Korean Journal of Environmental Biology

Note

https://doi.org/10.11626/KJEB.2020.38.1.071

Korean J. Environ. Biol.
38(1) : 71-81(2020)

ISSN 1226-9999 (print)
ISSN 2287-7851 (online)

x4d = x
U] 7t5E2x E|H| 0| Zof Y2 Lot HiET QIHIED] Hjw EHA
Zais, B!, AR
Defietn OHo|TalMEIAATY, ‘RIS MRS HEAATI, 2naitisn AN T

A comparative study on ammonia emission inventory in livestock
manure compost application through a foreign case study

Min-Suk Kim, Namin Koo' and Jeong-Gyu Kim?*

0O-Jeong Eco-Resilience Institute, Korea University, Seoul 02841, Republic of Korea

"National Institute of Forest Science,

Seoul 02455, Republic of Korea

2Djvision of Environmental Science and Ecological Engineering, Korea University, Seoul 02841, Republic of Korea

*Corresponding author
Jeong-Gyu Kim

Tel. 02-3290-3474

E-mail. lemonkim @korea.ac.kr

Received: 30 December 2019

First Revised: 28 January 2020
Second Revised: 14 February 2020
Third Revised: 14 February 2020
Revision accepted: 17 February 2020

MNoB

22yt 1980 o] &

Abstract: In Korea, more than 70% of the ammonia (NHs) released into the atmosphere
is known to originate from livestock manure. The total emission (kg year™) is calculated
by multiplying the emission factor (kg head™ yr™') and the activity data (head). To
improve the accuracy and reliability of the NHz emission estimation process, an accurate
account of livestock manure production, calculation of NHz conversion and generation
during the composting and liquefaction of manure, estimation of NHs generation in the
storage and transportation of manure and compost, and a comparative study of NHs
emission during the soil spreading process must be performed. Compared to the US
and EU-28, in particular, the domestic emission factor is relatively even and the spatial/
temporal scale is not broken down sufficiently to reflect the domestic situation. As a way
to improve the accuracy and expertise of estimating NHs; emission factors, a ‘dynamic
chamber-capture system’ can be utilized, which allows complex considerations of
compost, liquid manure, soil, and climate characteristics. By reviewing and comparing
the data related to domestic and foreign NHs emission, we identified shortcomings in
the current domestic system and the directions to be taken and suggested a chamber
system that could estimate NH3z emission flux. It is also necessary to establish a
methodology for mesocosm systems in the field, in addition to indoor chamber
systems, to be linked with practical policies, such as the calculation of new emission
factors for missing sources.
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2008). o] et 7HEE R 2 QI ESF 9 Aoty @ 1
I oFF e ogh vl STt e SHRAE 7Hsol 3
o5k Atmoll A SRt & 4 Qltt 201794 71, 2,775
T 29 AT g E o H, WA AtmoF ZAR O] i
2 212 1,9208F B3 5765 EC 2 HA £F9] 69%
o} 21%E A o]F BigAR Y] =W AHEFES 29%
(1,335 E)Z (MAFRA 2018), 34 2 9] ¥= 242
T2 Yol o&Est o= Aol

FESAAFE E2H AT VSRR o] TS
201295 H 2§35} glo] WA 9lom, 2017 ll+=
oF 4,846%F E9| 7157t AT o] F A WAyt
74521 0] 90% o/ EH|3F & AH|3} 5 2L}
AoH 9%= AtHES AX WREL = Aow
A= et 2t Eloivl= 1 AANA FH A AT
2] Mol AA o) B b7 ik EH|EH 4
AH| 3} T, 121 F7 2] A oA o ISt
+ YHEYOF(NH;) = 259 Al Edo)z} FAlo Zn|
MH 2] (PMa.5) 8] A (precursor) = 2+-8-5FH (Hristov
2011), E|HH] 9] it FH2] A2 EY, Aok 1
il QI FAE LAAZ & ek 59 U] A
AR A&7 o] A1 B e E|dH|E Wo| Aarst
=, oluff ZuAHA] ARl et Uobrt oheF Aot
™, ol B A 9 uAHA et R = uAH A
S o d3N7E AR QIAE L QItt(Behera ef al.
2013; Shin et al. 2017). T3 -2 A|7F Yof] B2 oFo] &
s A2 A, Fa Agto] BFoto] E|oH| o] £ o]
A51=]7] 4191, B 7t GojR= Hlms o5 2 ¥
2] EAIE oF71& &= Q)T (Kang et al. 2017). ©]°1| 2020
WHE = 7S fo] oA, EH|ef dH] o] Hat e
£ AAste] A Al T4 7]E] BeohA] g A9

Rl

AL 9] E9& F41 Foll 31t (Lee and Yoon 2019).
ofF|o] 8 UJ=H Fryof
= Aol EAok= ¥ <t El= @71 (base) 7FAZ A,
ASHE (80,), AaAteHE (NO,) T 22 At (acid) 7F~ET
A7 ¥-gske] ZrAHA Y] JAHY 7] dREES &
“J2ttt (Hodan and Barnard 2004). PIAI® 2] (PM0) 2] 73
S AR tf7] SN HAER Qloto] A &A= 2
Aopo] 2000t ZREETE Hut =302 ZFASEY AT
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7B &= v)g]t A7 otk (Shin et al. 2017). 02§
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1. 2U- 9 2@uof QliEz]

= HEE o 9] tf 7178 2 %] YA 2§l (Clean Air Policy
Support System; CAPSS) A A|&5h= 87H4] ti7] 24
=4 7hed gRYeE tideRr I siEd st
e AT MiEAs, B8k Ah7E $HSIT. CAPSS
M= tr1ed=22 9] viEde 1370 dEF= F&st
A glew, o] 7k FRYots AYAIEY A4, Hiat
A A, AxY A, NS, EROl T EY, R
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2. ZU- o] AHEL| LY Lo} HiE2l HAH vl

a]=0] I E oA fryol BiEd &Y &7
FE (source classification codes; SCC) 2 %™, SCCE
level 19714 4742 & 104421 9] 22t 2 BAE. F4T 2
ofof| A HiE == HlEL O] 7B-F, level 1> HES] HIH L
Heor ERE0] 28= A2, level 29] B¢ 7FE2
05, F1el 552 06, COF 5B 072 F-5taL LTt (Table
1). Level 32 558, AMSFHE, £ 0] AAPE 2 25}
of 3242 22 (XXX) = EA =, UEA]H} level 4= w1 0
A (AHAE, A AR, AR §)er R
alo] 324e] A4 (zZ2) 2 ERSHT UAth(Table 2).
EFtE 7FaFo] A9 2ol Al wheEt Az ot
SARRERE 26k, 240 9-oll= flush ARSAI T
scraper AHA]/d, deep pit AMFAI A = S5k QlTk H A
=A] A I ZRAAE 22 o 8she A LRt
23] deep-pit® T3 & YR YO Bl ET (kg year ')
-2 Carnegie mellon university (CMU) 292 o]-&5f Hj=
A5 Ak, o710 A 715 T4 (head) S &0
AR E SELA R A guttt JRE A Q1 AHA] =)
EAE At loH, Futth A (daily) E= 2
(month) Tel= A7 2A1AS T2 285t =
o] EAoltt.

FHo At HiEd 2RIAE diERe 17H 11707
o 15 sd2 3o Ao 3BoA
T2 wro] SR ER5EL ek 11 9ofl= 3Dal

— UL

Lo

of oAl Ql= Aol EAolt i ul=yk 2] {H A
& 2870= (EU-28)2 Uehd Ztm i 9 &g o Fof u}
2t & 44 HAHE Tier 1, Tier 2 12]1 Tier 32 Ur
A Qe Aol Y HiEd 2 HiEA] S OIth Tier
12 7P rdet v A oz, AFHA Al
(annual average population; AAP) &5} HiEA 2] 5
O & wjEES Agsy] diwel dRYor i S
Als] AlEetE]A] Sokal ot whehA ditd o S5
2 2 A Ee T AT AR WiEATE 72
SFIL Q). Tier 2= & Yot A4 (total ammoniacal
nitrogen; TAN)E 7|52 2, & 42| (mass balance) & ©]
Boll, Ete] ol whE TGS AR, vhd, AEA

nE o mf

Table 1. Source classification codes of emission sources in the
US (EPA 2016)

Source
Emission source classification

codes
Agricultural Production-Crops 2801XXXZZZ
Agricultural Production-Crops as Event 2811XXXZZZ
Other combustion as Event 2811XXXZZZ
Agricultural Production-Livestock 2805XXXZZZ
Domestic animal waste emissions 2806XXXZZZ
Wild animals waste emissions 2807XXXZ2Z
Other combustion 2810XXXZZZ
Cooling towers 2820XXXZZZ
Catastrophic/Accidental releases 2830XXXZZZ
Automotive repair shops 2840XXXZZZ
Miscellaneous repair shops 2841XXXZZZ
Health services 2850XXXZZ2Z
Laboratories 2851XXXZ2Z
Fluorescent lamp breakage 2861XXXZZZ
Swimming pools 2862XXXZZZ

A, AR, = 5 AlEstste] WiEATE AR
2 Tier 3&= Al A2 o2 &% S St A
O JE AEER GO HiEASE At &
+ Zo] E4oltt.

frHolA WiEAG7E AN 5532 A4, 4
A7F obd 4, o, WA, HE =, 4H), F, S/ A,
(A=A, =A4), AHx, 28, 79, R95E, HE 5]

. Z%o] tiste] 7124 22 Tier 17} Tier 20714 AH4 5}
+ HiEAT] 97t Aolet|, 55] 2 AP I F
‘spreading’ = E ol AZ5h= TP A fE Yo} dAgo]
7P B2 Al r Yehs Aol 354 Sl &3t
Y STl digt 50| % Tier 12 AFH A
5 Aeste] @ 92 5k Sl BHH, Tier 20014
4T o= St Zlo] F4a Aol A
29| HiEAFE A& Y, Tier 1914 20| A/t
et S eF 1A 2 e 242o] Ao Hisl T
(total) Tk AFS-AFA]AE (housing storage and yards) = TE
SEaL QIth Tier 2004 = oSl Zaet it dag
2okl Z4zo] tiof] 2] S SelEe i AlE U
o}, 22|11 ZF AAEE BlEA15E housing, storage, yard,
spreading, 12| 1! grazing/outdoor2 &5tal ST},

=4 T v dRYot & 9 ERAAE =7t
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Table 2. Source classification codes (SCC) of livestock manure in the US (EPA 2016)

SCC Description
2805001100 Beef cattle-finishing operations on feedlots (drylots); Confinement
2805001200 Beef cattle-finishing operations on feedlots (drylots); Manure handling and storage
2805001300 Beef cattle-finishing operations on feedlots (drylots); Land application of manure
2805002000 Beef cattle production composite; Not Elsewhere Classified
2805003100 Beef cattle-finishing operations on pasture/range; Confinement
2805007100 Poultry-layers with dry manure management systems; Confinement
2805007300 Poultry-layers with dry manure management systems; Land application of manure
2805008100 Poultry-layers with wet manure management systems; Confinement
2805008200 Poultry-layers with wet manure management systems; Manure handling and storage
2805008300 Poultry-layers with wet manure management systems; Land application of manure
2805009100 Poultry-broilers; Confinement
2805009200 Poultry-broilers; Manure handling and storage
2805009300 Poultry-broilers; Land application of manure
2805010100 Poultry-turkeys; Confinement
2805010200 Poultry-turkeys; Manure handling and storage
2805010300 Poultry-turkeys; Land application of manure
2805018000 Dairy cattle composite; Not Elsewhere Classified
2805019100 Dairy cattle-flush dairy; Confinement
2805019200 Dairy cattle-flush dairy; Manure handling and storage
2805019300 Dairy cattle-flush dairy; Land application of manure
2805020002 Cattle and Calves Waste Emissions; Beef Cows
2805021100 Dairy cattle-scrape dairy; Confinement
2805021200 Dairy cattle-scrape dairy; Manure handling and storage
2805021300 Dairy cattle-scrape dairy; Land application of manure
2805022100 Dairy cattle-deep pit dairy; Confinement
2805022200 Dairy cattle-deep pit dairy; Manure handling and storage
2805022300 Dairy cattle-deep pit dairy; Land application of manure
2805023100 Dairy cattle-drylot/pasture dairy; Confinement
2805023200 Dairy cattle-drylot/pasture dairy; Manure handling and storage
2805023300 Dairy cattle-drylot/pasture dairy; Land application of manure
2805025000 Swine production composite; Not Elsewhere Classified
2805030000 Poultry Waste Emissions; Not Elsewhere Classified
2805030007 Poultry Waste Emissions; Ducks
2805030008 Poultry Waste Emissions; Geese
2805035000 Horses and Ponies \Waste Emissions; Not Elsewhere Classified
2805039100 Swine-operations with lagoons (unspecified animal age); Confinement
2805039200 Swine-operations with lagoons (unspecified animal age); Manure handling and storage
2805039300 Swine-operations with lagoons (unspecified animal age); Land application of manure
2805040000 Sheep and Lambs Waste Emissions; Total
2805045000 Goats Waste Emissions; Not Elsewhere Classified
2805047100 Swine-deep-pit house operations (unspecified animal age); Confinement
2805047300 Swine-deep-pit house operations (unspecified animal age); Land application of manure
2805053100 Swine production-outdoor operations (unspecified animal age); Confinement
2806010000 Domestic Animals Waste Emissions; Cats; Total
2806015000 Domestic Animals Waste Emissions; Dogs; Total
2807020001 Wild Animals \Waste Emissions; Bears; Black Bears
2807020002 Wild Animals Waste Emissions; Bears; Grizzly Bears
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Table 3. Nomenclature for reporting (NFR) emission sources in Europe (EEA 2016)

NFR Emission source
1 Energy
2 Industrial processes & Product use
Agriculture
3.B Manure management
3.B.1a Dairy cattle
3.B.1b Non-dairy cattle
3.B.2 Sheep
3.B3 Swine
3.B4d Goats
3.B4e Horses
3.B4gi Laying hens
3.B.4.gii Broilers
3.B.4.giii Turkeys
3.B.4.giv Other poultry
3.B.4.h other animals
3D Agricultural soils
3.Da.1 Manure applied to soils
3.Da2b Animal manure applied to soils
3.D.a2.c Other organic fertilizers applied to soils
3.D.a3 Excreta deposited by grazing livestock
3.Db Indirect emissions from managed soils
3.D.c. Farm-level agricultural operations including storage, handling and transport of products
3.Df Use of pesticides
3.F Field burning of agricultural waste
3. Other
5 Waste
6 Other
1 Natural sources

712 9=4 e A B ()2 S el 4 F&= PR Hr =219 B¢ "W FAE AL
. © (NIER 2008), Bl 2 AN 2] ©]2]9] Hnyte] F HE e W2 258 59 AMSAES E-85t, AHA
-2 Table 49} DT}, o= 2 4x0F A8 AHtA =R F75HH, Ae] Ao A E R E AA| Aot =g AAE
AutaE AR 19 vleh 1~24, 24 o]f o g2 JLHEa} 2b= 7397t gk whEbA E o] Zds) Alde A7)
31 et dHEA O 2 Alg 4 o] ALS- 7|7ho] 3] HES AT Hroh= 59 (farm yard manure) B 2k (lagoon) 7 22
o o 19 9= Hral 2lo] gt Zlom Hojm, e A B A 7] iAo sttt vt
A S7toll wet miE A £3 oAl 2o g g9y = o] A 2] 350l B o] AbgAl A AT
ATk =2 9] 785 H=Q1 iAo wiEAIST 7 = Aeg o, F80 o] AASAE S Tl BiE A
e o, 1 1209 x| HlEE=S 7o R ¥9 2lotal, FA Aol Ameto v THEANYT Aol 22
HE 2=y 84 =0 2 A& Skstal Qlct ©e] A9 At &lo] Q1= Aol EAJ o]t} (Sung et al. 2000). o] = T &
87} $AR PR gow), ula] 20| ol ol ke sl Aol A Aeletel 2ujok AzHel A
Lol 2ol stpel w &AL ol aka g, quie] FRFIAE AUl 2857 of2te olol]
=rolo] Hlste] A o= o] 7R viEAlS I 5}}(Kim and Kim 2006). ©]2F 325} Lee and Yoon
7F A2t 2] Z5 Holls 7HS Al @49 Zfol7t 2 (2019) &= 9] FEFote}t FEpA ARE AFESHE
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Table 4. Source classification codes (SCC) of livestock manure in Korea (NIER 2008) and comparison with EU-28 emission factor

Korea EU-28
scc Subclass Subdvison  melon facor Emission factor Uni
10020100 Dairy cattle 24.60 Slurry 39.3 kga ' AAP
Solid 28.7

10020201 Beef cattle Under 1 yeas old 11.80 Young 13.4
10020202 Beef cattle 1-2 years old 14.00 kga ' AAP™
10020203 Beef cattle Over 2 years old 16.80 Other 9.2
10020301 Swine Nursery pig 4.40 Fatten Slurry 6.7
10020302 Swine Glowing pig 8.70 Solid 6.5 kga' AAP™
10020303 Swine Fatting pig 11.40 Sow Slurry 15.8
10020304 Swine Sow 21.40 Solid 18.2
10020401 Poultry Laying hen 0.37 0.48 kga ' AAP™
10020402 Poultry Broiler 0.28 0.22 kga ' AAP™
10020501 Other poultry Duck 0.92 0.66 kga ' AAP™
10020502 Other poultry Geese 0.92 0.35 kga ' AAP™
10020503 Other poultry Turkey 0.92 0.95 kga ' AAP™
10020601 Sheep and lamb Sheep 0.46 14 kga ' AAP™
10020602 Sheep and lamb Lamb 0.46 14 kga ' AAP™
10020701 Perissodactyls Horse 5.10 14.8 kga ' AAP™
10020702 Perissodactyls Mule 5.10 14.8 kga ' AAP™
10020703 Perissodactyls Donkey 5.10 14.8 kga ' AAP™
10020801 Fur animal Mink 1.69 0.02 kga ' AAP™
10020802 Fur animal Fox 1.69 0.02 kga ' AAP™
10020803 Fur animal Rabbit 1.69 0.02 kga ' AAP™
10020901 Others Dog 2.50 - -
10020902 Others Deer 1.10 - -
10020903 Others Cat 0.83 - -
Table 5. Comparison of the amount of ammonia emissions in Korea, the US, and EU-28

Korea us EU-28

NHs total emissions
NHz emissions from manure

Area

NHs emission per area

Reference year

29 million ton
21 million ton
10 million km?

2.1 million ton km™2

2015

357 million ton

216 million ton

980 million km?

0.22 million ton km™
2017

400 million ton

340 million ton

447 million km?

0.54 million ton km™
2015
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S Szeld ERAAES sto 2 ot wiE
2 #28ksHs Aol WA el
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3. QajUat Brpa) 22 gauo} uj

2015 2ol BiEE tujof FeF2 294t 7
A ESZ o] F 237 13 E(77.8%)°] U #iE0
th FAHE YoM BngelolA 219 11 o] &
Uo7} IAch= Ao & 4HE o], Ao A viE=Fe]
71%7} S4t TS FEolA viEE= 202 SQly
Aok Er oA WA 53 Yot Bl E2 Fig.
137} 2} = 2] 71 ot 53 Eo 2 B yta] Uy of o}
o] 45% =02 7P g2 et ot &Syl om, &
(AFHA, SA), i, 123l 24 0 2 Wol viE5He]
o}, B dha] oA ZAggh 219 13 E9] YRt (NH;)
€ AAN)E 72 Siehd 175 43 Eo] Aart
7] S & viEE Alolth Ay, 24, =], 4FRHA|, 71
1 SA 5 Fa s FEHE o= & S, 197 8

—

i)

Y TP B2 dEYor] EFL 712
Hog == HH%ﬂ]ZF(kg—NH3 head_l)oﬂ 5% (head
year )& HFoto] 4ot Qlrk @A ARESHAL Sl By
A= 52 FHEEANA 2007d] THETT AR
(EEA 2007)2} =2t H ool A 199430 Tt =}
= (EPA 1994)E ©]-&5tal glom, Uvta, B2, ARS, 11
&Folofl dialiA= 20080l =rH2Hgatstd o] AA
(NIER 2008)E ©]-8-5tl Qlth(Table 4). & &4, £49]
HiEAl4= 1202 A (1 v|9h 1~24, T84l 2
| o2 ok, ZF AYER Aot EH|Ao 4] Z}
7 AAE R ASS A=t ESF AlH] 3ol 4] WA=
2 e doto] MiEASE APgSith 28y Byt
HEolA tmyote] MAe e SF AR, AFSH
A, B o] A4, Bl A A A ol ahet Aok

S
A WiEEE Ao 7MY Bt g
o] &A A e wl=} O viEAIS2] & Zpolo) 2} =
Ul 48 g o] gtAlet & 4= ATk (Shin et al. 2017). S
H ARS T ool e tEs sHSAAAERS
SAAANA HAsHs AA=E E8ota oy o= 4
[e]

% £
5% WALEE 71T 259 8717 5 A% A8

l

38,912 tons

10,119 tor

95,585 tons

52,863 tons

13,879 tons
Il Swine [ ]Non-dairy [ Dairy
[ JLaying hens & broilers B etc.

Fig. 1. Amount of ammonia emission from livestock manure for
the five major animal species in 2015.

50] F239] HrgEA] Eit o] et BAIS Hobot
flote] ml=ro| A= F (state), I (county) BE LY Hf
AGE A-gstal FAlste] A7 F wiEdS st
T} (EPA 2016). oAM= S8 A7 13
g 25

B =
Hlor2 30 my N

ol

-

& B 7R 4|4 (annual average population; AAP) &
Az F-gote] JeeE F/JAI71AL ATH(EEA 2016).
Seltel, v, G919 A7 Fmujo} & WE ulms
Table 52+ £t 71 A} 2| ol WS F WSS
2 frgo] oF 3407 E, vl=o] 2168 EOo.2, -2 Let H
=7l sl 242 1640, 1081 =71 WrER T T2 T
HAY wlEFS Hlaei T ol Hlsh 44, vl=e] ]
S 108 o) & Wb -2luete] siE T A
o] W2y} H1 = He AshE off, = &9 14
G HlEE2 - &2 Holet & 4 ]tk
SEuEte] @9 HiEA e BT A 2l
st7] fIste] HiEAS] A Fe7 13 ez FUe
S29] Tier 17} H]JT_’C_?]'?&‘Q'(TabIe 4). QM HA4o] HY
= 9] &A1= 24.60 kg head_lo]tﬂ, SHO AL slurry
39.3kga ' AAP7, solid 28.7kga ' AAPT'E g =2 S
HojFal ok, ditAo] Fpolle old 2= =il vl
A7t 2 B2 A0& Ueyth HA 9] A9 Sl
2HE, S4E S, BES R ARSI 4.40kg head ™
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B E] 21.40kg head 717 o]8] WiZA4S 8ol
A, G0 739 v, BE T VAR UL gle
=ulo] WS A7t ol Blsh =A vebdeh 'l A%
A= ol $A= =Wt 29 &2 Y& AMgskaL
RAeH, 718t 7R e AR Ade Bl 2
=3 o199 718 71559 7% = Hiet frE o] Aol 7t A
ol 2A Yes=T, ol A9 AR, AT 5F
Sl ZFol7} 2= Al 7] Qg Ao g2 et fro}
HE] i 7E-& Aok 8 55 (A, duts, #A],
Faw)e tdes Tﬂlura}fﬂr e HlEAo] 4
= 2ottt (Fig. 2). -1 A, r 4kol 090422 F2 A
47:"7} U AR UEoH, 31749 7187 = 1.16
o= o] Hlsf FH o A7t AvtA o7 FA eyt
O 718717} 194 A HojuhA] ¢= S vlFo|E
of Btget =0 HiEAlTE o8t = AR ¥
ok 2ol ® E6kal =l Yot HiEw A o] A
I g2 flote] WiEAr 2 Bk AR i Al
A 2ALdS FIAIAL F Ao, 53] 7I5 o v R E
HE o] g of| thet AlEs} 2h¢jo] o Zlo

o & 1

=

E

471585 719 WA U Y2 oje] 745

7oA Bl dE o] XY S AmEH, o1
el Aot SAE BeEE, 1 9] AAZo] dhelA
L ZEuza TRe glov, HRAE 5 A
| (confinement), AT (manure storage) , 183 BEoF A
A (land application) M0 &2 FEsHAL it FH 2] %
Zh e e o] SHeL 2 % of Fofl w2t Tier 1,2, 3 3
+Ho = o] HiEASE -85kl QT Tier 1914+
ZZdHg B o] JAr (slurry, solid, litter outdoor)= A=}
A o= FHEstal, Zzke] Aol tisl & A (total) 2F #]
A1 9 v (housing storage and yards) T 7HE L0
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Fig. 2. Comparison of the major livestock NHs emission factors
between Korea and EU-28 for the verification of emission fac-
tors.
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