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Reduction of ammonia conversion from urea
by adding acetohydroxamic acid
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ABSTRACT: Ammonia, primarily originating from urinary urea of the livestock manure, is known to play as a major
precursor of fine particulate matter (PM2.5) generation which leads to a decrease in air quality and to harmful effects on
public health. The objective of this study was to evaluate the effect of acetohydroxamic acid (AHA) addition on inhibition
of ammonia conversion from urea. The experiment was performed at different urea concentration (500-4,000 mg Urea-N/L),
AHA concentration (0-4,000 mg AHA/L), pHs (pH 6-10), and temperature (10-35°C). The result showed that the urease
inhibition efficiency increased at higher concentration of AHA. However, the specific urease inhibition activity decreased
at higher pH, showing 867.1+6.7 Unit/g AHA at pH 6 and 1,167.9+17.4 Unit/g AHA at pH 10, respectively. Decreased
urease inhibition efficiency at both AHA and control was observed at higher temperature. This finding indicates that
AHA can be used as the urease inhibitor for reducing ammonia emission in the management of livestock manure.
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717ke] AlZto] AR Fo] A O ZRE fEe O
Yole} Blarste] Gz oz ofF dhgol Fako] #
Ol A A Utk 8as QAR T Ay (Urease) 7| &
= 78525 C oA 40:d9] W7 ]E 7= il P8
3 4oy g AR asiet 2 3E717171 20 ms
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shd YA 7% A 2E(Nik system, HoxN system)<
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Acetohydroxamic acid(AHA)E 843l &4y(Urease)
A B dHA 9gom QAR EAY UA o)L
NP F-9lol aanrT) WA Atsie] S5
#19] Z5(Flap)o] 231 L2 114 F o] 249 7}
FEINE A Foh? AHAE olv] B U] &
2R RO A2 A B BEXW| Y ] 94Rs
20 GAS AAlet] ol M8 g @4 4%
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U] 4R EA0) B4 AL R 949 gEYo}
AR A= AL F8 B o= S AP
P43 84E o83t A ARbHRl e a1
H3le] 7129 5 %(500-4,000 mg/L), AHA F< 5
5(0-4,000unit/L), pH(6-10), >%(10-35°C)sA3}o] u}
2 grYol A A7 58 e TS

2. Az 3 U

2.1.
B AHS 93l 2499%, G4k tigl=h)el 24
3l & Ax(Jack bean urease, 2,100 Unit/g, Fisher science,
v]=), Acetohydroxamic acid(C,HsNO,, AHA, 98%, TCI,
YE)S o] 83} TE. EE Batch testi= Z42te] Ag
x| g4 3 M $4E8E2-E(93%, Deajung, THEHT

AFE Aok Y M3 2



Acetohydroxamic acid O|2¢t UreaZ5E{ 2ZL|O BHl Z2t A3 7

)9} 3 M G4K34-36%, T, tidl=hE 22t Az
ste] ARgSIGATE A3 5 pH W3S H4stslr] <13l
AL FAZF99%, A, dewl=), Qatolsa
ZHE(99%, tA, theHl=)E ©]-& 0.05 M Potassium
phosphate buffer(PPB)E Al| &3} ©]-&3}%H Tt

= 9?3000 mg/L 2 %}aq;q RN
o] 7l Eo] 2 £ °“314°}
, 849 5= 1,500 mgl £ AR

Batch test [ A& Urea % ¥W3}ol] ©}2 AHAY
QAR EA AAFEE v HUE BFOE Y
t}. Serum bottleol] 0.05M PPBE-S 50mLE F
3 AHA 1,500 mg/L(tHZT : AHA PIFY), 845
3] & 4= 3,150 Unit/L, Urea 500, 1000, 2000, 4,000 mg/L
Zyzy FJ3ATE L% 25 C, pHE 7.080.10.2
A3k

Batch test 1= AHA F%0 W2 @ A8 a4 o
AL v F7HE YA Serum bottle] PPB
0.05M 50mLE 5% ¥, AHA 500, 1000, 2000, 4,000
mg/L(HZT : AHA 7]5%)), 82 1,500 mg/L, &4
& 3,150 Univl & 242t Y & 25 25 C,
pH 7.0£0.12 1 A3ATH

Batch test I A= pHOll 2 AHAS] @ AH3S| &

A A EE v E 3Y5FH T Serum bottle®l] PPB
0.05M 50mLE 5% ¥, AHA 1,500 mg/L(TZT" : AHA
n]F<)), 84 1,500 mg/L, 8423 E 4 3,150 Unit/L
5 47 F9Y F, 2525 C, pH 6.0-10.06.0, 7.0, 8.0,
9.0, 10.0) .2 =H3}¢ch

Batch test IVOl A= 250l 2 AHAS] QA4F3]

A A EE v E 5F O F 3T Serum bottle
o] PPB 0.05M 50mLE % ¥, AHA 1,500 mg/L(TH
Z7 : AHA 159, 84 1,500 mg/L, AR EA
3,150 UnitVLE 27 7 §, 25F 10-35C (10, 15,
20, 25, 30, 35 C) A3 tE 4% 5 pHE 7.0:0.1%
73kt

E.E Batch test= 250 mL serum bottle2 ©]-83}
a1, ©)4k}REA(CO,, 99.9999%) Purging= AAISE 2

ol

111 mlm

31

$=95DI water) &
2 zd3lon e

75‘}04 working volume< 200 mL
Zo A 150 rpm LHHS AA]

2.3, 2MYY L GO ALt Uy

T—T—od =

dEYol= o] 2 E|9 7tAFE e F 7HA] FE)
2 EAElE R, o] (M) drYole] L
MEH A ANEE A 3 508 345k Nessler H
(Humas, tgHl=n o2 =48 St oH, 71418
Elo] drole] A9 48 A MEE T3 M FAE T

% =29 o] 2y(Headspace) U Uo7} S8
*] =& T A WHAZ 3 A& to] o3 350
w3443} Nessler H(Humas, 3102 =34
glom F dRUol= 71 d&l A FHe drUole
FAZ 23T

[0 dEYol ME T8 (4] 1) B3l ALt
= At

NH; conversion efficiency (%)=

MWy,
NH, (measured) X 7 TN of N3
) MWy
X 100 (1)
Urea (Injected) X MWy o trea
MWUna

Urease inhibition efficiency (%)=
(1 NH, conversion ef ficiency®

Rk . )
NH, conversion ef ficiency

) X 100 2

(a : NH; conversion efficiency in the presence of AHA,

b : NH; conversion efficiency of control)

A Unit 32 (A 3)S Fall A=A
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Converted Unit (Unit/L)=

NH; conversion ef ficiency X Urease Unit 3

F2 AHA tiH] JA1E @ aRa)| §42] oF {Specific
urease inhibition activity(Unit/g AHA)} 2 (& & &
af Al4kE] AT

Specific urease inhibition activity( Unit/ g AHA)=

inhibited wrease byAHA"
AHA concentrations

X 1000 “)

(* : Converted urease Unit of Control - Converted

urease Unit in the presence of AHA)
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ERT AHAE FYHA &2 tix2ao AZ 5 &
2 T F52] F7K500 mg/L — 4,000 mg/L)ol| W
ARy o} A& A HOZ Hay(71.5£9.5% —
61.5:3.0%) o= AT 5= A3TE ©]&= 3,150 UnivL
2 IAE QAR EA thH] 940 O] Tl
upe} 7|49 g4 tﬂ%ﬂ Aol o3l Qi+ ARs)
24 BA| FAEE 2 EE ol AL
2 okno} AstE S 7H4 9] 7%4* HojEr) vk
o, AHA(1,500 mg/L) FYol| W2 QAR aie]
24 Al ad= FEskA Uekath ~6] 82 F9]
EEZE Z7K500 mg/L — 4,000 mg/L)AlZol whe} &

2R EL A E8L 32.8+0.8% — T1.1x1.0%=
F7Hhom A3 o2 kro} HeEL s o
H] 48.045.7% — 16.6£1.5%=Z 743 4314 1,500
mg/Le] AHAE T4 FejolA 84 FYds% 7t
o W o] AAH QAR G40 WS 739.7+
120.5-1,283.1446.9 Unit/LO-2 AFJE ), o] S
AHA O8] SAE 8 AR E A9 UK(Specific urease
inhibition activity)= 4k A3} 493.1480.3-855.4+
31.3 Unit/g AHA ©.2 Z}7} L]-EP/H:} 5 A7E B3

AHAS] FSloll W Q488 ak BHAE 29l
Fom dHFe] AHA +U %*oﬂ H EET I
7} S7Vgell whet AHAS] ¢ 14 of M3 A a&
o] Z7lste] A o7 QAT HE] Frjote] A

re s%wam

ggo] AT

Table 1. Effect of Acetohydroxamic Acid on Urease Inhibition Efficiency at Different Urea Concentration (500-4,000 mg Urea-N/L)

No. Initial Urea Ure?se AHA (/b;gj;/\,/‘/;;s) NH3. .conversion Uregsg inhibition Inhibited. Urease I:E;Ttllfcl)cn l;;?;tey
(mg/L) (Unit/L) (mgiL) (mall) efficiency (%) efficiency (%) (unit/L) (Unit /g AHA)

1 500 3,150 0 202.4 71.5+£9.5 - - -

2 1,000 3,150 0 344.7 76.6+11.1 - - -

3 2,000 3,150 0 597.2 55.4+1.9 - - -

4 4,000 3,150 0 1,298.0 61.5£3.0 - - -

5 500 3,150 1,500 136.0 48.0£5.7 32.8+0.8 739.7+120.5 493.1+£80.3

6 1,000 3,150 1,500 179.8 31.8£8.9 47.8+4.0 917.6+£70.7 611.7+47.1

7 2,000 3,150 1,500 228.1 20.1+0.7 61.840.1 1,026.8+38.4 684.5+25.6

8 4,000 3,150 1,500 375.7 16.6£1.5 71.1£1.0 1,283.1+46.9 855.4+31.3
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Fig. 1. Effect of acetohydroxamic acid on ammonia conversion efficiency at different (a) urea concentration (500-4,000 mg
Urea-N/L), (b) AHA concentration (0-4,000 mg AHA/L), (c) pHs (pH 6-10), and (d) temperature (10-35°C).

3.2. AHA T8 s=0| T2

2485EL o

fo
Y

AHA 4] F50) 2 dRYol Heg 9 84
Halgx A 58 31]~— Table 2 & Fig. 1(b)ell Y
ERlTh AHAS T84 o2 tizto] ehrujol A
&2 57.9+03%= EMSTE WA AHAS] Y
EEZ 500 mg/Loﬂ A 4,000 mg/LE 350l W2 Urease
A EES 48.6+0.3 — 81.9+0.0%E Z7}13laL o]
w2} Rl HE-E-E 29.7+0.4% — 10.5+0.1%=Z 7+
23tk AHA Y5571 371l uhet oAlE a4

gL_t‘
;

o] - 887.6+1.0 Unit/L— 1,494.6+8.7 Unit/L
7HieS ERIgleH, 7% AHA the] SA1E &
'H & 49 K (Specific urease inhibition activity)<
5.342.1 — 373.6:2.2 Unit/lg AHAE 7HA-3)8-S 3}
»RU} 2 AT A7E 53l AHA 7% 552 T}
£ Urease 7] 582 FFES gIFon}, +
H AHA thH] 2/do] AAH Ureased] 2 23]
< Ikt ol FHHE F59| Urease
o] FAUF el AHAY] FUAZFe] S7tol wE A=
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Table 2. Decreased Ammonia Conversion Efficiency from Urea in Response to Increasing AHA Concentration (0-4,000 mg AHA/L)

Initial Total NH3  NHs conversion Urease inhibition - Specific urease
Urease AHA - . - Inhibited Urease . " .. -
No. Urea (UnitlL) (mglL) (lonized +gas) efficiency efficiency (Unitl) inhibition activity
(mg/L) 9 (mglL) (%) (%) (Unit /g AHA)
1 1,500 3,150 0 491.9 57.9+0.3 - - -
2 1,500 3,150 500 252.6 29.7+0.4 48.6+0.3 887.6+1.0 1,775.3+£2.1
3 1,500 3,150 1,000 206.4 24.3+0.5 58.0+0.7 1,058.9+6.4 1,058.9+6.4
4 1,500 3,150 2,000 146.1 17.240.1 70.3+£0.0 1,282.5+7.8 641.3£3.9
5 1,500 3,150 4,000 89.0 10.5+0.1 81.9+0.0 1,494.6+8.7 373.6£2.2
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Table 3. Changes in Ammonia Conversion Efficiency from Urea at Different pHs (pH 6-10)

Total NH; NH3 conversion

Initial Urea  Urease AHA

Urease inhibition Inhibited Urease

Specific urease

Noo PH ") Unith)  (mo) (’0’7(’;2‘;6‘755) eﬁ'(co'/f)”cy efficiency (%) (UnitL) '"('l‘ﬁ'iim/'; icl_ti'z\')ty
1 1,500 3,150 0 4435 52,2405 - - -

> % s sas0 1500 92.9 10.90.2 79.140.1 1,300.710.1 867.146.7
3 1,500 3,150 0 536.0 63.1:03 - - -

s 150 3150 1500 1234 14502 77.0:022 1,530.541.5  1,020.4%1.0
5 1,500 3,150 0 5710 67.2:0.8 - - -

6 ° 1s0 3150 1500 149.8 17.6£0.6 73.8:0.6 1,562.6541  1,041.742.8
7 1,500 3,150 0 589.1 69.4+1.4 - - -

s 0 1500 3150 1500 161.4 19.00.7 72.6+0.4 1,586.5424.1  1,057.7£160
9 1,500 3,150 0 653.4 76.9+0.5 - - -

0 0 150 3150 1500 181.2 21307 72.3+0.3 175184261 1,167.9+17.4
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Acetohydroxamic acid 0|83t UreaZHE{ L2L|O} 2hAl ZZH ot 11

Al AHA®| 9} 5ol & drYol Agk a& 9
Urease QA §-8-2 713101 A3= Table 4. 2 Fig.
1(d)°l YeRTh AHAS FYsHA &2 uiz9
A% 8-S 25 W310 T — 35 C)ol whe} 52.8+
1.0% — 68.1:0.8% 2 S7F 43S BTk AHAE F
Jt Ao Yo} AL Y L5 UET
o] Ao} nlwsle] vk A8 Hej o} dnkzo s
25 Z7tel g} 4.2+0.1% — 26.3:0.4%2 S718FA
TS 25 sl M tRUol MBE LS| A
= 84 -‘j‘r:'éﬁﬁ A FE(92.1+0.1% — 62.3+0.1%)
o] A= olojHth 59| Wsle] w2 AHA) &%
dAo] A QAR E AT 1,344.3+11.9-1,552.7+
29.2 UnitvL o] 9] AHA tiH] SA)1E 8 AEs|Ea

2] (Specific urease inhibition activity)= 896.2+7.9-1,035.1+

.31

olZ ABE = B Bosl= QAEHEAe T
3 IAE FEE Pon 11 Aol meh SR
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Table 4. Changes in Ammonia Conversion Efficiency from Urea at Different Temperatures (10-35°C)

Initial Total NH; NH; conversion Urease inhibition - Specific urease
No. T?mp Urea Urefase AHA (lonized+gas) efficiency efficiency |nh|b|ted. Urease inhibition activity
€) gy UtH  (mol) (mglL) (%) (%) (Unitl) (Unit fg AHA)
1 1,500 3,150 0 448.4 52.8+1.0 - - -
2 10 1,500 3,150 1,500 352 4.2+0.0 92.1£0.1 1,552.7429.2 1,035.1£19.5
3 1,500 3,150 0 478.4 56.3+0.7 - - -
4 15 1,500 3,150 1,500 69.2 8.1+0.3 85.0+£0.4 1,525.8+10.9 1,017.2£7.3
5 1,500 3,150 0 4933 58.1+0.6 - - -
6 20 1,500 3,150 1,500 104.4 12.3+0.3 78.8+0.3 1,450.3+10.7 966.9+£7.2
7 1,500 3,150 0 542.0 63.8+0.9 - - -
8 » 1,500 3,150 1,500 135.7 16.0£0.4 75.0+£0.3 1,517.2+13.7 1011.5£9.1
9 1,500 3,150 0 550.7 64.9+£0.9 - - -
10 30 1,500 3,150 1,500 171.0 20.2+0.2 68.9+0.1 1,421.3£20.7 947.5+13.8
11 1,500 3,150 0 578.4 68.1+0.8 - - -
12 3 1,500 3,150 1,500 2183 25.7£0.4 62.3+0.1 1,344.3£11.9 896.2+7.9
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