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Urban settings are a focal point for environmental 
contamination due to emissions from industrial and 
municipal activities and the widespread use of motor 
vehicles. As part of the National Water-Quality Assessment 
Program of the U.S. Geological Survey, streambed­
sediment and dated reservoir-sediment samples were 
collected from the Chattahoochee River Basin and analyzed 
for total lead {Pb) and zinc IZn) concentrations. The 
sampling transect extends from northern Georgia, through 
Atlanta, to the Gulf of Mexico and reflects a steep 
gradient in population density from nearly 1000 people/ 
km2 in the Atlanta Metropolitan Area to fewer than 50 people/ 
km2 in rural areas of southern Georgia and northern 
Florida. Correlations among population density, traffic 
density, and total and anthropogenic Pb and Zn concentrations 
indicate that population density is strongly related to 
traffic density and is a predictor of Pb and Zn concentrations 
in the environment derived from anthropogenic activities. 
Differences in the distributions of total Pb and Zn 
concentrations along the urban-suburban-rural gradient 
from Atlanta to the Florida Panhandle are related to 
temporal and spatial processes. That is, with the removal 
of leaded gasoline starting in the fate 1970s, peak Pb 
concentrations have decreased to the present. Conversely, 
increased vehicular usage has kept Zn concentrations 
elevated in runoff from population centers, which is reflected 
in the continued enrichment of Zn in aquatic sediments. 
Sediments from rural areas also contain elevated 
concentrations of Zn, possibly in response to substantial 
power plant emissions for the region. as well as vehicular 
traffic. 

Introduction 
:\lanyofthe common anthropogenic pollution problems are 
focused in urban settings. Besides point-source inputs 10 

the erwironmem. such a!> industrial stack emission!> and 
effluents. there are municipal-wastewater and solid-waste 
~nc:per:lt'>r ~nr'll" In ~dditinn. th·rp i< .m in[JtH of con­
taminants related to the proces-; of urbanization. termed 

• Corresponding :~uthor phone: :703;648-5826: fax: (703)6-18-5832: 
e-mad:eccallenCi~ usg~.~o\. 

232 • ENVIRONMENT .\L SCIENCE & TECHNOLOGY, VOL. 34, NO. 2, 2000 

"street dust" (JJ. While these are all significant sources of 
urban environmental contamination. recent environmental 
legislation has attempted to reduce the severity and amount 
of the industrial inputs. A population shift from urban and 
rural settings to the suburban environment, however. has 
caused sources of contaminants to aquatic systems to be 
contributed by larger geographic areas. Suburbia does not 
contribute much by way of industrial pollution, but it docs 
serve as a source of contaminants to the environment from 
household and yard wastes, storm drains, construction 
activities and materials. and traffic. 

Lead (Pb) and zinc (Znl have been used by humans for 
a variety of purposes throughout the 19th and 20th century. 
Point-source inputs ofPb and Zn to aquatic systems (streams, 
lakes, and reservoirs] include industrial effluents. municipal­
wastewater effluents, and stack emissions from smelting 
operations and fossil-fuel combustion (2-4]. From 1950 to 
the 1970s, automobile use increased in response to economic 
and population growth, and the predominant source of Pb 
became automobile exhaust emission of tetraethyl Pb (5). 
Population growth has continued to the present (6). while 
Pb concentrations have declined due 10 the removal ofleaded 
gasoline ( 7). Environmental Zn concentrations, however. may 
have remained elevated because of the lack of specific 
regulatory actions regarding Zn. 

Today, most of the new anthropogenic Pb and Zn 
additions to the environment are derived from material 
sources. Lead is used in paper. plastics. and ceramics (1). 

Zinc is used in most commercial metal products (e.g .• brass, 
bronze, castings, galvanized metal] and is added during the 
manufacture of automobile tires in the form of zinc oxide 
(ZnOJ, as an accelerator in the vulcanization process (8). In 
addition, Zn is a common contaminant in agricultural and 
food wastes. Both Pb and Zn have significant emissions from 
coal fly ash, although the quantity of Zn emissions is nearly 
double that of Ph (9]. Fossil fuel combustion is the main 
contributor to worldwide anthropogenic emissions ofZn (10]. 

The National Water-Quality Assessment (NAWQAJ Pro­
gram of the U.S. Geological Survey is designed to describe 
the quality of the ~ation's water resources and to provide 
a sound understanding of the natural and human factors 
that affect the quality of these resources (II). The NAWQA 
Program. which began in 1991, consists of 59 study units, 
defined as study areas that comprise large river basins and/ 
or aquifer systems. Study units are spatially distributed across 
the conterminous United States. In general, the NAWQA 
Program is targeting the predominantly residential and 
commercial land-use settings and de-emphasizing drainage 
basins with abundant point sources and large areas of 
indumial activity. 

The focU6 of this paper is analysis of streambed-sediment 
and reservoir-sediment-core data collected from the Apalach­
icola -Chauahoochee- Flint i ACFJ River basin :"-!A \\'QA study 
unit in Georgia, {\labama, and Florida (Figure l). Lead and 
Zn concentrations in streambed sediment collected by the 
study unit are integrated and interpreted with Pb and Zn 
concentrations in age-dated reservoir-sediment cores also 
collected by the :\.l..\\'Q.-\ program. allm\·ing interpretation 
of both spatial and temporal patterns. The spatial record of 
qrpamht>d-;;erllmt>nt <amplt'< cGIIE"{'ted dunn!! IQ'1:.!-Iqq~ 

extends along a longitudinal gradient 'the Chattahoochee 
Riven. from rural sites north ol.-\tlanta.through .\letropoliran 
.-\tlanta, and southward to rural areas in the Florida Panhandle 
(Figure l). The spatial and temporal record of reservoir-

10.1021/es990380s filet sub1ect to U.S copyright. Publ. 2000 Am, Chem.Soc. 
Pubhshed on Web 1:2/08/1999 

I 



'. 

\\. 

a 20 .. .. .... I.D 
1
n!.llhl"' 1 I 

'lC 40 &0 

EXPLANATION: 

o Reservoir core 

l!. Streambed sediment 

FIGURE 1. location of study area, phpiographic provinces. 
streambed-sediment sampling sites, and reservoir-coring sites. 

sediment cores coll'ected from five reservoirs located along 
this gradient extends over a period of 25 years, from 1970 to 
1995. 

The :\CF River basin comprises 52 840 km" and extends 
from the Blue Ridge Physiographic Province in the north, 
through the Piedmont Pro\ince. to the Coastal P!aln PrO\ince 
in the southern half of the basin (Figure 1). Five major 
hydroelectric reservoirs exist on the Chanahoochee River: 
Lake Sidney Lanier. West Point Lake. lake Harding. Walter 
F. George Resermir. and Lake Seminole !Figure !). These 
fhe resen.oirs ..tccoum for ne:.trly 100"", of the ;urlace­
storage capacitv in the ACF River basin. Population density 
·..., hl::!ie-..t 1n ,.1~t· l !pper Cllat~ .. lhtlfiC'~~c.· ht:-.l~• -~--;:; pl'')ple 
km ~l. which includes .\letropoliran .-\rlanta. and decreases 
south of .\dam a w 90 people, km- around Lake Harding and 
fewer than 20 people/km2 in the Lower Chattahoochee basin 
lf2). 

Objectives of this paper are to (1) document concentra­
tions of Pb and Zn in streambed-sediment and reservoir­
sediment-core samples; (2) show how the concentrations 
vary over the urban-rural gradient and are related to 
anthropogenic activities; and (3) demonstrate the differences 
in Ph and Zn concentrations as related to anthropogenic 
influences over both space and time. 

Elperimental Section 
Streambed-sediment sampling sites were selected to be 
representative of upstream land-use activities, such as 
urbanization in Adanra and Columbus, GA; surface-water 
impoundments; and agricultural activities in the Coastal Plain 
province (Figure I; (13)). Samples were collected in depo­
sitional zones by wading along a cross-section of the stream. 
The upper 2-3 em of sediment in five to 10 depositional 
zones was sampled and com posited. Compositing of samples 
within and between depositional zones was assumed to 
smooth any local-scale variability and provide a sample with 
average concentrations of trace elements at each site {14]. 
Samples were collected in the fall of one of three successive 
years using a hand-held core sampler or a Teflon spoon, 
scoop, or spatula, depending on local conditions. Sediments 
were sieved through a 63-.um nylon cloth, held in a plastic 
frame, into a glass jar. Sediment-sampling and sieving tools 
were cleaned between sample sites by soaking in 0.2% 
phosphate-free detergent. rinsing with deionized water, 
rinsing with a 5%. high-purity. nitric-acid solution, and rinsing 
multiple times with deionized water. 

Reservoir-sediment cores were collected using a Benthos 
gravity corer fitted wim a 3.05-m long, 6.3-cm diameter, 
plastic-lined barrel (15). The cores were extruded vertically 
and subsampled for metals and radionuclides. The sampling 
tools were rinsed in ambient lake water, soaked in 0.2% 
phosphate-free detergent, and rinsed again in ambient lake 
water between sub samples. All subsamples were chilled until 
shipped to the laboratory. Subsamples of the core were not 
sieved due to the small amount (s 10 g) of material available. 
Sediment cores were collected near the reservoir dam, where 
silts and clays accumulate. Generally, these lacustrine 
sediments are characterized by uniform, fine-textured muds 
(15) and are of comparable grain size to the sieved streambed 
sediments. 

In the laboratory, streambed-sediment samples were 
air·dned and ground to a tine powder. Reser\"Oir·sediment­
core subsamples were frozen, freeze-dried, and ground 
to a fine powder. Elemental concentrations were determined 
on concentrated-acid digests (nitric-hydrofluoric) using 
either inductively coupled plasma-atomic emission spec­
trometry (ICP/AES) (streambed-sediment samples; (16)1 or 
graphite furnace atomic absorption spectrometry (GF/AAS) 
(reservoir-sediment-core samples; (17)j. Quality assurance 
was provided by determining the elemental concentrations 
of strong-acid digests for duplicate samples and a variety of 
soil. lake. and marine reference samples (16). SLx streambed­
sediment sites were -;am pled t\\1ce on the same day. Replicate 
;watfses for Pb and Zn l'aried by :':: 25% and :::: 20%, 
respectively. 

For age dating. acti\ities of 11-Cs were measured by 
countingJreeze·dried samples of reservoir-sediment cores 
in a fLxed geometry with a high-resolution, intrin&ic germa­
nium detector :· spectrometer (18). Four dates can be 
identified in cores from resef\oirs that were constructed 
bdort: 1952: the resenatr impoundment date, the lirst 
occurrence of detectable ";Cs in 1953. the peak 137Cs 
...:ur.Kenr.r~t~on :r:. l~tJJ :JLi-L ~LJ the ...:..1te vt' t.:.u:l~:.:-tion u( 
the sediment core. B.hed on these four dares. mean 
sedimentation rates were calculated for imen.·ening time 
intervals, which were then used to assign approximate 

i deposition dates to samples from each core. 
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FIGURE 2. River kilometer upstream of Apalachicola Bay versus {A) total Pb and Zn concentrations in streambed sediment collected 
1992-1994, resenroir sediment tor the time interval1990-1995, Pb and Zn background concentrations in streambed-sediment samples. 

and Pb and Zn baseline concentrations in reservoir-core samples and (B) population density of basins containing sampling sites. Population 

density was calculated 1111111 the 1990 census data and the watershed area. 

Generally. metal concentrations that have been corrected 
for their backgro[lnd contribution correlate beuer with 
measures of human activity or impact (population density·. 
traffic volume, land use. toxic release inventory, etc.) than 
uncorrected metal concentrations. !n this study. background 
refers to metal concemrations of soil samples collected from 
undeveloped areas in the streambed-sediment sampling­
site basins and the reservoir water<;heds. Deeply weathered 
soils were sampled from the t\\"O major physiographic 
pronnces in the studv area: the Piedmont and the Coastal 
Plain. Eight and nine. soil samples were collected from the 
f\LJ_iL .... r. L J.!ld C0ast..tl Plain PrrJ\ ~nt:t·~, re ... pecti\ t>!). fhe 
chemical composition of the background .;oils in the two 
provinces are substantially different (see Figure 2Al and 
bracket concentrations in the upper continental crust (20 
ug, g Pb and 'i 1 ugfg Zn; (19)). For reservoir-core sediments. 

234 • ENVIRONMENTAL SCIENCE & TECHNOLOGY 1 VOL. 34, NO.2. 2000 

the baseline concentration is obtained from the bottom of 
, the core, which usually represents minimal anthropogenic 

activil):. dtiting the early stages of reservoir development. 
Antluopogenic metal concentrations are calculated for 
sediment samples by subtracting the mean background or 
the baseline metal concentration from the total metal 
concentration. 

Vehicular traffic data were obtained from the Georgia 
Department of Transportation (written communication. 
1998) for coumies that border the five reservoirs and for the 
l\letropolitan Adama area. For each county. all sections of 
r )arl' ·.,irh J.\l'"Jge a:1rual dJ:!~·rraftic ;re:Her rh~!n 'h<' -~rh 
percentile for the county were tabulated. For those highly 
traveled road sections. the wtal average annual dmlv traffic 
was divided by the total number of miles of road to vield the 
traffic density, in number of vehicles per mile. Trame density ' l • 
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TABLE 1. Pearson Correlation Coetlicieats (r Values) far Total 
and Antbropogenic Metal Concentrations and Popalatioo 
Density for Streanmed-Sediment and Reserveir-Core Sam,les 
and for Total and AlthropoJienic Metal Ctacentrltions and 
Traflic Density for Resennu-Core Samples" 

TutPb Antf'b Totln A.ntZn 

Streambed-Sediment Samples (n == 111 
TotPb 1.00 
AntPb 0.87 (0.01) 1.00 
TotZn 0.76 (0.10) 0.56 (1.001 1.00 
AntZn 0.70 (0.25} 0.69 (0.30} 0.93 (0.00) 1.00 
Popdn 0.73 (0.151 0.63 (0.581 0.93 (0.00) 0.92 (0.001 

Reservoir-Cora Samples (n = 6} 
TotPb 1.00 
AntPb 0.79 (0.921 1.00 
TotZn 0.94 (0.09) 0.84 (0.55) 1.00 
AntZn 0.82 (0.68) 0.92 {0.13) 0.95 (0.05) 1.00 

Popdn 

Popdn 0.86 (0.441 0.73 (1.001 0.93 {0.12) 0.87 (0.38} 1.00 
Trfdn 0.64 (1.001 0.53 (1.001 0.80 (0.81) 0.77 (1.00) 0.93 (0.10} 

•Level of significance shown in parentheses; TotPb, total lead 
concentration; AntPb, anthropogenic lead concentration; TotZn, total 
zinc concentration; AntZn, anthropogenic 1.inc concentration; Popdn, 
population density in the sampled basin; Trfdn, traffic density in the 
county upstream of the reservoir. 

was calculated for the year 1995, and results were correlated 
with metal concentrations and population density. 

The cultural enrichment factor (CEFl is used to indicate 
whether the entry of metal contaminants into a water body 
has increased in relation to an earlier period baseline or 
background value (20). As used here, the CEF is defined as 
the ratio of normalized (to aluminum) concentration of 
sediment at any depth to the normalized (to aluminum) 
background or baseline concentration. CEFs that are about 
1 indicate no significant anthropogenic enrichment, whereas 
CEFs greater than 2 suggest anthropogenic contribution. 

Results and Discussion 
Sedimentary Pb and Zn concentrations {i.e.. the metal 
concentration associated with solid sediment) in streambed 
sediment collected during 1992-1994 and in reservoir­
sediment -core subsamples that correspond to the 137Cs -dated 
time period 1990-1995 have somewhat different spatial 
patterns (Figure 2a). Lead concentrations are elevated (65-
90 ug/g) in the :\tlanta :\letropolitan area but decrease to 
near the South Atlantic Coastal Plain background concen· 
tration of 18 ,ug/g (21) in the Lower Chattahoochee River 
Basin, some 300 km downstream of Atlanta. The Zn con­
centrations are proportionally more elevated (390 ,ug/g) than 
Pb in the Atlanta area and are substantially higher (90-170 
11glg) than the South Atlantic Coastal Plain background 
concentration of 35 ,uglg (21) in the Lower Chattahoochee 
River Basin. The Pb concentrations do not decrease as sharply 
as the Zn concentrations in the urban-affected area from 
Atlanta to Lake Harding. Downstream of Lake Harding, the 
Pb concentration decreases from 65 to :0 ug/g, whereas Zn 
decreases by a smaller percentage. from 200 w 100 ug/g 
!Figure 2a). The slight increases in both Pb and Zn around 
Walter F. George Reservoir may be due to a smaller urban 
source. such as Columbus. GA and/or Phenix Citv. AL. We 
have no explanation for the increases m both Pb and Zn 
around Lake Seminole (Figure 2a). Both increases are 
substanuallv greater than the range ofPb and Zn concentra­
tions in replicate samples. 

One explanation for the different spatial patterns in Pb 
~md 7r for the time penod l'-l4!l-l'-l'-l; '' th.'r rhe plt'\"lt<'d 
Pb concentration~ ~above a background value of about 20 
,uglg! originared in the :\letropolitan Atlanta area. probably 
as street dust and urban soils with ele1•ared Pb concentrations 
derived from pre,ious use of leaded products (gasoline. paint 
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FIGURE 3. River kilometer upstream of Apalachicola Bay versus 
the zinc cultural enrichmentfactor (Zn CEFI for Chattahoochee River 
streambed-sediment and reservoir-coring sites. 

(22, 23)). In contrast. there may be perpetual sources ofZn, 
i.e .. motor-vehicle tire wear (24) and fossil fuel combusion 
(10). Because motor vehicles abound everywhere, there is a 
continual terrestrial source of Zn that could cause concen­
trations in sediments to be elevated, even in rural areas, 
above the background value, which is about 80 ,ug/g in the 
Piedmont Province and 20 ~g/ gin the Coastal Plain Province. 

For the streambed-sediment samples. total Pb and total 
Zn concentrations are strongly correlated with the population 
density of each basin (Table 1). The anthropogenic Zn 
concentrations vs population density also are strongly 
correlated, but the substantial correlation between anthro­
pogenic Pb and population density is not significant (Table 
1). Because of these correlations. the total metal concentra­
tions, rather than the anthropogenic concentrations, are used 
to illustrate the urban gradient distribution (Figure 2a). 

We hypothesized that the best indicator of anthropogenic 
activity affecting the concentration of those trace metals (Pb 
and Zn) that are related to motor-vehicle use would be some 
measure of traffic density in the basin where the streambed­
sedimentsite or reservoir is located. Traffic·densitydata were 
obtained only for the reservoir-sediment core data set (for 
counties upstream of the reservoirs), because it was difficult 
to acquire traffic-density data for specific watersheds where 
streambed-sediment samples were collected. Metal-con­
centration and traffic-densitY correlations. however. are not 
significant (Table ll for this small data set of five reservoirs 
and the Atlanta Metropolitan area. Lead and Zn concentra­
tions are well correlated with population density (R = 0.86 
and 0.93, respectively) for the reservoir-sediment core data 
set, although the correlation of Pb and population density 
is not significant (Tab!e 1). The small size of the reservoir­
sediment data set limits the degrees of freedom for the 
correlations. The metal correlations (except anthropogenic 
Pb) with population density in the larger streambed-sediment 
data set, however. are significant. Population density is 
strongly correlated ·,\ith traffic jensity ;Table ll for the 
reservoir-sediment-core data set. and thus. we consider 
pop~ation density (Figure 2b) as an approximation for the 
quantity of automobiles that affects the watershed upstream 
of the sampliqg sites. One possible reason that anthropogenic 
Pb is nm strongly correlated -...ith traffic and population 
density is that by the mid-90s the amhropogenic Pb signal 
is not directly related to leaded gasoline use that has been 
phased out for Jt letbt 10-13 vears ,:?.5,. 

Population-density data for streambed-sediment sites 
JlOt'!' the nwm <t•·~n rll rh; ( h~" \honcht't> Ri\·Pr indicJte 
that :\letropolitan .\tlanta is the main anthropogenic source 
of Pb and Zn ,Figure 2l. While the decrease in population 
density away from the Yletropolitan Atlanta area is sharp 
and the decline relatively smooth. the pattern for total Zn is 
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FIGURE 4. River kilometer upstnJam af Apalachicola Bay versus concentrations of (A) Pb and (B) Zn in dated reservoir cores from five 
sites along the Chattahoochee River. 

somewhat more irregular than that for total Pb (Figure 2a). 
It should be remembt?red that population density is an 
integrated value for the basin that contains the streambed­
sediment sampling site, wherea~ metai cuncemrations for 
specific sampling sites are not as well integrated and are 
subject to more variability in space and time. 

:\nother process that may affect the spatial distribution 
of metal concentrations is the sediment-trapping effect that 
occurs along a series of reservoirs down ri\'er. This doe~ 
happen to some degree in the Chattahoo~:hee River system. 
For instance, Westpoint Lake \\'as built in !975 to reduce 
pollution loads irom .\tlanta that ''ere beiLg tran~porteli 
downstream to Lake Harding. A slight decrease in sedimen­
.. ~::- /:~ ::L··:_::-.., ~:-nr1 '.\.t:.'"'ti11)inr L.akt· ~c I. L;.h.r t .1:-:..hn:::; figu:-:" 
~aL Trapping of sedimentarY metals along this ~eries of 
resel"\uirs. hu\•;ever. is not the onlv process affecting the metal 
concentrations along the urban-suburban-rural gradient. 
Streambed-sediment samples in the ~letropolitan .\tlanta 
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area exhibit an average Zn CEF of 5, whereas streambed­
sediment sites and 1990-1995 dated reservoir sediments 
downstream of Atlanta have CEF values that range from L9 
to 3.-l. with a mean of 2.3 :Figure J:. This pattern suggests 
that di!Yfion of contaminated sediment bv the addition of 
unc;'ntaminated earth materials may also be responsible for 
the anenuation of values away from the main contaminant 
source. 

Like the spatial patterns. the temporal patterns of 
sedimentary Pb !Figure 4al and sedimentary Zn !Figure 4bl 

1 concentrations in reservoir-sediment-core subsamples that 
are dated for four time imer\'al!> ,l::J73-l980. 1980-l9R3, 
!985-1990, 1990-1995) are somewhat different. Peak con­
Cf't'tr::l~inn~ nf Ph I ~n :s- ~ /),~.-, .. - nt \\ --.... ~rro:Pt l...t!-..t-' 
Seuimenh daWd J97:i-J980. fn <;UCTt"\~iVe time intef'-al-;, 
the peak Pb concentrations decrease to abuut ti5 ag g in 
sediments dated 1990-1995 tFigure 4a). Westpoim Lake is 
the tirst resef"\·oir on the Chattahoochee River downstream 

t 
+ 



.- of Atlanta and thus intercepts the contaminant inputs from 
the Metropolitan Atlanta area. Sedimentary Pb concentra­
tions in urban- and suburban-reservoir sediments nationwide 
peaked in the mid-1970s in response to maximum usage of 
leaded gasoline ( 7). After that, concentrations declined rapidly 
due to the removal of lead from gasoline (251. Atlanta has a 
very high population density relative to other areas in the 
Chauahoochee River basin (Figure 2b). Sediments in West­
point Lake appear to have been most impacted by human 
activities. primarily vehicular traffic, in the Metropolitan 
Atlanta area. The decline in Pb concentrations in the sediment 
core from Westpoint Lake with time· clearly documents the 
reduced burdens of Pb released to the environment by the 
removal oflead from gasoline. The fanher downstream from 
the major contaminant source, the smaller the peak Pb 
concentration in the 1970s and the smaller the decreases in 
concentrations as time approaches the present (Figure 4al. 

There is a prominent spatial peak in Zn in the 1975-1980 
dated samples from Westpoint Lake downstream of Atlanta, 
similar to that of Pb !Figure 4b)_ Unlike Pb. however, the 
younger samples ( 1980-1990) have identically high con­
centrations of Zn (240 ~Jg/g). Only the most recent set of 
samples { 1990-1995) has an average Zn concentration (215 
,uglg) that is slightly reduced from the maximum concentra­
tion present in the 1980-1990 interval. The temporal 
distribution of sedimentary Zn concentrations in dated 
reservoir cores downstream of Atlanta suggests that there is 
a significant source of this metal that persists to the present. 
A large number of coal-fired power plants are located 
throughout Georgia and Alabama (26}. Total Zn concentra­
tions and population density are strongly correlated, and 
population density and traffic density are strongly correlated 
!Table 1). These strong positive correlations suggest that 
automobiles as well as coal combustion may be significant 
terrestrial sources of Zn to sediments-

Automobile tires contain large quantities of ZnO that is 
used as an accelerator in vulcanization (8). Using an average 
Zn concentration ofO. 73 wt %. a tire size of65 em in diameter 
and 15 em wide and assuming that l em of rubber is worn 
off in 32 000 km of driving, Christensen and Guinn (8) 
calculate that 3.0 mg of Zn are released to the road surface 
and the immediately adjacent areas. Thus, runoff from street, 
road. and highway surfaces can contribute significant 
qunntities of Zn to the aquatic environment. Corrosion of 
galvanized metal and nre wear are frequemly cited sources 
ofZn in urban runoff (23). Wiesner et al. (24) note that there 
is a direct correlation between particulate Zn concentrations 
in urban runoff from various cities around the world and 
fuel consumption (one measure of traffic density). They (24) 
suggest that this relationship indicates that tire wear may be 
the principal source of particulate Zn in urban runoff and 
that much of the global variability in particulate Zn con­
centrations might be explained by motor-vehicle use. 
Highway runoff is a majbr contributor to urban-suburban 
impoundments that are designed to catch storm water runoff 
.mJ nap -;cdiment~ and 5orbed contaminam~ ,2;-,. 

Census data (6) indicate that the U.S. population has 
grown 29"'o during the period 1970 to 1995. !'-lational traffic­
\Olume dam \28) show that vehide miles h<:~ve mcreased 

density and traffic density as do anthropogenic concentra­
tions. eliminating the need for data manipulation of total 
metal concentrations. The facts that streambed sediment is 
sieved to less than 63-,um grain size and that reservoir 
sediments are generally in the silt-clay grain-size class are 
major factors contributing to this relationship (29). The 
differences in the spatial and temporal distributions of metal 
concentrations along the urban-suburban gradient in the 
Atlanta Metropolitan area are related to anthropogenic 
activities such as the usc and subsequent removal of leaded 
gasoline and the wear of rubber tires on motor vehicles. 
Elevated Zn concentrations in rural settings may be related 
to fossil-fuel combustion, norably from power plants that 
dominate the energy-producing landscape in Georgia and 
Alabama (26) as well as rubber tire wear. 
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