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ABSTRACT 

Lead in Texas Wetlands and Its Relationship to Waterfowl Hunting 

Linda Havighurst Price 

Lead shot deposited in wetland ponds by waterfowl hunters over a number 

of years may be a significant source of lead in localized areas in this 

environment. To determine whether such shot contributes to the overall lead 

content of marshes, samples of soils, plants, fishes, crustaceans and ducks 

were collected in Chambers County, Texas, for lead analysis. 

Soil from sites near a waterfowl blind in a heavily hunted pond had 

significantly more extractable lead than soil collected in the 6ame pond out 

of shotgun range of the blind; however, no differences in lead, attributable 

to spent shot, were noted between three ponds which had experienced different 

hunting pressures over the past ten years. Rather, the amount of lead in 

sections of core samples from the three ponds (mean of 66 ppm, dry wt) was 

related to clay content of the soils and was high compared to the average 

amount of lead reported in soils throughout the world. The level of lead, did 

not diminish down to 70 cm in two of the ponds examined. 

From the increase in extractable lead, noted 75 days after seeding pond 

soil with varying amounts of shot, a release rate of extractable lead from 

shot was calculated. 

The amount of lead found in plant tissue was correlated with the lead in 

the soil from which the plant was collected. More lead was found in plant 

roots than plant stems and blades. Mean amounts of lead in Eleocharis parvula 

(17.3 ppm), Paspalum virgatum (7*5 ppm) and the overall levels of lead in 

fishes (19.9 ppm) and crustaceans (37*6 ppm) were much higher than previously 

reported for such organisms. The mean amount of lead in ducks analyzed 



(5O.7 ppm) was slightly above that reported for waterfowl in other surveys 

and 50$ of the ducks collected during hunting season had levels of lead 

characteristic of birds suffering from lead-poisoning. 
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I. INTRODUCTION 

A. Lead Shot in Hunted Ponds 

As early as 1894, cases of lead poisoning were reported for waterfowl 

which had ingested lead shot (Grinnell, 1901). Wetmore (1919) found that 

between one and six shot (0.12 to 0-72 g lead) were fatal to Mallards within 

a period of nine days and a dose of 0.184 g of lead nitrate was found to be 

fatal after 26 days (Coburn et al., 1951) • In an extensive survey, Jordan 

and Bellrose (1951) examined the gizzards from 22,071 ducks killed by hunters 

throughout the United States. Those authors reported lead shot present in 

10.4^ of the gizzards from waterfowl collected from the Gulf-coast region. 

This incidence of shot-bearing ducks was higher than that for any of the 

other six regions of the country* In addition, those authors (loc. cit. ) 

banded Mallards in the fall of 1949 and fed half of the marked birds from 

one-to-six $6 lead shot (about 0.12 g lead per shot). On the subsequent 

southern migratory Journey, a larger number of the ducks fed lead shot were 

killed by hunters and those birds also travelled a shorter distance per day 

as compared with the banded control birds. More recently, Bagley et al. 

(1967) and Trainer and Hunt (19^5) reported the death of thousands of Canada 

Geese from lead poisoning in Delaware and Wisconsin. 

In the early 1900’s, waterfowl were hunted on a commercial basis in marsh 

areas along the Texas coast. In fact, McAtee (1908) reported the presence of 

lead shot in the gizzards of dead Canvasbacks found near Lake Surprise, Texas 

(Figs. 1 and 2). Such commercial activities, and the later regulated hunting, 

have no doubt resulted in the deposition of large amounts of lead shot in the 

marshes. For example, if a hunter shoots one box (25) of 12-gauge shot shells 

per day (O.87 kg lead) over a semi-circle with a radius of 118 m (range of 
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maximum deposition; Wetmore, 1919) > he will have deposited 4.0 M-g -lead/cm^/day 

into the area confronting the blind. Two hunters using such a blind during 

each of the legal waterfowl hunting days (normally 70), would contribute over 

500 pig lead/cm^/yr or 121.8 kg shot to the above semicircular area. 

In contrast, other potential sources of lead should contribute little to 

the marshlands in the study area discussed in this paper. Lazrus et al. (1970) 

estimated that lead fallout from rainfall and dust was from 0.0004 pig/cm^/cm 

rainfall at Brownsville, Texas, to 0.007 pg/cm^/cm at Lake Charles, Louisiana. 

Assuming an average annual rainfall of 130 cm per year (Anahuac, Chambers Co., 

Texas; Texas Almanac and State Industrial Guide, 1973)# precipitation could 

contribute about O.91 Mg lead/cm^/yr to a given area. 

Fallout of lead from vehicle exhaust or from industrial emissions is 

probably not important in the present investigation since the study area was 

about 30 km south of Interstate 10 and about 40 km east of the industrialized 

Houston Ship Channel (Fig. l). Support for this statement is offered by Chow 

(1970), Davies and Holmes (1972), and Motto et al. (1970). Those authors found 

that heavy traffic volume (12,000-20,000 vehicles/day) can contaminate 

roadside soil and plants only to a distance of 150 m on either side of the 

highway. Likewise lead fallout from an industrialized area has been measured 

at a rate of only 5 \i&/cvP/yr, 30 km downwind from factories (Peirson et al., 

1973)• 

This study was undertaken to examine whether hunting activities do, in 

fact, result in a significant concentration of lead in the soils, plants and 

animals in selected regions of the Texas coastal wetlands. Several approaches 

to the problem were utilized. First, the lead levels in the surface soil and 

in cores from ponds which had experienced different hunting pressures were 



3 

compared. Second, the distribution of extractable lead within a heavily 

hunted pond was investigated. Third, the rate of release of lead from lead 

shot was estimated from pond soil seeded with a known amount of shot. 

Finally, plants and animals from the various areas were assayed for lead in 

order to make comparisons with published data. 

B. The Study Area 

1. Physical characteristics 

The sample collecting sites were concentrated in three brackish 

marshland ponds. Pond A (Fig. 2) was located in the Anahuac National Wildlife 

Refuge and had been subjected to moderate hunting pressure prior to 1963* 

Since establishment of the refuge that year, hunting has been abolished. Pond 

B was located about one kilometer southwest of Lake Robinson on the Highland 

Resources property (Fig. 2) and has been hunted about one-sixth of the actual 

hunting days for the past 27 years (Leggett, R., 1973; personal communication). 

Pond C was located about two kilometers northwest of Lake Robinson on the 

7-H-L Ranch. This area has been used for hunting over a period of at least 

35 years and during the last 10-15 years has been hunted about one-half of 

the actual hunting days. The soil association of Ponds B and C is Harris- 

Veston-Ijam, while that of Pond A is Beaumont-Mbrey-Lake Charles (Westfall 

et al., 1973)• Soil pH, moisture and texture data shown in Table I axe based 

on two core sections collected from each of the three ponds. Soil pH and 

percent moisture were determined after the method of Beax (196^) and particle 

size distribution after the technique described by Bouyoucos (1951)• Samples 

from Pond C contained more clay and consequently had higher moisture content. 

The depth of water in the ponds did not exceed 51 cm throughout the period 

of this investigation; however, the amount of water in Pond C varies with 
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rainfall and during droughts the pond would be completely dry. Salinity of 

surface waters varied between one and ten parts per thousand during this study 

and ambient air temperatures ranged from a low of -13°C in January to a high 

of 37°C in the summer. 

2. Flora 

The flora of this area is similar to that described by Penfound and 

Hathaway (1938) for euryhaline ponds in the Gulf-coast marshes. Dense stands 

of Paspalum virgatum (seashore paspalum) occurred around the margin of all 

three ponds. Spartina patens (marshhay cordgrass) and Juneus sp. (black 

rushes) surrounded Ponds B and C. Distichlis spicata (saltgrass) occurred 

some 100 m north of Pond C and Sesbania drummondll (rattlebox) was present in 

drained and reflooded areas surrounding Pond A. Prior to a period of drought 

during 1972, Eleocharis parvula (dwarf spikerush) was observed on the bottom 

of Pond C but this sedge did not re-establish after the ppnd was flooded. 

3- Fauna 

The area around Ponds B and C was u6ed extensively for cattle grazing 

and these animals commonly walked through the ponds. The macrofauna of Ponds 

B and C included Cyprinodon variegatus (sheephead minnow), Lucania parva 

(rainwater killifish), Menidia beryllina (silversides) and Caliinectes sapidus 

(blue crab). For comparison with animals from Ponds B and C, the fishes, 

Aplodinotus grunniens (freshwater drum), Cyprinus sp. (carp), Lepisosteus 

oculatus (spotted gar), Mugil cephalus (striped mullet), and Callinectes 

sapidus were collected from Shoveller Pond on the Anahuac National Wildlife 

Refuge (Fig. 2). A system of canals and ditches drain upstream rice fields 

and the collected waters empty into Lake Robinson via a large ditch (Robinson 
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Ditch). PomoxiB sp. (crappy), Brevoortia patronus (menhaden), Fundulus grandis 

(mud minnow), the crayfish, Procambarus sp., as well as C. sapidus and 

Palaemonetes varians (grass shrimp) were collected in this ditch. In addition 

to the above fish and crustaceans, these ponds are frequently visited by 

raccoon, opossum, nutria and, occasionally, the river otter. During the 

winter, 15 to 17 species of waterfowl, as well as numerous shorebirds, inhabit 

these study areas. 

II. METHODS 

A. Soil 

A "soil sample" in this paper denotes approximately 200 g of mud scooped 

from the top 10 cm of the pond sediment. In all experimental areas, soils 

below 10 cm were highly compacted clays. Robinson Ditch sediment was 

collected with an Ekman dredge from the bottom of the ditch. Core samples 

from Ponds A, B, and C were obtained with a galvanized iron pipe, l80 cm 

long with an inside diameter of 4.1 cm. A metal disc affixed to a rod was 

used to extrude the sample from the core sampler. After squaring the 

cylindrical cores by removing about 8 mm of soil from opposing surfaces, the 

cores were sectioned into pieces approximately 2.5 cm x 3*5 cm x 3*5 cm. 

All soils were dried to constant weight at 100°C, then ground to a fine 

powder with mortar and pestle. Ground samples were passed through an 0.84 mm 

sieve before lead extraction. 

Two digestion methods, one for the determination of total lead and the 

second for extractable lead, were used in this study. Total lead is 

generally that lead recovered from soil which has been completely digested 

with strong acid while available or extractable lead is that leached from 
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soil with dilute acid (Chow and Patterson, 1962; Gordon et al., 1971)• The 

extractable lead is believed to be the form more available to plants. 

The procedure for total lead was modified from Allan (1961). About two grams 

of the screened soil was mixed with 50 ml of an acid reagent (9*9 ml of 25N 

HF, 3-0 ml of l6N HNO3 and 2.0 ml of 12N HD1 in glass-distilled water) and 

shaken for 15 minutes at room temperature. After diluting with glass- 

distilled water, the digest was filtered through Whatman #50 paper and the 

filtrate adjusted to a volume of 50 ml. This treatment dissolved between 

58-8056 of each soil sample. The amount of lead recovered from acid mixtures 

spiked with lead nitrate and treated as above was 8l.4$. 

The technique for measuring extractable lead (adapted from instructions 

prepared by the Perkin-Elmer Corporation, 1971) involved boiling one-to-two- 

gram samples of soil (dry wt) in 25 ml of an acid mixture (20 ml of ÎÔN 

HNO3 and 5 ml of IN HCIO^) in a 125 ml Erlenmeyer flask for five minutes. 

After diluting the digest with 10 ml glass-distilled water, it was filtered 

through Whatman #50 paper. The boiling flask was rinsed with 10 ml distilled 

water and the rinse poured through the filter paper. The combined filtrates 

were reduced to a volume of 10 ml before analysis. All solutions with known 

amounts of lead were similarly boiled, diluted, filtered and reduced to a 

final volume of 10 ml. 

Other authors have commonly used hot concentrated nitric acid to leach 

soils (Davies and Holmes, 1972; Gordon et al., 1971)» Gregory and Bradshaw 

(1965) extracted lead from soils by refluxing with 2556 HNOg for one hour. 

Burkitt et al. (1972) obtained a coefficient of variation of 18$ for 

triplicate analyses of lead in soil leached with hot concentrated HNOg. 

Extraction of one soil sample from Pond C with several different techniques 

gave the results in Table II. Extraction of three other marsh soil samples 



with both HNO^-HCIO^ and HF-HNO^-HCl mixture indicated that the first digestion 

solution extracted only 20$ as much lead as the latter digestion. Neither 

acid mixture decomposed all of a given soil sample; however, the coefficient 

of variation of triplicate analyses with HNO^-HDIO^ was 22$ compared with 

33*7$ for the HF-HNO^-BCl digest. 

B. Plants 

Eleocharis parvula and Spartina patens collected from Pond C were analyzed 

using a method modified from the Perkin-Elmer handbook (loc. cit. ). After 

ashing the dried plant at 500°C for six hours, approximately 0.02 g of the 

resulting powder was swirled in a 125 ml Erlenmeyer flask containing 20 ml 

of an acid mixture (2.8 ml of l6N HNO^, 2.0 ml of 12N HC1 in glass-distilled 

water) for five minutes. The digest was diluted with deionized water and 

passed through Whatman #50 paper before adjusting to a final volume of 50 ml. 

This treatment digested between 22 and 49$ of the various plant material. 

An average of 97$ of the known amount of lead nitrate in acid was recovered 

utilizing this technique. 

All samples of Paspalum virgatum were extracted by the HNO^-BCIO^ 

technique as described for soil samples. This technique completely digested 

all the plant material. 

C. Animals 

Fishes and crabs were collected with a cast net. Carapaces of crabs 

greater than seven centimeters in breadth were removed prior to grinding. 

Individuals of each species from each sampling site were pooled, ground in a 

Waring blender, dried at 100°C to constant weight and reground to a fine 

powder with mortar and pestle before further analysis. 
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Ducks were collected with a shotgun. Since lead is kpown to çoncentrate 

in bones (Coburn et al., 1951)* individual tarso-metatarsals and digits of 

each species were pooled, shredded in a blender and dried at 100°C to constant 

weight. Heads (excluding bills) and some tissues (i.e., livers, spleens, 

visceral fat, and uropygial glands) of each species were similarly treated. 

Four Blue-winged Teal heads collected in December 1972 were analyzed 

individually. Oven-dried duck samples were further ground in liquid nitrogen 

with mortar and pestle. No fragments of shot were found during the 

grinding of any tissues and no shot pellets were found in any of the crops, 

gizzards or glandular stomachs of the birds examined (eight birds collected 

in November, 1972). All samples were completely digested with the HNOg-BDlO^ 

mixture as discussed above. 

All digestion solutions were made with analytical grade reagents in 

glass-distilled water. Reagents used had less than 0.1 ppm lead according 

to the manufacturer's analysis on the label. All glassware was washed with 

detergent and water and rinsed three times with tap water followed by three 

rinses of deionized water. After acid extraction, all samples were analyzed 

on a Norelco Unicam atomic absorption spectrophotometer at p, wavelength of 

2830 Â and a slit width of 0.08 mm. 

III. RESULTS AND DISCUSSION 

A. Soil 

1. Lead in a hunted ana unhunted ponds 

Samples of sediment from Pond A (no hunting) and Pond C (heavy 

hunting) were analyzed for lead to ascertain whether the amount of lead in 

such sediments was related to differing hunting pressures (Table III). Pond C 
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surface soil had significantly more lead than the Pond A samples (p > 0.05, 

Wilcoxan two-sample test). Also, with one exception, lead content of all 

subsurface core sections collected in Pond A was low compared to those values 

for Pond C sections (Table IV). The lower lead levels at the surface of 

Pond A could suggest differences due to lack of hunting activity during the 

past ten years. Since lead does not normally leach downward in soil 

profiles (Goldschmidt, 1937} Swaine and Mitchell, i960; Wright et al., 1955) 

the differences in deeper core sections might be attributed to high back¬ 

ground lead in these pleistocene alluvial sediments rather than more recent 

high lead input. The lead content in these core sections was directly 

correlated with their clay content (see Table I; r = 0.687, p > O.Ol). 

The lead content of core samples from Pond B increased with the depth 

of the sample. The clay content in top sections of Pond B cores is more 

like that reported for Pond A. Since Pond B is located landward behind a 

sandy chenier, sand may have eroded from this ridge and deposited over the 

older clay sediments of Pond B. 

The lead content of the deeper core sections (JO cm) is high (an 

average of 66 ppm) compared with the world-wide average of 15 ppm for soils 

reported by Chow and Patterson, 1962; Goldschmidt, 1937J Wright et al., 

1955; Swaine and Mitchell, i960, but is similar to that reported for other 

marshlands. For example, Valiela and Banus (1972) and Siccama and Porter 

(1972) found high levels of lead (150 ppm) in surface soil of marshes in 

the eastern United States which diminished to 2 ppm in core sections deeper 

than 30 cm. Banus et al. (197*0 measured 66 ppm lead in soil cores, 16 cm 

deep in a Massachusetts marsh. 

Another plausible explanation for the higher lead content in these core 

sections may be related to the condition of marsh-pond sediment during a 
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drought. When such ponds dry out in July and August deep fissures form which 

occasionally extend to a depth of 95 cm; however, more common depths range 

from 45 to 65 cm (Fisher, F.M., 1974, personal communication). During the 

occasional thunderstorms which occur during the summer months, one inch of 

rainfall is insufficient to fill the network of crevices; however, there may 

be significant erosion of the dried surface sediments of the inner fissure 

surface which is then washed to the bottom of the crevices. Although direct 

evidence is lacking it could be possible that spent shot and ionic lead 

complexed with soil are washed into these cracks to deeper soil horizons. 

Lead content of sediment samples from Robinson Ditch was also somewhat 

high (Table V). The amount of lead in canal sediment increased with 

decreasing distance from Lake Robinson (Fig. 2). It is possible that 

increased salinity in the waters nearer Lake Robinson have resulted in 

precipitation of dissolved and adsorbed lead. 

2. Transects in a hunted pond 

To describe the distribution of extractable lead in a single hunted 

pond, samples were collected every 18.3 m along two transects in Pond C. 

The first transect (i) ran perpendicular (WSW) from the face of the hunting 

blind while the second transect (il) ran NW from the blind (Fig. 3)* The 

blind consisted of paired barrels in which two hunters sit facing Pond C. 

Once the most advantageous position of paired blinds is found for a 

particular pond, that site will be vised from year to year. 

Nine samples from transect I had a mean lead content of 84.1 ± 44.3 ppm, 

while the eight samples from transect II had a mean lead level of 92-5 ± 

55.6 ppm. The practice of "sluice” shooting ducks sitting among the decoys 

is not uncommon and such activity may have produced the high lead area 
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directly in front of the blind on transect I (Table Vi). The area 109-146 m 

away from the blind in transect II also had noticeably more lead than other 

samples taken in Pond C (143-166 ppm). This is consistent with Wetmore's 

(1919) report that the greatest number of shot are recovered some 119 m 

from the blind. During hunting season, the prevailing winds are from a 

northerly direction (Pig. 3)• Since ducks approach or leave a pond by 

flying into the wind, more shots may be taken by hunters in a northwesterly 

direction from the blind as waterfowl first arrive on the north side of the 

pond. This may explain the difference in lead content between the 

transects. 

Samples collected in the area 100-166 m from the blind in Pond C had 

significantly more lead than all other samples collected out of shotgun 

range (p > 0.001, Wilcoxan two-sample test, Table VII). Apparently specific 

areas with a high density of shot may produce pockets of soil with 

elevated lead contents. 

3. Seeded plots 

The amount of extractable lead in sediment 100 m in front of the 

blind in Ponds B and C and 100 m from the former location of the blind in 

Pond A did not increase over four months of a hunting season (Table VIII). 

Therefore a test was designed to determine whether spent lead shot could 

contribute to measurable lead in sediments over a short period of time. 

Four one-meter-square plots in Pond C and two in Pond A were seeded in 

January and February with shot densities from 3 to 200 times that of the 

estimated annual input by hunters. Three control plots were established 

in Pond C and two in Pond A. Soil samples were collected each month for 
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four months. The average number of shot recovered per sample throughout the 

four-month period was very near that predicted from the number of shot 

originally added to a given soil volume (p > 0.001, G-test, Table IX). These 

data suggest that shot falling into a pond remains in the top sediment layer 

unless it is disturbed by intense rainfall, wind action, or livestock 

activity. 

Table X indicates the changes in extractable lead in the plots over time. 

At day 75 the increase in lead in seeded plots in Ponds A ana C was greater 

than the increase in lead in the control plots (p > 0.10, two-way analysis 

of variance, plots 1 and 7 , Pond C were excluded from this test and plots 

4 and 5, Pond C were averaged). The regression of lead increase in seeded 

plots was directly proportional to the shot added ( pg lead/g soil) with a 

highly significant "r” value (r = 0.972, p > 0.001). These tests indicate 

that short-term release of lead from spent shot does occur. From this 

regression, the predicted annual release of lead from the 500 pg lead shot 

deposited by hunters is 19 ng/cm2 or 60 ppm (from p. 2; 500 pg/cm2 = 125 jxg/ 

cm^ the top four centimeters of soil. This is equivalent to 100 pg 

lead/g soil). Extractable lead apparently has not been building up in the 

soil at this rate since the difference between extractable lead in a hunted 

versus an unhunted pond and from an area within shotgun range of a blind 

versus an area out of range in a hunted pond was only about 30 ppm in both 

cases. An explanation for this discrepancy is suggested by data from the 

seeded plots. At day 100, the difference in average lead increase between 

seeded and control plots was not significant. Very heavy rainfall occurred 

after day 75 in April, which could have diluted the localized soil 

contamination from shot. 
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To further test the short-term release of lead from shot a sample of mud 

from Pond C was brought into the laboratory, thoroughly mixed, analyzed for 

lead and divided into two flasks. One of the flasks was autoclaved and both 

were seeded with sterile lead shot. After 120 days at room temperature the 

lead content increased from 56.6 ±4.9 ppm to 89*0 ±6.0 ppm for the 

autoclaved sample and the unautoclaved sample contained 182.0 ±9-5 ppm. 

This increase in lead content in the unautoclaved soil (125.5 ppm after 120 

days extrapolated to 377 ppm/yr) is about 3° times the release rate calculated 

from the field seeding experiments and suggests that significant amounts of 

extractable lead may be released from shot under certain conditions. 

B. Water 

Water collected in one-liter polyethylene bottles from Ponds A and C in 

May, 1973, was centrifuged to remove suspended particles and reduced to 10 ml 

by boiling prior to analysis by atomic absorption. Water from Pond A 

contained 0.0l6 ppm lead and Pond C had 0.015 ppm. Concentrations of lead 

in oceanic waters range between 0.00002 to 0.00035 ppm (Chow, 1958) and 

local polluted marine water off the British Isles contained up to 0.002 ppm 

lead (Preston, 1973i Preston et al., 1972). Uncontaminated freshwater 

contained between 0.001 and 0.010 ppm (Ter Haar et al., 1967j Abdullah and 

Royle, 1972) while polluted urban snow indicated values from 0.055 to 0.410 

ppm (jonasson, 1973)* Thus the concentration of lead in the water from 

these brackish marsh ponds is somewhat higher than unpolluted freshwater 

and much higher than open oceanic waters. 

C. Plants 

Average lead content in Paspalum virgatum roots collected from Ponds A, 

B, and C was 6.8 ± 2.8 ppm, 6.5 ± 4.1 ppm and 9.2 ± 4.1 ppm, respectively 
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(Table Xl). Levels of lead in roots from Pond C were significantly higher 

than the lead concentration in roots from Ponds A and B (p > 0.05, Wilcoxan 

two-sample test). It should be pointed out that these amounts of lead were 

greater than that determined in plants from uncontaminated areas. For 

example, uncontaminated vegetables and pasture herbage had 0.01 to 1.5 ppm 

lead (Mitchell and Reith, 1966; Thomas et al., 1973)» but grass collected 

near a highway or urban area had 50 to 3000 ppm (Burkitt et al., 1972; Cannon 

and Bowles, 1962; Chow, 1970). The levels of lead in the stems and blades 

of P. virgatum from Popds A, B, and C averaged 7.1 ±3*5 PP®. 

Eleocharis parvula and Spartlna patens were collected at soil sampling 

sites along transects I and II in Pond C. Spartina patens had one-fifth as 

much lead as E. parvula (3*0 ± 3*2 as compared with 17-3 i 8*0 ppm, Table 

XII). This is equivalent to 1.2 mg lead/m^ for E. parvula and 9*0 mg/m^ for 

S. patens based on standing crop biomass of these plants. Lead concentration 

in the whole plant of E. parvula was positively correlated with lead in soil 

(r = O.88I, p > O.IO), but the amount of lead in the roots or emergent 

vegetation of P. virgatum was not correlated with the levels of lead in 

soil. The grand means of lead concentrations in plant samples collected in 

a particular pond were correlated with the grand means of the lead in the 

nearest soil sample (r = O.819, p > 0.05, Table XIIl). Those plants 

growing in a high lead substrate tended to have higher lead concentrations. 

D. Animals 

1. Fishes and crabs 

Table XIV presents the lead content in animals from Robinson Ditch, 

Ponds B and C, as well as Shoveller Pond, located on the Anahuac Rational 

Wildlife Refuge. Samples of the menhaden, Brevoortia patronuB, from the 
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upstream sampling sites on Rotins on Ditch had about 10 ppm less lead than 

B. patronus collected downstream near Lake Robinson. The lead content of 

fishes and crabs from Robinson Ditch was about two times the concentration 

in fishes and crabs from the above study ponds and fish from ponds in the 

unhunted area had significantly less lead than fish from the high impact 

ponds (p > 0.05, Wilcoxan two-sample test). All organisms of different size 

categories and species were compared so it is impossible to draw specific 

conclusions at this point; nevertheless, overall levels of lead in fishes 

(average = 19*9 ppm) and crustaceans (average = 37*6 ppm) for all pond and 

canal samples were an order of magnitude higher than previously published 

values (Table XV). The high levels of lead in these organisms are 

consistent with the hypothesis that this area in the coastal wetlands of 

Texas is a high lead environment. 

2. Waterfowl 

Table XVI shows levels of lead in duck heads and feet collected in 

1972-73* Lead concentration in soft tissues of these birds was generally 

very low and only one liver sample of five examined had a detectable amount 

of lead. Two of three fat samples contained no lead, and eight of ten 

uropygial glands had less than 9 PPm* Feathers removed from the head of one 

female Blue-winged Teal had 14.1 ppm lead while the corresponding cranial 

tissue for this bird had 86.9 ppm. There were no consistent relationships 

between levels of lead in heads and feet of samples from the same bird. 

The average amounts of lead in the heads and feet of all ducks analyzed 

was 4-5.0 ± 60.3 ppm and 5^-7 ^ 6l.O ppm. 

Canada Geese suffering from lead poisoning were reported to have 67-IOO 

ppm lead in leg bones while normal geese had 30-38 ppm (Adler, 1944; Bagley 
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and Locke, 1967). The tibias of American Scoters, Mallards and Canada Geese 

not fed lead experimentally had 6.0, 10.0 and 2.0 ppm based on wet weight 

(Bagley and Locke, 1967). Mallards, after succumbing to lead poisoning, had 

469 ppm lead in their skeleton and 71-^ ppm in soft tissues (Coburn et al., 

195l)- If we assume from these studies that concentrations greater than 

50 ppm lead in feet of ducks may be symptomatic of a lead-poisoned bird, 

then 30$ of all ducks collected in the present study and 50$ of those 

collected during hunting season were nearing the lead-poisoning syndrome. 

More intensive studies of the feeding habits of these waterfowl and their 

lead concentrations as a function of residence time on the Gulf coast, will 

be necessary to determine the exact source of lead. With the current 

available information and the data reported herein, little speculation can 

be forwarded concerning the sources of lead in these waterfowl without 

further studies concerning the amount of lead shot accumulated due to the 

feeding habits of these birds and the amount of lead accumulated via the 

ingestion of food materials containing lead residues. Additionally, the 

turnover of lead from ingested shot and lead residues in foods should be 

carefully examined. 

IV. SUMMARY 

Extractable lead in the soil and water of marsh ponds in Chambers County, 

Texas, was higher than those values for published world averages. Small 

but significant local differences in extractable lead exist in the sediments 

of hunted ponds which may be attributable to spent lead shot, but lead does 

not seem to have accumulated significantly in the surface sediments over the 
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many years of waterfowl hunting. Seeding experiments suggest that any short¬ 

term build-up of lead in the soil associated with lead shot may be quickly 

dissipated by dilution. 

High levels of lead in plants, waterfowl, and especially fishes and 

invertebrates, were consistent with the hypothesis that this Texas coastal 

area represents a generally high-lead environment. The effect of lead 

residues on the biota of these marshland ponds is not known and likewise 

the effect of this lead when transferred to predatory or grazing species 

is not understood. 
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Table I. 

Properties of soil core sections from Ponds A, B, and C. 

Pond Core depth-*- pH jo Moisture jo Sand jo Clay 

6.5 cm 5.6 22.6 28.1 27.2 

A 36 cm 7.2 23.1 22.1 31.0 

65 cm 7.8 20.9 39-7 20.3 

4 cm 6.5 28.4 21.7 32.0 

B 35 cm 7.2 25.7 13-2 35*4 

83 cm 7-2 56.3 4.4 60.9 

5 cm 5-8 49.5 3-8 51.5 

C 35 cm 6.9 33-9 9-5 47.9 

52 cm 6.4 41.6 8.1 49.7 

1 All numbers represent averages from one-centimeter sections of two 

cores collected in a given pond. 
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Table II. 

Lead measured in extractions of a soil sample using different acids 

Acid Grams of soil extracted Lead (ppm dry wt) 

dilute HCl-I^SO^ 5 4.5 

dilute HC1 6 12.6 

dilute HNOg-HCl 2 16.3 

cone. HNO^-HClO^ (method 2) 2 22.8 

dilute HF-HKO3-HCI (method l) 0.5 104.9 
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Table III. 

Lead (ppm dry vt)^ in soil samples of Ponds A and C^* 

Experiment Pond A (Not hunted) Pond C (hunted) 
7 - - 1 -, - - 

Samples collected during 
hunting season 42.5 95.8 

Transect samples 88.1 

Top of core 1 101.1 78.0 

Top of core 2 41.0 99.0 

Seeded plots before 
adding lead 37-5 92.5 

36.0 54.0 

42.5 80.0 

29.5 45.5 

Grand Mean and Standard Deviation 47.2 ± 24.2 

82.0 

63,0 

77-8 ± 18.: 

Mean of three digestions of each sample. 

p 
Lead in the Pond C soil samples was significantly greater than the lead 

in those samples from Pond A ( p > 0.05, Wilcoxan two-sample test, 

p. 393, Sokal and Rohlf, 1969 where C = n-^ x np + np(np-l) - R; n^ = 

the larger sample size, np = the smaller sample size and R = the sum of 

the ranks of np. The larger of either C or n^ x np - C is Up. The 

probability of U8 for the given sample size is in Table CC (Rohlf and 

Sokal, 1969). 
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Table IV. 

Lead (ppm dry wt)^- in core sections from Ponds A, B, and C. 

Core depth 
Pond A Pond B Pond C 

Core 1 Core 2 Core 1 Core 2 Core 1 Core 2 

(4-7 cm) 101.0 41.0 53-5 47.0 78.0 99.0 

(34-37 cm) 60.0 50.5 70.0 53.0 69.5 59-5 

(52-85 cm) 30.5 43.0 71.5 93-0 97.5 70.5 

^ Transformed mean of three digestions (HNOg-HClO^ method). Means are 

transformed to a value comparable with those obtained with the HF-HNO3- 

HD1 digest by multiplying by five. 



Table V, 

Lead in soil samples from Robinson Ditch-1- 

Sample site^ km above Lake Robinson Lead (ppm dry wt)3 

1 8.69 40.0 

2 7-77 45.1 

3 5.^9 55.3 

k 3.05 52.8 

5 1.22 66.9 

6 0.0 65.6 

"*■ Significantly negatively correlated with distance above Lake Robinson 

(r = -O.689, p > 0.01). 

^ Sample sites indicated on Fig. 2. 

3 Mean of three extractions (HF method). 
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Table VI. 

Lead concentration (ppm dry wt)^ in 

soil samples from Pond C transects 

Distance from the blind (m) Transect I Transect II 

18.3 196.6 68.8 

36.6 56.6 32.8 

54-9 67.2 56.7 

73-2 67.7 59.6 

91.5 94.1 48.1 

109.8 60.I 165.9 

128.1 90.1 143.7 

l46.lt- 55-4 l64.4 

164.7 69.3 « 

Grand Mean and Standard Deviation 84.1 ± 44.3 92.5 ± 55 

^ Mean of several digestions (HP method). 
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Table VII. 

Summary of lead concentration (ppm dry wt) found in soil of Pond C. 

Samples collected in Samples collected 
area 100-166 m in other areas 

Experiment from the blind-*- Experiment of Pond C 

Collection during 
hunting season 120.1 Top of core 1 78.O 

91-5 Soil before 
autoclaving 56.5 

79-0 

92.5 

Top of core 2 99.0 Plots 2-6 
before seeding 

54.0 

80.0 
Plot 1 before 
seeding 92.5 45.5 

82.0 

63.O 

Transect I and II 60.1 Transect I and II 196.6 
100-l66 m from l8-95 m from the 

56.6 the blind 90.1 blind 

55-4 67.2 

69-3 67.7 

165.9 94.1 

143-7 68.8 

164.4 32.8 

56.7 

48.1 

Grand Mean and Standard 
71.7 ± 36.7 Deviation 101.8 ± 3°-5 

^ Samples collected 100-166 m from the blind had significantly more lead 

than samples collected in other areas of the pond ( p > 0.001, Wilcoxan 

two-sample test, p. 393* Sokal and Rohlf, 1969). 
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Table VIII. 

Lead concentration-1- (ppm dry wt) in Boil of 

Ponds A, B, and C. 

Collection 
date Pond A Pond B Pond C 

2 November 1972 48.0 37-5 120.1 

2 December 1972 46.0 28.0 91.5 

29 December 1972 38.5 36.0 79-0 

30 January 1973 37-5 34.0 92.5 

Grand Mean and 
Standard Deviation 42.5 ± 5*3 33-9 ± 4.2 95-8 é 17.3 

^ Transformed mean of three digestions (HN0g-HC10^ method). Means were 

transformed to a value comparable with those obtained with the HF-HNOg- 

HC1 digest by multiplying by five. 
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Table IX. 

Shot recovered from seeded plots^ 

Initial weight of 

shot added to a 

one-meter-sguare 

JDlOt ' 

Initial number of 
shot added to a one- 

Predicted number 
of shot recovered 

Observed num¬ 

ber of shot re- 

0 0 0 0 

12 100 0.31 0.25 

112 933 2.8 1.2 

799 6658 20.8 21.6 

^ Average number for all samples collected from plots seeded with the same 

amount of lead. 

total shot added to plot 

^ Predicted number of shot recovered = soil sample wt x total soil wt of the plot] 

total soil wt of plot = 100 cm x 100 xm x 4 cm x 1.25 g/cm3. 

^ The number of shot recovered and the number predicted were not signifi¬ 

cantly different (p > 0.001, G-test, p. 563* Sokal and Rohlf, 1969). 
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Table X. 

Change in lead concentration (ppm dry wt)^ in seeded plots. 

Plot2 
Initial lead 

in soil 
on day 0 

Shot added to 
the plot 

 (s)  

Increase in 
lead in soil 

by day 
75 

Increase in 
lead in soil 

by day 
100 

Pond A 

Control 37-5 0 23.5 15 

36.0 0 25.5 47.5 

Seeded 42.5 12.3 41.5 40.5 

29-5 112.3 51.0 42.0 

Pond C 

Control 92.5 0 * 35.0 

54.0 0 34.5 25.O 

80.0 0 12.5 23.5 

Seeded 45.5 12.0 36.0 50.5 

82.0 12.7 73.0 9.0 

63.O 112.6 31.5 86.0 

* 799-2 296.0^ 88.03 

* Sample lost. 

1 Transformed mean of three digestions (HNO^-HCIO^ method). Means were 

transformed to a value comparable with those obtained with the HF- 

HNO3-HCI digest by multiplying by five. 

2 See Figure 3 "to locate the plots in Pond C. 

3 Lead in seeded plots of Ponds A and C was greater than the lead in control 

plots (p > 0.10, two-way analysis of variance, Model I, p. 310 > Sokal and 

Rohlf, 1969). Plots 1 and 7> Pond C were excluded from this test and 

plots 4 and 5> Pond C were averaged. 

^ Increase in lead in soil from day 23. 
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Table XI. 

Lead concentration (ppm dry wt) in roots 

of Paspalum virgatum-*- 

Collection 
date Pond A Pond B Pond C 

11/2/72 4.8(l) 12.1(1) 10.9(1) 

12/2/72 5.5 2.8 7.9 

12/29/72 5.8 2.3 15.4 

1/30/73 9.0 6.5 10.0 

3/1/73 4.2 - 3-0 

5/11/73 11.4 8.8 8.4 

Grand Mean and 
Standard Deviation 6.8 ± 2.8 6.5 ± 4.1 9-2 ± 4.1 

^ Mean and variance of three digestions unless noted in parentheses. 

Lead in roots from Pond C had significantly more lead than roots from 

Ponds A and B (p > 0.05, Wilcoxan two-sample test). 



Table XII 

Lead concentration (ppm dry wt) in 

Eleocharis parvula and Spartina patens. 

Distance from 
the blind (m) Transect I Transect II 

18.3 32.91 12.8 

36.6 13.6 16,1 

5M - nd2 

73.2 25.4 11.5 

91.5 - 9-1 

109.8 7.02 0.92 

128.1 3-72 nd2 

146.4 - 6.62 

164.7 14.8 

All numbers are values for E. parvula unless noted. 

2 S. patens 

nd = not detectable. 



Table XIII. 

Grand means of lead concentration 

in soil and plant samples^". 

Pond Plant Lead (ppm dry soil) Lead (ppm dry grass) 

C-tr I2 Eleocharis parvula IO7.O 2k.O 

C-tr II E. parvula 74.7 12.9 

A Paspalum virgatum^ h2.5 6.8 

B P. virgatum 33-9 6.5 

C P. virgatum 95-8 9.2 

Lead in plant samples was correlated with lead in the soil (r = 0.819, 

p > O.05). 

tr = transect 

^ P. virgatum data are roots only collected before 1 March 1973* 
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Table XIV. 

Lead concentration (ppm dry wt) in animals collected 

in Chambers County, Texas 

Collection Number of Lead^ 
Organism site samples analyzed^ 

Fish: 

Brevoortia patronus 
(menhaden) 

Robinson Ditch (upper) 2 33-5 ± 1.6 

Brevoortia patronus Robinson Ditch (lower) 2 kk.2 ± 2.1 

Fundulus grandis 
(mud minnow) 

Robinson Ditch 2 35-0 ± 1.7 

Lepisosteus oculatus 
(spotted garj 

(liver + spleen) 
Robinson Ditch 1 nd3 

Pomoxis sp. 
(crappie) 

Robinson Ditch 3 

Robinson Ditch Mean 

30.3 ± 3-0 

28.6 ± 16.8 

Aplodinotus grunniens 
(freshwater drum) 

Shoveller Pond (unhunted) 3 8.8 ± 1.6 

Cyprinus sp. 
(carp) 

Shoveller Pond k 11.0 ± 3.8 

Lepisosteus oculatus Shoveller Pond 1 17.9 

Mugil cephalus 
(striped mullet) 

Shoveller Pond 1 5.6 

Unhunted Pond Mean 10.8 ± 5.2 

Cyprinodon variegatus 
(sheephead minnow) 

Pond B (hunted) 2 21.3 ±13.4 

Cyprinodon variegatus Pond C (hunted) 3 18.5 ±6.3 



36 

Table XIV. (Continued) 

Organism 
Collection 

site 
Number of 

samples analyzed^* 
Lead^ 

Menidia beryllina 
(silversides) 

Pond C 1 20.0 

Lucania parva Pond C 
(rainwater killifish) 

1 12.3 

Hunted Pond Mean 18.0 ± 4.0 

Pond Mean 14.4 ± 5-8 

All Fish - Grand Mean 19-9 ±12.8 

Crustaceans : 

Caliinectes sapidus 
(blue crab) 

Robinson Ditch 2 50.3 ± 3.8 

Palaemonetes varians 
(grass shrimp) 

Robinson Ditch 1 32.5 

Procambarus sp. 
(crayfish) 

Robinson Ditch 1 54.0 

Callinectes sapidus Shoveller Pond 1 25.8 

Callinectes sapidus Pond C 2 23.6 ± 0.6 

All Crustaceans - Grand 
Mean 37-6 ±14.'1 

■^One sample consisted of 1 to 6o animals. 

2 
Mean and standard deviation. 

^nd = not detectable 
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Table XV. 

Lead concentration found in animals 

Animal Lead (ppm dry wt unless stated) Source 

Atlantic coast oyster 0.^7 wet wt Pringle et al., 1968 

Soft shell clams 0.7 wet wt Pringle et al., 1968 

Scallops from English Channel 2.12 Bryan, 1973* 

Uca crab from Boston marsh 0.7 Valiela and Banus, 
1972. 

Modiolus muscle from Boston 
marsh 

2.5 Valiela and Banus, 
1972. 

Fundulus from a marsh I8.5 Valiela and Banus, 
1972. 

Fish muscle from Britain 0.7 wet wt Preston, 1973* 

Salmon bones from Russia 6 Sokolova and 
ParchevskLi, 1972. 

Mackerel 0.3 Lunde, 1973 

Herring 0.4 Lunde, 1973* 

Capelin 0.4 Lunde, 1973* 

Mean of dry wt determination 2.98 

Fish from coastal marsh 21.6 This study. 

Crustaceans from coastal marsh 37.6 This study. 
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Table XVI. 

Lead concentration (ppm dry wt)3" in ducks from Willow Marsh (7-H-L Ranch) 

Sample^ Sex^ Head Feet 

10 May 1972^ 

2 Blue-winged Teal 1-f, 1-m lk.k3 
19-9 

k November 1972 

3 Blue-winged Teal 3-f 58-5 19.1 

2 Gadwall 1-f, 1-m 33-3 16.9 

3 American Wigeon 1-f, 2-m 27-8 23.3 

17 November 1972 

k Blue-winged Teal unknown 10k. 8 188.0 

5 Shoveler 2-f, 2-m, 
1-? 233.9 22.2 

1 Mallard 1-m 5-9 I6I.9 

1 Ringed-necked Duck 1-f 18.6 21.8 

12 December 1972 

k Blue-winged Teal 2-f, 2-m k5-k5 
19.1 

2 Lesser Scaup 2-m 9.0 103-9 

3 Common Teal 3-m 33A 59-9 

1 March 1973 

1 Blue-winged Teal 1-m (found dead) 13-3 - 

5 May 1973 

1 Mottled Duck unknown (found dead) 17-9 - 

1 Blue-winged Teal 1-m (collected dying) 13-2 2k.O 

Grand Mean and Standard Deviation k5.0 ± 60.3 k6.7 

•'"Mean and variance of three digestions unless noted in parentheses. 

^Number and species of duck analyzed. 

3f = female and m = male 

^Collection date 

^Calculated from the means of digestions of four individual heads. 

6l.O 



39 

Figure 1. 

Figure 2. 

Figure 3- 

VII. FIGURES 

Houston-Galveston Bay Area. Redrawn from Ginn, 1973* 

Chambers, County, Texas. Redrawn from Ginn, 1973- 

Pond C, Willow Marsh 



Figure 1 



Figure 2 

E
a
s
t
 
B
a
y
 



T
ra

ns
ec

t 
II

 

Figure 3 

5
0
 m

 


