Fig. 1) has had 12 exceedances of 
YDULRXV�SROOXWDQWV�LQFOXGLQJ�QLFNHO�DQG�FRSSHU�DW�OHYHOV�DERYH�(3$�FODVV�,,,�ZDWHU�
TXDOLW\�FULWHULD�EHWZHHQ�-DQXDU\������DQG�6HSWHPEHU�������%HUJ�HW�DO���������
� 0HWDO�FRQWDPLQDQWV�KDYH�EHHQ�D�JURZLQJ�SUREOHP�LQ�DTXDWLF�V\VWHPV�GXH�WR�WKHLU�
PDQ\�XVHV�LQ�PRGHUQ�VRFLHW\��%LHOP\HU�)UDVHU�HW�DO��������.OHLQ�������3LQWR�HW�DO��
�������0HWDOV�QDWXUDOO\�HQWHU�DTXDWLF�V\VWHPV�WKURXJK�WKH�ZHDWKHULQJ�DQG�SK\VLFDO�
break down of rock and sediment (Nriagu 1989). However, anthropogenic contri-
EXWLRQV�RI�PHWDOV�LQ�DTXDWLF�HQYLURQPHQWV�DUH�JHQHUDOO\�PXFK�JUHDWHU�WKDQ�QDWXUDO�
FRQWULEXWLRQV� DQG� FDQ� RIWHQ� GLVUXSW� WKH� QDWXUDO� F\FOHV� RI� HOHPHQWV� �(LVOHU� ����D��
1988b, 1993, 1996; Klee and Graedel 2004; Nriagu 1996). Anthropogenic inputs of 
metals from nonpoint sources into rivers occur via agricultural and stormwater run-
off and leachates from metal-based antifouling paints (Bielmyer et al. 2012a, Nriagu 
������3UDWW�HW�DO��������9RXOYRXOLV�HW�DO���������0HWDOV�FDQ�DFFXPXODWH�LQ�ERWK�SODQW�
and animal tissues, cause toxicity, and move through the food chain (Bielmyer et al. 
2005, 2006; Bielmyer-Fraser et al. 2017; Jarvis et al. 2015; Mager and Grosell 2011), 
SRWHQWLDOO\�LPSDFWLQJ�KXPDQV�WKURXJK�FRQVXPSWLRQ�RI�DTXDWLF�VSHFLHV��
 Water chemistry (i.e., salinity, hardness, DO, pH, oxidation–reduction potential 
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�LQGXVWULDO�HIÀXHQW��ZDVWHZDWHU�HIÀXHQW��QRQSRLQW�VRXUFH�FRQWDPLQDQWV���DQG�RWKHUV�
had pollutant exposure from shipyards (metal structures and anti-foulant paints) and 
FRQWDPLQDWLRQ�LVVXHV��(3$�6XSHUIXQG�VLWH���$GGLWLRQDOO\��DW�PDQ\�RI�WKHVH�VLWHV��PHW-
al concentrations have not been routinely measured by government agencies since 
2016. Although we did not identify a reference or control site, we hypothesized that 
the degree and types of contamination at each site would vary. 

Field sampling
� $W�HDFK�VLWH��ZH�UHFRUGHG�*36�ODWLWXGH�DQG�ORQJLWXGH�FRRUGLQDWHV��7KH�VDPSOLQJ�
at each site occurred as close to the shore as possible, but it was not a consistent 
distance at every site because of varying depth. We measured DO, temperature, 
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 To assess the health of the LSJR, we compared metal data to the Florida ambi-
HQW�ZDWHU�TXDOLW\�VWDQGDUGV��LQFOXGLQJ�(3$�FODVV�,,,�ZDWHU�TXDOLW\�FULWHULRQ�YDOXHV�
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WKLV�VWXG\��VDOLQLW\�ÀXFWXDWHG�IURP���WR����SSW�DW�WKH���VLWHV�LQ�WKH�/6-5��)LJ���$���
$FURVV�DOO�WKH�VDPSOLQJ�WLPHV��VDOLQLW\�ZDV�QRW�VLJQL¿FDQWO\�GLIIHUHQW�DPRQJ�VLWHV��
KRZHYHU�� VDOLQLW\�ZDV� VLJQL¿FDQWO\�GLIIHUHQW� DPRQJ� VDPSOLQJ� WLPHV� �P�����������
6LJQL¿FDQW� GLIIHUHQFHV� DPRQJ� VDPSOLQJ� WLPHV� ZHUH� DOVR� REVHUYHG� IRU� KDUGQHVV�
(varying from 108 to 4360 mg CaCO3�/��P�����������DONDOLQLW\��YDU\LQJ�IURP����
to 500 mg CaCO3�/��P����������DQG�S+��YDU\LQJ�IURP������WR�������P����������DW�
the 8 sites in the LSJR (Fig. 3). Salinity, pH, hardness, and alkalinity all had strong 
SRVLWLYH� FRUUHODWLRQV� �7DEOH� ����7HPSHUDWXUH� ÀXFWXDWHG� VHDVRQDOO\� ZLWK� WKH� ORZ-
est temperatures in the winter and highest temperatures in the summer; DO was 

)LJXUH�����&RQFHQWUDWLRQV�RI��$��FDGPLXP���%��FRSSHU���&��OHDG���'��QLFNHO���(��VLOYHU��DQG�
(F) zinc in subsurface water samples collected at 8 sites (see Fig. 1) in the Lower St. Johns 
River, FL, from January 2017 to April 2019. Solid lines indicate the freshwater (FW) crite-
rion, and dashed lines indicate saltwater (SW) criterion values for each metal.



589

G. Bielmyer-Fraser, K. Llazar, J. Ramirez, A. Ward, and F. Santiago
2020 Vol. 19, No. 3

LQYHUVHO\�FRUUHODWHG�ZLWK�WHPSHUDWXUH��)LJ���(��)��7DEOH�����3UHFLSLWDWLRQ�ZDV�JUHDW-
HVW� LQ�WKH�VXPPHU�PRQWKV��0D\±6HSWHPEHU��)LJ������DQG�ZH�REVHUYHG�VLJQL¿FDQW�
changes in water chemistry (e.g., salinity and hardness; Fig. 3) following these peri-
RGV��DV�ZHOO�DV�DIWHU�WKH�VLJQL¿FDQW�ÀRRGLQJ�IURP�+XUULFDQH�,UPD����±���6HSWHPEHU�
������)LJ�����&DQJLDORVL�HW�DO���������6DOLQLW\�GHFUHDVHG�VXEVWDQWLDOO\�����SSW��LQ�WKH�
ZHHNV�IROORZLQJ�+XUULFDQH�,UPD��2FWREHU������VDPSOLQJ�GDWH��)LJ�����
 The concentrations of nutrients (nitrate, nitrite, ammonia, and phosphate) were 
generally low, with exception of ammonia in 2017, where higher levels were ob-
VHUYHG��)LJ������1R�VLWH�VSHFL¿F�GLIIHUHQFHV�ZHUH�REVHUYHG�DPRQJ�WKHVH�YDULDEOHV�
even with the spikes in ammonia, particularly at site 1. Temporal differences only 

)LJXUH����� �$��6DOLQLW\�� �%��S+�� �&��KDUGQHVV�� �'��DONDOLQLW\�� �(��GLVVROYHG�R[\JHQ� �'2���
and (F) temperature in subsurface water samples collected at 8 sites (see Fig. 1 legend) in 
the Lower St. Johns River, FL, from January 2017 to April 2019. The dashed vertical line 
UHSUHVHQWV�WKH�RFFXUUHQFH�RI�+XUULFDQH�,UPD��
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/6-5�FRXOG�KDYH�FRQIRXQGHG�GHWHFWLRQ�RI�VLWH�VSHFL¿F�GLIIHUHQFHV��0RUH�UHVHDUFK�
is needed to elucidate this issue. 
 As metals enter the water column, they may remain suspended for varying 
lengths of time and accumulate in biota (DiToro et al. 2001). Metals ultimately 
ELQG�WR�WKH�VHGLPHQW�OD\HU�DQG�WKH�WLPHIUDPH�RI�WKLV�SURFHVV�LV� LQÀXHQFHG�E\�WKH�
abiotic and biotic factors at the site. Resuspension of metals into interstitial water 
may also occur with disturbance of the sediment through activities such as dredging 
(Hall 1989, Nayar et al. 2004, Reichert and Jones 1994). The most recent dredging 
SURMHFW�LQ�WKH�/6-5�EHJDQ�LQ�)HEUXDU\������E\�-D[3RUW��DQG�D�PDUNHG�LQFUHDVH�LQ�
metal concentrations was observed for several of the metals tested (e.g., cadmium, 
zinc, nickel, lead) at the 8 sampling sites in this study. For more than 20 years, 
metals in the sediments of the LSJR have been elevated above background levels 
�3LQWR�HW�DO���������12$$��������UHSRUWHG�HOHYDWHG�FRQFHQWUDWLRQV�RI�FKURPLXP��
zinc, cadmium, lead, and mercury in many of the LSJR sediment samples analyzed 
since 2000. Other studies have reported differences in metal concentrations in water 
and sediment due to dredging activities (Hall 1989, Nayar et al. 2004). Nayar et al. 
(2004) reported resuspension of metals during intensive dredging which resulted 
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LSJR, concentrations of commonly used metals such as copper (Bielmyer et al. 
����D�� H[FHHGHG� DFFHSWDEOH� OLPLWV� �ZDWHU� TXDOLW\� FULWHULD�� PRUH� IUHTXHQWO\� WKDQ�
some other metals tested, and no correlations with rainfall or dredging activities 
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3RH\��0DQJURYH�5LYXOXV��%LHOP\HU�)UDVHU�HW�DO���������ZHUH�DOVR�VLPLODU�WR�WKRVH�
detected in this study. Grosell et al. (2006) reported LC50 values for Fathead Min-
QRZ�RI�����WR�������J�/�OHDG�LQ�ZDWHUV�RI�YDU\LQJ�ZDWHU�FKHPLVWU\��7KH�KLJKHVW�OHDG�
FRQFHQWUDWLRQV�GHWHFWHG�LQ�WKH�/6-5�LQ�RXU�VWXG\�ZHUH����±�����J�/�OHDG��GHWHFWHG�
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example, in laboratory studies, decreasing salinity and hardness increased the 
toxicity of zinc, nickel, and cadmium to 2 estuarine fish species, Mummichog and 
Mangrove Rivulus (Bielmyer et al. 2012b, 2013; Bielmyer-Fraser et al. 2018). 
Likewise, Blanchard and Grosell (2006) reported altered copper toxicity to Mum-
PLFKRJV� ZLWK� FKDQJLQJ� VDOLQLW\�� )ROORZLQJ� +XUULFDQH� ,UPD�� VDOLQLW\� GHFUHDVHG�
ZKLOH�FRSSHU�DQG�VLOYHU�FRQFHQWUDWLRQV�LQFUHDVHG�DERYH�(3$�&ODVV�,,,�ZDWHU�TXDO-
LW\�FULWHULD�DW�VLWH����WKHUHIRUH��DTXDWLF�RUJDQLVPV�PD\�KDYH�EHHQ�PRUH�VXVFHSWLEOH�
to toxicity during that time.
� ,Q�DGGLWLRQ�WR�PHWDOV��H[FHVV�OHYHOV�RI�QLWURJHQ�DQG�SKRVSKRUXV�FDQ�FDXVH�KDUP-
IXO�HIIHFWV� LQ�DTXDWLF�V\VWHPV�� LQFOXGLQJ�HXWURSKLFDWLRQ�DQG�LQFUHDVHG�RFFXUUHQFH�
RI�DOJDO�EORRPV� �$QGHUVRQ�HW�DO��������� ,Q� WKH�SUHVHQW� VWXG\��QLWUDWH��QLWULWH�� DQG�
to some extent ammonia (except for a couple values) were relatively low. These 
forms of nitrogen are commonly found in the environment and interconvert to each 
other with microbial actions and different conditions such as oxygen availability 
and pH (Wright and Nebel 2008). Ammonia is a naturally occurring waste product 
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ZHUH�DERYH�WKHVH�OLPLWV�DQG�VKRXOG�WKHUHIRUH�EH�SURWHFWLYH��,W�VKRXOG�EH�QRWHG�WKDW�
VDPSOLQJ�GXULQJ�GLIIHUHQW� WLPHV�RI� WKH�GD\�FRXOG�DIIHFW� WKH�'2�FRQFHQWUDWLRQ�� ,Q�
addition to sampling time, temperature, salinity, organic matter, nutrients, biologi-
cal activity (e.g., photosynthesis, respiration) and other parameters can affect the 
DO concentration in a water body (Wetzel 2001).
� ,Q�VXPPDU\��WKLV�VWXG\�SURYLGHG�UHIHUHQFH�YDOXHV�IRU�YDULRXV�ZDWHU�TXDOLW\�YDUL-
ables and metal contaminants in the main stem and select tributaries of the LSJR 
over several years, which may be used for future research. To date, temporal differ-
ences, resulting from seasonal changes and episodic storm events, have been more 
VLJQL¿FDQW�WKDQ�VLWH�VSHFL¿F�GLIIHUHQFHV��:H�K\SRWKHVL]HG�WKDW�WKHUH�ZRXOG�EH�VLJ-
QL¿FDQW�GLIIHUHQFHV�LQ�WKHVH�SDUDPHWHUV�DPRQJ�VLWHV��HYHQ�WKRXJK�DOO�WKH�VLWHV�ZHUH�
affected to some degree by anthropogenic inputs, yet few differences were detected. 
,W� LV� LPSRUWDQW� WR�QRWH� WKDW� VLWH�VSHFL¿F�GLIIHUHQFHV� FRXOG�KDYH�EHHQ� FRQIRXQGHG�
LQ�SDUW�E\�WKH�RFFXUUHQFH�RI�VWRUPV�DQG�ÀRRGLQJ�LQ�WKH�/6-5��WKHUHIRUH�DGGLWLRQDO�
research is needed in dryer years to determine these impacts. All metals analyzed, 
H[FHSW�]LQF��ÀXFWXDWHG�DERYH�IUHVKZDWHU�DQG�VDOWZDWHU�TXDOLW\�FULWHULD�� LQGLFDWLQJ�
SRWHQWLDO�WKUHDWV�WR�DTXDWLF�ELRWD��0RUH�UHVHDUFK�LV�QHHGHG�WR�DVVHVV�WKH�HIIHFWV�RI�
PHWDO�SROOXWDQWV�DQG�FKDQJLQJ�ZDWHU�FKHPLVWU\�RQ�WKH�KHDOWK�RI�WKH�ÀRUD�DQG�IDXQD�
in the LSJR. We hope to continue to research these issues and assess correlations 
EHWZHHQ�ZDWHU�TXDOLW\�DQG�SK\WRSODQNWRQ�GLVWULEXWLRQ�
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