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S U M M A R Y 

The smooth cord marsh grass Spartina alterniflora was shown to be an 

effective agent in the uptake and transfer of the pollutant heavy metal mercury. 

Experiments were conducted as to the uptake, accumulation, and release of in­

organic and organic mercury. These experiments were conducted using tagged 

Mercury 203 and Methyl mercury 203. 

Uptake rates of plant detritus as well as live plants were established. 

Mercury 203 and Methylmercury 203 were shown to be taken up at extremely 

rapid rates and usually concentrated in the plant root system. Results show 

that approximately 20-25% of available Hg 203 and MeHg 203 was taken up by 

Spartina root systems at equilibrium. Transfer to other portions of plants 

was noted and release rates of the tagged metals from plant leaves to surround­

ing waters were established. Five percent of the mercury available for uptake 

by Spartina, at equilibrium, was released to surrounding water by its leaves. 

The estimated total annual Hg uptake by Spartina is approximately 0.7 m g / m 2 

yr. These results would imply that at least an additional 35 ug/m yr would be 

taken up by the Spartina which is released to surrounding water. 

Remobilization of mercury by the root systems of Spartina was shown 

to be an effective way of transferring mercury into the food web. 
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C H A P T E R I 

INTRODUCTION 

Because mercury is highly toxic to biological systems and is being intro­

duced into the environment naturally as well as artificially it is important to 

identify processes which determine its fate (Windom, 1973). Mercury is ulti­

mately discharged into the marine environment through estuarine systems 

(Cranston and Buckley, 1972); (Huckabee and Blaylock, 1972); so processes 

acting here are extremely important to the final disposition of this metal. Es­

tuarine sediments can act as sinks for certain heavy metals (Windom, 1973). 

If this is the case for mercury, its uptake by Spartina alterniflora could be a 

significant process leading to its re mobilization. 

Many low trophic level organisms concentrate most heavy metals (i. e., 

Hg, Cd, As, Zn and Pb) (Galtsoff, 1960). If the uptake of metals at low trophic 

levels is great, their transfer to higher organisms in the food chain may lead 

to toxic conditions in these higher organisms (Jernelov and Lann, 1971). It is 

therefore important to understand metal transfer at the lower trophic levels of 

ecosystems such as the salt marshes of Georgia. 

The most abundant primary producer in the estuaries of Georgia is the 

smooth cord grass, Spartina alterniflora. Because of the importance of this 

plant to the salt marsh ecosystem, the present study was initiated to determine 
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its ro le i n the t rans fe r of m e r c u r y through the salt m a r s h sys tem. T ins study 

included experiments designed to establ ish rate of uptake and r e l e a s e of i n ­

organic and methylmereury and thei r concentration in Spart ina. 

Heavy metals a r e of considerable importance because of their toxic 

nature to o rgan isms (Saha, 1971) . These o r g a n i s m s , and ult imately man, a r e 

being subjected to h igher and higher concentrations of heavy metals due to the 

way organ isms in food chains tend to convey the metals that they have concen­

trated to their pred i tors (Knauer and Mar t in , 1972) . T h i s study, us ing a highly 

product ive p r i m a r y p r o d u c e r , provided informat ion on rates of avai labi l i ty of 

m e r c u r y which i s poss ib ly avai lable to the next members of the food chain . 

Subsequent studies should be p e r f o r m e d to obtain concentration rates of i n t e r ­

mediate food chain m e m b e r s . Th is study, however , dealt only with an in i t ia l 

l ink between the salt m a r s h food web, Spartina a l te rn i f lo ra , and i ts e n v i r o n ­

ment. 

Tox ic metals a r e introduced into estuar ine sys tems as schemat ica l ly 

shown in F igure 1 which emphasizes Spart ina. Input p r o c e s s e s a r e shown as 

r i v e r input, a tmospher ic input, and ocean input. What happens to m e r c u r y 

upon entering the estuarine system i s of ma jor concern i n the present study. 

Metals entering the sys tem subsequently follow s e v e r a l pathways through it . 

They can be f lushed d i rect ly out of the estuary to the s e a , o r be taken up 

d i rect ly f rom the water by o r g a n i s m s , both plant and an ima l . A l s o they may 

be deposited in the sediments where they may or may not be immobil ized by 

o r g a n i s m s . It was the purpose of the present study to investigate only one part 
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Figure 1. Spartina1s influence on Hg. transfer in an estuarine system. 
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of this large system (Fig. 1) to elucidate the role of Spartina alterniflora in 

transferring the mercury. The choice of mercury for study is due to its high 

toxicity to animals and plant populations as well (Fishbein, 1971) (Gluoschenko, 

1969) (Harris, White and Macfarlane, 1970). 

The importance of Spartina alterni flora to the estuarine system of Georgia 

was eluded to above. Although Spartina is highly productive and occurs in dense 

stands, it probably does not serve as a direct food source to animals until it has 

undergone decomposition. Bacterial action predominantly accounts for the 

availability of Spartina as a food source (Pomeroy, _et al_, 1969). This study 

deals with the various sections of Spartina alterniflora. These sections are 

defined as 1) leaves (only the leaf blades are considered), 2) stalks, (the main 

stem of the plant), 3) Roots (all underground parts). This includes the under­

ground stem (known as rhizomes) and root hairs (defined as the smallest sec­

tions of the root). 

Since root haris are the most important uptake site for metals by vascu­

lar plants, the physiology of the root system plays a major role in the initial 

uptake of metals (Bristow and Whitcombe, 1971). Like other halophytes, Spar­

tina is capable of maintaining high osmotic pressures. These pressures usual­

ly cause difficulty in the absorption of water; however, osmosis is not a factor 

in the absorption of inorganic substances by the roots. The absorption of in­

organic substances usually in the form of ions is an exceedingly complex pro­

cess which is not yet well understood. Ions diffuse into the root hairs independ­

ently of the movements of water. Diffusion is apparently the major factor con-
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trolling metal absorption; however, the basic laws of diffusion cannot alone ex­

plain their uptake since many are concentrated against a gradient (e. g., Spartina 

roots concentrate Hg at higher levels than the surrounding water). This pheno­

menon is not unique to Spartina. For example the freshwater algae Nitetta con­

centrates chlorine to two orders of magnitude higher in concentration than its 

support medium. Another more important factor influencing absorption of in­

organic substances is the metabolic activity of the absorbing cells. This may 

produce the energy required for the diffusion of metals against the concentration 

gradient. 

Once absorbed into the root system, metals may diffuse through plant 

cells until they reach the xylem (the interior conducting tissue of water and other 

nutrients) where they are carried to all parts of the plant. 

The studies described in this report were designed to determine answers 

to the following questions: 

1) What are the rates of Mercury uptake by Spartina ? 

a) by root systems? 

b) by leaves and stalks ? 

2) What are the rates of Mercury release from Spartina to surrounding 

water ? 

3) What sections of Spartina accumulate most mercury? 
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C H A P T E R II 

M E T H O D S 

Radioactive mercury 203 and methylmercury 203 were used to determine 

rates of uptake, release rates and concentrations in plants used in the labora­

tory. The amounts of radioactive tracer used in the experiments varied from 

0.1 \i C to 50 M-C depending upon dilution factors relating to different amounts of 

water needed to conduct the experiment. Instrument detection problems were 

overcome in this manner. All activity was counted using an Ortec single chan­

nel scintillation counter with a Na-Iodide Well detector. Instrument efficiency 

was determined to be 1/10 of 1%. 

Plexiglass boxes were made which allowed two compartment access to the 

plant systems. Using these boxes, radioactive tracer studies were performed 

on Spartina alterni flora. Figure 2 shows the box with Spartina in place. This 

is similar to the approach of McCroy and Barsdate (1968) who used a radio­

active tracer study with eelgrass, Zostera marina. Containers were construct­

ed which allowed the roots to be isolated from leaves. Access to this two com­

partment container was obtained through ports in the container. The plexiglass 

boxes were constructed of 5" material cut and glued to size so that a top com­

partment could fit inside a lower compartment. Dimensions of the boxes are 

shown in Figure 2. Top compartments housed stems and leaves while the lower 

compartments housed roots and rhizomes. Each compartment remained sealed 



F i g u r e 2. Plexiglass Box Capacities and Dimensions: 
Bottom Compartment: 8 liters, 24 x 12 x 5 inches 
Top Compartment: 30 liters, 23-J x 11 J- x 18 inches 
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F R O M THE OTHER C O M P A R T M E N T WHILE THE EXPERIMENTS W E R E IN PROGRESS. T H E 

PLANTS W E R E POSITIONED THROUGH HOLES IN THE BOTTOM OF THE UPPER C O M P A R T M E N T 

AND SEALED WITH A RUBBER S E P T U M AND SILICONE SEALANT. THIS ALLOWED COMPLETE 

ISOLATION OF UPPER AND LOWER WATER WITH THE ONLY CHANNEL FOR METAL MIGRATION 

BETWEEN THE TWO C O M P A R T M E N T S BEING THE PLANT. HOLES W E R E PLACED IN THE SIDES 

OF THE LOWER C O M P A R T M E N T W H E R E RUBBER S E P T U M COULD B E POSITIONED FOR EASY 

LOADING OF THE RADIOACTIVE TRACERS. FILTERED SEA WATER (0.45 M-) W A S GENERALLY 

U S E D AS A M E D I U M . 

A N EXISTING OUTDOOR M A R S H B O X W A S ALSO E M P L O Y E D (FIGURE 3). T HIS BOX 

SIMULATED ACTUAL M A R S H CONDITIONS IN WHICH PERIODIC INUDATION OF SPARTINA RE­

FLECTED TIDAL ACTION. T H E S E BOXES ARE APPROXIMATELY 6 X 4 FEET WITH A 2 FEET 

DEPTH OF SUBSTRATE. 

EXPERIMENTAL A P P R O A C H 

DETRITUS EXPERIMENTS 

SPARTINA DETRITUS W A S U S E D IN UPTAKE EXPERIMENTS TO OBTAIN INFORMATION ON 

ITS ABILITY TO TAKE U P M E R C U R Y F R O M SURROUNDING WATERS B Y ABSORPTION RATHER 

THAN B Y ROOT SYSTEMS. SINCE THE PHYSIOLOGICAL PROCESSES OF THE PLANT H A D B E E N 

DESTROYED B Y THE ACTION OF CUTTING THE STALKS A N D LEAVES INTO SMALL (2-5 M M ) SEC­

TIONS THE ONLY UPTAKE FUNCTION AVAILABLE WOULD B E THAT OF ABSORPTION. ALL DETRITUS 

EXPERIMENTS EXCEPT THE DECOMPOSITION EXPERIMENTS W E R E RUN IN DUPLICATE. T H E 

VALUES U S E D FOR PRESENTATION ARE M E A N S OF THE REPLICATES. 

T H E DETRITUS UPTAKE EXPERIMENTS W E R E OF SEVERAL TYPES. DESCRIPTIONS OF 



F i g u r e 3. M a r s h - T i d a l S i m u l a t o r 
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these are as follows: 

Metal Uptake by Detritus Versus Decomposition. Spartina stalks and 

leaves were cut into 2-5 m m sections and placed in plastic mesh bags and allow­

ed to decompose in the Sid da way River for a period of five months. At one 

month intervals during this period, samples were retrieved and subjected to up­

take experiments. Equal amounts of the decomposed detritus were placed in 

beakers containing varying concentrations of mercury equilibrated with radio­

isotope in filtered sea water solutions. At 30 minute intervals the detritus was 

taken from its beaker, rinsed in distilled water, paper towel-dried and counted 

for radioactivity then replaced in the water. Counts were then converted to per­

cent uptake and to actual uptake. 

Uptake Vs. Time. Spartina stalks, leaves and roots were cut into sections 

and separately weighed into equal portions and placed in beakers containing 

spiked filtered sea water. At 15 minute intervals the detritus was taken from 

each beaker, rinsed in distilled water, towel-dried and counted for radioactivity 

then replaced in the water. The counts were converted to percent uptake of 

available Hg 203 or MeHg 203. 

Uptake Vs. Weight. Spartina stalks and leaves (mixed) and Spartina 

roots were cut into sections and weighed out into varying amounts (0.1 g, 0.5 g, 

1. 0 g and 2.0 g). These amounts of detritus were then placed in beakers con­

taining equal amounts of spikes. At 30 minute intervals the samples were taken 

from the water, rinsed, towel-dried and counted, then returned to the beakers 

for additional soaking. The counts were converted to percent uptake of available 
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Hg 203 or MeHg 203. 

Uptake Vs. Concentration Changes of Hg or Melig. Spartina roots were 

cut into 2-5 m m sections, weighed and placed in three beakers containing equal 

amounts of either Hg 203 or MeHg 203 and equilibrated with normal Hg or MeHg 

at levels of 10, 100 and 1000 ppb, respectively. At 15 minute intervals the 

roots were taken from their respective beakers, rinsed, towel-dried and count­

ed for radioactive uptake. These counts were then converted to percent uptake. 

This experiment was repeated with stalks and leaves of Spartina as well. 

Uptake as a Function of Capillary Action. In order to investigate capillary 

action in Spartina , sections of Spartina leaves measuring approximately 30 m m 

were placed vertically in approximately five m m of Hg 203 spiked water. Per­

iodically the leaves were removed from the solutions, rinsed, towel-dried and 

cut into five m m sections. Each five m m section was then counted for radio­

activity and the counts converted to percent of available Hg 203 in each section. 

MeHg 203 was not available for use in the experiments. 

Live Plant Experiments 

These experiments were performed using the plexiglass boxes described 

previously. Spartina plants were dug from an undisturbed marsh area so that 

root and rhizome systems would remain intact. These plants were then washed 

free of all mud. Leaf scars which usually remain on the lower stalks of Spar­

tina alterniflora were also removed. These leaf scars are the residue of dead 

leaves that remain attached to the Spartina at the leaf base. The Spartina plants 

were then inserted into rubber septa and the rubber septa were placed in the 
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holes in the bottom of the upper compartment of a plexiglass box. Around the 

septa silicone sealant was used to finalize the seal. Photographs of the plants 

in place are shown in Figure 4. After being fixed in the plexiglass boxes the 

plants were then ready for uptake and transfer experiments. All water used in 

these experiments was filtered sea water, unless otherwise specified. Three 

plants were always used in each plexiglass box experiment. Duplicates were 

run in all cases to check for accuracy of experimentation. Tables and plots are 

taken as the mean of a set of replicates. 

Uptake by Roots (1 - Water in Lower Compartments Only). Experiments 

were performed using both Hg 203 and MeHg 203 in which the lower compartment 

of the plexiglass boxes was flooded and spiked. The upper compartment held no 

water. At intervals of time entire plants were taken from the box, rinsed in 

distilled water, towel-dried and cut into sections (i. e., roots, leaves and stalks). 

These sections were counted for radioactivity and the counts converted into per­

cent uptake of Hg 203 or MeHg 203 per gram weight of Spartina. 

Similar experiments were also conducted in which the Spartina was placed 

in 400 ml beakers in such a way that the root system was submerged in spiked 

sea water. These plants were also periodically taken from the beakers, rinsed, 

towel-dried, cut into sections, counted and weighed. 

Uptake by Roots (2 - Water in Lower and Upper Compartments). Water 

was used in the upper and lower compartments in. these experiments. The Hg 

203 or MeHg 203 was injected into the lower compartment and uptake and trans­

fer was noted by the movement of Hg 203 or MeHg 203 in the plants. In these 
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e x p e r i m e n t s t h e w a t e r i n t h e u p p e r c o m p a r t m e n t a s w e l l a s l o w e r w a s m o n i t o r e d 

f o r r a d i o a c t i v i t y . T h e d e t e c t i o n o f u p p e r c o m p a r t m e n t m e r c u r y a c t i v i t y w o u l d 

r e f l e c t a r e l e a s e f r o m t h e l e a v e s o r s t a l k s o f S p a r t i n a . A s i n t h e p r e v i o u s e x ­

p e r i m e n t s t h e p l a n t s w e r e t a k e n f r o m t h e b o x e s a t t i m e i n t e r v a l s , w e i g h e d a n d 

c o u n t e d . P e r c e n t a g e s o f H g 203 a n d M e H g 203 u p t a k e w e r e c a l c u l a t e d p e r g r a m 

w e i g h t o f S p a r t i n a . 

U p t a k e b y L e a v e s a n d S t a l k s (1 - W a t e r i n L o w e r a n d U p p e r C o m p a r t m e n t ) . 

T h e H g 203 o r M e H g 203 s p i k e i n t h e s e e x p e r i m e n t s w a s a d d e d to t h e u p p e r c o m ­

p a r t m e n t s o t h a t t r a n s f e r f r o m l e a v e s a n d s t a l k s t o r o o t s a n d r h i z o m e s c o u l d b e 

d e t e c t e d . T h e w a t e r i n t h e l o w e r c o m p a r t m e n t w a s m o n i t o r e d to r e f l e c t a l o s s 

o f m e t a l f r o m t h e r o o t s t o s u r r o u n d i n g w a t e r . T h e S p a r t i n a p l a n t s w e r e p e r i o d ­

i c a l l y t a k e n , r i n s e d , d r i e d , c o u n t e d a n d w e i g h e d . C o u n t s w e r e c o n v e r t e d t o 

p e r c e n t o f m e r c u r y a v a i l a b l e a s w a s d o n e i n p r e v i o u s e x p e r i m e n t s . 

U p t a k e b y L e a v e s a n d S t a l k s (2 - W a t e r i n U p p e r C o m p a r t m e n t O n l y ) . 

S a m e a s a b o v e b u t n o w a t e r w a s c o n t a i n e d i n l o w e r c o m p a r t m e n t . T h e e x p e r i ­

m e n t s w e r e o t h e r w i s e d u p l i c a t e s o f t h e a b o v e . 

U p t a k e b y R o o t s ( S p e c i a l U p p e r C h a m b e r s ) . A s e t o f e x p e r i m e n t s s i m i l a r 

to a b o v e w a s c o n d u c t e d , b u t i n s t e a d o f t h e u p p e r c o m p a r t m e n t b e i n g u s e d , 

s m a l l e r o n e l i t e r c h a m b e r s w e r e f i t t e d s o t h a t d e t e c t i o n o f r a d i o a c t i v e H g 203 

o r M e H g 203 c o u l d b e m a d e e a s i e r ( F i g u r e 5 ) . R e l e a s e f r o m l e a v e s a n d s t a l k s 

c o u l d b e d e t e c t e d a t l o w e r l e v e l s i n t h i s m a n n e r . 

U p t a k e b y R o o t s V s . I n c r e a s i n g C o n c e n t r a t i o n s o f H g 203 o r M e H g 2 0 3 . 

S p a r t i n a p l a n t s w e r e p l a c e d i n a s e t o f t h r e e 4 0 0 m l b e a k e r s w i t h a p p r o x i m a t e l y 
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Figure 5. P l e x i g l a s s B o x w i t h S p e c i a l 1 L i t e r U p p e r C h a m b e r s . 
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200 m l f i l t e r e d s e a w a t e r c o v e r i n g t h e r o o t s y s t e m s . T h e c o n c e n t r a t i o n o f m e r ­

c u r y i n e a c h o f t h r e e b e a k e r s w a s r a i s e d to 10 p p b , 1 0 0 p p b a n d 1 0 0 0 p p b , r e s ­

p e c t i v e l y . B o t h H g 2 0 3 a n d M e H g 203 w e r e u s e d i n i d e n t i c a l e x p e r i m e n t s . 

A f t e r t h e s e s p i k e s w e r e a d d e d to t h e s o l u t i o n s , i n d i v i d u a l p l a n t s w e r e p e r i o d i ­

c a l l y t a k e n o u t , r i n s e d , d r i e d , c u t i n t o s e c t i o r i s , c o u n t e d a n d w e i g h e d . T h e 

c o u n t s w e r e t h e n c o n v e r t e d t o p e r c e n t u p t a k e o f t h e m e t a l p e r g r a m w e i g h t o f 

S p a r t i n a . 

M a r s h B o x E x p e r i m e n t s 

E x p e r i m e n t a l b o x e s w h i c h s i m u l a t e d a c t u a l m a r s h t i d a l c o n d i t i o n s w e r e 

u s e d t o c u l t u r e S p a r t i n a a l t e r n i f l o r a ( F i g u r e 3 ) . S a n d w a s u s e d a s t h e s u b s t r a t e 

i n w h i c h t h e S p a r t i n a g r e w . In t h e s e e x p e r i m e n t s 0 . 4 m C H g 2 0 3 w a s i n j e c t e d 

a t e i g h t l o c a t i o n s i n t h e b o x a l l a t 10 c m b e l o w t h e s u r f a c e , s o t h a t e a c h s p i k e d 

a r e a r e c e i v e d 0 . 0 5 m C H g 2 0 3 . S p a r t i n a p l a n t s w e r e t a k e n f r o m t h e b o x e s a t 

d i f f e r e n t t i m e i n t e r v a l s f o r f i v e m o n t h s . E a c h p l a n t w a s r i n s e d , d r i e d , c u t i n ­

to s e c t i o n s , c o u n t e d , a n d w e i g h e d s o t h a t u p t a k e o f H g 203 c o u l d b e f o l l o w e d . 

T h e m e t a l u p t a k e b y t h e p l a n t s w a s m o n i t o r e d i n r e l a t i o n t o p r o x i m i t y t o i n j e c ­

t i o n s i t e . 
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C H A P T E R III 

R E S U L T S 

D e t r i t u s E x p e r i m e n t s 

M e t a l U p t a k e b y D e t r i t u s V e r s u s D e c o m p o s i t i o n 

F i g u r e s 6 a n d 7 s h o w u p t a k e r a t e s i n n g / g o f f r e s h S p a r t i n a d e t r i t u s . 

T h e s e r e s u l t s s u g g e s t t h a t t h e i n i t i a l m e r c u r y u p t a k e r a t e i n c r e a s e s a s t h e c o n ­

centration o f H g i n solution increases. After equilibration or s a t u r a t i o n ( a p p r o x ­

i m a t e l y 24 h o u r s ) t h e s a m e p e r c e n t a g e o f t h e m e r c u r y a v a i l a b l e i n t h e m e d i u m 

w a s t a k e n u p b y t h e p l a n t d e t r i t u s r e g a r d l e s s o f t h e c o n c e n t r a t i o n i n t h e m e d i u m . 

T h i s w a s t r u e f o r b o t h H g a n d M e H g a n d a m o u n t e d t o a p p r o x i m a t e l y 1 0 % o f t h e 

t o t a l a v a i l a b l e m e r c u r y f o r t h e w e i g h t o f d e t r i t u s u s e d (5 g / l i t e r ) . 

A s t h e S p a r t i n a d e t r i t u s d e c o m p o s e s ( F i g . 8 a n d 9) f r o m m o n t h t o m o n t h , 

t h e r e i s a t o t a l i n c r e a s e i n t h e e q u i l i b r a t e d u p t a k e r a t e f o r e a c h c o n c e n t r a t i o n 

l e v e l . T h i s e q u i l i b r a t e d u p t a k e r a t e i s d e f i n e d a s t h e c o n c e n t r a t i o n o f m e r c u r y 

p e r w e i g h t o f p l a n t a f t e r e q u i l i b r i u m w i t h t h e m e d i u m . T h i s i n c r e a s e d u p t a k e 

m a y b e d u e to b a c t e r i a l c o l o n i z a t i o n o f t h e d e t r i t u s w h i c h a l s o h a s a n i n c r e a s e d 

s u r f a c e a r e a . A m a x i m u m i s g e n e r a l l y r e a c h e d a r o u n d t h e t h i r d m o n t h o f d e ­

c o m p o s i t i o n . 

U p t a k e V s . T i m e 

F i g u r e s 10 a n d 11 s h o w u p t a k e c u r v e s f o r s t a l k s , l e a v e s , a n d r o o t s o f 



F i g u r e 6. D e t r i t u s : U p t a k e o f M e H g a t D i f f e r e n t C o n c e n t r a t i o n s 

V s . T i m e 
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F i g u r e 7. D e t r i t u s : U p t a k e o f H g a t D i f f e r e n t C o n c e n t r a t i o n s 

V s . T i m e 



RATE OF UPTAKE {rq/q detritus/hr) 

F i g u r e 8. D e t r i t u s : E q u i l i b r a t e d U p t a k e R a t e o f M e H g f o r 5-M o n t h P e r i o d 
!>0 O 



1000 t-

100 h-

10 

OCTOBER © 

NOVEMBER * 

DECEMBER • 

JANUARY O 

FEBRUARY & 

100 1000 

RATE OF UPTAKE (ng% detritus/hr) 

F i g u r e 9. D e t r i t u s : E q u i l i b r a t e d U p t a k e R a t e o f H g f o r 5 - M o n t h P e r i o d 



•a 

TIME (Min) 

F i g u r e 10. F r e s h D e t r i t u s : U p t a k e o f H g V s . T i m e f o r S e c t i o n s o f S p a r t i n a 



24 r- FRESH DETRITUS stalks ® roots ca 

30 6 0 120 
TIME (Min) 

1200 
F i g u r e 11. F r e s h D e t r i t u s : U p t a k e o f M e H g V s . T i m e f o r S e c t i o n s o f S p a r t i n a 
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Spartina. It can be seen clearly that uptake by roots is far more rapid than up­

take by stalks and leaves. Maximum uptake is usually reached in 4 hours for 

all sections of Spartina. 

Uptake Vs. Weight 

It was originally thought that to a certain point, the uptake of mercury 

would be directly proportional to the weight of Spartina. These experiments, 

however, show this is not necessarily true for stalks and leaves (Figure 12 and 

13). A more important criteria for uptake here would be the surface area avail­

able for adsorption. Increased uptake does, however, take place with increased 

weight of root hairs. Although the surface areas for leaves and stalks were pro­

bably similar, at least superficially to the root samples, the enhanced mercury 

uptake by the latter apparently reflects the extremely different nature of the tex­

ture and composition of the two types of materials. This conclusion follows for 

both Hg and MeHg. 

These uptake rates as will be true for all following figures (except where 

otherwise specified) are plotted as percent of available Hg taken up per gram 

weight of Spartina in 4 liters of medium. This appears to be the most reason-

albe approach to data presentation since uptake was shown to be a function of 

total concentration of Hg in the solution. 

Uptake Vs. Concentration Change of Hg or MeHg 

Figures 14 and 15 show results of experiments where attempts were made 

to find saturation points of mercury uptake or the concentration of mercury in 

the medium at which no further uptake is observed. As can be seen, very little 



FRESH DETRITUS 
wt(g) 

TIME (Hrs) 

F i g u r e 12. F r e s h D e t r i t u s : U p t a k e o f H g f o r D i f f e r e n t W e i g h t s o f S p a r t i n a S e c t i o n s V s . T i m e 



F i g u r e 1 3 . F r e s h D e t r i t u s : U p t a k e o f M e H g f o r D i f f e r e n t W e i g h t s o f S p a r t i n a S e c t i o n s V s . T i m e 
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I I ' ' i ; «J 
3 0 60 90 120 150 1200 

TIME (Min) 

F i g u r e 14. D e t r i t u s : U p t a k e o f M e H g a t D i f f e r e n t C o n c e n t r a t i o n s o f M e H g 

f o r S e c t i o n s o f S p a r t i n a V s . T i m e 
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TIME (Min) 

F i g u r e 1 5 . D e t r i t u s : U p t a k e o f H g a t D i f f e r e n t C o n c e n t r a t i o n s o f H g f o r 

S e c t i o n s o f S p a r t i n a V s . T i m e 
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change in uptake percentages was observed when the concentrations of mercury 

in the uptake solution was 10, 100 or 1000 ppb. This is again evidence that 

Spartina takes up mercury at high concentrations as rapidly as it does at low 

concentrations. A saturation point where no further mercury is taken up is 

apparently above any reasonable level that would be found in the natural environ­

ment. 

Uptake as a Function of Capillary Action 

Results of these experiments show that no significant uptake occurs due to 

capillary action (Fig. 16). Slight uptake (less than 0. 5% of the available Hg) did 

occur after 68 hours but only in the section nearest to the surface of the spiked 

solution. 

Live Plant Experiments 

The uptake of Hg 203 and MeHg 203 by live Spartina plants is similar to 

the uptake by detritus in that the most rapid uptake occurs at the beginning of 

each experiment. In all cases a greater proportion of the available Hg 203 was 

taken up as compared with MeHg 203. 

Uptake by Roots (1 - Water in Lower Compartment Only) 

The MeHg 203 and Hg 203 taken up by live plants (Figures 17 and 18) in a 

120 hour period is almost all confined to the root sj'stems. Although uptake by 

roots was rapid, no transfer to the upper parts of the plants was recorded in 

this period of time for any of these experiments. In later experiments, using 

longer uptake periods and higher concentrations of mercury spike, transfer to 

leaves was detectable (Fig. 19 and 20). 
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Capillary Action 
I o 

/2 

^ UPTAKE TIME 
nit 

K a - 5 A 
S- ° 20 o 

4 4 • 

0-3 3-6 6-9 9-/2 /2/5 /5-/8 /0-2 / 
L E 4 F SECTION 
(cm from bottom) 

F i g u r e 1 6 . U p t a k e o f H g a s a F u n c t i o n o f C a p i l l a r y A c t i o n 
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Stalks o 
Leaves A 

• 

72 
T I M E (Hrs) 

120 

F i g u r e 17. L i v e P l a n t s : U p t a k e o f M e H g V s . T i m e ( L o w e r 

C o m p a r t m e n t S p i k e d ; N o W a t e r i n U p p e r ) 
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TIME (Hrs) 
F i g u r e 1 8 . L i v e P l a n t s : U p t a k e o f H g V s . T i m e ( L o w e r C o m p a r t m e n t 

S p i k e d ; N o W a t e r i n U p p e r ) 



TIME (Hrs) 
F i g u r e 19. L i v e P l a n t s : U p t a k e of M e H g V s . T i m e ( L o w e r C o m p a r t m e n t S p i k e d ; N o W a t e r 

i n U p p e r C o m p a r t m e n t ) 00 



F i g u r e 20. L i v e P l a n t s : U p t a k e o f H g V s . T i m e ( L o w e r C o m p a r t m e n t S p i k e d ; N o W a t e r i n 

U p p e r ) 
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Figure 19 shows that for MeHg 203 about 25% of the total available mer­

cury can be taken up. Of this 25%, 4% is transferred to stalks and approximately 

1% is transferred to leaves. The total uptake of Hg 203 is similar to MeHg 203 

or approximately 27% (Fig. 20). Twenty-three percent remained in the root 

system, while 1% went to the leaves and 3% went to the stalks, again similar to 

MeHg 203. 

The tendency of MeHg 203 and Hg 203 to concentrate in the roots of Spar­

tina is evident by the fact that 83 to 85% of the MeHg 203 and Hg 203 taken up by 

the plant remained here. 

Results shown in Figures 21 and 22 indicate that the average loss of radio­

activity from the uptake solutions versus time for Hg 203 and MeHg 203 in the 

root uptake experiments is similar whether fresh or salt water is used. Uptake 

percentages in the plants and percentages remaining in solution for any given 

time do not add up to be 100% due to adsorption to beaker and box walls; loss 

due to rinsing the plants after uptake periods and adsorption to particles of 

plant matter settled in the container bottoms. Differences in counting efficien­

cies account for some of the deviation as well. 

Uptake by Roots (2 - Water in Lower and Upper Compartments) 

As already mentioned the purpose of this set of experiments was to show 

whether or not mercury could be taken up by roots, transferred to the leaves 

and subsequently released to surrounding waters. Results shown in Figure 23 

indicates that very small amounts of mercury actually reached the leaves and 

from Tables 1 and 2, it can be seen that no radioactivity was noted in the upper 



Box Exp. Sc!i Water A 

^ I I I j s i L i i 

30 SO 90 120 150 ISO 210 240 
TIME Min) 

F i g u r e 21. A v e r a g e L o s s o f R a d i o a c t i v e M e H g f r o m U p t a k e S o l u t i o n s . 



Figure 22. Average Loss of Radioactive Hg from Uptake Solutions 



Stalks o 
Leave$ A 

\ Roots • 
Uj | 

TIME (Hrs) 

Figure 23. Live Plants: Uptake of MeHg and Hg Vs. Time (Lower Compart­
ment Spiked; Water Also in Upper Compartment) 
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Table 1. % CH 3HgCl Uptake/g: Plexiglass Boxes with 
Water in Upper and Lower Compartment 
(Lower Loaded) 

Time Roots Stalks Leaves %CH3Hg %CH3Hg 
(hrs) in Upper in Lower 

8 4.3 - - 68.0 
24 4.6 - - 60.0 
24 4.7 - - 60.0 
32 5.2 - - - 58.7 
48 6.2 .01 - - 56.2 
48 6.4 .04 .04 - 56.2 
56 6.8 .1 .02 - 50.1 

120 11.4 .2 .06 - 31.2 
120 11.6 .2 .06 - 31.2 



Table 2. % HgCl2 Uptake/g: Plexiglass Boxes with Water 
in Upper and Lower Compartments (Lower Loaded) 

Time Roots Stalks Leaves %HgCl 2 %HgCl 2 

(hrs) In Upper In Lower 

8 9.0 - - 72. 0 
24 11.0 - - 60.2 
24 11.0 - - 60.2 
32 11.0 - - 57.6 
48 17.0 - - 52. 2 
48 16.0 - - 52. 2 
56 18.0 .1 .01 48.1 

120 21.0 .2 .01 32. 6 
120 20.0 .2 .01 32.6 



41 

water surrounding the leaves (below detectability). This inability to detect the 

release of mercury by leaves was due to two factors: 1) insufficient mercury 

was transferred to the leaves and 2) the upper compartment contained too great 

a volume of water to detect very small amounts of radioactivity. This latter 

problem was remedied in later experiments which employed the use of special 

upper chambers (Fig. 5) which were placed around each plant. 

Uptake by Leaves and Stalks (1 - Water in Upper and Lower Compartments) 

Results of these experiments show that uptake of Hg 203 and MeHg 203 by 

leaves of live Spartina plants is slow (Figure 24). Hg 203 appears to be taken 

up by the leaves better and transferred more efficiently to the stalks than MeHg 

203. Results shown in Tables 3 and 4 indicate Hg or MeHg is not transferred 

to the lower water compartment. 

Uptake by Leaves and Stalks (2 - Water in Upper Compartment Only) 

Results shown in Figure 25 are similar to those in the above (Figure 24) 

experiments. Again Hg 203 seems to be taken up by leaves and transferred to 

stalks more efficiently than MeHg 203. 

Uptake by Roots (Using Special Upper Chambers) 

Results of experiments where the special upper chambers were used are 

given in Tables 5 and 6 and Figure 26. In this case the lower chambers were 

spiked. Uptake of Hg 203 and MeHg 203 by the root systems is again 20-25%, 

but in these experiments sufficient amounts of mercury transferred to the leaves 

was released to the water in the smaller volume containers surrounding the 

plants. 



Stalks o 
Leaves A 

^ Roots a 

TIME (Hrs) 
F i g u r e 2 4 . L i v e P l a n t s : U p t a k e o f M e H g a n d H g V s . T i m e ( U p p e r C o m p a r t m e n t S p i k e d ; W a t e r 

A l s o i n L o w e r C o m p a r t m e n t ) 
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Table 3. % CH 3HgCl Uptake/g: Plexiglass Boxes with 
Water in Upper and Lower Compartments 
(Upper Loaded) 

Time Roots Stalks Leaves % C H 3 H g % C H 3 H g 
(hrs) In Upper In Lower 

8 .04 .05 .2 64.2 
24 .08 .14 2.6 52.2 
48 .13 .12 2.7 42.2 
90 .2 .10 2.3 33.6 
98 .2 .30 3.0 33.0 

125 .2 1.2 3.4 N.R. N.R. 
160 .2 .12 3.8 32.3 

N.R. = Not Recorded 



Table 4. %HgCl 2 Uptake/g: Plexiglass Boxes with Water 
in Upper and Lower Compartments (Upper Loaded) 

Time Roots Stalks Leaves %HgCl 2 %HgCl 2 

(hrs) In Upper In Lower 

8 - .07 1.1 41.6 
24 - .18 2.0 38.6 
48 .1 .6 2.1 31.1 
90 .2 1.8 3.4 32.6 
98 .2 1.8 3.2 30.1 

125 .2 1.5 4.6 N.R. N.R. 
160 .2 1.2 5.2 28.7 

N.R. = Not Recorded 
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Stalks o 
Leaves A 
Roots • 
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TIME (Hrs) 

too 

F i g u r e 2 5 . L i v e P l a n t s : U p t a k e o f M e H g a n d H g V s . T i m e 

( U p p e r C o m p a r t m e n t S p i k e d ; N o W a t e r i n L o w e r 

C o m p a r t m e n t ) 



46 

Table 5. % CH^HgCl Uptake/g: Plexiglass Boxes with 
Special 1 Liter Upper Chambers (Lower Loaded) 

Time Roots Stalks Leaves %CH 3HgCl in %CH 3HgCl in Water 
(hrs) Water in Upper in Lower (Adjusted) 

96 10.2 - - 48.6 
192 12. 2 1.0 .2 .3 28.4 
264 18.1 2.4 .5 1.1 23.0 
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Table 6. %HgCl2 Uptake/g: Plexiglass Boxes with Special 1 
Liter Upper Chambers (Lower Loaded) 

Time Roots Stalks Leaves %HgCl2 in Water %HgCl2 in Water 
(hrs) in Upper in Lower (Adjusted) 

96 8.7 .1 - - 50.6 
192 14.6 . 1 . 1 .2 33.3 
264 21.8 1.1 .4 .9 16.1 



J3» 
Stalks o 
Leaves & 
Roots • 

too 2 GO 300 TIME (Hrs) 

100 200 
TIME (Hrs) 

300 

Figure 26. Live Plants: Uptake of M e H g and Hg Vs. Time 
(Special 1 Liter Upper Chambers Used) 
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The amounts of Hg 203 and MeHg 203 which are released from the leaves 

is approximately 1% of the total mercury available for uptake and approximately 

5% of the total taken up by the plants. 

Uptake by Roots Vs. Increasing Concentrations of Hg 203 and MeHg 203 

The purpose of these experiments was to establish saturation levels of 

mercury uptake. The results are shown in Figures 27 and 28. Although con­

centrations of mercury in the uptake media were raised to 1 ppm there was 

essentially no change in the uptake rate. As with the detritus, the plant is cap­

able of accumulating the same proportion of the available mercury over a range 

of concentrations exceeding what might be environmentally significant (Windom, 

1973). Differences in the uptake of MeHg 203 and Hg 203 were again very slight. 

Marsh Box Experiment 

Table 7 gives the results of uptake by plants in the marsh box experiments. 

A, B, and C indicate distance from injection sites (Figure 29). The proximity 

of the plants to actual injection sites were recorded as A-Nearest (5-10 cm), B-

Midway (10-15 cm), C - Farthest away (15-25 cm). The eight injection sites 

were numbered 1-8. The numeral suffixes represent different injection sites. 

The uptake percentages were calculated on the basis of total Hg 203 injected at 

one site. Only Hg 203 was used since only one marsh box was available which 

had suitable grass growth and was not already involved in other experiments. 

Sand samples were taken randomly throughout the box during the first two 

months of the experiment. Radioactivity was noted in the sediments only during 

the first two days after injection. 
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F i g u r e 2 7 . L i v e P l a n t s : U p t a k e o f M e H g a t D i f f e r e n t C o n c e n t r a t i o n s 

o f M e H g f o r S e c t i o n s o f S p a r t i n a V s . T i m e ( L o w e r C o m ­

p a r t m e n t S p i k e d ) 
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2 4 6 8 10 12 14 IB & 20 22 

2 4 6 8 10 12 14 16 18 20 22 
Leaves 

2 4 6 8 10 12 14 16 18 20 22 
TIME (Hrs) 

F i g u r e 2 8 . L i v e P l a n t s : U p t a k e o f H g a t D i f f e r e n t C o n c e n t r a t i o n s o f H g 
f o r S e c t i o n s o f S p a r t i n a V s . T i m e ( L o w e r C o m p a r t m e n t S p i k e d ) 



Table 7. % Uptake of HgCl2/g: Marsh Box Experiment 

Time Locality Roots Stalks Leaves 
(days) 

1 A-l < 1% - -
1 B-l - - -
1 C-l - - -
2 A-2 < 1% - -
2 B-2 - - -
2 0 2 - - -
3 A-3 8% - -
3 B-3 1% - -
3 C-3 3% - -
4 A-4 7% - -
4 B-4 2% - -
4 C-4 - - -
5 A-5 5% < 1% < 1 % 
5 B-5 1% - -5 C-5 - - -
8 A-6 8% 1% < 1 % 
8 B-6 - - -
8 C-6 1% - -
9 A-7 5% 1% < 1 % 
9 B-7 1% - -
9 C-7 1% - -
11 A-8 19% 1% 1% 
11 B-8 - - -
11 C-8 - - -
12 A-l 6% - -
12 B-l - - -
12 C-l 1% - -
30 A-2 14% 1% 1% 
30 B-2 2% - -
30 C-2 - - -
45 A-3 6% 1% 1% 
45 B-3 1% - -
45 C-3 1% - -
60 A-4 4% 1% 1% 
60 B-4 - - -
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TABLE 7 (CONTINUED) 

T I M E 
(DAYS) 

LOCALITY ROOTS STALKS L E A V E S 

60 C-4 
90 A - 6 2 % 1 % 1 % 
90 B - 6 2 % 1 % 1 % 
90 C-6 - - -

120 A - 7 1 % - -
120 B - 7 1 % - -
120 C-7 - - -
150 A - 8 < 1 % - -
150 B - 8 - - -
150 C-8 - - -
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203 Figure 29. Marsh Box Experiment Injection Sites for Hg Dots Represent Injection Sites 1-8 (Top Left to Bottom Right). 
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A s w o u l d b e e x p e c t e d , p l a n t s n e a r e r t o t h e i n j e c t i o n s i t e s h a d g e n e r a l l y 

t h e h i g h e r u p t a k e v a l u e s . R o o t s y s t e m s , h o w e v e r , a r e s o e x t e n s i v e t h a t a 

p l a n t 1 5 c m a w a y f r o m t h e i n j e c t i o n s i t e c o u l d h a v e r o o t s n e a r t h e s i t e . T h i s 

e x p l a i n s h o w s o m e p l a n t s a t a d i s t a n c e o f 2 0 c m f r o m a n i n j e c t i o n s i t e h a v e a 

h i g h u p t a k e p e r c e n t a g e . 
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C H A P T E R IV 

C O N C L U S I O N S 

T H E I M P O R T A N C E OF S P A R T I N A A L T E R N I F L O R A I N T H E T R A N S F E R OF M E R C U R Y I N A N 

E S T U A R I N E - N E A R S H O R E E N V I R O N M E N T I S C L E A R L Y E V I D E N T F R O M T H E A B O V E R E S U L T S . 

T H E E C O L O G I C A L S I G N I F I C A N C E OF THIS I S I M P L I E D B Y R E S U L T S OF O T H E R S T U D I E S . 

A L T H O U G H M E R C U R Y C A N B E T A K E N U P D I R E C T L Y B Y H I G H T R O P H I C L E V E L O R G A N ­

I S M S S U C H A S F I N F I S H ( J E R N E L O V , 1 9 7 0 ) IT I S M O R E L I K E L Y TO E N T E R A N O R G A N I S M 

M O R E R E A D I L Y I N ITS FOOD A N D I N T U R N B E T R A N S F E R R E D T H R O U G H F O O D C H A I N S B Y F E E D ­

I N G ( H U C K A B E E A N D B L A Y L O C K , 1 9 7 2 ) ( J E R N E L O V A N D L A M I , 1 9 7 1 ) ( K N A U E R A N D M A R T I N , 

1 9 7 2 ) . I N E C O S Y S T E M S L I K E I N T H E G E O R G I A E S T U A R I E S , S P A R T I N A , B E I N G T H E M A J O R 

P R I M A R Y P R O D U C E R , M A Y R E P R E S E N T T H E M O S T E F F I C I E N T P A T H W A Y OF I N T R O D U C T I O N OF 

M E R C U R Y INTO T H E FOOD C H A I N . H U C K A B E E A N D B L A Y L O C K ( 1 9 7 2 ) , I N E X P E R I M E N T S I N ­

V O L V I N G A S I M P L E FOOD C H A I N C O M P O S E D OF G R E E N A L G A E ( C H I O R ELL A ) A N D T H E F R E S H -

I 

W A T E R B A S S ( M I C R O P T E R U S ) H A V E S H O W N THAT AT L E A S T FOR A O N E S T E P F O O D C H A I N , 

M E R C U R Y A C C U M U L A T I O N D U E TO C O N S U M P T I O N OF P L A N T S I S A S I G N I F I C A N T C O N T R I B U T O R 

TO T H E B O D Y B U R D E N OF TH IS M E T A L I N F I S H . 

W I L L I A M S A N D M U R D O C H ( 1 9 6 9 ) S U G G E S T E D THAT S P A R T I N A I S A N I M P O R T A N T 

A G E N T I N T H E T R A N S F E R OF H E A V Y M E T A L S I N E S T U A R I N E FOOD C H A I N S . R E S U L T S OF T H E 

P R E S E N T S T U D Y , S H O W I N G THAT M E R C U R Y I S T A K E N U P R A P I D L Y B Y S P A R T I N A , S U G G E S T S 

THAT S P A R T I N A I N D E E D P L A Y S A S I G N I F I C A N T R O L E I N T H E T R A N S F E R OF T H I S M E T A L . 

T H E M O V E M E N T S OF P H O S P H O R O U S T H R O U G H S P A R T I N A W A S S T U D I E D B Y R E I M O L D 
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( 1 9 7 0 ) , w h o d e m o n s t r a t e d t h e r e l e a s e o f p h o s p h o r o u s f r o m l e a v e s t o t h e s u r ­

r o u n d i n g w a t e r . A l t h o u g h t h e t o x i c h e a v y m e t a l m e r c u r y i s q u i t e u n l i k e p h o s ­

p h o r o u s , w h i c h i s e s s e n t i a l to p l a n t l i f e , i t a p p a r e n t l y e x p e r i e n c e s a s i m i l a r 

t r a n s p o r t m e c h a n i s m . 

M u c h o f t h e m e r c u r y i n t r o d u c e d i n t o t h e m a r i n e e n v i r o n m e n t a s a r e s u l t 

o f i n d u s t r y i s i n t h e i n o r g a n i c f o r m . M e r c u r y m e t h y l a t i o n c a n s u b s e q u e n t l y 

o c c u r i n m a r i n e b o t t o m s e d i m e n t s w h e r e i t i s t h e n a v a i l a b l e t o r o o t e d p l a n t s . 

T h e p a t h w a y s o f H g a n d M e H g i n S p a r t i n a a s i m p l i e d b y t h e r e s u l t s o f t h i s s t u d y 

a r e v e r y s i m i l a r . T h e u p t a k e r a t e s o f b o t h H g a n d M e H g a l s o a p p e a r t o b e q u i t e 

s i m i l a r , w i t h t h e u p t a k e o f H g b e i n g c o n s i s t a n t l y h i g h e r b y o n l y a s m a l l m a r g i n . 

T h i s i s c o n t r a r y t o r e s u l t s o f e x p e r i m e n t s o n s n a p b e a n s ( P h a s c o l u s v u l g a r i s ) 

b y H u c k a b e e a n d B l a y l o c k (1972 ) w h o s h o w e d t h a t t h i s p l a n t c o n c e n t r a t e d m e t h y l -

m e r c u r y t o a n o r d e r o f m a g n i t u d e h i g h e r t h a n i n o r g a n i c m e r c u r y . P h y s i o l o g i c a l 

d i f f e r e n c e s i n r o o t u p t a k e m e c h a n i c s p r o b a b l y a c c o u n t s f o r t h i s v a r i a t i o n . 

R e s u l t s g e n e r a l l y s h o w t h a t o n c e m e t h y l m e r e u r y i s t a k e n u p b y S p a r t i n a 

i t i s t r a n s f e r r e d t o t h e l e a v e s a n d s t a l k s m o r e e f f i c i e n t l y t h a n i n o r g a n i c m e r ­

c u r y . T h i s b e i n g t h e c a s e , M e H g i s m o r e l i k e l y t o b e t r a n s f e r r e d t o h i g h e r 

o r g a n i s m s i n S p a r t i n a d e t r i t u s . 

T h e t o t a l H g t a k e n u p b y S p a r t i n a i n G e o r g i a e s t u a r i e s h a s b e e n e s t i m a t e d 

t o b e a p p r o x i m a t e l y 0 . 7 m g / m ^ y r ( W i n d o m , 1 9 7 3 ) . T h e b a s i s f o r t h i s e s t i m a t e 

i s s h o w n i n T a b l e 8. In a d d i t i o n to t h i s a m o u n t o f m e r c u r y t a k e n u p b y S p a r t i n a 

a n a d d i t i o n a l a m o u n t m a y b e t a k e n u p w h i c h i s s u b s e q u e n t l y l o s t t h r o u g h t h e 

l e a v e s . In f a c t r e s u l t s o f t h e p r e s e n t s t u d y i n d i c a t e d t h a t a b o u t 5% o f t h e m e r -



Table 8. Mercury Budget for Georgia Estuaries 
Concerning Spartina alterni flora 

Input Uptake by Plants Release via Leaves 

In Solution: 1. 5 m g / m 2 yr 0.7 m g / m 2 yr 35 . L i g / m 2 yr 

In Suspended Sed. 2.3 x 1 0 _ 1 m g / m 2 yr 

Based on: 1) Annual production of Spartina at 700 g/m yr 
2) Total marsh area at 1. 6 x 10 8 m 2 

3) Concentration of 0.1 ppb in water, and 0.4 ppm in Sus. Sed. 
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c u r y a v a i l a b l e f o r u p t a k e b y S p a r t i n a , a t e q u i l i b r i u m , w a s r e l e a s e d t o t h e s u r -

r o u n d i n g w a t e r b y i t s l e a v e s . T h i s i m p l i e s t h a t a t l e a s t a n a d d i t i o n a l 35 ^ g / m 

o f m e r c u r y c a n b e a n n u a l l y t a k e n u p b y S p a r t i n a to b e r e l e a s e d b y i t s l e a v e s t o 

s u r r o u n d i n g w a t e r . 

T h e a d s o r p t i o n o f m e r c u r y a n d m e t h y l m e r c u r y b y S p a r t i n a d e t r i t u s i s 

a n o t h e r i m p o r t a n t i n f l u e n c e o n t h e t r a n s f e r o f m e r c u r y i n a n e s t u a r i n e - n e a r -

s h o r e e n v i r o n m e n t . N o t o n l y d o t h e l i v e p l a n t s a c c u m u l a t e m e r c u r y b u t d e t r i t u s 

e x p e r i m e n t s s h o w t h a t w h e n t h e p l a n t s d i e t h e r e s u l t i n g d e t r i t u s i s q u i t e e f f i c i e n t 

i n t h e a b s o r p t i o n o f m e r c u r y f r o m s u r r o u n d i n g w a t e r s . It i s a l s o a b l e t o c o n ­

c e n t r a t e m e r c u r y f r o m s o l u t i o n s c o n t a i n i n g e n v i r o n m e n t a l l y a b s u r d l e v e l s 

(1000 p p b ) w i t h e q u a l e f f i c i e n c y . 

R e s u l t s o f t h e p r e s e n t s t u d y i n d i c a t e t h a t t h e r e a r e e s s e n t i a l l y t w o p r o ­

c e s s e s b y w h i c h m e r c u r y c a n b e c o n v e y e d to t h e f o o d c h a i n v i a S p a r t i n a a l t e r ­

n i f l o r a : 1) t h e d i r e c t u p t a k e o f H g o r M e H g f r o m e s t u a r i n e s e d i m e n t s o r s u r ­

r o u n d i n g w a t e r s , a n d 2) t h e d i r e c t u p t a k e o f m e r c u r y b y a d s o r p t i o n , o n p l a n t 

d e t r i t u s . 
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