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Effect of Pine Waste and Pine Biochar on Nitrogen Mobility in Biosolids
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Abstract

Humanity peoduces ~27 kg of dry matter in bisolids per
person per yeor, Land applcation of blsolids can Improve cop
production and mmediate sois Bat miy result in exessive
ritrase N (NO~N| leaching, Carbonaceous matenals can reduce
the envikonmental impact of Boso ids spplcation, We simed to
alcertain and corrpire the potentshs for Monterey pire (fnus
raddata D Deolsawdest-derved bochars and raw sawdust to
retdioe NO N keaching from biosolids, We used batch sorption
expeammis 1:10 ratic of mabxid to wlubon 100 mg kg of
NH,* or KO ) and colume kaching exg@iiments with cobumns
contanng beosclkds (27% total N, 130 mg Kg™' NH," and 1350
™ kg' MO, | mised with soll Bodhar, of sywdist. One type of
fow-temperature 350°0) Biochar serbed 335 mg kg ' 8847, while
the othier biochars and sawdest soebed <200 mg kg ' B4 . None
of the materials sorbed MO - Slochar added at rates of 20 to 5056
recdhuoed HH =N (1% of tota] N leaching from columns by 40 to
E0%. Nitnte kaching (<7% of total N) vaned little with biochar
form or e bt was reduced by awdust Incorparating died
sawtdust with biosolids showed promise for mitigetng NO N
feaching. This effect ikely s due to serpticn o the pores othe
biochar comtined wath denltrficaton and Immobilization of N
nther than dhermcal woept on onto surfeces

Core Ideas

« Ovy sowdust reduced mtsate loackeeyg froen bicsobdy moist
srwdust was less offective,

« Boochar wny ineffective in reckcing nitrate leackeng fum aged
Deosctids.

« Boadhar chemicaty sorbed ggnficant amounts of ammonium,
whirrsas awoest dd rot.

« Neither biochar ner sowdust cherrical by sorbed nirate:
» Sawdus prysically sored bath ammodeasn and nivine
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UMANITY produces <27 kg of owlids (treaced
sewage dudge) per persan per year (Hue, 2014}
Applying bicnodids to prodoctive faind improves plant

growth (Ranakd er al,, 2008 ) bur may sead in borh high Jeveks of
nitrzre (NO ) lesching (Coeres ot al. 2006) and contamization
of the soil and foed chain The applicatea of biosalids to prime
sgniculrural bind b sull wacceprble w many sakehodders, even
thuugh many countries have guidclines to manage ther emviron-
mennl inpaces. As & comequence, muny blosolids are digposed
g\ln Lindflls, into watcrways or burred. This seproents 4 wase
of organk maccer and plne vatrients.

Seil degradation & a commona problem in most countrics
In New Zeghind, thassands of hectares of land, formally under
Monrerey pThc (Virxs raadiass 1. Don) planaacions {Manisory
of Agriceltore and Foreyiry, 2010) have both low soil ocganic
marter Jeveks and soll ferviliny (Brockerhoff eral, 2005). Similarky.
land affected by open-cat mining oken Gl to develop a vog-
crative cover and requires remediztian. In Bath cases, biosolids
have been used 1o successhully reestablish sod fertiliy {Danick
e al. 2003; Novak a al. 200%). Howewr, to achios a mean-
iugful increoc in soil Qnganic matcr, hi#: rarex (50 ¢ b ') of
bioveedids are required (Henry o1 al. 1994), Gaven thar biosalids
comprise 2 to 5% N by weighr (Daniels er al. 2001), rebuild-
ing dograded soil can reuk o N rates of up to 2500 kg ha',
whiich is well in cxces of the maximum rates curreathy permitted
(~200 &g ha 'y ') s mast parisdiccions { EPA-Wictorks, 2004
New Zeahind Wiste Warer Asociation, 2003}, Most of the N in
biosclids & in 2n orgamsic farm, and as it neneralizes, s provides a
source of plant avaikable mocganic N that promotes plast growah
with mimmal N leaduing. However, blosolids caa also conzain
sggniScant amounts of (nonganic N s ammonium (NH 7 <IN),
which can rapadly nicrify co form NO_~N. In iged biosolids
NO, =N may abo be present 3t agnificant kevels (Smith et al,
1998}, In both cases. NO_ =N may be lached. Excessive lnad-
ings of minezal N are sseciired with hagh kv of NO =N
leaching, which can contribuse to eutrophication of lakes, rivers,
ad groundwater ( Davis, 2014) and thus showkd be prevented.
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Mixing carboeaceous siligances such as sswidwst oc baochar,
with bicsolids can offser some of we awironmental
effeces of biosolids addinen (Knowdes eral, 2001 Danels er al,
2000; Schimide, 2000, Simmlar e al. 2013}, Camposing bie-
solids with sawdust can reduce NO|™ feaching {Amman ec sl
20121 The omber indusry produces lange volumex of woud
wiste, indoding awdust, which Is often inappropriaely dis.
posed of in wood waste piles | Rodinson, 2007; Wendong et al.
2005% Provaded the sawdust i not contaminated with tmber
trearment resduce, sich = Cu. Cr, and Ay, this waste material
may potentially be vsed to mprove eovironmental outcames
from biosolids-amended solls. Cests would be gready redaced
if the sawdust could be incorparated with the biosolids va s
rather than being compasted betorchand. However, it is unckear
whether wxompuatad mistures are effcctive in mitigsting
NO, ~Nleaching Composting of biesolids may improve qual
iry of organsc marzer, which in rurn paay beneficial foe scdd (Bernal
ct al. 2009), Furthermore. compasting can wduce ameunt of
porentully phyraraic composnds { Borchard ecal,, 2014} Thas
applying bicselids dicscdy inw sall muay reduce teansernst coss
bor may dsk negarive effects co soll health and crop growth chae
INCreass costs

Potenially, NO_ =N leaching could ako be reduced by pyro-
Iyzing pine wiste and using the resalging biodsar as a blocolids
amendment, The sorpive propecscs | are protoundhy
uffocred by dw sowrce macerial, che pyrolysk temperarare {Glaser
et al., 2002), the partick are {Kwapindict al. 2000, and the
degree of weathering che biechar hus undegone in the soll
{Nowvik eral., 20 s sctivatlon of biochar can change the
SOTpLive propertics char (Borchard et al. 2012), Ducey ot
al (2013) showed thar steam activanion of Biockars incregased
e microbiological ¢ ities in the soil. Fungs
{2014} reparted dhar steam activation of biochar derived from
Evcalyptas spp. wood mcreased the biochar's capacity to suppres
CH, and NO emissions from sl

Amending blosolids with odhur has been dfiwn
meduce NO,~N leaching from pasture by over 30% | Koowles
et al_ 2011} when the biochic was made fram Manserey pine
prralvzed at 350°C. Other auchors weng the same biochar have
also repaned lower concentrations of NO| Niin pastare soih
follawing the application of ruminane urine | Taghizadeh Toosi
ctal, 2011}

Reductions m il NOU-N kaching folbming bockar
amendment to soils have beon reported ro ramge from 10 10 96%
with resales varying widely becawse of experamental condinoens,
applicd N form, N oand blochar rares vseds Blochar feadstock
varbmions, and prrolysis remperatures { Guo ez al, 2014: Knowles

et al. 2011 Sika and Hardic, 2084 Troy et al,, 2014). Iff80

unckear why biochar amendment of biosolids reduced NO -
keaching, alchough & Wil speculaed that blachar could adsarb
NH =N ar NO, =N, thus rendering it less avadable for leach-
ang and plant uptake oo that ix inhibited cither he mincralica
tion af organic- N or nitrification {Knowlkes ccal 2011 %

We hypothesized thar mixing bicsolids with' cither pine
sawdust or bifschar would reduce the mobility of NO,"-N and
NH =N, W& aimed to determine the potential of Monteor
pire soomidunst and vasious sawiise derived hinchas for Nimme-
Bilizarion in biosolids and biosolids amended soike

Materials and Methods

Soi {Lismare stony sdt loam ) was collected (0-30 cm) From
the Lincoln Univenity Ashky Dene sheep farm (43°39'05.82"
5. 17219147 E), New Zeakand The soil & a low il
Lismore soil formed from gravel glichl anrwash with o vari-
able depth of silry loess deposiced at the wirface, The sodl is
well drained and has mederate 10 rapil permebiliny (Waikato
Regonal Counal, 201 L. The soll wis airdried ro & gravimerric
monture contene (0 ) af 11,85%@Rd sieved to <2 mm. Tabk |
and Supplemantl Table 51 give the chamical properties of the
i, Biosalids were cbrained from the Kaikaura Regional acar-
men wurks (42°21°47.78° 5, 173° 41°20.32" E), New Zealaad
Approcanatly 160 kg of stackpded and weathered bissalids
were callected and homogmized wing a concrete miser and
nitially passed throsgh 4 20mm seve. A Zky subsample was

ed throsgh 4 2.mum mylen weve. Biaeolids L eyzaled 53%.
Tablke 1 and Supplemenssl Table S1 give the properdes of the
Baasalids

Untreated pine sowdust was obtained from gdpcl sawmill
{Shands Roed Sawruills Led) in New Zealand After drying a
0°C to a constant weight. che sawdust was sicved 1o <3 .
A further partion of the cawdus was kepr modse (B = 25% ). as
colkctod The dncd swchist was pyrolyzed at a range of tempera-
wwres for varying dengths of dme to peoduce bicchan wish con
wrasting properties. A slow pyralysis method was wed 1o produce

!ﬁel.MlMsdm materisls used i the sxperiments, Yalues represent themean n = X, except pH Imedian), Values in parentheses
are the standasd eror. Concemtrations of other elements can be fousd inthe supplemental data

M 04.0) C Bulk denuity c N % ratio NH,' NG,
anol kg yem! - wgky'

Ll-nunmnyﬂllum as IJJ'(OJI A} 3007 a3room) e RE-A PR mnom
Eiosclick 45 167 (2.7 oy 253004 2.700.4 94 13073) 1352025
s mkotn (yrolyss temperatios, timel A = steam activabon
Sawckat [S0, unpyrslyzed) L 104 02 STO06 0080040 (2] vt nd
Char 350°C S h 55 22 02 7103:00) 0030200 367 d nd
Chal $50°C 12 0 55 1) 0z TZEON  G0I00 2427 B "
Bulkbiochar 350°C 69 a1 02 FAI008 Q0800 13m o [
Char &X' CA 62 59 o1 TAL007 0040000 QT ™ nd
Char a1°C 59 52 02 P530007) Q0400.00) 1BE3 o od
Char3sO'CA /1 67 ol 814001  0OIW.00 2047 nd nd
Charsse'c 79 67 01 BE50.061 0000 2843 nd nd

1t nd rot determined
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low-temperature biochars. A mufflc furnace was vsaed 0 manu-
Facture biochars at 350°C in a Jow-oxygen cnviranmast (Zhang
exal, 2015). Sewdast {200 g ) was wegghed ino steed conriness
covered with alaminum foil. The twmperature was moniworod
nang 1 thermecouple 10 ensitre the temperarure of the maerial
was maintained at 350°C. Chars were prepared with pyrelysis
tipses of 3 and 12 h. The target nmperaure, 350°C, was reached
at the rate of 16”C min . Higher temperature lochars were pro-
ducod wdng a spedalized furnace (Hina et al, 2010} equipped
with a rutating cylinder of 5-L cpacity Liqueficd petraleum ga
wias used as the heat source to pyrolyze the sawduse 3t 400 and
3%F C The targes cemperarares were teached ar raes of 38 and
46°C min ', rmpectreely, Treatments were proparcd with and
wirhoet steam activation. Steam activation | hencctorth denoted
- ﬂ‘wn “hﬂ“l I’V ur’.c‘n‘ watct I dK P,’l(llv‘! k'lﬂn
e a4 rare of 4 mL min™* wich @ airflow of 10 mL min'. A
furcher biochar was also made fom pine at 350°C, & prcwuu:ly
described by Knowles cr al (2011). This bischar contaaved par-
tides stzes from <l to 45 mm and wai sieved {<4 mm) and is
subsequendy Eferrad 1 s bulk biochar We lncluded dhis bio
char becwese T@Imdeb'l'o«l eral {2012} and Knowles o
2. 201 Pdemonsmated that thix char alectod N fluxes in woil,
Table 1 and Sapplemental Table St show the propertics of the
sawedist and bochars

The pH of the manerials was dowdfifiined in water using a
samph to wanee racio (wiw) of 125 following the moechod of
Hlkamare et 3l (1987). Sail carban (C) asd N conceatrations
were measired using an D:ﬂ.n Viria MAX CN anayzer
(Elemensar GmbH). Aconal catlon exchange capaciny (CEC)
was measred tor all marerials wing the mcthod described by
Blkemare et al. 7h which uws Ag' s the ndes cxion,
Extracaable NH | 2nd NO - concensrations in thé il and bio-
solds were derermined using 1 2 M KCl extract following the
method of Blikemoee ct al, (1987 and Clough «t &l (2001,
Witer-soluble C {WSC) was @etermined wsirg cold {20°C)
and hot (80°C) warer exeraces {Ghand ec &l 2003). To messure
WSC. 3 g of oven-dricd mascrial and 30 mL of cold gliscllled
warer were placed in polypeopwlene cemrifuge rabes an an end-
over-md shaker foe 30 min and then centrifuged for 20°6in =
2253 p. The excracts were then decanted off and filrered
D45 um cclludose nicrare fileers. The sample remain
ing in @ cenrrifuge oibe had 30 mL of distilled water addod

hcﬁmit-dlmplsnlhl’lanw:m&“l
then centrifuged and fhered as before, carbon (TC), mor-
Jaaic carban (1C), and ronal arganic OC) concentra
tives of the WSC samples were measured wsing 3 TOC-5000A
anabyree (Shimaden Occania Pry Led ). Totd gk mmaal concen-
tratices wire din acid digoes sxing inducively cospled
plismu-aprical ensisdon specrrometry (Varian 7X0.ES) fimed
with SPS.3 awo-sumpler and ulerasonic nebalizer (Simmber o
al., 2003), Digests were propared with 05 g of mataial mixed
with 3ml of HNO, and | mL of HO, (Merck - hydrgen per
exide ¥%), The mixtares woe dlgn-ud i 175°C for 20 s
o diliced up vo 23 mL with Milli Q (dowble deionized warer ),
Wiageningen referasce wil (ISE 989) and plnt (IPE 100) mote-
rial wore anahzed for quality assurance (Van Digk and Houba,
L998). Recoveries were 95 to LO8% for che element measared.

Batch Serption Experiments

Hatch sorption experiments were perfarmed wich all indic
vidual materads (ot mistares) osing an ambient sokicon of
vat M(.a(_’l, wolution cortaining 100 mg L' NH * [pH 5.1 2
( .bl) Jor NO, (pH 7.0as KNO )mllmmg the method
of anl.(ZOIO\ Sample {20 gofdey maser ) were weighed
Into 250.mL cenmifoge tabes aed replicated cheice, Conrrads
were aka performed and had no sample addition. Then 200 ml
of cither the (NH ) SO ar KNO, sedution was added and the
samples were then placed o0 an endraver-end shaker for 6 h
Frevious experiments had Indicated chae this was the minimun
ome required for the bichar samples 10 equilibeaty with che
NH., sofuticns {data not shawn), Hamayani and Anwar (2012)
showed that cquiibrinm dmes forbiochars in batch experiments

Afrom 1o 96 h

c cifect of pH on wrpoon wa determined for the bulk
biochar. Bards sorption axpaimoants wed 10 g of balk biochar
ad W00 mlof 3 100 mg L' NH ¢ [ (NH 580 ina 001 M
CaCd, marrix]. The pH of che inith] mivooces (pH = 5.1) were
adpusred dommward by adding®00 and 200 L of 06 M HC o
gve pH values of 3.4 and 4.2, respoctively. The pH was adjusted
upwicd by adding 450 pl of 0.03 M KOH or 750 pLaf 0.3 M
KOH®s give pH valacs of 6.1 and 7.1, respectivdy. Afeer sbak
ing (2 hY, samples were centrifuged ar 2253 ¢ for 10 min. Bleced
(Whattnann 52), then analyzed For residual NH ' and NO -
woncentrations wsing flow-injgction analpsis (FIA; Alpkem §S
3000 cwan channel analyzer).

The Biosolids were vot starile. Thus, o tet of the posential
microbial acovity on seepelon experiment resules was performed
vvera48-h sorprion exporimont where the Lismoce soiland bulk
blochars were mived with the (NH ) SO, soluten & 2 rio of
L:10. Unaterilized and srerilized {using | mL 5% v, phenol)
weatments wre chided, Sample were again shaken on an enid-
everendshaker with subsamgdes colleceod st 10 min ad 6, 24,
aned 48-hintervals, weh all amples aralyed farboth NH,*and
NO, concenmmarions.

Column Leaching Experiments

Leaching columns {+am heghe by 4o diam) wah an
intermal volume of 303 cm' were flled with masturee of bio-
sulidy (sieved 10 <2 mm), pyradyead ar snpyrolyeed {<iwdust)
pine wood (ceved o <4 mm), and guarn wnd (<1 mm}).
Supphkemental Table $2 ltx. in demd, the traatments with the
masaes of each moterial There were theee eplicates of cach trear-
mene The woeal dry matter in cachs calusmn was L f”!'Cu'uum
bulk densities rarged beroeen 05 and 15 g em™. The wolume
of water in the columns ar field capacity vified berween 94
(sand) and 289 an’ [sawdust plus biosolids). Each colimn v
Irrigated dadly 68 5 miL of deionized waser The duenr wis cul-
lecied weekdy and anadysed for both NO_ =N and NH, =N
concentrations using FIA. Columns u!tvlem.htd undtnalxm
oty conditions {20°C) for at kast 3 1m0 or until the NH “~N
and NO N concentrations in the ol wen thad stabilized at lovels
oqual to < 5% of the concentrations recorded o the inul thh.

Diata were analyzod using Mimitab 16 | Minitab, 2010) Dt
SEEs Were uuhmi using ANOVA wich Fishas LSD post hoc
test m ocenpare means The kevel oFsgnificance nas 05

Joyrralof Ewiranmends| Quaskty




Results and Discussion

Inorganic Nitrogen Sorpticn

All of the marenab wested, with e exceprion of sawdes.
worbod significant amouns of NH * rangi 1400335 ng
NH kg marernl (Fig. 1) Hnwwr: onsly thebiochar produced
at 350°C for 12 handdwl:ulk biochar -nurbcdmotth-H than
the sodl (Fig. L p < 0.05). The amounts of NH 7 sorbed hy the
biochars in the cuft$it study wore rehatively small comgured with
previcus sepeets, For example, Sarkhoe et al. (2013) repareed
bischar prodeced from hardwood shevings pyrolyzed at 300°C
sorbed up o 5300 mg NH " kg Differences In biochar sorp-
tive capaary for NH_* have been dhown to resale from feedstock
type, for exampde, Thalss spp, and Sclonses spp. Kave boen shomn
to sath NH_* up w 785 and 3700 mg kg * by Yao ec ol {2002)
and Zengeeal, {2003), ropectivedy.

Rischar revention of NH * Is a funcuon of the marecals’
CEC besides being a Function of edstock type, 3 ako
the roudt of the biochar rodiction methed {Liba eral . 2011),
Speciscally, the CEC of 2 blochar Is a faection of both the pH
and purasity (Mukhenee cval, 2011, whids vancswith pyrolyss
vemperature. This was demonrased by Lebvmann (2007}, using
Robynie prrmobvaracsa L axa feedwock. who showed 2 serang cor-
redation berween inareasing biochar pH asd lacreasing CEC &=
the pyralsis mmperature was increased, with an oprm i CEC
of 20cmol kg™ at a temperatiee of 450°C and pH ~ 9, Similar
sl were observed by Zhang e &l (2015) for Dueroe spp.
XNiza anf Bignarcllo (2015} demanstrared that maple { deerspp )
wood biochas pyrodyzed ar 300 to 700°C all had negaive ze1a
potentiak aborve pH 3 with 3 lange increase in negative dhange
betwoen pH 3 and pH 5.5, In the curent study. mercasing the
pHt during the barch sorprian espetiments dsa increasad the
sorption of NI * (Fig 2} and thi Is consistent with the serface
charge varying with pH and dircerdy influencing the biochars
CEC {Lehmann. 2007},

Orther studies specifically messuring CEC Lllowing the
prealysis of Fras spp. ar 400 sad 600°C have shown CEC
wo range from 10 v 38 aool kg ' a ncar newral biochar pH
{ Mukheree e 2l 2011} The kfer CEC vakies in thicrange ase
consiswent with the lower CEC values for the materials in the
cucrest seudy (Table 1). For noo Pirws spp, CEC s repocred 1o
range from 02 to 25 comol kg ' and varies with different feed-
stock and pyrolvs conditions (Cheng et al, 2006 Gundale
azd Delaca, 2007; Lehmann, 2007; Ngayen and Lehmagag
2009: Sarkhee exal. 2013} b the current seody. there was no
significant comrelarion {r = 0,19, p » 005 berween the CEC of
the materials tested and their ability 1 b NH ' Steriizing
the solunions using phened addmion during the harch sarprion
cxperamests shemod v sigrificus difcmees secarcd in tams
of NH " corprion. This observation. and the lack of any increse
in the NO_~ concentration {sosults not down ), indicates thae
microbial actwity did not affect the reults of our batch-sorpion
CIPErMEnTs.

The lack of any significant soeption of NH,* by the siwduse
may be dae w Eecral reasons, Sawdust call walls are sctive jon
exchange stes remlting fom the proenie of cclluloac. bgnia
asd hydmoxyl groups {Shulds et &, 2002). Mawever, cation
adsorprsan anto sawdast & pH dependent, in the case of heavy
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Fig. 1. Amencalum (N8, °) sorbed kg ' dey wil by soll, sawdast,

ad biochar frlom 2 100 mg L ' HEA " solution after 6 & of agitation,
Materigalution o = 1:10. represent the standard seror of the
mean (0w 31 Sars with the saeme letser 210 nat sigiifcantly diffeecn.

merals, and thus in che carent stady, ok of NH* sorprion
may be due o nenoptitrmm pH conditicns for maximum CEC
cxpression. Another Bacror thar prevents cation exchafiie an siw-
dust indudes competition foc calon scapton sites. I che asr
sont study, the Ca'* sonsin the esay macei 55y have comperod
with NH, * and been selevtively adworbed on the sswdase (Shukh
cral, zmz) The mokir catis of Ca to NH " in our study was
L8: 1. Furchermoce, Harmayan | and Anwar (EllZf- tound the ini.
tal cation concentratans and extraction time also alrcred sorp-
tion o pne sawdus, Thes these faciots may nor have boen
optimal in the currene srudy Foe wrprion of NH * by cowidee
Rased o4 these resules, the chemical sarpeion of NH ' & neca
mechanzm thar will cedece the potential keadving of NO |~ when
mixirg bivsolids with biochars or sawdust and sl

None of the materuls rested sorbed NO | (dies not shown ).
Ulirgg supagsain e { Sacclverame offiiamierens 1) bagaase ax 2 biackar
feedsrock. Kameyama et al. (2012) seasened that the incresied
worption of NO, with incrcasing temperarure was the resalt
of N-cantaining baic functional groups on the lodhr wr-
face increzang o namber with increasing, pyrolyss empers
wre, Waing cr al {2015) abo found NO sarpriod fiscreascd
with increagng Siochar maraifscraring remperacore. Clough et
a, (2013) reviewed the studics cxamining NO, - sxeptian on
biochar and concluded thar sarphca of NO,* ento a bockar
surtice was unlikely to ocoer unless the pyralysis semperature
during biochar mamibfacere way >600°C, with the degree of

NH, sarbat (pp Y
5
+

il ol nedvmes mshdnm

Figg. 2. Arvenon lum (NH ) sorbed (g by ' dey wi by the Bulk Blochar
foma 500 mg L' N solution after 2 o agitation M varkous
wlution pt vahues, Material soktion ratio = 1:10. Bars represent the
standard error of the meanés =3},
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NO,~ sorption also dependanr on feedstock wype. Othar mare
recent studics, also slmwml, low swrpion of NO|* by biochar,
hare genenlly exarfivai biochar manafactured ar pyrolysis em

pcmuxn <600°C {Gai cxal,, 2014 Hak v al, 2013, Zhasg

. 2005). Chinesls ex al. {2013) showed rhar NO, ™ sarprion nfa
bicchar produced st 650°C was only significant in acidic cord i
tlons. This, goarisg feedstock type as an dsie, the Lick of NO,|
sorpricn s the current experiment Is mast lkely because phe

low pyrolysic temperatures in our srady were irsaffcient for
formarian of N-coataining baic Funcoonad groups ( Kameyarms
et al., 2012). Shafecyan et al. {2010} reported that signifcant
numbers of N-containing bask functional groaps only form
at temperatures >TODC. Sawdust materials can rotain canorns,
bt they are not able o bind anions unles they g% chemical
wdificd (Ebeabimi sl Roberes, 2013; Keriscrs et al., 2015,
Mishrs and Parel, 2009; Sousaer . 2010: Soecal. 20125 Foe

Kerinen eval (2015) modified siwidest m sch NO,

usng qnchlordlydnn. cthyknediaming, and mimchylimine in
the presence of N .N-dimetwyMocmumide. Iris therefare undikely
thser chemucal wirpricn of RO, by the sawdust or blodars will
reduce NO - leaching,

Inorganic Nitrogen Leaching

Ammonium N in the leachate acconneed for <)% af N
applied (Fig. 3). The asumprion is made thar grven the N cone
et of dhe biockas (Tdble 1), the source of the NH ‘<N inthe
leachato is the blosolss. When blochar materials were mixsd
with bivsalidsin the kaching columns the biochars redocod the
amount of NH_*~N leached when expressad @ a percentage of
the toul N uumlly presentin the biasollds (Fﬁ, 3). The effect of
increasing biochar rate observed with the belk biochar treatment
wis w0 further reduce NHL* leaching, This s mast likely a con
sequence of the increming CEC, siner the amennt of NO =N
leached did nee vary with the bulk biochar rate applied {Fig. 4.
This afa ndkares tha increasing the rare of biochar addition
did not signihcanty accclorate nitribcation via potential Timing
effeces, which could in cern hafg@nhanced mibnequant NO_ <N
lru-hi:g((flmgh eeal, 20130 rn—rwpm‘ bischarinen xcidic
agsicururd sotks sccelerares nirificaion and thvae weskens the
liming effects of bischar { Zhao et al . 2014)

The low-tanparatare biochars (350°C) roduced NH =N
leachisgg more than the highiadoperature chars (600 and
SHFC), while steam activatbon did st have 4 condstent effect
on NH_*<N leaching (Fig. 3}. Park il (2003) and Shafecyan
ctal (Nll)) reported that althowgh stcam activation increased
the swface arca and micropoce volume of blechar, it deplered
the surfice funcrional groups. posshly offserting any increase in
soaption Capachy.

Anather pensdhle mechanian foe reducing NH <N ieaching
declinng with increasing biochar rate is microbial immobiliza-
tion of NH " The C 1aN nirlos of mosz of our biochar - hiosodids
and swdust-Hosalids mivtures {calculated from Tabk ) evre
avove 135, the vadue required o migger immobilization (McLaren
and Cameren, 1996). We did not meawre any microbiclagical
parameters; however, if there were significam microbul immo
bilizasan, thea there would be 2 negative conclition between
WSC {Supplemental Table $3) ard the mass b NH ‘=N leached
(¥ag, A S). Hlowever, the har and cold WHC concestranons dad
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not correate with the reducton in NH_*~N leadung oberved
(r=-0D35./>005NS).

Whie NH | sdsarprion onm biochar can eocur { Taghizadeh:
Teosictal 2011 the likclibood sFNH  adworprion cecurmingin
the biochur material 45 & mechansm Sor reducing NHL* is solo-
won. is undikdy a result of the pH beiag wo kow (<70), The pH
values of the solutions in our batch sorpeion capenments ranged
from4.210 58,

Nicrae kaching from the column expecimentaccoumed for
<T% of due N applied (Fig. 4) and shemved few differences as o
cansequence of biochar-biosolids treatment. Most of the N
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in the biovolids wmained ax vegenx N, Nene of the biochar
treatments cused a significant decrease in NO, -N leaching
{Fig. 1), m fact, the high remperature Iochars the high
rates of the bulk biochar cavsed un Increase (p < 005) in
NO, =N leaching. Reacons for the gresier NO <N leaching
could include greater acration of the biowlids material, resule-
ing in higher razes of minerzlization and sulsequent ninifics
nan causing exEEINQ "N leaching. Our resuly deviates fram
the findings of K owles <t . {2011}, who reported that the
bulk biochar significantly reduced NO -N leaching from
biquolﬁlhmmded soil Homever. the ct;xrnnmul conditioms
described in Knowles er al. (2011) were significancly different.
Their experiment was pedformed in the field with Jange kysim-
crers containng meace soid cores with pasture present (Lol
prerereve L) and thus, plis N uptake occuned.

Volirike ocganic compoands (VOCs) may be present in
blochars and sawdust (Spokus cr al;2011) and wn pares
tially reduce nitrification (Clough et k. 2010) and miner-
alizanon, Borchard ex al, {2014) demanswrared thar VOCs
fromn biochar influence N cycle and cas teduce greenhouse
B35 cmissions from soil. The facgthar the NO N leached
a a pereentage of Noapplicd was b @cr(ﬁ ¢0°§) wnder the
biochar treatments than in the biosolids alonc (Fig 4) indi-
cates thas if blocharbome VOCs were inhibiting nimfics
tian, then the effect was small,

Sawdusc caused o sigrificant redoction (p < 0.05) in both
NH-N and NO, =N lesching fom bath binsalids and
biesolids amended soil tresements (Fig 5. 6} Rates of mose

mwo parts of sawduss to five parts of bicsolids diminated
=N leaching and reduced NOU=N laaching by >40%
(Flg &) These resudos casnon be explained by chemical socp
sian mechaniems becaave the bach experiments reveaaked thae
the uwP wrbed seither NH <N por NO, <N, Adding
smodust incrcased the € to N ratio (Table 1) of the mixturcs
which mmy have resulted in microbial immaobilization of bie-
solids derived N. The sawdust’s C to N rato of 8§50 s well in
cwess of the value reguied to wigger immobllcadon (C/N
of 3251 MclLaren and Camerom {19960, The WSC exrracrs
{Supplemental Tabk $3! alwo indicare that in the unmixed
marenials, C was readdy arailibde far microbial immobilization
o occur. Conslstent with this theory are the results of Dandels
cral, (2001}, who showed that adding sawdus to biosolids ar 2
rate of 32 reduced NO |- N in voil pare water by > S04 In con
trast, Schmidt (2001} showed that a 1:1 biosolds to sawdus
mixzure was ineffeceive in reducing NO <N kaching in the
first growing scaxon, The high WSC avaibibility also raises the
powibaliy of other heterorephic activity, such a3 denitrifice
o, sbo commnming NO <N and consibutiog to the decrcase
in NO, <N leaching ohserved. Schipper and Vojwod ic- Vikavie
{1998) showed thar soll amended with sawdust will remuove
NO, =N from the groundwater via denitrification. Sawdust
with a modstare content of 25% had a sigaibantly smaller
effect on NH <N and NO, <N leaching than dry sawdun
{Fig 5. 6], This indicetes thar che sawdust may have brreversibly
sorbed wame of the Nerich pore water from the fresh bimolids
and that physdcal sorption may be an impoctart mecharism
for the rerention of N in these esperiments, Our experiments
did not provade any intormation on the mechanisms of such
phosteal sorprion. Bicchar containing some parcially pyrolyzed
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or wapyrolyzed material may therdfore also mingare N leach-
ing. In this case. partial pyrolysis may he a bawicost means of
drying the marcrial. As the ma athers in the soil the
CEC of the biochar may increase {Glaser eral | 2002; Lianget
al, 2006}, fursher recaining NH <N in the roor-zone where

plant uptake can occur,

Condusions

‘The poreatial for apweathered biochars derved from awdus
deedseock to mitkgareNO, N keaching from biosalids amended
sodls is low and tae biochars way even accedenste NO - Nlewh
myg, However. pine wastcand pine binchars signibeanty reduced
NH N mobiity. Convawly induding raw, dricd sawidus
when amavding soikowith biosolals shows significant promise to
fmx N mobddicy in blasolids and poceraaBy reduce NO N
kaching Foture work should ok to betrer undastand the
reasons for thix while optinuzing ratex and methods 1o achicve
NO - Nleaching misigation.
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