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Introduction

Quantification of biochar elemental content
can inform effects on soil health and fertility [1]
as well as losses during pyrolysis. Analysis of
total elemental content can be accomplished
with ICP-AES, but requires complete dissolution
into a liquid matrix [2,3] and decomposition of
organic matter that may affect analysis [4].
Numerous methods have been proposed to
prepare plant samples for elemental analysis
[5]. Dry ashing is simpler and safer than wet
digestion methods, however, the high
temperatures employed may introduce error
due to volatilization [3] and yet remain
insufficient to decompose pyrolytic organic
materials [6,7]. Wet digestion methods operate
at lower temperatures but employ potentially
dangerous inorganic acids [8]. Biochar
recalcitrance may resist decomposition by
strong oxidizers [9,10]. The purpose of this
paper is to identify safe, reliable, and accessible
biochar preparation methods for total elemental
analysis by ICP-AES.

Materials and Methods

Three biochars were chosen with contrasting
properties: (1) corn stover pyrolized at 300°C
(Corn300), (2) oak wood at 600°C (Oak600),
and (3) poultry manure with sawdust at 600°C
(Poultry600). Published wet digestion (PWD)
and published dry ashing (PDA) methods for
plant tissue, modified wet digestion (MWD) and
modified dry ashing (MDA) methods to
accommodate biochar recalcitrance, and a
perchloric and nitric acid wet digestion (PNW)
were used to decompose samples for ICP-AES
analysis.

Results and Discussions

MDA was either the most precise method, or
demonstrated relative standard deviation
(%RSD) within 3.7% of the most precise
method, for recovery of K, S, Ca, Mg, Mn, and
Zn from Corn300 and Oak600.
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Figure 1. Total nutrient contents of corn stover
biochar produced at 300°C and oak wood biochar at
600°C obtained by different digestion methods.
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Additionally, MDA was the most precise
method for P and Fe from Corn300. Recovery
of P, K, S, Ca, Mg, Fe, Mn, and Zn from
Poultry600 was 10 to 100 times lower with
PWD and PDA than when using all other
methods. MDA returned lower levels of Ca
than PNW, otherwise there were no differences
in recovery of P, K, S, Mg, Fe, Mn, and Zn
between PNW, MWD, or MWA from Poultry600.
PDA returned significantly more Na than any
method for Corn300 and Oak600, suggesting
contamination from borosilicate glassware
[11,12].
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Figure 2. Total nutrient contents of poultry manure
biochar produced at 600°C obtained by different
digestion methods.

Conclusions

Trace elemental analysis would benefit from
closed vessel methods that eliminate
volatilization losses [13] or vitreous silica or
platinum labware to reduce contamination [14].

MDA is a comparatively safe and effective
method to prepare biochar for ICP-AES
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analysis of plant macro and micronutrients
utilizing accessible labware and simple
equipment.
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