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A65tract 
1n~n~ve p0u1try farm5 are fre4uent1): the 5u6ject 0f  
0d0ur c0mp1a1n~ and are a~0 kn0wn em1tter5 0f  
amm0n1a. 1n th~ paper an expe~ment ~ de5c~6ed 
wh~h c0mpared the effect1vene55 0f  tw0 a6atement 
c0mp0und5, c11n0pt11011te and De-0d0ra5e~ when 
u5ed 1n 6r011er pr0duct10~ 7w0 ~te5 were u5ed wh~h 
had a1m05t 1dent1ca1 6u11d1n95, each w1th tw0 r00m~ 
and the 5ame 5tra1n 0f  61rd. C11n0pt110~te wa5 u5ed 0n 
0ne 51~ and De-0d0ra5e • 0n the 0the~ 0nce a week 
vent11at10n rate, amm0n1a c0ncentrat10n and 0d0ur 
c0ncentrat10n were mea5ured, t0 determ1ne the effec~ 
0f  the add1~ve5. We a~0 mea5ured ~mperature, re1a- 
~ve hum1d1~ and car60n d10x1de c0ncentrat10n t0 
c0nf1rm that the c0ntr01 and te5t r00m5 had 51m11ar 
m1cr0-c11mate5. 1n the r00m trea~d w1th c11n0p~10~ 
the amm0n1a c0ncentrat10n wa5 5tat15t1ca11y 519n1~- 
can• h19her than 1n the c0ntr01 and the t0ta1 ma55 0f  
amm0n1a em1tted wa5 50% 9reate~ 1n the De-0d0~ 
a5e • expe~ment the mean amm0n1a c0ncentrat10n 1n 
the trea~d r00m 1n the ~na1 week wa5 38% 10wer than 
1n the c0ntr01 and the t0ta1 ma55 0f  amm0n1a em1tted 
fr0m the trea~d r00m wa5 50% 10we~ 7here wa5 n0 
5tat15t1ca11y 519n1f1cant reduct10n 1n the 0d0ur c0ncen- 
tra~0n 0r 0d0ur em15510n rate f0r e1ther 0f  the 
add1~ve5 u5e~ • 1 ~ 7  E~ev~r 5c~nce Ltd. 

Key w0rd5: Ch~ken~ 6r0f1er~ add1t~e~ 0d0ur~ 
amm0n1~ yucca extract, 2e0f1te. 

1N7R0DUC710N 

0 d 0 u ~  fr0m ~ n 5 N e  1Ne~0ck 6 ~ 9 5  ~ the UK 
cau5e 1ar9e num6er5 0f c0mp1~nt5 (1n5t1tut10n 0f 
En~r0nment~  He~ th  0ff1ce~, 1992), wh11e 
amm0~a  em~5~n5 fr0m 5uch 6~1d~95 are 6eHeved 
t0 repre5ent a 5er10u5 envk0nmenta1 r15k (van 8ree-  

*Auth0r t0 wh0m c0rre5p0ndence 5h0~d 6e addre55ed. 
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men et aL, 1982; Ha~un9 • Ph1111p5, 1994). Many 
0ther c0untr1e~ 1ndud1n9 510ven1a, have f1m11ar 
pr061em5 and the u5e 0f c h e m ~  add~Ne5 ~ 0f1en 
rec0mmended a5 a mean5 0f 0d0ur a6atement. H ~ h  
1eve15 0f amm0n1a 1n the 6u11d1n9 can a150 n0t 0n~ 
6e a hea1th r15k t0 ~0ckmen 6ut can ~50 reduce the 
perf0rmance 0f the an1ma15, (D0nham, 1987; 
Chade5 • Payne, 1966). 

Natur~ 2e0f1te m1nera~ may have the p0tent1~ t0 
reduce 0d0ur and amm0n1a em~510n5; 1n p a ~ u 1 a r  
the d1n0pt11011te f0rm 0f 2e0f1te wh1ch 15 extracted 
at 2~05ka 60r1ca 1n 510ven1a and 15 501d c0mme~ 
d ~  60th 1n 510ven1a and a6r0ad. 

A c0mprehen5~e rev1ew 0f aer1~ amm0n1a 1n 
p0u1try h0u5e5 wa5 pu6f15hed 6y Cad11e (1984). 5he 
5ummar12ed the f1nd1n95 0f Nakaue et a1. (1981), 
wh0 u5ed d1n0pt11011te 60th a5 a 6r011e~feed add1- 
tNe and a5 an addRNe t0 6r011er 11tter. •Exper1ment 
1• 6y Nakaue et aL (1981) 5h0wed that 5urface app11- 
cat10n 0n dean w00d 5ha~n95 wa5 m0re effect1ve at 
redu~n9 aer1a1 amm0n1a at 28 day5 6ffd a9e than at 
21 day5. An app1~at10n rate 0f 5 k9/m 2 0n the 215t 
day reduced aer1~ amm0n1a c0ncentrat10n 6y 15%, 
wh11e 5 k9/m 2 appf1ed 0n the 28th day reduced 1t 6y 
35%. •Exper1ment 2• 6y Nakaue et a1. (1981) 5h0wed 
that 1nc0rp0rat1n9 d1n0pt1101~e 1n the feed at the 
10% 1eve1 thr0u9h0ut the 11fet1me 0f the 61rd5 
reduced aer1~ amm0n1a c0ncentrat10n5 5~n1f1cant~ 
(6y an avera9e 0f 8%). 

7he amm0n~ and amm0n1um a650rpt10n pr0per- 
t1e5 0f 2e0~te5 have 6een rep0~ed 1n deta11 6y 
8erna1 • L0pe2-Re~ (1993), wh0 5u99e5t that aer1~ 
amm0n1a 15 ad50r6ed at a rate 0f 6etween 6 and 
14 9/k9 0f 2e01~e. 

Cad11e (1984) a150 5ummar12ed the f1nd1n95 0f 
J0hn5t0n et a1. (1981) 0n ~ucca 5ap0n1n• (wh1ch 15 
pre5uma6~ a m~0r  c0n5tRuent 0f De-0d0ra5e~L 
u5ed w1th 6r011er5 ra15ed 0n a 11tter 0f w00d 5hav- 
1n95. Yucca 5ap0n1n wa5 added t0 the1r rat10n at 
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63ppm, 6ut n0 5~n1f1cant reduct10n 1n aer1~ 
amm0n1a c0ncen~at10n5 wa5 f0und. 

De-0d0ra5e • (A11tech 810techn0109y Cente~ 
3031 Catn1p H111 P1ke, N1ch01a5v1He, KY 40356, 
U5A), a c0mmerd~  p0wder preparat~n 6a5ed 0n 
an extract 0f Yucca 5h1d19era, may have the p0tenf1~ 
t0 reduce the5e 0d0ur and amm0n1a em~510n5. 
Acc0rd~9 t0 the manufa~ure~,  De-0d0ra5e • c0n- 
ta1n5 5e1ected ~yc0c0mp0nen~ fr0m the Yucca 
5h1d19era p1ant. 7he5e c0mp0nent5 are 5a1d t0 61nd 
amm0n1a and 0ther n0~0u5 9a5e5, wh1ch w0u1d 
0therw15e 6e re1ea5ed fr0m manure. 

8r1ck and c0ncrete-6u~t 6r0Her h0u5e5 w1th tw0 
(0r three) 1dent1ca1 5t0rey5 are c0mm0n 0n pr1vate 
farm5 1n 510ven1a and the5e 9ave a 900d 0pp0~un1~ 
f0r farm~c~e exper1ment5 t0 te5t the perf0rmance 
0f the tw0 add~Ne5 w1th 6r0~er5. 

An e4uN~ent exper1ment w1th p~5 ha5 ~ready 
6een rep0~ed (Am0n et a1., 1995). 

M E 7 H 0 D 5  

7he  6r09er h0u5e5 
7w0 5eparate 6r0~er h0u5e5 were u5ed, F19. 1, (0ne 
hav1n9 tw0 ~0rey5 and the 0ther three, 0f wh~h 
0n~ tw0 were u5ed 1n the exper1ment), 0ne f0r each 
0f the tw0 addR~e5 5tud1ed. 7he f100r area, vent11a- 
t10n 5cheme~ etc., were the 5ame 1n each 0f the tw0 
h0u5e5 7he vent11at10n wa5 cr055-f10w and each 
r00m had 5even ~r  1n1e~, a11 0.6 m 6e10w the ce11- 
1n~ 1n 0ne 51de w~1, and 5even fan5, a11 0.6 m a60ve 
the f100r, 1n the 0pp05~e 51de w~1. Each 0f the f0ur 
r00m~ wh1ch had a f100r area 0f appr0f1mate~ 
480 m 2, he1d a60ut 8000 61rd~ ~1 0f the 5ame 5tr~n 
and 5t0cked 0n the 5ame day. 7he 1~ter wa5 w00d 
5hav1n95 1n ~1 ca5e5. Fr0m 1 day 01d t0 7 day5 01d, 
~1 the ch1ck5 rece~ed a 5tarter rat10n; and ~0m 
then 0n a 9r0wer rat10n. F0r the f1r5t 3 day5 the 
ch~k5 rece~ed ant1610t1c5 and vacdne 1n the1r 
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water. 7he 5u65e4uent veter1nary ~eatment  
depended 0n 5pe~f1c he~th pr061em5. 

7he a1r temperature wa5 he1d at 33-35°C f0r the 
ch1ck9 f1r~ week 6ut wa5 then p r 0 9 r e ~ e ~  reduced 
50 that 6y the1r f0u~h week 1t wa5 d0wn t0 18-21°C. 

U5e 0f the add~1ve5 
1n 60th 6r011er h0u5e5 the 6~d5 1n the upper r00m 
were treated w1th the a d d ~ e  wh11e the 61rd5 1n the 
~wer  ~00m rece~ed n0 We~ment. 7he  d~0pt11011te 
~e~ment ,  a5 ~c0mmended  6y the 5uppf1e~ c0n- 
51~ed 0f 60th add1n9 2% 6y ~e19ht c11n0pt11011te 
~ n ~ e  5~e 300 #m n0m1n~) t0 the ~ e d  rat10n, 
and a t0 t~  d05e 0f 1-6 k9 d~0pt11~1~ ~ r a n ~ e  ~2e 
2000 #m n 0 m ~ )  5pread per m 2 0f 1~ter 5UrhCe. 0 f  
th15 d05e 5pread 0n the 11~e~ 0"7 k~m 2 wa5 5pread 
~ the f1~t week and then 0"3 k ~ m  2 W a5  5pread ~ 
each 0f week5 4, 5 and 6. 

7he D ~ 0 d 0 r a 5 e  ~ ~ e ~ m e n t  c0n51~ed 0f add1n9 
the d05e rate adv~ed 6y the 5 u p ~  name~ 165 9 
cf  D ~ 0 d 0 r a ~  ~ t0 each t0nne 0f ~ed .  

A1r 5amp11n9 and mea5urement5 
At each wee~y  •51t three 5amp1e5 0f ~ r  were c01- 
1ected [1n 5011tre FEP 0r 7 e ~ a r  6a95 u5~9 
5ta1n1e55-5tee1 pump5 (Met~  8eH0w5 C0., 5har0n, 
Ma55achu5~t5, U5A)] ~0m ~ r n ~ e  fan5 ~ each 
r00m ~0m 0u~1de the 6 u 1 ~  f0r ~ fa~0m~r1c  
mea5urement5. 7he  t0 t~  f10w 0f a1r exhau5ted ~0m 
each ~00m wa5 c0mpu~d  ~0m the c r 0 ~ m e ~ n ~  
area 0f each fan 0uf1et and the avera9e ve10cRy 0f 
the a1r emer9~9 ~0m each: the v e ~  w~5 ca1- 
cu1~ed ~0m 12 mea5uremen~ made w1th a h0t w1re 
anem0m~er  at ~fferent  p01nt5 1n each cr055-5ec- 
t~n.  Each r00m had three ~ r n ~  ~ 5 a m p 1 ~ 9  
p051t~n5 e 4 u ~  5paced ~0n9 a d~90n~:  at the5e 
p01nt5 wee~y  mea5urement5 0f ~mper~ure ,  r d ~ e  
hum~1ty, amm0~a  and ca~60n ~ 0 ~ d e  were made 
~ 6~d he~ht.  7emper~ure ,  r e h t ~ e  h u m ~ y  and 
a1r v ~ 0 ~  were mea5ured 6y a 5 ~ 0 m ~  appar~u5 
( 5 ~ 0 m ~  C0., 0 t tery  5t Mary, Dev0n, UK) and 
amm0n1a and car60n d ~ d e  c0ncentrat10n5 were 
mea5ured 0n each ~51t u5~9 Drf19er tu6e5 (Drf19er 
6 m 6 H ,  Lf16ec~ 6ermany).  

A 5am~e 0f 20 61rd5 wa5 we~hed  0n each ~51t t0 
the farm5 t0 a55e~ wee~y  we~ht  9a~  and c ~ c ~ e  
the feed c0nver~0n rat10. 

7he a1r 5amp1e5 were taken t0 the V~er1nary 
F a c u ~  Un~er51ty 0f Lju6~an~ and the~ 0d0ur 
c0ncentrat10n5 were mea5ure~ ~way5 w~h~  24 h, 
u5~9 tw0 ~0ffakt0m~ dynam~ ~ t 1 0 n  ~ fa~0m-  
eter5 ( P r ~ e ~  Re5earch 6~ Am5terdam, 7he  
N~hef1and~,  w1th a f0rced-ch0~e m~h0d  0f 5am~- 
1n9 pre5en~t~n  t0 a pane1 0f 8-10 a55e550r5 u51n9 
the m~h0d5 pre5cr~ed 1n the Du~h  pre-~andard 
NVN2820. 

5~  ~ f 1 0 n 5  0f each 5am~e, ~ffer1n9 ~0m each 
0ther 6y a fact0r 0f tw0, were pre5en~d t0 the pane1 

three t1me5. D11ut10n5 were made u51n9 0 d 0 u ~ e e  
a1r 5upp1~d 6y a c0mpre~0r  t1t1ed w~h a ~ e d  
car60n f1Rer5 and an ~ r  dryer. Each 01fa~0meter 
had tw0 5n1ff1n9 p0a5, 0ne dd~ef1n9 the d11uted 
5amp1e a1r and the 0ther 0 d 0 u ~ e e  a1r. F0r each 
pre5entat~n, pane1 mem6e~ 1nd~ated, •a a key- 
60ard, wh~h p0~ ddNered  the 0d0r0u5 a1r. 7he 
mean thre5h01d v~ue 0f the pane1, expre55ed a5 
0d0ur c0ncentrat10n (0d0ur un1t5 per cu61c metre, 
0u/m3), f0r each 5amp1e wa5 cf1cu1~ed u51n9 1he 
meth0d 0f Drav~ek5 • Pr0k0p (1975). 

5tat15t1ca1 meth0d5 
Ana1y5~ 0f var1ance 0f the amm0n1a and 0d0ur c0n- 
centrat10n data 0n the natura1 5ca1e a55ume5 that the 
d1fference due t0 the treatment 15 the 5ame each 
week. 1n c0ntra5t, tran5f0rm1n9 the c0ncentrat10n 
data 6y tak1n9 1095 a55ume5 that the re1at1ve pr0p0r- 
t10n5 are the 5ame fr0m week t0 week. 7h15 15 the 
m0re natura1 and rea1~f1c a55umpt10n and 50 th15 
appr0ach wa5 ad0pted. 1n addR10n t0 th15, the 
a55umpt10n 0f c0n~ant var1ance 0n the 109 5ca1e 15 
m0re true. 

RE5UL75 AND D15CU5510N 

Parametr1c te5t5 and an~y5e5 0f vaf1anc~ f0r 519n1f1- 
cant d1fference5 6etween ~eatment5 and c0ntr01 
were, except f0r amm0n1a c0ncentrat10n 1n th15 d1- 
n0pt1~1~e exper1ment, un5ucce55fu1 1n e5ta61~h1n9 
d1fference5. 

0ver  the 7week5 0f the ~1~ each 0f the mea- 
5ured var1a61e5 c0u1d 6e f0H0wed f0r the c0mp1e~ 
6r011er cr0p5 1n 60th 6u11d1n95 (F195 2 and 3). 7he 
p01nt5 p10tted 0n a11 9raph5 are avera9e5 0f three 
mea5urement~ E~0r  6a~  0n the 9raph5 f0r 0d0ur 
and amm0~a  c0ncentrat10n are ~andard err0~ c~- 
cu1ated ~0m the ref1du~ mean 54uare5 ~0m the 
appr0pr1ate ana~f15 0f var1ance ta61e, appf1ed t0 the 
mean5 0n the 109 5ca1e and then 6ack ~an5f0rmed 
t0 the natur~ 5c~e. N0n-parametr1c te5t5 1ndud1n9 
the K01m090r0v-5m1m0v ~ a150 fa11ed. 7he p0wer 
0f 60th ~pe5 0f te~ w0u1d have 6een 9reater had a 
9reater num6er 0f 065ervat10n5 6een made. 7he 
m1n1mum num6er 0f 065ervat10n5 needed 15 0f the 
0rder 0f e~ht  0n each 0cca510n w1th the var1a6111~ 
1n the mea5urement5 065erved 1n the5e exper1ment5. 

Ne~her 0f the tw0 addR~e5 had any effe~ 0n 
feed c0nver510n rat10 0r 0n 1~e we~ht  9a1n. 7 0 t ~  
6r011er 1Ne-we~ht 1n each r00m 0f each 6u11d1n9 
each week wa5 ca~u~ted  a5 the pr0du~ 0f num6er 
0f 61rd5 and avera9e 61rd 1~e-we~ht. 

7here wa5 n0 ~5ua1 d1fference 1n the avera9e 
t0ta1 1~e-we~ht 0ver the 7week per10d 6etween 
treated r00m5 and c0ntr01 r00m5 0f each 6u11d1n9. 
7he avera9e 61rd we~ht  1n each 6u11d1n9 wa5 2-03 k9 
at the end 0f the exper1ment. 7here wa5 n0 ev1dence 
that the a d d ~ e  1ncrea5ed the rate 0f 1~e-we~ht 
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9a1n 0f feed c0nver510n rat10 1n e~her 6u11d1n~ 6ut 
61rd5 1n 60th the r00m5 0f the De-0d0ra5e • exper1- 
ment had an 1mpr0ved feed c0nver510n rat10 0f 
2.046 c0mpared w1th 2•13 f0r 61rd5 1n the d1n0pt110- 
11te 6u11d1n~ 

L1tter c0nd~10n5 var1ed 1n much the 5ame way 1n 
60th 6u11d1n95. 8etween week5 2 and % Htter n1tr0- 
9en c0ntent 1ncrea5ed fr0m a60ut 20 9/k9 t0 40 9/k9 
1n the c0ntr01 and up t0 30 9/k9 1n the d1n0pt11011te 
treated r00m. 7he pH 0f the Htter rema1ned a ~ d ~  
unt11 the 1a5t 2 week~ when that 0f the treated ~tter 
a10ne r05e t0 7•5. 7he Htter m01~ure c0ntent 
rema1ned 6e10w 30% 1n 60th ca5e5 6ut the treated- 
r00m 1~ter 6ecame 5119ht1y we~er 1n the 1a5t 
2week5. Wet (9reater than 30% mc) and a1kM1ne 
1~ter5 have prev10u5~ 6een a550dated w1th h19h 
amm0n1a and 0d0ur em~f10n5 (C1ark50n • M~5e1- 
6r00k, 1991). 1n the De-0d0ra5e • 6u11d1n~ 1~ter 
n1~09en c0ntent and Htter pH var1ed f1m11ar1y 1n 
60th r00m5 1n th~ exper1ment and the1r var1at10n 
wAh t1me ref1ected the 1ncreaf1n9 rat10 0f excreta t0 
0r191nM 11tter. 

Car60n d ~ d e  c 0 n c e n t r ~ n  6e9an and ended at 
~m11ar 1eve~ ~ 60th 6u11~n95 6ut the treated r00m5 
had h~her  c0ncentrat10n5 0n three 0 c c ~ n 5 .  

C0ndk~n5 0f ~ m p e r ~ u ~  and v e n t f 1 ~ n  rate 
were ~mf1ar ~ the ~e~men t  and c0ntr01 r00m5 1n 
each c0mpar150n. 7 e m p e r a ~  wa5 a u ~ m ~  
c0ntr0Hed, the 5et p01nt 6e1n9 reduced each week 
f 0 m  30°C. 7here wa5 a ~ h t  ~ f f e~nce  6etween 
r00m5 1n the 5p0t mea5uremen~ made (5ee F195 4 
and 5). 

0 d 0 u r 5  
C11n0pf11011te added t0 the 1hter and the feed 9ave 
n0 mea5ura61e r e d u ~ n  0f the 0d0ur c0ncentrat10n 
0r 0d0ur em~510n rate, at week 4 the 0d0ur c0ncen- 
traf10n wa5 5~n1f1cant~ h~her  1n the Wcated-r00m 
a1r than 1n that f 0 m  the c0ntr01 r00m (F19. 4). 7he 
mean 0d0ur c0ncentrat10n 0ver the per10d 5h0wed 
an 1ncrea5e ~ 60th r00m~ f 0 m  430 t0 2480 0u/m ~ 
f0r the ~1n0pt1011te Weatment, w1th a h~h  v~ue 0f 
4460 at week 4. 0d0ur  c0ncentrat10n 1n the ~r  ~0m 
the c0ntr01 r00m 1ncrea5ed f 0 m  500 1n week 2 t0 a 
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max1mum 0f 2080 1n week 6. 1n 60th ca5e5 the 0d0ur 
c0ncentrat10n wa5 10wer 1n week 7 than 1n week 6, 
6ut the5e d1fference5 were 5m~1 and n0t ~at15t1ca11y 
5~n1f1cant. 7he  mea5ured v~ue5 0f 0d0ur c0ncen- 
~at10n a9ree we11 w1th the ran9e 0f v~ue5 mea5ured 
1n 6r011er h0u5e5 ~ the UK 6y C1ark50n • M~- 
5e16r00k (1991). 

De-0d0ra5e • 1~ew~e had n0 mea5ura61e effect 
e~her 0n the 0d0ur c0ncen~at~n  0r 0n the 0d0ur 
em~510n rate when added t0 the feed at the rec0m- 
mended rate5. 7he  mean 0d0ur c0ncentrat10n (F19. 
5) 0ver the per10d 5h0wed an ~crea5e 1n 60th r00m5 
fr0m 360 t0 2490 0 u / m  3 f0r the De-0d0ra5e • treat- 
ment and fr0m 310 t0 2300 0 u / m  3 f0r the c0ntr01 
r00m. 7he  tw0 h ~ h e ~  va1ue5 0ccurred 1n week 6 1n 
60th ca5e5, 6ut the5e v~ue5 5h0wed n0 5~n1f1cant 
• fference 6etween the tw0 r00m5. 

A m m 0 n ~  c 0 n c e n t r a t ~ n  and e m ~ 5 ~ n  
C11n0p~10f1~ 
7he aef1~ amm0n1a c 0 n c e n ~ 1 0 n ~  F19. 4, 1n the 
d1n0pt11011te-treated r00m 1ncrea5ed 1n the 1a5t 

4 week5 0f the exper1ment 6y 6etween 600% and 
42% 0f the c0ncentrat10n 1n the Nr ~ the untreated 
c0ntr~.  Amm0Na c0ncentrat~n w1th~ the r00m5 
~crea5ed 0ver the per10d, w1th the 1ar9er ~crea5e5 
0ccurr1n9 af1er week 4. 7he  1ncrea5e5 were 10wer 
and 6e9an 1ater ~ the c0ntr01 r00m than ~ the 
d~0pt1~11te~re~ed r00m. 7he  avera9e c0ncentra- 
t10n5 1n the cf1n0pt11011~ r00m 0ver the 7week 
per10d ran9ed 6etween 1 ppm and a max1mum 0f 
29ppm 1n week 6, 6ut fe11 t0 21ppm ~ the 1a5t 
week. 1n the c0ntr01 r00m, the amm0Na c0ncentra- 
t~n  r05e ~0m 1 t0 14 ppm 0ver the per10d. A9Nn 
the5e va~e5 a9ree weH w1th mea5urement5 made 1n 
the UK, 6ut there R wa5 065erved that mean 
amm0n1a c 0 n c e n ~ n 5  w1th~ a 6 ~ N ~ 9  can vary 
6etween 10 and 40ppm dur1n9 a 24h  per10d 
(5ne~h  a aL, 1996). 7he  amm0n1a c0ncentrat10n5 ~ 
the d ~ 0 p t ~ 1 ~ 4 r e ~ e d  r00m were ~15t1ca1~ 519- 
n~canf1y h19her ( P < ~ 0 5 )  than the c0ncentrat10n5 
1n the c0ntr01 r00m, F19. 4. 065ervat10n5 0f the f1tter 
c0nd1t~n 0ver the per10d c0nf1rm that h~her  
amm0Na emNN0n5 were 1~e1y, e.9 the pH 0f the 
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1Rter 1n the treated r00m wa5 h~her  than the c0n- 
tr01 r00m f0r the 1a5t 5 week~ wh~h w0u1d 1ncrea5e 
the p0tent1M v01m~at10n 0f amm0n1m M0re0ver, 
the f1tter nffr09en c0ntent ~ the d~0pt~M1~ r00m 
~11 6e10w the 1eve1 mea5ured ~ the c0ntr01 r00m, 
5u99e5t1n9 that n~r09en had 6een M5t (1n the f0rm 
0f amm0~a)  t0 the a1r. 

7he t0tM 4uantRy 0f amm0nh  e m ~ d  fr0m the 
d ~ 0 p t U ~ f f ~ e ~ e d  r00m 0ver the 7week per~d 
wa5 66 k~ 50% 9re~er  than that ~0m the c0ntr01 
r00m at 44k9. 7he amm0n1a and amm0n~m 
a650rpt~n pr0pert1e5 0f 2e0hte5 have 6een rep0~ed 
6y 8e rn~  • L 0 p e ~ R e ~  (1993) and 1m~y that th15 
aer1a1 amm0~a  ~ a d  1n the untreated r00m c0~d 
the0ret~aHy 6e ad50r6ed c0m~ete~  6y 6etween 
3140 and 7300k9 0f c11n0pt11011te, depen~n9 0n 
~pe. 51nce the t0 t~ 4uant1ty 0f d ~ 0 p t f 1 ~ e  added 
t0 the te5t r00m, acc0rd~9 t0 the 5uppf1er9 rec0m- 
m e n d ~ n ~  wa5 766k9 ~ the feed rat10n and 
281 k9 added t0 the 1 ~  the 5um 0f the5e appear5 
t0 6e a 5uff1dent 4uanf1~ t0 ad50r6 0n~ a60uL at 
6e~, 40% 0f the em~5~n ~0m the c0ntr01 r00m, 
~ven 100% eff1dency 0f a650rpt~n. 

A5 w1th amm0n1a c 0 n c e n t r ~ n ~  amm0nh em15- 
5~n5 expre55ed per 500 k9 1Ne we~ht  5h0w the 
c0ntr01 r00m t0 have had a 10wer em~5~n rate. 7he 

actu~ mechan~m that 1ed t0 em~510n5 ~0m the 
c0ntr01 6uUd1n9 6e1n9 1e55 than em~f10n5 ~0m the 
treated r00m rem~n5 undea~ 6ut ~1 the 065erva- 
t10n5 made 1nd1cate that th~ wa5 1ndeed the ca5e. 

L1terature 50urce5 d0 n0t de5cr16e the t0t~ mech- 
an15m 0f 50rpt10n 0f amm0n1a when the 2e01Re 
m1ner~5 are u5ed 1n th15 app1~at10n, 6ut ~ appear5 
that the c0ndR10n5 1n 6r0~er f1tter may 1nh161t the 
50rpt10n pr0ce55 0r even rever5e 1t, cauf1n9 extra 
amm0n1a v01at~at10n. 7here w0u1d appear t0 6e a 
need f0r re5earch 1n th~ area t0 9a1n an under5tand- 
1n9 0f the mechan15m5 1n rea1 c0nd1t10n5. 

7he 0n~ 5~t1~a11y 5~n~cant  re5uR fr0m the De- 
0 d 0 r ~ e  ~ exper1ment wa5 1n week 4, when the 
amm0~a  c0ncen~M~n ~ the treated r00m wa5 
tw1ce that 1n the c0ntr01 r00m. 7here were n0 5tat15- 
f1caHy f19~f1cant ~ffe~nce5,  a1th0u9h the t0tM 
4uant1~ 0f amm0~a  e m ~ d  ff0m the r00m where 
D ~ 0 d 0 r a ~  ~ wa5 u5ed wa5 50% 1e55 than that em1t- 
ted fr0m the c0ntr01 r00m. Amm0n~ c0ncentrat10n 
w1th~ the r00m5 ~ e ~ e d  0ver the per10d, w1th the 
1ar9er 1ncrea5e5 0ccu~M9 6ey0nd week 4. 7he 
1ncrea5e5 were 5mM1er 1n the D e - 0 d 0 r a ~ - ~ e M e d  
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r00m than 1n the c0ntr01 r00m, w1th avera9e c0n- 
cenWat10n5 0ver the 7week per10d 0f 6etween 
1 ppm and 24ppm f0r De-0d0ra5e • treated and 
6etween 1 and 39 ppm f0r the c0ntr01. 

H0wever, when the t0ta1 4uant1ty 0f amm0n1a 
em~ted wa5 ca1cu1ated, the De-0d0ra5e~-Weated 
r00m emRted 44 k~ 67% 0f the 66 k9 em1~ed fr0m 
the c0ntr01 r00m. Amm0n1a e m ~ 0 n 5  expre55ed per 
500 k9 1~e we19ht a9a1n 5h0w the c0ntr01 r00m t0 
have had a h19her em1~10n rate dur1n9 the 1a5t 
2 week5. 

Mea5uremen~ 0f amm0nh e m ~ 0 n  rate5 fr0m 
6r0~er h0u5e5 have 6een made 1n 0ther Eur0pean 
c0untr1e5 6y 5ever~ 9r0up5 0f w0rker5 and the5e are 

c0mpared w1th em~5~n rate mea5urement5 ~0m 
th15 w0rk, 1n 7 a ~ e  1. Mea5uremen~ 1n the UK were 
carr1ed 0ut 0ver per10d5 0f 6etween 24 and 48 h 1n a 
5et 0f exper1men~ 1n f0ur 6 u 1 ~ 9 5 ,  w1th 61rd5 a9ed 
a60ut 4week~ ~ d  ~ 5ummer and 1n w1nter 
(W~he5 et aL, 1997; 5neath et a1., 1996); th05e 
rep0~ed 6y 0~en6ur9  (1992) re1ate t0 mea5ure- 
ment5 1n 6e rman~  Dutch 90vernment data 
(MVR0M, 1993) have 6een c0nverted ~0m annua1 
em~5~n5 per 61rd 6y a55um1n9 avera9e 1~e we~ht5 
and 6u~d1n9 0 c c u p ~ n  t1me5. M~1er (1994) made 
mea5urement5 1n a n~ura1~ vent11~ed 6 u 1 ~  the 
max1mum e m ~ 0 n 5  rep0~ed were mea5ured at the 
6e~nn~9  0f the cr0p and m~1mum rate5 rep0~ed 
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7a6~ 1. Ran9e 0f mean amm0n1a em~5~n rate5 expre55ed a5 ~h/(500 k9 1~e w~9h~ c0mpared w1th va1ue5 fr0m 0ther 
~ud~5 

8u11d1n9 510ven1a UK 01den6ur9 MVR0M Mf111er 
(pre5ent 5tudy) (Wathe5 et a1., 1997) (1992) (1993) (1994) 

8r0He~ m1n1mum 0.6 6.4 2.7 
8r0He~ max1mum 8.1 14.2 7.6 4 82 



236 M. Am0n et ~. 

=0 3000 
~ 2500 
~ 2000 

1500 
0 ~ 
0 0 1000 
~ 500 
0 

~ 0 

0 0.005 0.01 0.015 ~02 0.025 

Amm0n~ M a1r, 91m3 
~ ~ Rdat10n5~p 0f amm0~a c 0 n c e ~ r ~ n  ~ 0d0ur c0ncentrat10n 1n the ~n0~110~e 6 ~  

: 3°°°25°°200035°°0 1 
0 0 0.005 0.01 0.015 0.02 0.025 0.03 

Amm0n~ ~ ~E ~m3 

~ 7. Rdat10n5h~ 0f amm0~a c0ncentrat10n t0 0d0ur c0ncentrat10n 1n the De-0d0ra5e • 6uf1d1n~ 

r e ~ r  t0 em~f10n5 at the end 0f the cr0p dur1n9 the 
5umme~ 

Re1at10n5h1p 6etween amm0n1a and 0d0ur 
7here  ~ 0~en a de5ffe t0 re1ate the 0d0ur c0ncen- 
~at10n t0 a parameter that can 6e mea5ured 
1n~rumenta11y and amm0n1a c0ncentrat10n ~ u5uf1~ 
ch05en. 

Amm0n1a c0ncentrat10n and 0d0ur c0ncentrat10n 
c0rre~ted wee 1n the d1n0ptf1011te~re~ed r00m 1n 
F19. 6 0d0ur c0ncentrat10n 15 p10tted a9~n~  the 
amm0n1a c0ncentrat10n. 7he  re1at10n5h1p 6etween 
them 15 9~en 6y 

0 d 0 u r  c0nc. (0u/m 3) = 530.1n (NH3, ~m3)+4347 

( P < 0 • 0 1 ,  r 2 = 0•851) 

7he  data c0Hected fr0m the De-0d0ra5e • r00m d1d 
n0t c0nf1rm th15 re1at10n5h1p. 7he  re1at10n5h1p 
6etween them 1n th~ ca5e (F19. 7) ~ 9Nen 6y 

0 d 0 u r  c0n~ (0~ m 3) = 149.1n (NH3, ~m3)+2234 

(P = 0•29, F 2 = 0•1173) 

Lar9e var1at10n5 1n c0ncentrat10n and em~510n rate 
have 6een 5h0wn t0 0ccur 1n 6r011er h0u5e5 6y th15 
and 0ther ~ u d ~  theref0re m0re 1nten5e m0..n1t0~ 
1n9 15 rec0mmended 1n 0rder t0 reduce 5tandard 
dev1at10n5 and thu5 dem0n~rate  0ther ~a t15 t1c~  
519n1f1cant d1fference5 6etween ~eatment5. 
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