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~Abstract~

A significant difficulty of historic mining in the San Juan
Mountains is the soil and water gquality degradation associ-
ated with abandoned mine tailings, waste rock piles and
draining adits, which have drastically effected local water-
courses, These display highly mineralized soil from the ero-
sion of metals in sail solution partly due to a lack of vegeta- ; - 11 -
tion in these areas. A proposed solution to remedy this situa- 3 o -
tion effectively and frugally is the introduction of biochar, a 3

stable solid, rich in carbon that can endure in soil for thou-
- sands of years. Biochar was evaluated by Mountain Studies
 Institute and Animas High School through the comparison of
plant growth after the introduction of biochar to its useful-
~ ness at mitigating metal toxins in leachate solution. At spe-
- cific percentages of biochar introduced to soil, our measure-
ment of the plant vegetation in soil was based on the height
of plant growth, not density or true health of the vegetation. f
Asa means of remediation, the percent change of metals in

~Results~
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5ol for this trial was taken from five different abandoned mine sites in the Silverton, Colorado area: Joe/John (1)), Bonner (BON),
Road Cut (RC), Across from Bonner (Af8), and Brooklyn (BRK); all of which have acidic soil quality,
his analysis was based on Mountain Studies Institute (M5} experiments, which measured soil water content, soil water taxicity
[pH), and plant growth response as investigatien of biochar effectiveness to land remediation. This particular paper focuses on
hether biochar can be considered an effective land remediation strategy based upon the plant growth response and leachate
levels of soil samples. Over the course of 55 days an analysis of various biochar effects including metal levels in leachate solution,
plant growth height, and percentage of biochar introduction, (0, 10, 20, and 30 % bicchar in soil) was conducted.
p total of 60 samples were used; 3 samples from each biochar percentage: 0%, 10%, 20%, and 30% at each mine site (1), BRK, BOM,
RC, and AFE). On start date, January 27th, leachate samples of the amounts of biochar and mine sites were collected from soil
amples and analyzed a1 Animas High School. Metal levels in the leachate solution were found using an ICF-AES machine with
S MSI. The same technique was used at the end date, March 5th, of this experiment and metal levels determined once again. This al-
Hlowed us to determine the effectiveness of biochar at reducing the level of specified metals in leachate.
he ICP-AES tool is an emission spectrophatometric technigue, that uses energy emitted from excited electrons at given wave-
lengths as they return to their ground state. Each element emits energy specific to wavelengths and chermical character, This tech-
nique can determine the wavelengths emitted in from the samples by analyzing its intensity compared to an Animas Watercourse
average.
An analysis of plant growth at the four different levels of biochar was alsa compared. Plant height data was collected from a larger
ontainer experi , which measured the mass of pre-watered sample, the average height of all green vegetation
mj, and the volume and pH of drained irrigation water. After 55 days, of all green vegetation in each of the samples was collect-
ed, Iabeled weighed, dried then re-weighed,
container experis measured soil water content, seil water pH, and plant growth respense, alse in 55 days.
Ea(h container was comectly labeled and placed in its respective 3.5 inch containers. Biochar, which was sifted to less than 2mm,
as added to its respective container and mixed thoroughly with its soil, The mixes were watered to saturation and drained over-
night. The samples were then remixed with seed mix and lupine seeds, and carefully added to the top quarter inch of soil. Pre- .
pared samples were allowed 1o germinate over a 72-hour period where they were kept warm and covered. Twice a week samples s 1A v v P P —————
ere watered, weighed before and after their watering, measured for height of green vegetation, volume taken, and the pH of
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: i g o . L] ’ = e = {The charts above indicate the metal levels found at each
ater used to irrigate before and after the irigation of each container, i — .\\ E /\ I-: e : f/a_ . : e bt site in 0% biochar, percent change, numerical change
- : - : . '_,.—” - — and leachate levels for each metal, respectively).
~Discussion~ LR RN | | MR R~ ESEET = A
Qur results determined if biochar is effective for plant growth and metal reduction in leachate. For the first three weeks of (The charts to the left Il:ldll:afe plant growth {mm) from
plant growth, the average height of vegetation in the samples were similar across the trial. This similarity excludes samples ..... - - = -n - the samples of each site over the course of 3 weeks).

from mine site=—— BRK, which had high Pb levels, which varied from the other sites. Our data suggests that in beginning = c =— S i : S/

stages of plant growth, biochar seemed ineffectual at provoking vegetation growth, as there were no discrepancies ameng 4 - . _— ! = 5 . = - ' /

the four biochar concentrations. This does not necessarily mean that biochar is ineffective, but suggests that vegetation i . o =

does notimmediately benefit from its introduction. By measuring other factors of plant growth response such as density, it ’l e e

is possible that our data would diverge from current results.

Leachate solution data indicated the metal level change after biochar was introduced. We compared the results of leachate AFB 1 B’ON RC BRK

contamination to the plant growth data to observe a possible coincidence. Graphs indicate metals in leachate solutions by & * Kl e .* & -

numerical and percent change; biochar effectiveness is showed by percent increase or decrease by tested element. Sam- Ly 8 .y | —% . )

| ples that :]ispia;:jf J::co reised levels of ;:;:;i}n rl:a“hr;te snl_utio‘; dir;ctly; contradict the proposed influences of biochar as ok e er'?'rlf:::dmed mines? AcEmi. _Pefino, L. (Ditector) (2012, April 26). Mine Remediation Technolo-  “The free zinc ion in solution is highly toxic to plants, inverte-
ameans to remediation. From our anal char efficacy is not evident. b Mes, el l keove - L ; i d Applications. 2012 Saun Juan Hardrock Mining and Water  brat d vertebrate fish.”
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material. Their large surface areas and cation exchange capacities, determined to a large extent by source materials and py- = 2012, from hr{py’.r’envnewsblfs.wordpress(omﬂﬂ1 1/08/05 blochar- stitute, Sliverton Colorado. deficiency: wh;t are the ;'nosmpprup;ha’be interventions?”. British

rolysis temperatures, enables enhanced sorption of both organic and inorganic contaminants to their surfaces, reducing makeover-for-abandoned-mines/ Moreno-limA@nez, E., Beesley, L, Gemez-Eyles, J. L, Haris, E., Medical Journal 330 (7487): 347-9.
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As stated in comparison to the results of Beesley’s biochar review, biochar is regarded as a possible remediation strategy to | |  tion of Biochar Effects on Nitrogen Retention and Leaching in Multi- 5501y ‘5 b ar reduces the bioavailability and phytotoxicity of " . d
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