
Proceedings of the 1999 Conference on Hazardous Waste Research114

REVEGETATION OF HEAVY METAL-CON-
TAMINATED MINE TAILINGS (CHAT)

1M. Lambert, 2G. Pierzynski, 2G. Hettiarachchi, 3L.E. Erickson, and 4D. Sweeney
1Department of Geology, Phone: (785)-532-7281; 2Department of Agronomy; Phone: (785)-
532-7209; 3Department of Chemical Engineering, Kansas State University, Manhattan, KS
66506, Phone: (785)-532-4313; and 4Kansas State University Parsons Experiment Station,
Parsons, KS 66720, Phone: (316)-421-4826.

Mined areas near the city of Galena, Kansas, are a continuing source of Pb, Zn, and Cd contamination
that move off site in response to erosion by wind and running water. Revegetation of the mine tailings (chat)
could limit the spread of these heavy metals. In this study, treatments that included the addition of manure, as
well as inoculation with mycorrhizae or the addition of benomyl fungicide, were imposed on 24 test plots. Tall
fescue grass was established in all seeded plots, and by the end of the third growing season, the vegetative
cover for seeded treatments averaged 28.5%, and basal cover averaged 10.4%, indicating a decrease in vegeta-
tive and basal cover from a maximum during the course of the experiment. Zn, which the addition of manure had
earlier significantly concentrated in the organic-bound fraction of the chat, has more recently been significantly
concentrated in the more bioavailable exchangeable fraction of the manured plots. Together with the decrease of
vegetative and basal cover, and with a significant decrease in available K in the manured plots, this may indicate
a decrease in effectiveness of the manure treatments over time.
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INTRODUCTION
From the mid-1800’s to approximately 1970, the Tri-State district of southeastern Kansas,

southwestern Missouri, and northeastern Oklahoma was one of the most important Pb and Zn

mining areas of the world (McKnight and Fischer, 1970; Spruill, T., 1987). Surface mine spoils

(also called chat) are still present in the city of Galena, Kansas, and adjacent areas (Figure 1),

creating a source of heavy metal pollution that can spread to outlying areas by the action of wind

and running water. Sources of the Pb and Zn are residual galena (PbS) and sphalerite (ZnS) ore,

and Cd is also present where it substitutes for Zn in sphalerite (Berry and Mason, 1959; Klein and

Hurlbut, 1977). Despite the passage of time, vegetation has had difficulty in establishing itself on the

piles of chat. Revegetation has been shown to decrease the off-site spread of  chat (Darmer,

1992), and would also decrease the possibility of off-site heavy metal pollution because of the

association of galena and sphalerite with the chat. In this experiment, test plots were established in

order to determine optimal conditions for revegetation with tall fescue grass. Previous mathematical

modeling for the Galena area (Green et al.,1997) has indicated that grass buffers could reduce

sediment loss by 18% to 25%, and that 100% grass cover would reduce sediment loss by nearly

70% compared to bare soil.

PROCEDURE
Six treatments with four replications were imposed on 24 plots on chat material within the city

limits of Galena, Kansas. The treatments included a manure-amended and seeded control (SC);
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two treatments that were manure-amended, seeded, and inoculated with mycorrhizae fungi (I-1 and

I-2, one of which was originally planned to have been planted with poplar trees); and a manure-

amended, seeded treatment on which benomyl fungicide was applied (BF). Mycorrhizae  inocula-

tion was intended to assist the tall fescue in resisting Zn phytotoxicity by preventing its uptake by the

plants, while by contrast the benomyl fungicide treatment was intended to prevent any mycorrhizae

activity. Also included were an unseeded and  manure-amended control (UMC), and an unseeded

control which was not manure-amended (UC). After the tall fescue was established in satisfactory

stands, Pb, Zn, and Cd in the chat were sequentially extracted according to the methodology of

Tessier (1979), allowing the heavy metal concentration of the exchangeable, carbonate-bound, Fe/

Mn oxide-bound, organic-bound and residual fractions to be analyzed. Zn concentrations are

reported here. The exchangeable fraction is considered to be the most bioavailable (most available

to organisms), and the residual fraction the least, with the other fractions having intermediate degrees

of bioavailability. The amount of vegetative and basal cover in the vegetated test plots and available

soil nutrients were also measured. The SC, I-1 and I-2, and BF treatments were seeded and

became vegetated with tall fescue. All treatments except UC had manure added to them to insure

availability of plant nutrients for the fescue.

RESULTS
Figure 2 shows vegetative (crown) cover and Figure 3  shows basal  ground cover for the test

plots over a two-year period beginning in September 1996 and ending in October 1998. Vegetative

cover (28.5%) for October 1998 was lower than previous point counts in May 1997, October

1997, and May 1998 (71.7%; 60.2%, and 51%, respectively), although not as low as reported in

the initial vegetative cover point count following planting of the tall fescue (26.7% in September

1996).  The October 1998 basal cover (10.4%) was actually the lowest recorded since planting the

tall fescue, when compared with previous point counts from September 1996 (11.8%), May 1997

(35.7%), October 1997 (23.6%), and May 1998 (36.9%). These decreases may indicate that the

manure is no longer supplying nutrients to the fescue, or possibly that it is no longer helping to

alleviate problems with Zn phytotoxicity on the mine spoils material.

Extractable nitrate nitrogen, ammonium nitrogen, P, and K concentrations in soil samples

collected during the spring of 1998 are shown in Table 1. Soil nitrogen in the test plots averaged 3.4

mg/kg, up from an average 2.3 mg/kg in the spring of 1996 (not shown), and soil ammonium

nitrogen averaged 2.4 mg/kg (down from an average 7.0 mg/kg in the spring of 1996). There is no

significant difference in soil nitrate nitrogen and ammonium  nitrogen between the first five treatments

listed in Table 1 (SC; I-1; I-2; BF, and UMC, all of which had added manure), and the unseeded

(and non-manured) control (UC). Soil P is significantly higher in the first five treatments listed in

Table 1 (an average 130.2 mg/kg, up from an average 91.8 mg/kg in the spring of 1996) than it is in

the unseeded control UC (14.1 mg/kg). Soil K in Table 1 is significantly higher in the first five
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(manured) treatments (an average 43.1 mg/kg) than it is in the non-manured, unseeded control UC

(23.2 mg/kg), but is considerably below what it was in the spring of 1996  (281.6 mg/kg). There-

fore, although there have not been major changes in soil nitrate nitrogen  and ammonium nitrogen in

the manured test plots, and soil P has actually increased over time as it apparently continues to be

released from the manure, there has been a significant decrease in the effectiveness of the manure in

releasing K.  As suggested earlier, the manure may no longer be supplying essential nutrients to the

fescue.

Chaney (1983) considered Zn concentrations of 500 to 1,500 mg/kg Zn in plant tissue to be

phytotoxic. Levy, Redente, and Uphoff (1999) grew  switchgrass and big bluestem in chat collected

from the Tri-State mining district in southwestern Missouri, and concluded that there was little

evidence of Zn or other heavy metal phytotoxicity. However, tall fescue plant tissue Zn concentra-

tions from vegetated test plots in the present study (not shown) averaged 490 mg/kg in the summer

of 1996, and 706 mg/kg in the spring of 1997. Zinc phytotoxicity would therefore appear to have

become a problem during the course of the experiment and may be related to the loss of effective-

ness of the manure in concentrating soil Zn.

The sequential extraction scheme of Tessier et al., 1979, should allow the influence of vegeta-

tion and manure amendments on the fractionation of the Pb, Zn, and Cd in the chat to be evaluated.

In the spring of 1996, the presence of vegetation (first four treatments in Table 2) had not influenced

the distribution of Zn. However, the presence of manure in the SC; I-1; I-2; BF, and UMC treat-

ments had significantly reduced exchangeable and residual Zn concentrations (an average 218 and

7562 mg/kg, respectively) compared to the non-manured UC treatment (where exchangeable and

residual  Zn concentrations were 338 and 12,725 mg/kg, respectively). Meanwhile, the organic-

bound Zn concentration in the five manured treatments (which averaged 683 mg/kg) was signifi-

cantly greater than in the non-manured UC treatment (324 mg/kg). The presence of manure,

therefore, had the effect of moving Zn from the exchangeable and residual fractions into the organic-

bound fraction. By the fall of 1997, vegetation still did not influence the distribution of Zn, but the

influence of the presence of manure on Zn distribution had changed (Table 3). Exchangeable Zn in

the unseeded (and nonmanured) control (UC) was lower than in the manured treatments (357 mg/

kg versus an average of 714 mg/kg for the manured treatments).  Because exchangeable Zn in the

unseeded control was essentially the same in the fall of 1997 as it was in the spring of 1996 (357

mg/kg versus 338 mg/kg), this may be another indication that the manure treatments have lost their

effectiveness over time. Further, the increase in bioavailable exchangeable Zn have been the cause

of phytotoxic levels of Zn in the tall fescue plant tissue. Residual Zn in the unseeded control re-

mained higher than in the manured treatments during the fall of 1997 (6,498 mg/kg versus an

average 4,295 mg/kg, respectively), but was no longer significantly higher. Total Zn concentration

for all test plots in this study averaged 19,819 mg/kg in the spring of 1996, and 21,539 mg/kg in the
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fall of 1997 (Tables 2 and 3), within 8% agreement. Total Zn concentrations for individual treat-

ments at the two sampling times agreed within 13%, except for treatment I-1 (15,460 mg/kg in the

spring of 1996, and 19,649 mg/kg in the fall of 1997, for a 21% difference), and I-2 (14,140 mg/kg

in the spring of 1996, and 19,494 mg/kg in the fall of 1997, for a 28% difference).

CONCLUSIONS
While the presence of the tall fescue does not in itself appear to reduce Zn content of the

Galena mine tailings, models that incorporate vegetative buffers have shown a reduction in the

redistribution of the mine tailings by wind and water, thereby reducing the spread of heavy metal

contamination. Adding manure to test plots not only aids in the growth of the tall fescue planted

there, it also tends to cause the redistribution of the Zn into the organic fraction and away from the

more bioavailable exchangeable fraction.  This effect decreases over time as the manure treatments

become less effective.
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Table 1.  Extractable nitrate nitrogen, ammonium nitrogen, P, and K concentrations for soil
samples collected in the spring of 1998. Numbers within a column followed by the same letter are
not significantly different at P=0.05.

Table 2.  Fractionation of Zn in soil collected during the spring of 1996 into exchangeable, carbon-
ate, Fe/Mn, organic-bound, and residual fractions (in mg/kg). Numbers within a column followed
by the same letter are not significantly different at P=0.05.
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Table 3. Fractionation of Zn in soil collected during the fall of 1997 into exchangeable, carbonate,
Fe/Mn oxide, organic-bound, and residual fractions (in mg/kg). Numbers within a column followed
by the same letter are not significantly different at P=0.05.

TNEMTAERT .GNAHCXE ETANOBRAC EDIXOnM/eF CINAGRO LAUDISER nZLATOT

lortnoCdedeeS
)CS(

ba776

417
.eva

a7676

3487
.eva

a2585

0936
eva

a9691

4471
.eva

c6763

5924
.eva

14981

93512
.eva

1-detaluconI
)1-I(

cb655 a0757 a6385 a4751 b3114 94691

2-detaluconI
)2-I(

ba397 a1207 a1875 a9071 b0914 49491

lymoneB
)FB(edicignuF

ba217 a5398 a4786 a9871 ba7864 79922

dedeesnU
lortnoCderunaM

)CMU(
a138 a3298 a5067 a7761 ba7084 34832

dedeesnU
)CU(lortnoC

c753 a7427 a8939 a318 a8946 31342

Figure 1. Map showing the location of the city of Galena, Kansas, in the Tri-State mining district
of southeastern Kansas, southwestern Missouri, and northeastern Oklahoma (base map of the
United States after Moore, 1998).
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Figure 2. Average vegetative cover over time. SC = Seeded Control; I-1 =Inoculated-1; I-2 = Inoculated-2; and
BF = Benomyl Fungicide.
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Figure 3. Average basal cover over time. SC = Seeded Control; I-1 = Inoculated-1; I-2 = Inoculated-2; and BF =
Benomyl Fungicide.


