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~ ABSTRACT
~With the recent ;rend towardS‘total COnfinement~production
'ut111z1ng 11qu1d manure: systems, air env1rohment has become a potent1a1]y
cr1t1ca] elenent in T1vestock hous1ng design wh11e manure gas po1son1ngs
of catt]e Wave been attr1buted ma1n1y to hydrogen su1f1de (H 25)
poss1b1y in conb1nat1on w1th ammonia bNH3), a1most noth1ng def1n1t1ve 1s N
_known about the effects: of exposure/to sub- 1etha1 concentrations of these g
gaseous contam1nants over the short or 1ong term | .
1 . The study reported herein was undertaken to 1nvest1gate the
_response of calves subjected to contro11ed 1evels of. HZS and’ NH3, a]one y_x
and 1n comb1nat1on Th1rty-s1x steer ca1ves averag1ng 474 1b 11vewe1ght4
_were exposed to .the various.gas treatments in enc]osed chambers for a'>
continuous per1od of seven days. Data also were co]1ected for §bven day :
pre exposure and post- exposure periods The fo]lowing resu]ts g
_were obta1ned and conc]usions drawn.. . |
f]; o The: most prom1nent c11n1ca1 symptom of exposure to both H2
| and NH3 was eye 1rr1tat1on Nhi]e the effects of NH3 at
t 65 or 150 ppm were no 1onger obvfous by the latfer days of
.gass1ng, exposure to 20 ppm HZS for one week apparently caused . B
permanent t1ssue damage to the cornea At 150 ppm, HZS 1nducede“
'.f-severe cornea] opacity and rupture of the eye appeared possib]e -
l:,toward the end Q\Jthe gas exposure period Epistaxis was a
‘prominent feature of exposure to 150 ppm HZS especia]ly in’
_‘,_"-conbination with 150 ppm NHg.. S L
| f.v2w" L 3'Annnn1a at 65 or 150 ppm had no*appreciab]e adverSe effect on.-
| : -average feed and water consunption during the gas exposure .

perjod, Hydrogen su]fide alone at 20 and 150 ppm reduced mean
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6.

week1y- feed consumptions by 3.5 and 26% respectiVely

Althoygh 20 ppm H S d1d not affect mean water intake at

150 ppm HZS water intake was restricted to- 75% of-norma] over

the exposure period * The effects of HZS and NH3 in

_combination on feed and water-consu?ption appeared to be

.

- non- interactive o ';‘ - . W

Although respiratory frequenc1es appeared to be s)ight]y

inCreased at the low 1eve1s“of HZS (20 ppm) and NHB (65 ppm) K

and siightiy decreased at the high concentrations (150 ppm)
of HZS and NH3. respiration rate was- not regarded as a

reliable indication of the effectscof_the.gases on the-.‘

[

_ respiratory system. _ o .
Rectai temperatures were affetted 51mi1ar1y by most treatmeq\s
| 1n that temperatures were highest near or on the fourth day
- of. ga551ng but aparoached norma) by the 1ast day of expOsure

Mean period rectai temperatures were e1evated by exposure to

~

4

]50 ppm NH3 alone, and to 150 ppm HZS a]one and in’ combination s

with 65 and 150 ppm NH

Tests to detect suifhemog]obin 1n the b]ood were negative for e

a]] caives Exten51ve measurements of other b]oéd
o constituents generaiiy were inconc1u51ve and hence faiTed to
¥ reveal any. hematoiogica] va]ues that may have been correiated

w1th,the tox1c1ty of HZS and NH3

i; The detrimenta1 effects of exposure to sub 1etha1 1evels of

HZS and NH3 appeared to be re]a: ‘ re to gas concentration

than to iength of exposure time : Indioations were that the

—

1}_ action,pf HZS was more severe and extensive than that of NH3, o

while the effects of the two gases in conbination usua]iy

N T g e T T
-;@, S LotV T e T



~appeared to be additive; that is, one gas did not intehsify;ff'

the action of the other.
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deC1ded accelerat1on 1n conf1nement hou51nq of cattle fn North Amer1ca '

7

S

I.- IVTPODUCTION -

In efforts to maximize product1on eff1c1ency:§here has'been a

dur1ng~recent~xears Th1s spec1al1zat1on has. resulted in concentrated

: product1on of manure and consequent problems of d1sposal Handl1ng o

- manure as a flu1d of fers the advantages of lower labor requ1rements vand -

a result slatted floor free stall barns and regular-stall barns with

“manure storage beneath are in .common_ use 1n m1lk product1on operat1ons,,

- attracted to conf1nement systems 1ndorporat1ng slatted floors over l1qu1d

manure pits (51,68, 86 ll3) The l1m1ted duratton of the pasture per1od

1n Canada would suggest that total COnfinement should have‘partxcular L

S

- mer1t 1n thleCOUﬂtYy (29)

Unfortunately, the storage of l1qu1d manure w1th1n the anrmal - {j:

quarters 1ntroduces spec1f1c problems (13 90) l) tox1c effects of

)
manure gases“on an1mals,_2) the stress produced on the unprotected

a ﬂ an1mals result1ng from rad1ant heat loss to the liqu1d surface or the

floor, 3) odor control, and 4) potentlal damage to structural components ';

' greater adaptab1l1ty to conf1nement systems of l1vestock product1on iAsi.

N, and dairy calves are be1ng ralsed on slatted floors in 1ncreas1ng numbers N B
@ .
*\3(13) : Also 1n the beef 1ndustry, a grow1nq number of feeders are be1n0

.‘;‘»

of the conf1nement bu1ld1ng Perhaps the most dramat1c and 1mmed1ate ;l K

concern 1s the effects of manure gases on an1mal health and performance. o
Exper1ences w1th conf1ned hbus1ng have shown that the gases L

"”V- evolved from manure can have detr1mental effecﬁs on an1mals dur1ng at

least two d1fferent extremes (58) The f1rst ma1n problem ar1ses dur1ng
#‘

clean1ng operat1ons of manure stored under slatted floors (120) Several

e
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mnstances attr1buted to high: levets of noxious gases can be cited where a
housed catfle have succumbed to severe 51ckness and many tlmes death
: Instances hage been reported from Canada (68) Sweden (16 64 67) :
Germany (63 99) and the Netherlands (55) | The cond1t1ons mesu1t1ng 1n
. .such accudents have generally occurred in connect1on W1th ag1tat1on of

4’
the 11qu1d manure and/or under poor vent11at10n cond1t1ons (14 17 115)

I
The second problem arlses when an1mals are expgifihfortprolonged‘ '.
'tper1ods to ]ow levets of . tox1c gases pract1ca11y encountered in an |
‘enclosure Numerous reports (16 45’ 67) have suggested that such exposure
cou]d be detr1menta] to the pnoduct1v1ty of catt]e and at t1mes create '
comp11cat1ons that are respons1b1e for s1ckness and death R
The f1rst prob]em of h1gh concentrat1ons of manure gases for. a‘} :

' 7short per1od of t1me is’ recogn1zed and eas11y rect1f1ed by e1ther _"»

_ ,remov1ng the an1ma]s‘from the she]ter before the p1ts are c]eaned out or.

x &

by prov1d1ng an adeduate means of vent11at1on before waste remova1 beg1ns.h_. f

- Leve]s of many of. the gaseous products respons1b1e for rap1d death are “'..A.
fe,.ﬁknown for man and other an1mals S0 that va11d safety 11m1ts can be
B

The second problem of low concentrat1ons 1s one of greater

byf3‘complex1ty A]most noth1ng def1n1t1ve is known about the long term

| 'h‘jeffects of s]1ght1y 1ncreased levels of manure gas norma11y found 1n

' (’fof catt]e |
L S

'cattle fac111t1es Exposure to hlgher but\;7b-1etha1 concentrations for ;t:f?
}@}short per1ods such as may occur when s]urry be]ow s]ats 1stdlsturbed
‘oeven where ventx]atton 1s assessed as good may also affect the hea]th
As ear]y as 1928 Hofmann (63) in Germany reported that gases ;fﬁf;::{
”.t from ]1qu1d manure cou]d cause abort1on 1n cows and that there was a ,

RN



| connect1oh between manure gases and cases of resp1ratory dlseases _Tn
SWeden a chronlc manure gas po1son1ng of cattle was' descr1bed for the
first time in- l965 (l6) The character1st1cs were a general ‘ v”

:deterlorat1on in condition and product1on, resp1ratory and card1oVascular

‘problems, tendenc1es to hemorrhage and eventual lameness Further data

N\

‘..regard1ng chron1c manure, gas po1son1ngs 1n Sweden have been subsequently

presented (64 66) A review by Hogsved and Holtenlus (67) summar1zed
'much of the exlst1ng European l1terature on manure gas y01son1ng These
,'.authors feared that 1n Sweden a large number of da1ry cow herds were
:affected, 1n one: way or> another by the po1sonous gases from l1quid
:‘manure ‘ Apparently several cases of chron1c poisonlng have been 50
'extreme that the effects from the point of v1ew of product1on ecinomy ‘
have been/catastroph1c ‘ B e | “

,f ‘:-'_ In North Amem1ca stud1es (25) have shown that in recent years

‘ 'fa number of da1rymen have experlenced a sudden loss of 50 to 60 per cent

4'5"_fof the1r calves where preV1ously losses were usually 5 per cent or less

| "-;fIn one of several cases c1ted by Brevick et al (25), when healthy calves

B were moved to pens on slats most of them soon developed respiratory

T ﬁt‘,and other problems and many d1ed Another 1nc1dent (l3) showed evrdence,‘- e

filupon slaughter, of some lung damage 1n nearly all of 50 veal calves

:'7f‘grown in: 1nd1v1dual metal stalls 1n a well 1nsulated hutldtng Nhere

"‘j:;temperature and relat1ve‘humldity were controlled thrdﬁgh vpntfﬁation

‘Tf;;and7the use of Supplemental heat Half of the calf stalngiere located

L’F

:;?f_over a p1t lO feet deep and half were located over a shallow p1t flushed

Q

. da1ly 1nto the deep p1t The exam1n1ng veterlnar1an and an agrlculturalv'

R

‘ 7?Jeng1neer agreed that lack of sufficlent exhaust from=the manure pit was _;f-”*-



’»fjf(zg) in 1957

a contributing cause of insu]t to the 1ung:tissue One veter1nar1an (13) .
_estimates that resp1ratory 1nfect1on accounts for about 75 per cent of )
ca]f 1osses in h1s practnfe and that 80 per cent of ca1f treatment 1s

ffor resp1ratory-re1ated d1sease

: A]though adVerse effects of manure gases appear to be - well

substant1ated in the. 11ter5!ure, the et1o]ogy of;both acute and chron1c R

p01son1ngs has not yet been def1ned Hydrogen su1f1de (HZS) a we]]

known const1tuent of manure gas, genera]ly has been presumed respons1b1e

‘ .for the numerous symptoms (16,17, 64 68, 99) However, quant1ficat1on of

B _ these effects has been 11m1ted s1nce mOSt cases 1acked prOper controls

B

and few est1mat1ons of the numerous gaseous compounds that mlght be

‘;respon51b1e were. determ1ned (17) Suggest1ons have. been made (55 67 97)

-/

tthat other gas components 1n add1t1on to- HZS may play an 1mportant ro]e

fE’1n po1son1ngs, notab]y the comb1nat1on of HZS and ammon1a (NH3)

HThe effects of toxic gases such as ammon1a methane carbon ;"

'f5d1ox1de and hydrogen sulfﬁde upon anima] perfdrmance ard not we]] x;- fff
L def1ned wh11e a knowledge of 1etha1 1evels 1s 1mportant, 1t 1s more
V::cr1t3ca1 to determ1ne the effects of prolonged exposure to sub Tethal

R‘or Jow 1eve4s A htgher 1nc1dence of respiratory disorders may result 1£»t

'-..from low concentrations of tox1c gases*" the hea]th of both livestock

| - "fand humans may be Jeopardlzed The extent of the prob]em of toxic :'f .

._{N;fgases shou]d be ascertained at a very early date These statements t;-fi@

;“vijfwere 1nc1uded 1n the proceed1ngs of a work planning meeting on d#iry o

ffand beef catt1e research sponsored by the Canada Department of Agricultureffgu

g .n"v.

Essent1a11y the same words have been repeated by Hazen (59) 1n

o QYJ971 and a9a1n by Bates (13) in 1974 Although-SPeculétipniabOUDdSLfh" -i;f:’
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regard1ng de]eter1ous air- factor effects on 11vestock performance, too

few spec1f1c data have been: accumu]ated to perm1t formu]at1on of

design gu1de]1nes This is presumab]y because high dens1ty conf1nement

product1on ut11121ng 11qu1d manure hand]1ng systems is a re]at1ve1y new -

&
pract1ce and only with thlS treno has air environment become a

o

potent1a11y cr1t1ca1 e1emert in ]1vestock enterpr1ses

n‘j‘ In short manure gases, particular1y HQS and NH3, may affect

Ey

’performance of catt]e but researchers have yex to generate def1n1t1ve
' experimenta] ev1dence The effects of acutely nox1bus 1evels of manure-
'gases are recogn1zed but such h1gh levels occur- 1nfrequent1y and are
'-usually avo1dab1e . To quote Curt1s (37) the basic quest1on 1s '"For
";ieach cjass of 11vestock are there effects on performance of cont1nuous
A teXposure for per1ods an the order of months to pract1ca11y encountered
’ 1eve“ls and combmatfons of %r factors"" A answer to this under]ymg
h'quest1on must precede def1n1 ion of to]erance 11m1ts for use in cattle-

'_A.hous1ng des1gnm

The major obJect1ves of this study, therefore. were 1) bji‘jw

e‘means of a rev1ew of the 11terature, to 1nvestigate the prevalent |

: components of manure gas their occurrence 1n cattle fac111t1es and the ;_lv;

:“. “pOSSIble physfolog1ca1 symptoms and responses of humans and domest1ca
iammals exposed to these components, 2) to summarize and assess criteria’f,gi

| 'that may be usefu] 1n eva]uatwng and e}uc1dat1ng the response of catt]e ffdj7f

'i"tﬁ:to ‘the. more tox1c gases ar1s1ng from anaerobic degradation of manure,,:;dffﬂf*
'dlname1y HZS and NH3, and 3) on the bas1s of the f1nd1ngs of the ltteraturehlef

- fn:reV1ew, to 1nvest1gate the response of ca]ves exposed to contro]]ed

‘5f1evels of HZS and NH3, alone and 1n combfnatlon

®
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‘1.1,2 Gases Produced hy Stored wastes

e
o II. LITERATURE'REVIEW

1.~ HNoxious Gases Ex1st1ng in Catt]e Fac111t1es

1.1 . Product1on of Gases
The gases found 1n conf1hement bu1]d1ngs may ar1se from the

11vestock themse]ves, and from the bacter1a1 decompos1t1on of stored

”excreta

1.1.1 Gases Produced by L1vestbck
¢ .

Extens1ve research has 1nd1cated that carbon d1ox1de (CO ) and

' .methane (CH4) are the prwmary const1tuents of the v1t1ated a1r exp1red

by rum1nants Carbon d1ox1de 1s the gas produced in greatest quant1ty
T'It 1s one of the by products of an1ma1 energy metabo]ism and 1s exptred
via a1r exchange 1n the 1ungs In add1t1on to the CO2 in the exp1réd |

a1r, there is a]so an apprec1ab1e quantityuproduced hy fermentatwon 1n '5_

the rumen, a]ong w1th sma11er quant1t1es of CH4 A cow may producedupA
| to 50 11tres of CH4 per day whtle production of CO2 may approach 300 '
'11tres per day (20). Much of these fe;%sntation gases are votded by

feructation (69) The rema1n1ng contamtnant gases found w1thin a 11ve-j o

stock bu11d1ng are produced as a resu]t of the decompos1t1on of anima]’ :‘f‘

Oxygen from the air- 1s exc]uded from wastes stored wtth1n a

- _.conf1ned un1t(?n the form of 11qu1d manure Under such conditions
't;:anaerob1c bacter1a degradecthe organlc and 1norganic const1tuents of

"“manure, produc1ng gaseous emISSTOHS/ Hydrogen SUIf‘de NH3, CH4 and COZ

“-;;i;are some of the maJor gases which have been traced from cattle wastes

"”ff,(3 55 97 115) Chromatographic ana]ys1s of vo]at1]e SUbstances over tffif"‘h

'oda1ry uaste (1?8) 1dent1f1ed hydrogen sulftde. methanethio] dimethy]



'ff~,'from s]urry

.- . .
<A . )

su]fide,,diethy{'sulfide\-propy]aCetate,'n—butyT acetate,vtrimethylamine

and ethy]amine D1methy1 sulfide was cons1dered the pr1nc1pa1 Voo

5

. JOmponent of anaerob1c dairy waste odor: Clark and V1essman (35)

: suggest that the main gaseous products of i?aerob1c digest1on of domestic

| sewage are CO2 and CH4 w1th traces of HZS and NH3, and est1mate that the
- total quant1ty of gases from one pound of vo]at11e mater1a1 1s 0 56

- 0.64 cu ft (16 7_18 T)f_~Catt1e manure varjes_so w1de1y,that it is

edffficu]t to accurateTy predict properties'_'Estimate5~(121 124)'
daily manure product1on of 1200 - ]500 1b (545‘4-682 kg) da1ry cows
o_range from 88;1b (40 kg) to 99 b (45 kg) of wh1ch about 67% is feces
| and 33% is urine ‘ The mixtune totals about 1.6 cu ft (45 3 l); we1ghs

about 62 pcf Y993 kg/cu m) and contains about 12- 20% dry matter Beef.
o cattle and- da1ry he1fers usua]Ty produce s]1ght1y dr1er manure, a. . m

A'grow1ng beef an1ma1 we1gh1ng 700 - 1200 1b (318 - 545 kg) may produce .

- 33 1b (15 kg) of feces p]us b (5 kg) of urine dally. total]1ng
b :

3/4 cu ft (21, 2.1) and we1ghing about eo pcf (951 kg/cu m) (121)
, 0 ,
An 1mportant property to recogn1ze 1s that when d11uted by

fiwater to fac111tate hand11ng,‘11qu1d catt]e manure 1n storage separates R

by graV1ty (121) Sol1d wastes hav1ng den51t1es greater than water form ;f”i:

"the'two s]udge Tayers the remaTn1ng manure 1s relat1ve1y f1u1d Thus

1,thorough rem1x1ng 1s necessary before p1ts are empt1ed to prevent the

- o f1u1d fractlon from flow1ng out and the soT{ds rema1n1ng The adverse

| fffresu]t of ag1tat10n 1s that 1t drast1ca11y enhances the reTease of ggées

LTy

DA

VE:HTQT}3' Process of Anaerobic Degradation of Manure

O S

N

o Ca bottom sed1ment wh11e T1ghtwe1ght part1c1es fToat to the top BEtween if?

| The bacter1a1 degradat1on of ??aerobxcally ferment1ng manure ”le;ﬂ,“



has been described concise1y by  Barber and McOuitty (12). For simplicity,
the organic portiOn of .manure .may be considered to be composed of
oroteins, carbohydrates.and fats. In the absence ofidtsso]ved oxygef;

anaerobic bacterla dearade the pro;e1naceous material to NH3, st and

short- cha1n organlc acids. The decomposition of carbohydrates proceeds

initially with the product1on of orqan1c acids whlch together w1th the
acids formed from protelns are conyerted further to alcoho]s or dearaded '
to water C02, and short-cha1n hydrocarbons, 1nc1ud1nq CH4 Fats are |

degraded to fétty acids and a]coho]s with. the u]tlmate decomposition of -

fatty acids to H20 CO and ﬁH A]cohols produced e1ther_d1rect1y-from

~ fats or 1nd1rectly from protelns-and carbohydrates are"subject to

ox1dat1on reactwons resu1t1ng 1n the formation of a]dehydes and ketones

Furthermore NH3rcan combine chemically, by d15placenent reactions, with

-.alcohols and organ1c ac1ds to produce am1nes and am1des, respect1ve]y

Py

‘5 S1m1]ar]y, S can react with a]coho]s and organic ac1ds to produce

) .mercaptans and th1oac1ds, respectwve]y Reactions between su1f1des

(formed in aqueous solutions conta1n1na dissolved H S) and the 5hort- ‘
chain hydrocarbons also,are possible, y1e]d1ng d1su1fides (e g. dinethy1

sulfide). One further reactiontis'that oCCU' ring between st'a"d €0, to

yield carbony1 sulfide. In summary, the maJor qaseous emlssions resu]tlng o

from the anaeroblc degradat1on of manure organ are NH3, COZ’ HZO HZS

CH4 and- other short cha1n hydrocarbons, fatty 6c1ds, a]dehydes and T
,ketones, a]cohols, am1nes, am1des mercaptans, d15u1f1des and’carbony]

“'-'su1f1de

In add1t1on to degradation of orqan1c fract1ons of manure by

. heterotroph1c bacter1a gases also may be produced from 1norganic manure R

o
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® constltuents | The organlsms respons1ble utilize ox1d1zed\1norqan1c
| compounds ass electron acceptors in thelr energy metabol1sm (e a. sulfate’
. reduction to HZS and nitrate reduction to NH3 and n1tro n gas). They 4
.may use e1ther organic or 1norqan1c coqgounds as nutrie:z sources- and as
“electron sources in thejr enerqy metabol1sm and on this basis,. are
class1f1ed as heterotrophs or autotrophs, respect1vely The maJor.gases :
‘produced by these bacter1a are COZ’ NH3 and . HZS . | |
}‘ | Some b1oeng1neer1nq parameters afﬂlct1nq gas productlon are
temperature and pH (128). gbth vapor1zat1on and bialogical act1vity
) related to the van't. Hoff effect 1ncrease with temperature Hydrogen 1on
concentrat1on influentes the act1v1ty of microorganlsns and enzymes . The -
optlmum pH for am1no‘ac1d decarboxylatlon is 4 to5 w1th the release of
-amines -and sulfur compounds l Deam]nat1on occurs at a hlgh pH with the
‘ release of NH3 and organ1c acids. At pH values of 8 and above reduced
sulfur exists ma1nly as sulf1de 1ons (HS S IR but at pH 7 the format1on
of un 1on1zed HZS is about 80% complete, so that the part1al pressure of _.'
_HZS becomes great enough to cause gas problems (l28) L

A}

R 2 ‘, ' Occurrence of Gases

l.2,l ) Propertles and D1str1bution'offGases

The compos1tlon by volume of dry, outdoor air is approx1mately

‘ 78 09% nitroqen, 20 95% oxygen O 93% argon and 0. 03% carbon d1ox1de,___

with sl1ght traces of 1nert gases (7l) 0w1ng to the many processes_1‘
-“901ng on 1n l1vestock bu1ld1nqs the compos1t1on of the a1r can become a" ]
"conplex assortment of chem1cal compound;. Some 1mportant properties of
‘NH3, HZS CO2 and CH4, prevalent qaseous produqts of manure decompositiontt}

(90, 120), are summar1zed in Table l .

Unt1l recently, the concept of qases heav1er than air



TABLE"1: RELEVANT PROPERTIES OF GASES*. . |
v . (@ 25°C, 760 mm Hg un]ess‘specified'otherwise)

&

’aGas Formula . s.q.** Qdor " Color - Affinity for water
‘ ' (air=1) - S - -
Amonia  NH, 70.597 sharp, . colorless “highly soluble »
L . _pungent - /j - (90g/100 ml H20@0°C)
Hydrogen‘ i'HZS - 1.189 offensive co]orless- moderate]y;soﬂub]e |
Sulftde - | (rotten. eqq) (0 60/100 m1-H,080°C)
Carbon CO2 © 1.53  odorless -coJorless h1qh1y so1ub1e
Dioxide - = °,," - : v SN
¢ Methane CH,  0.554 odorless colorless slightly soluble

*. comp11ed from references 14 58 71 87 88 101 120
Rl Spec1f1c qrav1ty .

\

accumu]at1no near floor 1eve1 and gases 11ghter than a1r accumu]ating at
ceiling level has been used as a cr1terion in vent11at1on design

:Ta1gan1des %nd whfte (120) stated that CO2 and HzS being heavier than air,
.".would stay near the floor 1n a non- venti]ated room whi]e NH3 and CH4,
’be1nq 11ghter than a1r would r1se from the po1nt of generat1on and
accumu]ate near the ceiling. However. deci51ve stud1es (24, 52 97 107)
have d1scounted the theory that gases tend to d1ffuse and accumulate 1n
. the atmosphere at d1fferent leve]s depend1nq on the1r re]ative densities
rIn exper1ments conducted at constant temperatures with st111 a1r, Noren
| et a] (97) found that heavier qases (COZ’ HZS) and 11ghtér gases (NH3)

th1ch were released 1nto a manure gutter. d1ffused fairly uniformly

'.zvthroughout the bu11d1ng In measurements made under practica] cond1tions

’""1n catt1e sta1ls the ooncentrat1on of CO2 was found to be. about tw1ce as ,”

fi'h1gh by the ce111ng as: by the floor and“dn the gutter (97) This was
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n

expiatnedbby the fact that this'qas stem;“mainly from‘the atn exha]ed bv
the an1mals, which has a htgher temperature than the air.in the sta]]
‘and . therefore r1ses Concentrat1ons of NH3 were\d1str1buted equa]]y
. except below slatted f1oors ‘where 1evels were. somewhat “higher than up in .
| the sta11s | | | | .\ ‘
Noren et a]-(97) also observed that, in slatted floor fac111t1es,
upward a1r currents from qutters emerged where the catt]e were 1ocated

" and that downward currents occurred in areas free of an1ma1s These_=.

- observat1ons conf1rm ear]1er reports of Ober (98) concern1nq air-

vexchange through s]atted floors and have recently been substant1ated by
Bruce (27). Noren et al (97) attr1buted the a1r currents to the heat
‘.product1on of the an1ma1s and, in aqreement Brann1qan and Mc0u1tty (24)
g reported that sens1b1e heat was a maJor factor 1n the d1ffu510n of .qases
.1n the atmosphere Bruce (27) has sa1d "So far as, an1ma1s 1y1na on
'“s1atted f]oors are concerned the 1mp]1catr3n is c]ear v He deduced that (
: fun]ess forced convect1on is dom1nant however air passes down through the .
| f]oor and wherever 1t r1ses the a1r eventually wil] move towards the

/
--an1mals as they are the sources of heat A1r currents must carry with

C V?them the qases produced from the s]urry and thus any an1mals 1ying on a

' slatted f]oor wou]d probab]y exper1ence the maximum concentration of gas |
above the f]oor "Vent11at1on outlets be]ow the f]oor may be benef1c1a]
“1n reduc1ng qas concentrat1on at an1ma1 level as was noted to a s]ioht
degree by Feddes and Mc0b1tty (52) for NH3 o | 'h7;~{§A .

' ~1 2 2 Leve]s of Gases Measured 1n the F1e1d

Exam1nations of the air 1n animal she]ters with 11qu1d manure

' ‘fjhandling have been carr1ed out pr1mar1]y 1n poultry and swine bui]dinqs

f.h(9 40 47 76 77 80 BT 84 90) Bas1c data have been sparse, however. on

-
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the occurrence of qases 1n catt]e stalls. The most' complete

investigatron has been performed by the Swedish Institute of Agricuitural
Engineering durinq 1967-197] (109)‘ Under practicai conditions, no S
‘ neasurabie amounts (31 ppm*) of HZS were found in ventiiation air as
'A 1ond as the manure remained undisturbed This, however, does not exciude
the p0551b111ty that HZS can be emitted from manure continuous]y or in |
«‘connection thh changes in air pressure temperature or other occa51ons o
:(97) ' with a ventiiation rate of about 76 cfm per cow when manure lay .
E stiii CO varied between 1500 and 3000 ppm whiie CH4 varied between 150

2 .
"and 300 ppm Concentrations of NH3 were measured at 5 to 10 ppm under E |

'7'51m11ar conditions (97)

. :
The same report noted that even a siight agitation of 11quid

'manure can 1iberate'p01sonous gases and’ neasured HZS concentrations of
15 ppm at 1 to 2 metres above the siats during m1x1ng operations At - ?
“ times,. H S ieve]s eiceeded 200 ppm in the gutter R PR
o ~3A survey by Haartsen (55) showed concentrations of HZS NH3

'and CO to be n11 30 ppm and 500 ppm respectiveiy, over 11qu1d cow dung
prior to aqitation _ Durinq agitation measurements at an1ma1 1eve1 were _
.}1120 to 600 ppm H S 700 ppm NH3, and 2000 ppm C02 Oxygen content of theit
s atmosphere in the barn was on]y slightiy beiow norma1 at 20 1% by volume
o During manure removal operations Hudek (68) reported ”‘ |
fl:fconcentrations of HZS ranging from 50 ppm to 250 ppm at animal ievel whenlfi

:gfthe si rry was aqitated, whiie concentrations did not exceed 5 ppm HZS

j""",,‘.’._._.when the iiquid was pumped from the pits without agitation

Taiganides and white (]20), 1n reviewing menacing concentratidnsg
. e A N S ‘

+ Parts per nillion by volume fn air.



S Ciassification of Gases

follows (60)

13

of noxious gases in anima] units have squested that the normai range’

-of qases originating within a cattie bu11d1nq wili be about 0 to 20[ppm
HZS 0 -to 20 ppm NH “and 500 to 1000 ppm of C02, but that these |

h ,concentrations can 1ncrease 5 to 10 fold when manure is stirred Aibin
5(3) states that ievels of 1000 ppm HZS are not uncommon when anaerobic

' pits are c]eaned out.

.Z;A . Standards for Preva]ent Gases Produced in Catt]e Faci]ities

Rt

From the standpoint of respiration qases may be c]aSSified as

' ¢:GrOUp’I;Irritants-. Gases of this cJass 1njure the air passages or the

1unqs or both, and induce 1nf1annatjon of the surfaces of the L

2 reSpiratory tract (e g NH3, HZS at sub-acute iezfis)

AGroup II A5phyxiants (1) Simpie asphyxiants physioiogicaiiy inert

-ggases Wh1Ch when breathed in, high concentrations, act mechan# f?

| ca]]y by exciuding oXygen (e g COZ’ CH ) | ._ i i
"h_hll(ii) Chemicai asphyx1ants substances which by combining with;:
"hthe hemogiobin of the blood or acting upon some constituent of. -

S ~the tissues either prevent oxygen from reachinq the tissues or 'ﬂ
_:’?prevent the tissues from using it (e g COZ) o
Group IIf‘hoiatiie Drugs and Drug 11ke Substances These qases exert
e 11tt1e or- no specific effect upon the 1unqs they act after A
.foy they have been/absorbed into the biood and transported to the _fh

: ‘ tissues of the body (e g. hydrocarbons) ‘f ': L
Group Iv Inorganic and Organometaiitc Substances-' This group includes
R i iarge nunber of poisonous elements and compounds occurring in %if
"~'r%!7; voiatile form and exertino a wide variety of toxic actions o

b
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- after their absorpt1on 1nto the body (e.q. H,S at acute Tevels).

N

ATthough pol]utants of 1ndustr1a1 or1g1n pr1mar11y concern
pub]1c hea1th workers, a1r-factor T1m1ts fon‘the maJor nox1ous gases
found in Tvvestock\accomodat1on have been establ1shed for human workers

Max1mum adm1ss1b1e TeveTs of HZS have been g1ven as 20 ppm 1n \

. “some references (T4 8], TOT 120) and as 10 ppm in. others (5, 47, 88 96 ,97).

' "S1m11ar1y, max1mum recommended TeveTs for NH8 have varied at. 100 ppm

(14,81, 93,101,120), so ppm (’47 87 97) and 25 ppm (5) The occupatwnaT

heaTth standards that are recognized as Teg1sTat1on b;?{he Provvnce of

_ATberta are the Threshold Lim1t VaTues (TLVs) of A1rb ne Contaminants
-ipub11shed by the Amer1can Conference of Governmenta] Industria] Hygienists‘

: and 1ts subsequent amendments or rev1s1ons (106) The TeveTs of HZS

NH3 and C02 cons1dered dangerous to man by this Tegal body are presented
1n TabTe 2 A TLV 1s not recommended for methane (CH4) because it acts

pr1mar11y as a 51mp1e asphyx1ant Thus the 11m1ting factor is‘the

iava11ab1e oxygen wh1ch shoqu be hot Tess thah 18% by voTume under normaTvy

.atmOSpher1c pressure The GovernmentaT Industrlal Hygienists (5) also if_~

',:i have recommended that when two or more hazardou$ gases are present and

":1" the absence of 1nformat1on to- the contrary, the effects of the differ-fg

,1{’:_foTTow1ng fractions, _5"'>

""~"\u.fent ‘gases shoqu be cons1dered as additive that 1s, 1f the sum of the«.e 5f

RN

1. % B
T”'+ TE + T; exceeds unity, then the TLV of thelb:t-
o s‘ Sl 2 R

Wif‘m1xture shou]d be cons1dered as being exceed@d C 1nd1cates the observed ff

\

°7afatmospher1c concentration and T the correspond1n9 TLV for each 933 "



‘]'5. A

TABLE 2: OCCUPATIONAL HEALTH STANDARDS FOR GASES.

Gas - o : TLV® ppm Excursion Factor? o TWA Tiﬁftc.PPm
Hs o 10% S 20
My 25** o B T )

o, | 5000 R T TR T L R

o ‘Lowered from 20 ppm to 10 ppm in 1964.
_** Lowered from 50 ppm to 25 ppm in 1974

a TLV (threshold Timit va]ue) represents cond1t1ons under which it is
- believed that nearly all workers may be repeated]y exposed for an.
* 8-hour day and 40-hour work week: without adverse effect.

~ Excursion factor def1nes the maqnttude of the perm1ss1b1e excur31on :
_above . the. TLV. NRIRR L : S .

'Cf, THA (t1me-we1qhted average) 11m1t def1nes the max1mum concentrat1on -
' '3-perm1tted for a short exposure per1od : R co

TLV x Excurs1on Factor TwA 11m1t

‘2;3:' An1ma1 E_pgsure
Unt11 more 1nformat1on regard1nq the effects of manure gases on'}

.11vestocr 1s made ava11ab1e and subsequently accepted and app]ied the f7f7

L fion1y standards govern1ng permiss1b1e 1eve1s in confinement bu11d1ngs are R

N ;those prov1d1nq safe env1ronments for workers However, as mentioned

‘~=ffjear11er, human 11mtts for the nox1ous gases have been estab11shed for a

{l;7max1mum 8 hour day, 40 hour week exposure per1od In contrast COnflned 5

'f"ﬂjan1mals confront the1r env1ronments a]nnst cont1nuous]y and may face manyﬂ;

fh-potent1a11y harmful gases simultaneous]y Moreover. conf1ned 11vestock uiﬁ

>--_

'-7»:do not- necessar11y have the freedom to-escape from 1rritating or

| :‘-rsghazérdous 51tuat1ons C]ear]y,inportant reserVat1ons accompany any

:;‘_ihapp]1cat1on of human 11m1ts to 11vestock

¢ A
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ﬂ A: Henderson and Hagqard (60) have warned that great caut1on must
be exerc1sed in drawlng conc]us1ons app]icab]e to man by observ1no the"
jeffects of gases on an1mals The converse a]so must ho]d Therefore,
except Wor demonstratIng that certa1n concentrat1ons are unquest1onab1y‘
' fata] for short exposure or that & qas is v1rtua11y non-tox1c even 1n
" hfvery h1qh concentrat1ons, there are’ two ma1n factors 11m1t1ng any broadEr
app11cat1on Ftrst is a quest1on of the qua11tat1ve effect on certa1n
' spec1es - does the/gas affect man in the sane way that 1t does an a
. _‘an1ma1? The second factor 1s that of quant1ty - 1f the gas does affect
'both in the same way, are, they affected to ‘the same degree? e
h In the op1n1on of Curt1s (37), even 1nferences of an1ma1
"response between d1fferent species are 1mperm1ssib1e However others
‘)(80 81 84 120) have reasoned that an1ma1 responses are s1m11ar to those “i
‘~of humans, but vary in 1ntens1ty w1th anlmal weight and time of exposure _f
5¥Thus, effects found to occur 1n adu]t humans may be fe]t by anlmals ;fﬁv"'
4 we1gh1ng about 150 1b espec;a]]y p1gs Accord1nq1y,_catt1e may be
raffected by nox1ous gases the same- way as sma]1er an1ma15 such as poultry-_
f'fand sw1ne, but for a quen concentrat1on the same physio]og1ca1 effect T
L L;jmay not reg1ster as soon because of the1r s1ze “and body we1ght ﬂ o
| | The 11m1tat1ons of corre]at1ng concentrations and phys1ca1

o gresponse for gases have been d1scussed by Henderson and Hagqard (60)

vﬁg;fThe act1on of 1rr1taNtS (e 9. NH3) in produc1ng 1nf1ammation causing

.'f;death on short exposures or be1ng dangerous to breathe for any length

“'“fof t1me 1s fundanenta11y the same 1n a]] anima]s and man But effECtS

BN

"on d1ffengnt an1mals from sub acute concentrations cannot be quantitative]y

'fﬂfvapp]1ed between spec1es, and hence are va]uable only as a guidev_fjaffff;;if
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Furthermbre;-proionqed'exposures to<certain«irritants'may'resuitvin 3
chronic respiratory disease -.a p01nt for which reliable quantitative
'1nformat10n cannot be obtained from different spec1es
Inorganic gases (e g HZS) a51de from their 1rr1tation exert
an anesthetic action when inhaled in suff1c1ent concentrations. Inform- i
| :'ation on acute anesthetic effects canlbe appiied direct]y to various |
| pec1es but not when the anesthetic effec&s are sﬂg%h Miid
1ntox1cation may affect Judgement - a function 1mp0551b1e to evaiuate in =

ihanimais Spec1a1 attention must be given to differences 1n species-ﬁf

. concerning the nature of chronic effects resu]ting from secondary tox1c ;z

'action which may appear only after proionged or rebeated exposures ‘To
':‘-make any direct quantitative appiication under these conditions 1s -

\uv1rtua11y 1np0551b1e ", :;7’sivfl-'f. flfﬁ.:f "f ,alf*f';7~f},_;7'f;'hir'i
‘ N]th the Sinple asphyx1ants (e qg. COZ and CH ), the phy51oioqa- R
1ca] responses can be. generai]y appiied to both n and aninmis with ‘»f
11tt1e m0d1f1cation There is full knowledge on the response to various ai“

\‘;concentrations of asphyXiants however, an uncertainty does iie in the

:a’if-fquestion of al]eged\chronic functional disturbances from repeated

:--;”3.;1 ; Phy51olog]cai Action of Preva]ent Manure Gases

f‘sfﬁa,il'fCA Asphyxiant

' exposures to concentrations too iow to cause unconsciousness ffjﬁalfy"

N

it Carbon dioxide and CH4 are both simp]e asphyx1ants and 1nduce Lo
vffasphyxia entireiy by exc]uding 02 from the iungs, their effect being

NP / ':.
;}prdportionai to the extent to which their presence diminishes the partial i

' xfffafpressure of 02 in the expired air (60) They must be present in

v"yficon51derabie amounts before they exert any appreciab]e effect and may

‘ s
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decrease the 02 of the a1r to two thirds of its norma] percentaae

(]3% of an atmosphere) before not]ceab1e symptoms of anoxem1a deve)op
(Table 3) At th1s concentrat1on of asphyx1ants (33% of a1r-oas mlxture)
‘the volume of breath1nq is 1ncreased and ‘the pulse rate is acce]erated
(Both these cond1t1ons actual]y beq1n ear)ier, but not not1ceab]y ) When
the O2 1s d1m1n1shed to between 14 and 10 per cent the h1oher centers of
_the brain are affected with subsequent loss of the sense of pa1n |
Resp1rat1on is frequent]y 1nterm1ttent fa1nt1ng may occur ang muscu]ar'
effort may permanently 1nJure the heart Be)ow 10 per cent 02 (50% gas),
”'ﬁnausea and ]oss f movement are. f0110wed by 1oss of consciousness When':

A theO2 is d1m1n1shed be]ow 6 per cent (75% gas) breath1ng stops (60)

" TABLE 3: PHYSIOLOGICAL RESPONSE or ADULT HUMANS TO CARBON DIOXIDE .1'5;_;4 =
A METHANE* ] - '

e Effect o Srrif;‘>?ftoncehfratfon1(5pm), =

COé .. i ‘S.afe' ' 20 000 S
o .".J'ffIncreased breath1ng f):~:”i) t)ﬁ;%;i{=:30 oooi‘jvff;‘LLsa:f
| 1”;3 Drowsiness headaches )d;d.fet?ff’Y)??:i9e40-000jitl."
' l;wHeavy, asphyx1atinq breathinq -'?f151]60 000:q“'.i S
o -fJ)iCou1d be fata] (30 m1n exposure) - 300 GOOjVF_fL;,e‘j»if'”'
A}CHnt-ijt;vﬁ;)Headache non- toch ','fi)fr V*f;-:-;,500,9007€f‘?f’)7;}H

L

i?,ffﬂmfwoﬁewmévman;iﬁ{s.j*;iibgi;t;;g:»**

: ffé;éi.' Irr1tants

S1nce in concentratlons lower than those causing marked systemic :fwf
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v‘effects NH3 and HZS both act as 1rr1tants they have one phys1oToq1caT
property in common (60): they induce 1nf1ammat1on in t1ssues w1th wh1ch
. they come in direct contact Therefore, 1nf1ammat1on 1s man1fest almost .
‘solely in surface t]ssues that 1s, the sk1n the conJunctiva of the eyes,
- and part1cuTarTy the ep1the11um and -mucous membranes of‘the resp1ratory L
tratt.:l | 4.' | | - B R
| The act1on of 1rr1tant gases has been exp1a1ned by Henderson T |
| and Haggard (60) | The 1nf1ammat1on process is a phys1oTeglcaT react1on‘h
- swh1ch 1s made by'the t1ssues 1n response to a d1sturbance in the normaT .

v1ta1 processes To exert 1ts action an frritant must be taken up by

‘;zthe surface tissues, and be d1ssoTved 1n the fTuid which bathes them

The Tocus of act1on on the resp1ratory tract is infTuenced by d1fferenceslf
"*1n the physica] state of the gases primariTy the1r soTubiT1ty. Thus,

IS J

' -the concentratton of NH3 wh1ch reaches the Tungs 1s great]y reduced by

~ absorpt1on in the upper passages Because HZS is reTativeTy Tess soTubTe.]

(?t10n in the respiratory tract is much more extensive and
;*more 1nsidious Tn its act1on LRk

dtlver1ty of act1on of an irritant gas does not vary in ‘ }
”j‘the product of the amount of the gas in the air muTtiD11€d
ientrat10n for even a short time has an intense effect Reducing
ftrat1on by one han aT]ows an 1rritant to be withstood for much

i tw1ce as Tong with Tess effect Consequent]y, any reduction in
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3.2.7 :" Irrttatton of "the Respiratory Tract.

The de11cacy of the resp1ratory membranes, the]r suscept1b111ty

. to 1n3ury,gand the seriousness of the damage whlch resu]ts from the act1o
of irritant gases are very d1fferent 1n the upper and Tower resp1ratory

ftracts The first v1sible react1on to 1rr1tatfon of the upper

resp1ratory tract 1s redness due to the di]at1on of sma]l vesse]s in the

}affected area.: Th1s is accompan1ed by 1ncreased act1v1ty of the mucous
-_glands in the surface nenbranes Moderate exposure may not extend beyond

th1s stage, the symptoms then are thpse of pharyngltis 1arynq1t1s, and .

trach1b1s - pa1n some swe111ng, redness and 1ncreased f]ow of mucus If

'iﬂhe 1rr1tat1on is Sevege, p]asma may exude from the engorged b100d vesse]s
.f:produc1ng marked swe111ng, separation of the tissues and their consequent

"_ destruct1on Th1§‘exudate also may b1ock the reSpiratory passages

Changes in the upper respiratory passages and bronchi first

‘.appear as a loss of norma1 g]oss and trans]ucency together with swe111nq .
"P1asma wh1ch exgde_qto the surface clots there and forms a tenacwous _ﬂ',
a 1ayer wh1ch 1s frequent]y streaked with extravasated b]ood In drastic

| 'cases the mucosa may be lifted from the submucosa by the fluid and

sloughed off 1eav1ng raw and ooz1ng surfaces covered with mucopurulent

- ;.mater1a1 Before regeneration of the mucosa can occur. infection of the

:'la;the symptoms resemble head co]d laryngitts bronchitis or

f’fthe soft tissues about

| ej'bronch1 genera]ly develops 51nce the normal barrier to bacterial 1nvasion_f
S v~11s rennved The 1nfectious orgaﬂisms are the normal flora of the mouth '

- and upper resp1ratory tract Depending on the severity of 1nf1ammat1on,

.7ffbronchopneumonia In exceptional]y severe exposure; particular]y to NH3, f

:}:§1arynx nny become so swollen from'the “,jmjf”
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'extravasated fluid into the tissues that the trachea is occluded. -

Laryngeal edema causes death from acute suffocation

The act1on of 1rr1tant gases upon the lungs results 1n puhmonary

Aedema, a condition wh1ch reaches 1ts height 1n from four to 24 hours after

'exposure Flu1d extravasates from the capillar1es and accumulates between

the t1ssue cells of the f1ner ajr-sdcs in’ the lungs Flu1d also coagulates
A
in: the alveolar spaces- and f1lls them with f1br1n thus seriously _

“1nterferr1ng w1th the resplratory exchange of’O and/C02 At the same

time, the. flow of. blood through the lungs is obstructed placing a severe

:»-stra1n on the heart Moreover, the loss of fluld from the blood 1n the

form\of exudate ﬂ&y deplete the body of water, decrease the volume of blood

-and 1ncrease 1ts v1scosity Owing tm bronchoconstrlction as well as to the\

plugg1ng of the bronch1 with sloughed mucosa and fibrin portions of the

lungs may escape the actlon»of the gas Consequently, areas of atelectasls

"(collapsed or a1rless state of the alveoli) andeemphysema (overinflated

: state of the alveoli) may occur 1n the edematous lung

Irr1tation of the lungs does not give rise to severe paln as does

x':1nflannat1on of the upper passages, the prlnclpal symptoms being those of
';¢asphyx1a Peculiarly, in its early stages. the asphyxla 1s not assoctated

:“l'w1th marked air hunger, and yet the condttion can be acutely dangerous

R f.Th1s state, characterized 1n humans by gray qyanosfs wlthout marked dyspnea,

f~f'1s due to the unequal ventilation of the blood wlth respect.to Cﬂz and 02
.:i,Slnce co2 1s much more soluble and hence dlffusable than 02 1n the plasmﬁ

"'f':i'which covers the surface of the alveol1 CO2 1s ellnnnated moé%’readlly

© 7 than 0, 'ls absorbed At flrst therefore the o2 of the blood 1s. decreased_

"}*Vlwithout any appreciable rtse of C02 There nuy even be a,decrease of COZ

| Lfl;‘owing to some degree of overbrEathing. for although relatlvely slow 1n

S L T e e e
e =':-_w'~;' I A BT
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Wen

| deve]op1ng, 02 def1c1ency is a st1mu1ant to resp1rat1on

As the edema progresses, some of the- a]veo11 become f111ed with

cfrothy I]ufd and the termina] bronchioles become plqued-- "The air occluded

within such areas deve]ops the same gas pre55ures as the venous blood S1nce '

they take Tittle part in gaseous exchange At the. same time, 1ess edematous

;areas are hyperaerated caus1ng the CO2 level in the blood pass1ng through
;them to be reduced be]ow norma] However due to the character1st1cs of

' the oxyhemog]ob1n d1ssoc1ation curve, the 02 conteht of .the b]ood passing

through these parts cannot be raised above the amount that tbe hemog10b1n

orna]ly/holds Thus of the pu;monary bload returned to the heart, one

‘portion has the same content of gases as veﬁbus biood whi]e the other

approaches normal arter1a1 b]ood in: 1t9122 content but is 1ower than normal -

in C02 "‘The resu]tant mixture of blood pumped 1nto the arteries 1s low o

‘i_n'Q2 but near normal or even \ below nOrmal in: respect to’ C02

Further progression of edema 1nterferes with the d1ffusion of gases '

to an 1ncreas1ng extent The part1a1 pressure of CO (pCO ) rises whi]e

anoxemla becones nnre and more 1ntense, character1zed by 1ntense a1r hunger

.,The more marked synptons depend~upon the excessive pCO2 1n the arterial

: fb]ood but the more ser1ous damage results from the deficiency of 02 Death :
N of humans from s11ght exertion can be frequent and 1s probab]y a result ofg

' ‘the fa1]ure of an ovenuorked and asphyxiated heart Theeasphyxia of Tung jtfﬂ',
. edema aris1ng from 1rritant gases, therefore, 1s more dan&lrous than the .l“ g

'r'superf1cia1 symptoms may 1nd1cate._:.""'

'3 2.2 Infectionjas a Seque] to Inf]ammation
' A

As nentioned previous]y, 1nf1annation of. the respiratory tract o

.f'lessens or removes the norma] barr1ers to bacter1a1 1nvasion Exposureltofe7"'
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an irritant gas'insufficient to affect thediungs direct1y:acts on théu |
higher.respiratory’strUCtures”to cause bronchitis_or trachitis. vThese
infections may‘cauSe-hronchopneumonia as a.seque1. .In a]]rprobability;n
‘prolonged inhaTation of irritant gases; even inihighrdilution' may
predispose to’the deveﬂopment ofireSpiratoryvintecttons A healthy person o
or animal may carry a dormant 1nfect1on and the d1sease may become
'c11n1ca11y ev1dent whenever the bod11y res1stance is 1OWered suff1c1ent1v.
Thus, there may be a quest1on in any part1cu1ar 1nstance whether or not

the gass1ng has underm1ned the ind1vidua1 3 generaT hea]th to an extent
suff1c1ent to allow the active deve]opment of. pre ex1st1ng 1nfect1ons w'ifA
‘.Henderson and Haggard (60) be11eve that the 1nfectﬁons following exposure

to 1rr1tant gases c0nst1tute 2 far greater cause of death than does ' \';:- 3
‘pu]monary edema ' - L I L ."

_9.2.3 - Protect1ve Reflexes

. The protectlve ref]exes p]ay an important role 1n furn1sh1ng a
warn1ng of the presence of 1rr1tants, part1cu1ar1y NH3 wh1ch attacks the
‘,upper resp1ratory tract and e11c1ts a response in. con%entrat1ons we?] be]ow ‘td
ftl'an 1nned1ate1y dangerous 1eve1 The ref]exes consist in couthng, T
‘ constr1ctlon of the 1arynx and bronchi. c]osure of the g]ott1s and 1nh1b1t1ong;;
| of respirat1on (60) Codgh1ng is excited by s]ight 1rr1tation of the . .
“~:1arynx and tends to expe] the. st1mu1ating materia1 But coughing cannot }w-.
| f}prevent passage of 1rr1tant gases - it can on]y warn of the1r presence
'H1gher concentrations stimu]ate the superior 1aryngea1 nerve which 1nh1b1ts

fresp1rat1on with the chest in the expiration position Sneezing, caused by

R st1mu1at1on of the tr1gem1na1 nerve in- the nasa1 passages, almost equal]y

",‘d1sturbs breath1ng wvth severe 1rr1tJtion; r&flexes tend to c]ose the

: glott1s and the passages to the lungs by constriction of the adductor and
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bronchia] muscles respectively.‘.NOrmaiiy the inhibjtion of respiration is

broken'by thefincreasing-excitement of’the respiratory center beCause of

" the lack of ventiiation and the increaSino venosity of the b]ood

OccaSionally the spasm of the giottis may perSist SO 1ong that symptoms ofi

acute asphyXia appear The constriction of the bronchi may be suffiCient ‘7;

to: produce areas of ate]ectaSis and emphysema in the iungs (60)

The Signs and symptoms ariSing from inhalation of po]]utants thus |

.-can be recognized readiiy As a ru]e coughing, sneeZing and dyspnea are

reversib]e immediateiy upon withdrawi of the subject from the contaminated

area. Congestion of the bronchia] mucosa, pu]monary edema shock and

bradycardia are not quickly reverSible and may perSist even after cessation :

'J<.of inhalation of the poi]utant ‘All- these c]inical aspects appear to be
‘ manifestationslpf defense mechanisms against the po]]utant (10).

h 3e2.4 Chronic Effects of Exposure to Irritant Gases. ,f'yh '

Long-term derangement of- heaith from exposure to. irritant gases .

o may arise in two distinct ways (60) 1) As a chronic inflannmtion foiiowingfn
"one very severe exposure to the gas -and 2) as a chronic inflammation . o

ocaused and maintained by continued exposure to iow concentrations of the 4J_y:'

s irritant

A severe irritation of ‘the bronchi and 1ungs fo]]owed by

'i_bacteriai invasion may result in the infection persisting and causing a o
-'protacted period of 111 heaTth The most characteristic feature of a :

~5.hfchronic condition of the bronchi and iungs are bronchitis fibrOSis and

obiiteration of a portion of their deeper strgcture, sometimes with abscess ";

ic.- .

The distinguishing feature of the second type of chronic

‘iinflammation ariSing from prolonged exposure to sub]ethai concentrations
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is a catarrhal 1nflammation of the upper reSpiratory tract Repeated
attacks of respiratory infections are frequent and the sharp cough
lpresent in the beginning of the inflammation usually becomes less marked
The subgect then appears to have acqu1red a partial tolerance to the gas
The appearance of tolerance arises from the fact that the protective

reflexes, especiallylgpughing, are less active because of a tenaCious o

L mucous covering that partly shields the surface of the upper respiratory ‘

tract from’ the action of- the gas At the same time, the catarrhal exudate

does not afford any protection to the deep respiratory structures Rather,“ -
|

it exposes them more to the action of the gas because of the partial

'abolition of the respiratory reflexes In addition the inflannmtion

T dlmlnlshes the normal protection against bacterial infection Hence,

lrepeated exposure ‘may. permanently nullify the defense mechanisms so that ‘”-:

'preViously ho'ff thal concentrations become lethal (lO) |

| | The 51tuation of repeated expOSUre to a pollutant lS a complex 'Q?z'

~one because of the question of. tolerance Henderson and Haggard (60) |
”:C]alm that no true tolerance eXists toward any irritant gas but Aviado

-f and Salem (lO) have reported the develOpment of tolerance tofone irritant

.'(ozone) The complete understanding of chronic effects must await the

: resolution of problems regarding the mechanisms for the acute effects (lO)

::i‘?3 3 Ammonia._ﬂl~~ o 5 ;b R ,- ,Lt SRR
| Anmonia has been classified as a secondary irritant (60) based

"on the observation that its irritant action may be less marked particularly‘p{

.Aji:ln high concentrations, than are its systemic toxic effects resulting from

f[ absorption The gas is. irrespirable except in very low concentrations and
- .
its, v1olent action Upon the upper respiratory tract and eyes gives ample |
-;warning of its presence in the air Table 4 summarizes some physiological 'fff

°'jresponses of humans to NH3
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© TABLE 4: PHYSIOLOGICAL RESPONSE OF ADULT HUMANS TO AMMONIA*.

- Effect A o RN o COncentrationi(ppm)'l .
'Least'détEctabie‘odor o ,}- ‘f B . :.'if‘ 'i',‘ E -rl5er.5d | i_" |
o Irritating to mucous surfaces (1 hr) o | o - .‘iOO;- 500
‘Immediate 1rr1tation of eyes, nose throat .;.c' 5i,f7 "’Aoo Qe700
r'Severe eye 1rr1tation, coughing and frothing at mouth D
© could be fatal S S o 2000 - 3000
:Respiratory spasm, rapid aSphyxia may be fata] (40 min) k 5000 ’ “”
;_Rapid]y fata] oo L o ‘_1'4.10,000.’

ok fCOmﬁiléd fromﬁreﬁerenCesf60,87;161,izo,'1_".}"

'3,3,].e" Absorption, Excretion Metabolism "”ff . jf'fzilff‘; j§7,\ff.7tvff

| Studies (21) have shown #that becaus@ NH from the 1nsp1red air: S B
;-was absorbed by the mucous surfaces of the noses mouths, and throats o

;hof animals, the tracheae and bronchi were partially protected As a resuit,'fzi

‘ f.;except 1n cases of exposure to very high concentrations the 1ungs may be |

:‘relatively unaffected. Part of any NH3 reaching the alveoii is neutralized'
4 by the CO normally present and part may. be absorbed unchanged 1nto the efjhfﬁ

'c1rcu1ation (101)

A]though the a]kaiLne properties of NH3 m19ht be expected to

o ;4upset the bodily pH after pro]onged exposure to low concentrations, no data_ifcf

t:have proven that such 1s the case According to So]]man (116), NH3 in

*’[i7the body is converted rapid]y to urea: It is excreted mainiy in this

'”7f.form After exposure, traces of NH3 have been found in sweat, urine, and

exhaled a1r* at the same time, however, NH3 is a normai constituent of i

e



Hb]ood and urine (101) ; Litt1e eVidence of - chronic effects from pro]onged

T }daily exposure of animals- to concentrations beiow those cau51ng Fcute

3.3.2 Irritant Action'

‘ .

‘:effectsghas been' found (126).‘} ‘ . 'f sf“_. i o _,' o

Due to.the extrene S°1ubﬂity of NH3 1n'wate'r, ‘with'wh?i"ch' it o

forms ammonium hydrox1de, the gas may be absorbed from the inspired air
“yby contact with the first moist tissues in the respiratony tract Asia;» ST

. 5resu]t the upper respiratory passages tend to bear the brunt of the

“‘ action (60) The gas tends to destroy the mucous surfaces upon pnoionged

AN

- tgjvreflex action from irritation of the upper respiratory tract Exposure
S ffthe upper reSpiratory passages and possibly deeth from spasm or edema‘of ‘

'yff'affected and respiration may be stopped (60) Pu]monary edema has been

gto high concentrations is foiiowed by intense congestion and swel]ing of fgf;

:s;the iarynx If the. concentration is suffiCient1y high the lungs may be

contact by dissolv1ng or emulsifying keratin, fat and cho]estero] (101)

‘ In addition to its corrOSive action on the surface of the

- reSpiratory tract NH3 can cause temporary blindness (87) and’peéﬁenent |
7din3ury to the cornea of the eye (10]) A concentration of NH which is ~;;75
| '~into]erab1e to the eyes and throat of a man may cause no appreCiable, | i_
"_fl irritation of dry skin Patty (101) has noted that atmospheres of 1 per e
h t:-mcent (10 000 ppm) NH3 are mildly irritant to mo!st skin while those of 3
'fper cent or greater cause a stinging sensation and may produce chemica] :ﬂgﬂﬂfh
-l-'j;:f7burns w1th biistering after a few minutes exposure Concentrations beiaw
the: amount that cau$es irritation are not known to’ have any adverse effect v“'“
. :ffiregardless of the 1ength of exposure but NH3 may cause sensitization (‘01){“f)

The infiuence of NH on respiration and the heart is due to 2:?f{ff”f




- cited as the most fréduehtfcadse_of‘death in man from NHj exposure (101).

3.4 Hydrogen Sulfide.

_}‘L , lj ; Hydrogen su1f1de 15 grouped w1th the 1norgan1c hydrlc compounds }
"(60) and as such is a general po1son In sub]etha] concentrat1ons HZS 3
'1s pr1mar11y an 1rr1tant gas but 1ts system1c act1on 1n acute po1son1ng

L overshadows the: 1rr1tant act1on 'jf}"j ‘“p‘f’;"f ."‘ff?_‘i,a-f =
n Hydrogen su1f1de po1son1ng has been categor1zed by the s1qns,."

' _1symptoms, and sequelae produced by expOSUre (91) General]y,v acute

”‘} exposure refers to system1c po1soning that has been of rapid onset where

B centra] nervous system effects have predom1nated the nnst dramatic be1ng

”,reSp1ratony paralys1s The term sub-acute has been used to descr1be

'fc:cases 1n wh1ch the 1oca1 1rritant effects of HZS have dom1nated There

"'_?has been no. unan1m1ty'1n recogn1tion of chron1c HZS poison1ng thé?f* ffﬁ;
'Z'read11y characterlze chron1c po1son1ng as a c11n1ca1 conditﬁon of 1ong—~ ~-
'f;term exposures to 1ow 1evels of H, S (67) wh11e others suggest that the

f"ftcond1t1on 1s actua]]y a series of 1ow—grade acute episodes (2) _;;;gh?df

| - fn any case one shou]d understand that both 1oca1 and system1c

="‘_'-1n3ury may result from exposure to HZS ‘ s el

i A PN S ST
' 5'3t4.1 =‘ Irr1tant Act1on - 'f',- "f;";:fli ,;fu’s’ir'vr':b'lj.t r;(‘

In 1ow concentrations HZS has an offensive rotten egg odor and

‘ ‘f:;fa sweet1sh' odor at h1gher contentrations.; However, w1th cont1nuous

‘v‘_b”odor ff‘

'h:ffﬁthe sulfide Nhlch is caustic (60)

..:J1nha1at1on the o]factory sense fatigues rapid]y resu]ting in no detectab]e f;f

s ~--1 whe" H S 15 br°"9ht 1nto contact with nnist tissue, 1t combines ;?nffg

b erIth the alkali present and sodium sulfide 1s formed/ Irr1tation 1s o
'cPTOduced both by'!he abstraction of the alka1i from the cells and by

'aQQ“.ijﬁ,}f:,f”‘1wm.?:*u

s




ff}concentrations between 250 and 600 ppm 1511RE1Y to cause pulmonany

| f¢;5trat“m corneum (75) In sone 1ndustr1a1 areas HZS has been
| y iissuggested responsib]e for a]]erg1c eczema (104) Human SUbJeCtS
““’5tjf;have noted s11ght skin 1rr1tation 1n atmospheres containing 2 per

1fhrcent (20 000 ppm) HZS (101) ffv.fyﬁffiff.f:]:
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Among the subatute and chron1c effects of exposure to HZS

B j_ eye 1rr1tat10n or . gas eye (130) 1s the most common (101) A marked' L
"1rr1tant act1on 1s exerted upon the cornea apd conjunct1va.'
' accompan1ed by pa1n, 1nf1ammation 1acr1mat1on and photophobia In:.

B man the eyes may 1tch smart and fee] as though gra1ns of sand were

on the,conJunct1vae More severe conditions progress to keratocon-""

d'junctﬁvitfs (91) w1th assocwated c]oudlng of the cornea and vesiculat1on B
'vof the cornea] ep1the11um Rupture of these ve51c]es, wf fo]lowed hy

-l cornea] ulcerat1on, may heal with scar formation Permanent impairment
‘of v1swon 1s ‘a poss1b1e resu1t (91 101) Eye effects have been reported

_at concentrat1ons of 20 ppm or’ below (88)

i f At 1ow concentrations, a]] of tﬁe mucous menbranes of the

ff'_.resp1ratory tract are 1rr1tated caus1ng hoarseness, cough and nasa]
i”fsecret1on (2) Prolonged exposure at concentrations from 50 to 100

“p;ppm may cause rh1nitis pharyngitis bronchitis and pneumonia (2 83)
vhieThe most potent1a11y 1etha1 rrritant effects of HZS arwse from its ;‘ *"'hiu :
7;;ab111ty to penetrate the deepest structures of the 1ung - the alveoli»-;f,f:a°zv

" ?g_iproducing 1nf1ammat1on (91) The resu]t of prolonged exposure to 3hf;-

SRR ‘edema or bronch1a1 pneumon1a (101)

The local 1rr1tant action of alkaline su]fides on the

q:sk1n resu1ts 1n a softening and subsequent destruction of the




- shown the exact s1te of entry 1nto the c1rcu]at1on (58)-.
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- 3.4.2 Absorpt1on, Excret1on Metabo]1sm

|

The absorptton of HZS 1nto the b]ood is a]most exclusive]y

: through the resp1ratory tract (101) As of yet, however, no work has -

. o Henderson and Haggard (60) have stated that the gas 1s absorbed

- as a]ka11 su]f]de and then hydro]ysed 1n the p]asma, 11berat1ng free HZS t

T In the. presence of 0, ; Haggard (56) conc]uded that the free gas was
2°.

' f;took p1ace, not 1n the plasma but in the red ce11s as a resu1t of the

1‘};_;stream was attrtbuted to the net react1on

“'foxidtzed and destroyed 1n the p]asma Th1s 1nterpretation conflicts w1th

,the results of later work by. Evans (49) whlch showed that the destruct1on i-‘“
g }reduct1on of oxyhem0910b1n (Hb02)i Detox1f1cat1on of st in the blood i

HbO2 + 2H S ¥ 2H20 + ZS + Hb

';".Thus, 1n the act of caus1ng the deoxygenat1on of hemoglobln the su1f1de

"~1ﬂ1tse1f necessar11y 1s destroyed In h1s proposa1 Evans (49) presumed

'-»fV:fthat the su1fur set free by the above reaction wou]d be 1n the collo1da1

' »“?state and so. wou]d rema1n 1ns1de the erythrocyte at least for a time

“Qt*Its term1na1 fate may be ox1dat1on to sulfate (41) HaV1ng reasoned that

“"-t1nha1ed HZS was carr1ed for a t1me in the plasma 1n the form of an’._ hfﬁ‘}f-ﬁ

‘af{ftequ11ibr1um m1xture of 1ontzed sulfide and gaseous HZS’ Evans (49) v;ijtnasz;ff

ﬁbgfsuggested that H, S, or rather the sulfhydryl ion (SH ) penetrated the
2

'v‘v};the p]asma and thexr subsequent destruct1on was relat1ve1y slow
: 3"

']5envelope of the red cells slowly., Therefore, the remova] if-- Ifides from.

:.i5b1ood flow t1me from the lungs to the brain in: norma] man 15511
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- 10 seconds, very littie protection by detoxification 1n the red blood -
'h'ceiis could occur to- prevent neurai exposure Ade]son and Sunshine (1i
‘have reported that HZS 1s promptly ox1dized to suifate and thiosuifate 1:‘.{"
;w1th 02 from oxyhemog]obin in the red biood ce]]s Perhaps myoglobin of |
- muscie a1SO aSSists the blood hemog]obin in destroyinb suifides whiie
"~another factor involved s the generai difoSion of HZS from p]asma to L :‘ |
ef]ymph and tissue f]uid (49) when free su]fide exists in: the c1rcu1ating
biood an amount of HZS suffiCient to be detected by odor can be excreted '
iin the exhaled breath (101) A greater fraction, however, is e]iminated
'through the kidneys as su]fate or suifide 1n the urine (49 101) -

7fsf0bv1ously, knowiedge 1s incomplete as to the means by which detox1fication :
- 'lof HZS 1s effected in the body e ,tﬁf;‘; f . i‘fwf} ffﬁk o ;iﬂ‘ﬁﬂf'
K Percutaneous absorption of gaseous HZS is probably not a ';1Z§ff}ii

?'51gnif1cant source of systemic poisoning This ?s ev1denced by the fact

that reSpiratory dev1ces covering oniy the face and head wi]i permit work

'ii:’in HZS atmospheres which wouid othenwise be immediately fatal (101 130)

’=’fNeverthe]ess, some controve:'K persists Exposure of pure HZS gas to the

”71fn¢nntact skin of the guinea pig has proven fata} in about 45 min (125) but

'fiﬁisubsequent experiments haVe faiied to confirm these resuits (130) Petrun

3?f(io3) has captured HZS in the expired air of rabbits subJected for 2 hours -&f1
B ito 1400 ppm at skin 1evei whiie breathing normai air Laug and Draize e

v;(75) have shown that poisoning from HZS in combination with NH gas

":w':occurred more rapidiy than from HZS alone when these compounds were inr a-piifi

- .:fcontact with mOist skin Abrasions of the skin fac11itated the absorption _”Hs

':'vi_of both HZS and ammonium hydrogen su]fide (NH4HS) gases
'::";;5fdid not show why NH4HS penetrated the skin more rapidly than H*”,
o f‘and Draize (75) postuiated that the irritating properties of the ammonium

:fThese;'xperiments W

- _'Laug :
Z e
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- radical “may account 1n part for the erythema and congest1on of the skin

- This: cou]d favor absorpt1on because of the 1ncreased b1ood supp]y, on- the -

-

other hand the propert1es of molecu]ar NH4HS may be such as to favor 1ts .:a-f

penetrat1on over that of mo]ecu]ar H S (75)

. 3.4.3 . iystem1c Act10n ',l .. o . : A' -. ‘ . ‘b ok
S A]though the degree, rate and s1te of metabo1wsm are st111 o
' nebu]ous, the 11terature is 1n genera] agreement that the system1c effects V;_f

_ of H,S occur on1y when free, unox1d1zed HZS gas is present 1n the b]ood

ig

stream (1 60 91 101) Th% ear11er proposa] that the phys1o1oq1ca1 effects';jjl

were 1nduced by remova1 of 02 from the oxyhemog]ob1n 1n the b]ood and o

o consequent asphyx1a no ]onger appears to warrant cons1derat1on.- Lack of

S 02 cou]d not be the cause becausé§§ven a rapldly adm1n1stered 1etha1 dose

. { of HZS can deoxygenate on]y about 1 per cent of the circu1at1ng b]ood (49) :%@{
_ The problem of the action of HZS on the blood has been obscured S
by~the work carried out on the formation of sulfhemog]obin Haggard (60)
asserted tgpt 1n v1vo, HZS does not comb1ne 1rrevers1b1y with oxyhemoglobin:tf;
to d1sturb(the oxygen-carry1ng capacity of hemoglob1n, the gas. how-: v
ever does comb1ne w1th methemoglobin (49 60), Th1s substance is norma11y

T~h;e resent in the b]ood 1n on]y sma11 amounts, but su]fmethemog]obtn appears

}///zntheb,ood of cadavers resu1t1ng from post-mortem changes (60) '

stand1ng these assertions, Laug and Dra1ze (75) reported that the

/Notwy_:

b]ood of animals whose skin was exposed to NH4HS carried from 10 to 20%

| saturat1on w1th sulfhemog]obin, the animals also exhibited s1gns°‘f_02

”‘lf;;def1c1ency These authors noted that the detection of sulfhemog]obin may RS



":',thanfit ca e e11m1nated or detox1f1ed 1nto pharmaco]og1ca11y 1nert
e _;HZS are rec'
‘”'[ffgas in: the b]ood actxng upon the nervous system (49 60) However,

':t{ itb100d ce11s and hya]ine casts may be associated with st intox1cat10né(72

,:J.ﬁ}amounts 1t st1mu1ates, and in veny large amounts it para]yze.:ff;
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the s]ow deaths, and certa1n1y 1nd1cat1ons were that sulfhemoqlob1n 1tse1f

!

.'1s non~tox1c Interest1ng]y, in 1mmed1ate death resu1t1ng from 1ntravenous
-1nJect1on"of NH4HS no sulfhemog]obin was detected even though comparab]e
io-V]tFO produced detectable amounts of su]fhemoglob1n f'

L /- SRRERE
‘reded that 1n v1tro, 1n add1t1on to the main react1on -_;,

~ amounts f

:of oxyhemoglob1n - part of the hemoglobin was converted et
ﬁ:radation product by the action of sulf1de Th1s T
_5fve of hemog]ob1n together w1th ox1dat1on products of HZS

Ele as 1nd1cated by the fact that the 1n1t1a1 02 capac1ty of
;‘not restored upon reoxygenat1on of blood after su1f1de ;

;é) Evans (49) conc]uded that 1n v1vo the extent of format1on.

'}mat1n-11ke fract1on s - a matter for speculatxon but apparentlyj4f

?f of oxyhemoglob1n is. complete]y and rapthy reversible i‘””

"71ntox1cat1on, then, gas must be absorbed at a rate fast }

~-compounds, s*fh_as thiosulfate ahd su]fate Re]at1ve1y mass1ve doses of

overwhe]m the protect1ve activ1ty 1n the body, prtmar11y
:ffdue‘to tlf _;,3,,,t7HZS is. rap1d1y ox1d1zed and detoxif1ed in the blood ‘

,,.:_: 'y \

60,

The most conspicuous system1c actaon of H S 1s occa51oned by free

o /‘“u"';:u
._suggestlons a]so have been made that myocard1a1 infarctlon e]evation of

Q;blood non-prote1n nitrogen 1evels and appearance 1n the~urine of Hed

- ‘In sma11 amounts, H25~depresses the nerve centers, in larger

"fgfconcentrat1ons (< 150 ppm) may cause headache. fatigue, irritabi]ity,
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_‘1nsomn1a and gastro1ntest1na1 d1sturbances ‘ In'somewhat higher -
‘ concentrat1ons (500 to 600 ppm) HZS acts as a nervous system stimulant
.>caus1ng exc1tement andrd1zzlness (91) The pup1ls are constr1cted
| resp1rat1on is 1ncreased and b]ood pressure 1s ra1sed (49) |
| Death 1n system1c poison1ng resu]ts from resp1ratory fai]ure w1th .

-

. pconsequent@asphyxla (60 75 91) Th1s resp1ratory falTure may be brought _5{,
_yabout 1n one\of:two ways depending upon the conce trat1on of the gas Vo
_..nhaled (60) Moderate]y h1gh concentrat1ons (SOOTto 600 ppm) of H2
st1mu1ate the resp1ratory center and hypernea results Excess1ve CO2
| : 1s b]own oft by th1s overbreath1ng wtth a concom1tant decrease 1n a1ve01ar:g;h
. y(and arter1a1) pCO2 Apnea then 1eads to aSphyxia (91) The st1mu1atory 7_ff
uw~effects on resp1ration may be due to elther a d1rect action on the |
_.resp1ratory center 1n the bra1n or 1t uay be med1ated ref]ex]y 1n some .
y"way, as v1a the vascu]ar chemoceptors (49) >b '_ '_‘i, " '
| | | | In very high cencentrations (> 600 ppm) HZS exerts a d1rect |
.ipara1y21ng action on the resp1ratorm center producing respiratory fai]ure yif
' }and/aSphyXIa (60 75) The 1nha1at1on of HZS in a high concentration may g

"jhf,cause unconsc1ousness after a sxng]e breath and death 1s rapid (91)

) ili“The mechan1cs of th1s respiratory paralysts formerly.were thought to

h o ;1nvo]ve a chem1cal reaction with the respiratony enqymes or with the

'15;‘hemoglob1n or both. but are now be]1eved to be due to reflexes result1ng

'““*fh;from 1rr1tation of the carotid s1nus (fgi In less_severe poisoning,'"ﬁt'sg

:7»convu1sions and dyspnea are marked symptoms (60)f;: 5i=7"”'

Because of the rapid oxidation of HZS 1n the blood the_symptoms

ﬁoth of these observatfons;hndicate that H,;

‘;:;;w1thout apparent harm (49)
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s to a hlgh degree a non-cumulative poison .thus, in non- fatal p01son1ng,‘
systemic sequelae are uncommon (2 83) However, when they do develop,A' |
'they can be explained generally as resulting from damaqe of the central
.,‘nervous system produced during the period of collapse and anoxia attendant |
With: H S asphyXia 9l) Ahlborg (2) p01nted out that most patients( | ‘:
'texperiencing sequelae after poisoning without unconsciousness had undergone t
'repeated episodes of 1ntoxication Further, hlS reports suggest that the
' sequelae resulting from mild repeated eXposures are transient in nature
In chronic p01son1ng the main symptoms are those of 1rritation, particularly i
- of the eyes and to a lesser degree, of the respiratory tract In some -,h
{cases a mild degree of malaise gives ev1dence to the depreSSing action ot ","
_ dthe gas (6 ) Tolerance to HZS does not develop, in. faét hypersuscepti- o
fbility to the effects,gf the gas have been noted follow1ng exposure (2)

_____ _L‘,

":"Some of the more prominent responses of humans exposed to HZS are summarized

Ta

' _"-TABLE 5 PHYSIOLOGICAL RESPONSE OF ADULT HUMANS ro HYDROGEN SULFIDE*
S Eee

YL S

RN R
A LT

"‘;_“Effeefﬁ ?uav'iig',f-?j“t,{erﬁ‘1,"“L’1 ;,:thjeliidnfi?{dOﬁéﬁhtféti°nv(p§m)h:td.

Y :v{LLeast detectable odor | iéf,hf37irfﬁf ﬁfcist;if 0 01" 0. 7

| 50ffen51ve odor :[{d'f}fﬁfhfl :v?j;;ff;'fgf'f;fff'7;ﬁ_fag-;‘a -‘5

"{._”:Irritation to mucous membranes and lungn -“ﬁ.riﬁlf?;e f£€§i2°fE7}:{}3}3;!:i51'

'”ffglrritation of eyes and respiratony tract (l hr)

hnf; _possible death. (30 min)

"fRapidlygfatal

B R

l'Qolfactory nerve paralysis, fatal in 8—48 hr

,17[ Headaches, d1121ness (l hr), hervous system depresSion it:

"Nausea. excitement, 1nsomnia, unconsciousness,,vjyfﬁi ”““""

R CompiTed from references“"@ 50.91 .93;-{;0.'_ 120,
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4. Responses_of Farm Animals to Ammonia and Hydrogen sulfide.

. The c11n1ca1 51gns and symptoms from any tox1c gas cannot be .

-categor1zed r1g1d1y because the effects depend S0 much upon the durat1on

and.intensity o# exposure; as we]l as vary1ng w1th spec1es, age, sex, :

z:ze'and body wef%ht For these reasons, the effects of manure gases on

' the response and performance of cattle may be better apprec1ated by

survey1ng the 11terature for comparat1veueffects 1n other farm an1ma1s

Due to the comb1nat1on of gases ar1sinq n. an1ma1 accomodation,

‘¢

1t is d]ff1cu1t to 1so1ate any one gas as the caUSe of harmfu] effects, N

1ndeed, it \is poss1b1e that the tox1c1ty Tncreases w1th m1xture (14, 58)

' However, the swmp]e asphyxiants. namely CO2 and CH4, are probably nut a

cr1t1ca1 prob]em F1rst1y, apparent1y the. concentrat1ons of CO2

exper1enced in normal]y vent11ated bu11d1ngs exert no 1nJurious

measured in catt]e bu11d1ngs at concentrat1ons that are cons1dered

dangerous to humans (55 97) Second]y. the suggestion even has been made j

that calf heafth and performance are. con51derab1y better at CO2 1evels of_7

2 TLV for human exposure 1s 5000 ppm (S); Th1rd1y, there 1s abundant

' know]edge on the response to var1ous concentrat1ons of asphyx1ants and

- Jthetr effects can be. app11ed genera11y to both man and: an1mals (60)

On the other hand HZS alone (]6 17 64 68 99) and 1n

"ncomb1nat1on W1th NH3 (55 67) has’ been 1mp11cated as the pr1nc1pa1

r-__offender in catt]e po1son1ngs attr1buted to manure gases. That H S and

3

"i,lethal and potent1a11y harmful sublethal levels have been reported 1n :

.\\
A\

“phy51olog1ca1 effects (14) Furthermore ne1ther CO2 nor CH have been .

0. 5% (5000 ppm) than at a, 1eve1 of 0 1% of CO (14) Interest1ng]y, the 1f

are capab]e of k1111ng animals is no 1onger subJect to debate Both -

',lcattle fac111t1es (3,55,68,97) To obta1n re11ab1e 1nfbrmation from man o
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or other spec1es regarding either the local irritant effects, or the .
;sub acute systemic effects of HZS and NH3 is v1rtually 1mp0551ble (60)
" But conparative effects in different SpeCleS are - valuable as a gu1de.
- and prov1de a background on the generalities of these pollutants With
regard to the different types of livestock needed de51gn data are most _H
nearly adequate for poultry and swine hous1ng and least adequate for - “
beef and dairy calves: (59) In view of this fact, much of the existing
informatioh c1ted on the response of poultry and sw1ne to NH3 and HZS
,w1ll be’ studied briefly but intensively In addition the reports of
cattle pOisonings w1ll be-reViewed For the sake of Simplicity and ;d""

ﬁ ;clarity, the survey has been Sublelded on the basis of pollutant and

"spec1es of animal

R

4.7 ': Exposure to Ammonia |

YRR Poultry

“Since poultry confinement preceded livestock confinement 1n

most countries, poultrymen encountered a1r—factor constraints on
| performance before livestock producers | Accordingly, a relative ;gff.
u"}preponderance of literature referred to exposure of poultry to various

levels of atm05pher1c NH3

' Clinical &ymptoms and Findings | _ P | |

| ' | Bullis et al (2 ) f1rst described an ocular dtsorder under the?fp

_; name of keratoconﬁunctIVitis the condition appeared to be associated |
et,w1th atmOSpheric NH 1n poultry houses Attempts to demonstrate an

51nfectious cause. were unsuccessful (129) ~ In another early case (ll),

1? ffkeratoconJunct1v1tis developed by the: thh week of age in 25 per cent

‘ﬁ‘

.'dlproduced from decomposition of accumulated droppings in most instances 'ﬁf'




" the remova]'ofyaffected birds to c]ean enyironments.resulted tn‘raptd _
; recovery. -Foliowtng'these initial reports, keratoconjuncttVitishas-been
repreduoed~experimenta11y by expos_i'ng'chi}.cl'«'e;ns.to'NH3 fumes}(7;3],50;53;"
no29). o B
The cond1t1on may affect e1ther one or both eyes and is
‘character1zed by a th1cken1ng and opac1ty of the cornea. In m1lder cases.
the cornea is: roughened and shows a s]ioht opacwty wh11e, in more severe
Ecases, the cornea 1s th1ckened and shows deep erosions on 1ts surface
Affected b1rds tend to keep the1r eyes ciosed and may rub them on the w1ng
Frequently, the conJunct1va is also 1nvo]ved 1t is congested and 1ater——':
_'becomes edematous resu1t1ng in s]ight evers1on of the eye11ds wr1ght and ;
" Frank (129) not1ced 1es1ons in the poster1or ha]f of the eye at f1rst |
:{Iater the ent1re cornea became 1nvo]ved H1stopatho]og1ca1 study showed
| 'jthat in some p]aces erosions penetrated the ent1re th1ckness of the corneaf
'ep1the11um In the eroded reg1on Bowman s membrane* was: absent and there :

'was a ce]lu]ar react1on consisting of 1ymphocytes hfstocytes f1brob1asts.:
I

and eos1noph11s 1n the anter1or 1ayers of the substantra proprta** ﬁ;7n}f5%

eXper1ments at 100 ppm NH3, Char]es and Payne (34) noted Symptoms of o
"keratoconJunct1v1t1s in the s1xth week thereafter about 10 per cent of

'.;'the fow] deve]oped severe ulcerat1ons Other ch1ckens exposed to 200 ppm -
: NH3 showed rubb1ng and 1acr1mat1on of the eyes dur1nq the f1rst few days,

':fbut al] eye 1rr1tation d1sappeared by ]7 days of exposure (7) After 8

o days exposure to 1000 ppm NH3, cornea] opac1ties and surface erosions

. appeared by 14 days nearly a]l b1rds exhibited b11atera1 opacities 6?

The membrane separating the cornea] epithe11um from the substantta ';{;‘r
. propria. - .
- *x The céntral, transparent. Tamel]ated 1ayer of dense connecttve tissue
An the cornea R e . .
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varying severity (7) In another case, only 60 ppm NH3 was needed to |
' produce keratoconJunctivitis (79) GaSpar et al’ (53) reported the
.characteristic condition and even unilateral or bilateral blindness in
'chickens exposed to approximately 45 ppm NH3 for a period of 12 weeks
- . 0bv1ously the severity and inc1dence of keratoconaunct1Vitis varies but,s'
1tends to 1ncrease with NH3 concentration and exposure time A . |
| 3 . Some experiments (33) have indicated that one fundamental cause .
idof the effects of NH3 on production parameters appears to be a reduction
in reSpiratory turnover Exposure of hens to lOO ppm NH caused a |
'reduction in the reSpiration rate of between 7 and 24 per cent even after

’the hens had become accustomed to the polluted atmosphere, and a reduction

in CO2 production and respiratory depth After lS minutes at 75 ppm, ...QQ
| lslight rise’ in blood pH occurred (6 447+0 470 prior to exposure, and hdv.
*f 6. 563+0 072 after exposure) Charles and Payne (33) speculated that "5—
'iammohiated alveolar air may give rise to NH3 by—products in the blood
‘i'which alter 1ts pH Thhs,in a manner analogous with the regulation of
reSpiration rate by coe, respiratory activity might be reduced ' .
_ . Chickens and turkeys showed no histopathological changes until )
' ;"the Slxth week of exposure to 20 ppm NH3 (7) At that time the most

| },E°notable ehanges in the respiratory tract were pulmonany edema, congestion;p

' ,dilation of veins and capillaries and hemorrhage Ciliary loss and

i:‘increased goblet cells also havg(been detected in both the nasal and

; :T,}tracheal epithelium of birds exposed fdr 6 days to 30 ppm NH3, 0 39 mg/cu;fi

"e.ftft dust and 5000 ppm CO (8) Apparently damage to the respiratory




S
. tract from Iow concentrations of NH3 wouid likeiy go undetected on gross
"or histopathoiogicai examination but this damage became apparent when |
_chickens were 5ubjected to a respiratory 1nfection (2);1"' ﬂ
. The henoglobin content of avian biood ultimately was suppressed |

wsignificant]y upon exposure of month o]d chicks to about 45 ppm NH3 for

’ . 12.weeks; " an 1nitia1 significant eievation in blood hemogIobin occurred

'elafter four weeks of exposure (53) Evidentiy the rate of red blood cell
'qformation was stimu]ated by the gradually increasing 1eveis of NH3, but
_continuous concentrations of 45 ppm interferred in some way with the normalr
.'ut1]123t10n of iron 1n hemog]obin formation Other symptoms include head lf
sJerking at the 75 ppm 1eve1 (79) and hudd]ing togéther of affected birds ;’:
| ]23) o B T N R '
.¢Production..--l o AP ‘ S L
| | Apparentiy hens comfort needed for high egg prdduction becomeshf:;
“"affected then NH3 exceeds 20 ppm (48) Layers exposed at 18°C for 10

""g'weeks to 100 ppm did not lay as wei] as" those exposed to 50 ppm or those ﬂ?.,

‘which‘were unexposed ahd withdrawal of NH did not permit egg productioh_ttf

o ftto return to normal (48) Consistent with these resuits, Charles and

: t'f'Payne (34) found egg production from hens exposed for 10 weeks at 19°c tof*f{

'_1 105 ppm NH3 was significant]y less than that of control hens or those
5 rlbfhoused in 52 ppm NH3;'@Production faiied to inprove during a iz-week

' recovery pq'iod in an atmosphere free of NH3. A repeat trial indicated
““ethat the effect of the same concentration (102 ppm) was more marked at ,i.'a7f

' ;fee Cy egg productioh feli significantly beiow the other two treatments

"7_](0 and” 50 ppm) within seven weekSa‘ Exposure of puiiets to 53 and,78ﬁfpm e

f }i]NH3 from 11 through 46 weeks of age significantiy increased age at sexuaI“
-'f{i maturity by one' and two weeks respectiveiy (33) S

P ket v
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Apparentiy high NH3 concentrations exert no adverse effects on the
"dre551ng quaiity of br01iers (79) ' Leveis up to 75 ppm NH3 did not retardn
: growth but 1nduced an unheaithy appearance in chicks (79) A ievei of |
“"'5178 ppm NH3 Significantiy reduced feed consumption of puiiets from 15 to 30r*v
.H:'weeks of age and. iiveweight gains from 15 to 22 weeks of age while 106 ppm};y
'.NH3 adnnnistered to c0ckereis from 28 to 47 days of age caused a reduction;';
“in food consumption of 14 5. per cent (33) Other studies,(34) showed that[??
}‘feed 1ntake and weiqht gain was deterred by 105 ppm NH3 for TO weeks :Nf7’f'

o significant differences in weight gains were noticed between chickehs and -

: ;futurkeys exposed to 20 ppm and controi birds over a 6-week triai (7)

- saiient feature throughout the triais reported by Charies and Payne (é@ 34)f”
-‘d:was the’ reduction of appetite when poultry NETE housed 1" atmOSpheres
lfspo]iuted with NH3 This was probabiy in part due to the reduction in )
' 7;respiration. s discussed by the authors.f.“Since respiratory evaporation

o ‘.

Kficontributes to heat 1osses of the fowi, it appears that ammonia mediated

""4'reduction in respiration rate must be associated with a reduction in heat

: 'flmlosses Hens are honeotherms and as Biaxter (20) has pointed out, any
""_f}honeotherm iaced with an invoiuntary reduction in heat ioss must eventuaily -

»’fa?;}reduce metaboiic heat production Thus it is iogicai»to assume that the dfi“

'ﬁ;»fnfenergy requirements caused by iowered b°d¥ heat,]°35" -ehij”

';5~_'Thus,body weight has decreased and productio tended to;deciin“'

"’frevealed symptoms of calcium deficiency, such as weak ribs and ong;bones

""5{'the effects were referred to;the much reduced food consumption :urin‘{the

)

e Sl
fﬂreductions in appetite caused by ammonia are at ieast in part due to_reduced

Numerous effects have been attributed to the reduced_foodf*

A ~_{consunption of birds in dmmoniated air. resuitff

"-gin_ defic ency,'of nutrients ’

f“nnrtem exannnation of birds which died during exposure to;102 ppmyNH3
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treatnent (34)’ Charies and Payne (34) have stated that NH3 tox1c1ty 1s,'
. in effect a shortaqe of protein, Vitamins minerais and essentiai amino}:
| ac1ds, and have ai]ev1ated the detrimentai effects of NH in hens by
providing a ration highiy suppienented with these nutrients To describefif
}, and exp]ain this debiiitating consequence of NH3, these authors have |
'i suggested the term enVironmentaiiy 1nduced nutritionai stress B

ReSistance to Disease

B

‘;;tp‘ ' p- In pouitry houses NH34C0ncentrations may weii reach 50 to iOO ppmfi
when ventiiation rates are iow (9) Such 1eveis for prolonged periods have:,
been reported to predispOSe chickens to reSpiratory diseases with tLe addedhg
risk of secondary infections (14 79 123) when chickens were exposed to anh:
aerosoi of Newcastie disease virus the 1nfection rate was significantiy .
increased hy a previous 72 hour exposure to 20 ppm NH3 or by a 48—hour e
exposure to 50 ppm NH (7) Ernst (48) reported identicai results from ;f;gpf
exposure to\ZO ppm NH3 for three days however, a different strain of |
Newcastie disease v1rus did not increase infection rate in hens exposed to ﬁ i
30 ppm for Six days | R | f“ _' | :' | i E -
C]inical Symptoms and Findings R

o Decreased rates of gain have been reported in iigs weighing aboutﬁff
150 ib (68 kg) when the aninais were reared in confinement buiidings with
Others. (14{_ '_5) have -

underfioor wastes ponded for a month or longer (40),

reported that concentrations of 100 to 200 ppm NH3 maytresuit in anorexia ’,

Subsequently, reduced average daiiy gains have occurred in market-weight

pigs exposed to 100 ppm NH3 for a S-week period (118) , The d;ﬁreaSe in

weight gain was due to a decrease in feed intake and not to a decrease in

. ~

feed efficiency Doig and Niiioughby (42) were unabie to confirm these
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: findinqs in weaniino pigs exposed for a period of up to Six weeks to o
100 ppm NHg alone but a combination of NH3 and corn starch dust (6 mq/cu
yaft) caused pigs to stand with their heads iowered @t times when they
| ;normally wou]d be sieeping and reduced appetites when NH3 concentrations ‘wse-
- exceeded 125 ppm However, 1n these experiments feed intake was not |

[ measured and iimited feeding contributed to a. con51derabie deqree of

Competition between pigs at feedinq time As viewed by the authors (42).,:,¢"

- fylthis competition may have masked a decrease in feed intake that might

. have been apparent if feed had been provided for a ionoer period RNt
“_ ) The conbined effect of aeriai dust and NH3 was further demonstratedfgﬁ
_jvby triais (38) 1n which NH3 aione at 50 or 75 ppm had iittie effect on daiiy ;..

' ::f»nqains of pigs oniy when hog-house dust was appiied at a very hiqh levei

»-;f(300 mg/m ) with 50 ppm NH3 were dai]y gains reduced The effect of dust f:f}{f
" é,iaand NH3 were additive, aerial dust apparently did not potentiate the S

‘ "ifassauit of NH3 on the pig. ':f ;_'f'lnf;;rigyfVTJ;f;vﬂ'*“

Signs of conjunctiva] irritation, inciudinq photophobia and

':f~iexcess1ve iacrimation were observed in a few pigs@during the first week

”’ffof exposure to 100 ppm NH3. thereafter the piqs appearedttoracciimatize

. "i_and irritation was no 1onger apparent (42) Increased concent 'tions of

i?:t:a]1 the p1gs,_ cgncentrations of 100 to 200 ppm NH fhave'caused swine to

4«§j,3more excessive in pigs at ioe\and 150 ppm than at 50 ppm NH3. with

‘:‘f“more than 150 ppm NH3 caused pronounced signs of conjunetiva] irritation i"

"if_sneeze and to saiivate (96) Nasai lacrimai and mouth secretions have been'?jfff

ff7f'symptons in a]i animais appearing to iessen after one or two weeks

17_‘!frothed at the mouth atgfirst, after three hours she exhibited excessive

;,ﬂrfexposure (118) When subJected to 280 ppm NH (118), a 66 1b (30 kg) giit hf{idjri

, .:secrEtionS about the mouth and nose, a short and irreguiar respiratOry;,a:}so

R v‘_.;._\\_‘,. P
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17;pattern, and occa51ona1 sne921ng and shaking of. the head By 36 hours,
_convu151ons occurred and breathing was extremeiy short and 1rreguiar The;;i
-prig continued to have convu1510ns for three hours joiiowinq stoppaqe of
3'Lthe gas.. A further seven hours passed before the animai appeared normal, ~“i
except for 1ntermittent snee21nq and head shaking Increased coughing‘ i
s (), a"d hs "°t (42) bee" noted in exposed pigs. Apparentiy,hiqher fﬂﬁ

}NH3 concentrations (100 and 150 ppm) may 1ncrease the frequenCy of

'~_';cough1ng three times as mUCh as iower ieve]s (50 and 10 ppm) (118)

: 9-;';:: Examination of the rESpiratory tract of pidS‘lveraginq 138 ib

77(62 5 kg) and subjected to four 1eve1s of NH3 (approximately 10 50 100 a"d;,fi

’f%:iSO ppm). for five weeks revealed no significant gross or microscopic

'differences re]ated to contamination ievei (118) In accord Curtis et al.;{if

"5Jgf(38) reported no evidence of consistent gross or microscopic structural

"~“;aiterations of the respiratory tract in swine resuiting from treatments ofuh.ff

| :_f{gso or. 75 ppm NH3 for up to 109 days Histbpathoiogic chad%es fbiiowing

}'3t;fexposure of weaniing pigs to 100 ppm NH3 were iindted to the upper

”“lﬁf‘frespiratory tract, and consisted of an increased thickhess orlthe tracheai'

’ff:tepitheiium and a corresponding decrease iﬁ>goiiet celi* numbers after tWD f;7{f

"‘*'weeks of ga551ng (42) /I" the Same eXPefime"tafd“"i"q a combined 100 ppm

"ivlzjfdecrease in gobiet celi nunbers after the fourth week, ]eading the

Af'noticeabie :

"'fQNH3 and ground corn dust (0 3 mg/cu ff) eXPOS“'eh‘there was aiso

| fresearchers to believe that decreased gobiet ceil numbers,;re thewfirst

"””fyresponse to respiratory tract irritation However, as pointed:out (42),-ﬁ*:3° [

'*'5§11ndications are that a number of factors inciudinq the nature and __;;'y

.f»f“ *. gne of the uniceiiular mucous giands found in the epitheiium Of the

e mucous nenbraneS‘of the respiratony passages 51 ;gf;fjjf;fit_~tfiv:




."3f fto suggest that high levels of atmospheric NH in farrowing houses may be

S
concentration of the 1rritant the duration of exposure andwperhaof the '
spec1es of animal, 1nfluence goblet cell response The lack of changes in

~ the bronchi, bronchioles, and alveoli of NH3-expofed pigs is consis?ent
- With the proposal that a large portion of NH3 is removed in the upper .7ﬂii:a;
’ jrespiratory tract (42) ’-’,;,'; '”"y’gﬁ," o R
- The fact.that high levels of NH3 interferred with the normal .
'thut1lizat1on of iron in hemoglobin formation in. chicks was 1nterpreted (53) 539

' 'a pred1sp051ng factor in the occurrence of iron-deficiency anemia in baby

| plgS There were no significant differences in the packed cell volumes, :;:;j g

- a]_total white blood cell counts differential leukocyte percentages, or total

f"lserum lactic dehydrogenase activities when results from exposed (lOO ppm

L7,75NH3) and control pigs were conpared (42) ;;f};”ffﬂvf;{f

'"'.l.iAnnnnia Toxicosis via Injection

Experiments (18) with young pigs indicated that toxicosis caused

"f'udby 1ntravenous infusion of various NH3 salts was primerily due tO the

I«,'_fannnnium 1on Before death the symptoms were rapid respirations, becoming

~"'7"'.'"li,;irregular and increased in depth excessive salivation. and C1°"1C‘t°“lc | Lf}

| l'convulSions no significant gross or microscopic lesions were observed

'TReduction of proteins in the diet increased the blood NH3 values when the

H??;';pigs were 1njected intraperitoneally with aunnnium acetate

,;giffenzyme serum glutamic oxalacetic transaminase increased markedly724"top

ffiiEffects of Surgical Alterations of the Liver on’ Ammqnia Metabolism -
| '*-: Clinical signs of icterus appeare? within lZ hours in pigs with

;’frsurgically produced bi]iary occlusion Bilirubin levels generally increase’i

':“f]up to: the fifth day, then receded In a- few pigs levels of the?bsoow

3:1iif48 hours prior to death These values correlated with histOpathologic ﬁ}j-?7
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findings of extenSive necrosis (18) R 'N“f \ f\n '
oo\ ""Q '

Generai Hea]th and Disease . il» ‘ ‘-'Fﬁf . v ;:_ : A;; ;1 "'-f

| In swine noxious gases have been implicated as contributing
factors in the pathogenesis of enzootic pneumonia (70) Baxter @‘14) has

- nentioned that high concentrations of NH3 in piggeries can infiuence the
occurrence of 1ung disease in pigiets Fieid studies supporting,these
A'u contentions have reported an 1ncrease in both the incidence and severity of
h'i pneumonia in swine housed in barns with high NH3 and dust levels (42) |

Chronic coughing and reduced~growth rates also have been reported in swine

.

S [ T e R i
RS confined in barns with high odor 1evels (6) lff;;f,iu.HUEjj ;.;’ ;j3,jg {>f

| Annnnia gas can prove menacing by an indirectfphenomenoh when
present in the atmosphere, NH3 may COndense on the waiis of a piggery, 1‘;t‘:.
subsequentiy be oxidized to nitrite or nitrate, and accumuiate in the pens o
Access to these compounds may cause nitrite or. nitrate poisOning in pigs ji
(81) P LT T T R o e

13
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Similar changes found in the tracheai epithelium of pigs after

“"“;two weeks exposure to 100 ppm NH3 have been reported in the turbinate

.;;hjepitheiium of swine with eariy atrophic rhinitis* (42) Doig ahd Hilioughby

‘-l‘h1(42) thought that aithough the structural damage to the upper respiratoey

"'V_Mepithelium of pigs exposed to 100 ppm NH3 was rather siight the associated

’”':“;ffunctionai 1mpairment may be quite severe, furthermore thes ffactors may

"t",;explain in part the apparent increase in the incidence and severity of "7 |

ff;f}jenzootic pneumonia in swine housed under poor environmentai condition;“

“‘f';iHowever, dissenting ev1dence was produced (38) when ieveis of e

-7*;p?ioo ppm) st (2 or 8. 5 ppm), and hog-house dust (10 or 300 mg/m

e * Infiammati onfoii owed bydegeneration ofthenasa]mucous membran,
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and- in var1ous conb1nat1ons had 11&§1e effect on. qrowth performance of

‘otherw1se hea]thy p1gs A]thouqh the authors (38) c0nceded that lunq

‘ d1sease st11] nay be related to the stress caused by such 1rr1tants as. NH3 |

1f 1ung d1sease were exacerba_ d by a1r pol]utants they expected pig

[ ) gperformance to. dec]ine 1n turn a”'an ind1rect effect of the po11utants

Cu]tures of Corynebacterium and Pasteurella were 1solated from the ;f

’:ethno1d turbwnates of two pigs exposed to 150 ppm and from one p1g maintainediﬁ

.f_f_ at 100 ppm whereas there was no evidence of these bacteria from other piqs

subJected to 10 or 50 ppm NH3 (118) In contrast other pigs exposed to

']OO ppm did not d1ffer from contro]s 1n either type or frequency of bacteria ff
'5Tfrom tracheal swabs. (42) T e e

v-f,‘3;4 1.3 Catt]e

Tox1c1ty 1n catt]e from NH3 gas under f1e]d condItions usualIy 1s ?f”

. assoc1ated w1th other gases and as such 1s discussed with exposure of
s : \ S o I L
'Px catt]e to H2

»

'”t, Acute NH toxic1ty 1n catt]e was produced by adding a water

; Annnnia Tox1cos1s v1a InJection

"‘*fsolutlon of urea d1rect1y to the rumen through a permanent fistula (25 g

o fﬁ urea/IOO lb body weight, or 10 g urea/]OO sq in..of estimated rumen surface fj;

;fdata for plasma and red cell so11ds 1nd1cated that a loss of water was.

p fffarea) (108) Average blood NH3 va1ues with corresponding physical o
‘irfobservat1ons were 1 5 ug NH4 _- N/ml normal 9 3 ug NH ;- N/ml Imus§h1ar5“?f

' :'*f’convuls1ons. An in1t1a1 rise 1n b]ood pH was reversed resulting in a
'PVafj;continued dec11ne The packed cel1 vo]ume of the blood (PCV) decreased

?uﬁ.;f1n1t1a1]y, then 1ncreased markedly by the tine of tetanic convulsions The :}ff

”fjr?;concurrent with an increased PCV. a decreased blood pH and an elevatfon of o
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_ blood NHS Tevels. The concentrations of plasma Na, K Ca and Mg dld not .
- suggest any phySIOlogically Significant ohanges however, red cel% Na
| concentration was. lowered and red cell K concentration was increased h»;
loss of red cell Na and an 1ncrease of plasma Ktwas 1ndicated o
Defecation was frequant prior to convul51ons, but urination was
’ infrequent Respiratony movements were initially slow agd shallow,ibut
'g increased to Vital capacity as muscular activity and blood NH3 increased
o Respiratory conpensation correlated with changes 1n blood pH exbhange was

at a minimul‘ _-“:e height of metabolic alkalosis and at a max1mum duringﬁﬁjf

\\~\\ metabolic ac1d051s Death was attributed to a metabolic acid051s due to the'

- hlgh levels of ammonium ions and their influence on normal metabolic - j~

o react"ons (]08) ) R

412'_- - gzposure to Hydrogen Sulfide

427 oultrx -‘ﬂf?ﬁr»f7;*fyifrifeaf» - .

. Although there had been no reports of fatalities amohg poultry
attributable to toxic gases McAllister and McQuitty (80) found that
agitated poultny slurny can release highly toxic concentrations of HZS
Measurements neér the surface of slurry in tanks after agitation varied ,
from only 2 ppm to 1n excess of 1000 ppm The’Sig production of hens hodsedf;?
for two months 1n an atmosphere containing 80 to l00 ppm HZS 52 to 80 'pm _t?
NH3 and 5000 to 9000 ppm CO has been reported fo have fallen by 9 per.cent ;ff
(]02) . ' _d . i SRR At e T s e e
422 _S_vﬁig_ 5

| Heavy casuaities among pigs have occurred in several ins‘lnces o
while slurry tanks above slatted-floor pens wete beingienptied (65}76 80
81 84 90 93) In most cases, the toxic agent was believed to be.HZS

: 55Qf McAllister and McQuitty (80) found that while C02, CH4 and NH3 lid not
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reach tox1c levels in the atmosphere of hog barns followinq aqitation of - '
, f sub-floor excreta HZS reached toxic levels after- two to five minutes i _ .
'agitation and even ‘manual stirring could produce dangerous levels
Concentrations in. excess of 1000 ppm HZS have been reported during agitation
of slurry (80) Static liqu1d manure has released HZS in measurable quantities
©oonlywif 1t originated from pigs (llS) N o ' |
~ Clinical. Symptoms and. Findings -

e

Experimental exposures of 30. to 35 lb (l4 to 16 kg) swintho 1‘;,_'
_graded levels of- HZS from 50 to 1200 ppm for- ﬁé?iods up to four hours have
_ been sunnarized by 0 Donoghue (100) Immediate spasm and death sulted
u-‘from ong sudden exposure to a high concentration Symptoms seen during .

.lother exposures, in order of appearance with rising gas concentrations were

.50 to lOO ppm, discomfort, slight eye irritation salivation with periodic

| i:swallowing, distress, 500 to 900 ppm, semicomatose state There followed

. intermittent muscular spasms shallow breathing, and a developing cyanosis

‘,gDyspnea was not a prominent feature Death at concentrations at or above -
lOOO ppm was sudden and acconpanied by tetanic convulsion No chronic
j:;}effects were observed 1n animals surviving exposures as great as 1000 ppm | ;
,7”Furthermore recovery was rapid Post ﬁbrtems revealed no significant

V'path°]°9y in innediate deaths, 1n others there was a superficial cyanosis f“f

ﬁ1,:fmost marked on dependent portions but absent in areas whene the body was

‘”',in contact with the floor Minor hemorrhages were observed in the lungs, ‘hf;f;

:but h static congestion of the ventral lung was the most striking feature

' '"?;In a rabbit dying two hours after a sudden exposure to,lOOO ppm. severe f~7r-7¥

5'ffpulmonary hemorrhage with epistaxis and distention of the right,ventricle R

vf,;were prominent features In no. case was there a discernable odor of HZS

'”“to the carcass and no discoloration of viscera was observed The,authorhs :f'*

SenL L
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,opinion was that a confirmed diagnosis wouid have to be based on a known

5.
. exposure pathoiogy and tox1coioq1cai examination of tissues or’ organs

will not suppiy confirmatory evidence. Furthermore 0 Donoghue s 1mpreSSion
was that the toxic effects of H S were reiated more to ‘the concentration of
the gas than to the 1ength of exposure time. and that sudden exposure may
‘veduce the minimum 1etha1 concentration | B
A report (93) of nonure gas poisoning of 150 to 200 1b. (68 to 91 o

.k q) feeder p1gs described affected animals as iying on the f]oor or |
staqgering and breathing with difficuity within five minutes after agitation‘
of excreta began Chem1ca1 anaiy51s of the siurry found,HZS and NH3 and
?fcarbon monox1de present but from the rapidity of deaths HZS was concluded -
as’ the prinCipa] toxic agent In this Case, recovery of surv1vors was
graduai rather than rapid as observed by 0" Donoghue (100) Hours after |
:‘expOSUre/ the pigs showed iastiessness, a staggering gait and cyanosis of
| the 1ower parts of the abdomen Rectai temperatures were normai and a biood"ﬁ
' :sanpie denonstrated no abnormaiiblood ceii types The 51gnificance of a i
o 1ow henogdobin (2 g/iOO ml) and a totai white ceii count (5500/cmm) in the
biood sampie was unknown :~ L | |

| . Necropsy of dead pigs revealed extreme edema of the 1ungs with
.congestion and enphysema No 1e51ons were found in the spieen. iiver, i
“'.kidney, cereb:um and cerebei]um (93) | Examination of various tissues from o
piqs exposed to 8. 5 ppm or 2 ppm HZS for at 1east 17 days produced no fi

‘evidence of phy51oioq1ca1 aiterations (38)

| '-Generai Heaith and Disease

’ Constant exposure to iow ievels of HZS has been suspected of beingf'd:'\'

o respon51b1e for iiiness and reduceg performance of swine (14 40 90 100)

| ;‘There is: ev1dence that when disease agents of the - reSp1rat°ry tract are. o
- £ S Co :
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. present, air’poiiutants increase the severity of respiratOry disease in
>'sw1ne with a 7’ to 15 per cent. reduction in average daiiy qain hav1ng

been reported in: studies (122) |

~ Twiehaus (122) has pondered‘why some‘swine that are confined over s

pits sometimes'vomit Hydroqen su]fide either a]one at 8 5 ppm or. at 2 ppm :
in conbination with 50 ppm. NH3 had a slight deietﬁrious effect on’ the rate
of gain and on feed eff1c1ency of experimental pigs (3 ) - Dai]y gain was .
‘affected to a qreater degree by the HZS aione but neither treatment was
- statisticaily 51gn1f1cant compared to controis : _

Q2.3 Catt]e y_.:a.:;‘ } i | s - (S;.; o o
Acute Poisonings | | '% R " ".
Acute p01son1ngs usually have occurred in connection with agitation_f

of 1iqu1d manure which has been stored for a long time The deve]opment of
:.pOisoning is very rapid Hudek (68) reported the death of two feeder steers - !bJ
}'W1th1n five minutes after pit agitation started whiie Ober (99) c1ted the .
.;death of eight cows due to HZS wh1ch occurred within 30 minutes even though';ziia
Ethe doors and w1ndows were opened before stirring began A case of _ |
_'asphyx1ation of cows, caused by a conbination of - dung agitation and bad
'ventilation was described b; Haartsen (55) He conciuded that the cows
‘:reacted-cleariy watering eyes coughinq and siobbering were symptomatic
'._fof NH3 effects (700 ppm was measured near the cows) the cows must have been -
_f_intox1cated as we]] (600 ppm HZS was measured near the cows) Biaser and |
‘Studer cited by Hogsved and Holtenius (67), reported on. the . o =
Lpathologicai anatomicai symptoms of acute manure qas (HZS) poisonina ’yfpi
i 1n domestic animals.l g Symptoms were characterized by a _t' -

vfgenera] tendency to hemorrhages and degenerative processes in the

: }v1scerai orqans Other observations may be convuisions and dyspnea but

B ..most notab]e 1S hemorrhage and extravasation Post_mortems have revea]ed.‘ ,fu['f '
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severe 1ung'edema, exten51ve hemorrhaging in muscies and viscera, edema
~in the brain nonpuruient encephaiitis and an offenSive smei] of HZS from J
the carcass (67) ' ' '

Exposure to Hydrogen'Suifide via Injection or<lngestion

o Hydrogen suifide gas given to cows and sheep via rectum or H
| A_stomaCh (43) decreased the C02 content’ of the biood depressed the respiratory
center, and caused death Carbon d10x1de given 1ntravenousiy increased the |
| toierance for HZS and artificiai respiration proionged iife but neither
'f-prevented death of H,S- intoxicated animais . | " .
. Coghiin (36) reported on the poisoning and death of a considerabie -
,'nunber of feeder cattie beiieved due to the formation and absorption°of HZS
.gas following the consunptidn of powdered suifur Affected steers struggied
Cin convu151ons or iay in a coma, and the odor of HZS was detected easiiy on S
| 'iitheir breath The synptoms in eariier stages inc]uded twitching of muscies, ’rgﬁl
i ~-eSpec1a]1y those of the Jaws eyeiids and ears evidence of pain by iying o
down-and getting up, switching and uneasiness a staqgery gait, and |
",deveiopmeat of severe scouring Advanced cases were unabie to rise, acted
;‘biind and strugg]ed a great deai with grunting and fast, iabored breathing
i-Finaliy, the animais became comatose and died | | ,' ERA S
} : On the whole provision of fresh air. covering for warmth tubing
 '1W1th chemica1 antidotes and other innediate treatments did not seem to "f_
"check the progress of the symptoms Foilowing the initiai iosses. iater B
gsjcases appeared to have iost motion 1n the rumen and intestines. and there S
"'E'was a conpiete ioss of appetite Neariy aii cattie which showed sickness fjhfffj;ﬂ
J'h‘uitinateJy died | | h'” :" | ‘_‘“ i ._' ‘, L B
- A post mortem examination reveaied that the ]ungs were very dark

in coior, congested and edematous The iiver was iight in co]or. the .'iﬁ~’jf:'ff{'
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'spleen¥was normalnin color, and some of the musc]es over the loins and
.back were almost black in color. The stomachs showed only s]1ght

inf]ammat1on but the 1ntest1nes were acute1y 1nf1anned

| Chron1c (Sub acute) Po1son1ngs . _ JREITI _
N Hofmann (63) appears to have been the f1rst to show that cowsheds

:»w1th ]iqu1d manure became contamInated with con51derab1e amounts of HZS ,f

'- dur1ng ag1tat1on Of the s]urry He mentioned that manure gases cou]d

. cause ahortlon in cows ‘and. 1nd1cated that these gases were connected to

'cases of respiratory d1seases Further data regardinq chronic manure gas

) po1son1ng 1n cattle have been presented subsequently For the most part

ireports have been from Sweden (16 64 97) Hogsved ahd Ho]tenius (67) have
'rev1ewed the. chron1c cond1tions Development of the 111ness can be very

drawn out and may take a 1ong t1me for visible symptoms to deve]op Dairy

E f‘cows 1ose flesh decrease mi]k y1e1d and exhibit inappetence and du]]

.rough coats The possibi]ity that manure gases nﬁght cause teat 1njuries
”a1so was notwced (65) The more striktng changes however, are 1n the

| 'hoofs and in the general tendency to hemorrhage, Often sore. tender feet

jand laneness are caused by an excessive softening)of the horn 1n the hoofs jj“?gné

S wh1ch '!s foﬂowed by deep 1nfections. Hemornhages are conmon in the horn

3 ;of the hoofs, and somet1mes cracks in the back of the hoof so]e penetrate

f*,the pododerm, providing an. Opening for dermatitts and osteitfs._ Cows may

'ﬁstand with crOSSed or bent legs, arched back, and deve]op bedsores and otheri*,fi[

:'pressure damage where they rest on stal] frames to relieve weight on the

"ffffeet (64) Subcutaneous hematoma, often larger than a man s head have f”‘fe L

,,appeared wh11e hemorrhages in musc1es and viscerai organs have been found

E stat post-mortems, Very extensive hemorrhaging a]so has occurred with

L calV1ng Even 1n cows w1thout man1fest 111ness the b]ood coagulation

~‘- t1me was pro]onged (16 109) Sa11v1k (109) noted‘that the coagulation wasfn;ffeg :
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norma11zed w1th1n a few hours after stopp1ng agltat1on of manure wh1ch

| fhad produced about 1 ppm HZS in the animal are;P One exp1anation offered

. jwas that the cows mfght have absorbed the | gases through their skin. "

Blood exam1nat1ons have shown 1owered album1n/g]obul1n ratwos and :

anemia. Dyspnea and tachycard1a have been other symptomsa extreme cases f]»l"'”

had resp1ratory rates of 70 to 80 per m1nute and pu1se rates over 150 per

m1nute Intensif1ed pu]sat1on 1n the d1gita1 arteries a]so may be connon ,*"‘ .

(67) The resp1rat1on rates of cows genera]]y 1ncreased 1nned1ate1y after
- dungxng out and rema1ned h1gh for one to two hours after stoppfng agitation ;:'
»_:Thése effects were observed when the HZS concentration in the respiration f, tt
area was about 1 ppm (109) '?ﬂ_ t: h;;.ifsfﬁffG»fijfsf;‘ ; ‘ :_ _' | xh‘“.
5 Hogsved and Ho]tenius (67) have suggested that thefchronic manure t}-;?

B rﬁgas poison1ng could be chron1c ammonium hydrogen su]fide (NH4SH) pofsoning

- A~for bas1ca11y two reasons F1rst1y, experiments (75) have shown that

- s1mu1taneous exposure to NH3 and HZS results 1n a more pronounced poisoning 7*~5”

"effect than w1th on]y HZS Hogsved and Ho]ten1us (67) noted that the effect;-';f

-sof NH3 and H2

NH SH poss1b1y may be formed 1n the animal after 1nha11nq NH3 and HZS 1n

S has been purported to be the same as that of NH4SH and.hence, SR

'”{fmanure gas Setondly, as empha51zed by these authors, a prominent .

character1st1c of NH4SH 1s 1ts obvious ab111ty to soften a horny substance

5(?In conclus1on, Hogsved and Ho]tenius (67) conceded that natura]]y other gas'df“ 0

- ;-components also may be contributing factors ‘{7}??;r5;f?ﬁf.fﬁ¥gff':yfdxi_¢~*

Information on. the effects of 1ong-term exposure of cattle to 10wve;.ﬂi

: ;f-levels of HZS under contro]led conditibns 1s very sparse what few r°$"1t5;ﬂ}$fﬁ

",ithat are. avaifab]e do not always compare w1th reports obtained 1n the f1eld.gi{fﬁ
as veriffed by Hays (58) who' studied the effects of HZS on runﬂnantlsviﬁi”f]ﬁﬁ§ff

":tdairy cows and goats ";fhf:"f;*lfapfi'hT{“;.35faaf";»7’*"ﬁ -
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In goats, respiration frequency was not 51gnificant1y different

’from control periods for exposures of 10 and 50 ppm HZS whi]e frequency f'

o decreased 31gn1f1cantly in goats exposed to 100 ppm H25¢3 The effect of

exposure to 10, 50 or 100 ppm HZS on cardiovascuiar fugction, measured'by

".‘heart rate and b]ood pressure was inconclusive w1th goats Likewise,.g_e'

exposure of dairy “COWS. to 20 ppm HZS for three weeks did not affect

-'cardiovascular reSponse as indexed by heart rate, The rectai temperaturevi

_ﬂ’}of goats exﬂosed to 50 and 100 ppm HZS increased by 0 7°C andlthen returned,

‘fei‘to nOrmal Tevels after four days

This trend correlated with p]asma cortisoi Teveis which increasedf

‘initiaily but were near normaT after four days of exposure Consequentiy..ﬂ

1 7f“some reiationship;invoiving cortisoi synthesis, p]asma COPtiCOidS and feveri;

\fi__was suggested The greatest singTe observation WTth exposure of goats was

'eye 1rr1tation At 50 ppm, Tacrimation was usualiy evident after 24 hours '_

,»i’of exposure whi]e exposure to 100 ppm always produced lacrimation and

- iusuaiiy eye inguries after 24 to 48 hours By this Rine conjunctivitis wasie

f-readiiy ev1dent fo]]owed by partial Toss of sight Once removed from the

| 7;;HZS the eye epithe]ium Tost TtS scarred appearance and sight apparent]y

L .freturned after three to four days In genera] eye irritation in the cows
Q ,.f'exposed to 20 ppm HZS was much less severe, evidenced only hy some sTight

SR Tacrimation during the three-week exposure period

'tkronic poisoning for the nnst part has affected highly productivefi

"f,ianinais (97) During exposure of three lactating dairy cows for three

f-;weeks to 20 ppm HZS average milk production decreased by 1 24 kg/cow/day, ,;73
:ffbut this was not statisticaiiy significant (58) The sane exposure did“not Cj;

~ffaffect feed 1ntake during either the gas- or postvgas interva]s as compared fsf

.frlfto the pre gas intervai Nater Was offered ad Tibitum In the goats

o R SRPVRE R ot ;_i,a. R
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eXposed to 10 ppm. HZS there was no statisticaIIy 51gn1ficant difference

between gas “and pre-gas periods for feed and water consumption but on the '

l‘first day of exposure, feed and water decreased by 20 and 63% respectively

- Intake resumed to norma] IeveIs thereafter Exposure of goats to 50 ppm HZS

.Ed1d not decrease 1ntake until day 2 of ga551ng when feed and water con- |
-sumptiOns dropped by 60 5 and 64% respectiveiy In this case, decreased feed
A 1ntake for. the remaining two days of exposure was maintained whiie water f: -w .
o intake showed trends of 1ncreasing The goats exposed to IOO ppm H2 .
:_decreased feed 1ntake by 37% on day 2 of exposure and increased siightIy on |

tl:days 3 and 4 water 1ntake was not significantly different during exposure- »-"

'."and pre-exposure per‘°d5 However, °" day 2 Of gassing, water intake ;L“‘”

“:pdecreased by 25% before resuming near normal leveis.g Hays (58) suggested

ﬁ'f': that pOSSiny the mechanisns controIIing the desire to consume food and water fff

are much different at Iower IeveIs compared to higher IeveIs of HZS

L . .
,v!“"".

'ngbservations 1ndicated that the goats exposed tO 50 ppm. ﬂ"d 100 ppm’ st

"E lcdecreased urine formation and at tines no urine was coJIected at alI

S However, whether the urine decrease was because of a decrease in water

L ~.intake or Vice versa was never ascertained

7-ﬂﬂg*4 3 Acc1dents InvoIving,Humans

Incidents involving fataIities of humans from manure gas poisoning

' r:ﬁf‘have occurred. One case report reveaied that two farm workers at Red Deer,

"”J_AIberta, were overcome when they entered a manure tank that was being

l'fff;punped out (44) Simiiar cases have been reported (14 82) ih which death

;rhas resuited usuaIIy from entering partialiy-emptied sIurry tanks. Non-

‘~tfataI accidents have occurred by opening sIuice gates in encIosed spaces

'5*;‘n?(22) or entering bui]dings to investigate the abnormal behav1or Of animals

li“ialready being affected by toxic gases (93) In this Iatter incident both

._/'

e L
SN Lot
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- men’ 1nvolved reported that there had been sharp odor and the1r eyes and '
-, noses became 1rr1tated One of the: men’ fell to the ground 1n a moment Of
_ fa1ntness Both had d1ff1culty 1n breath1nq Recovery was rap1d follow1ng .": -
escape from. the barn but’ the v1ct1ms conpla1ned of severe headaches EE

| throughout the day ‘»1.'_;i o f_i;_: S 1f: _“i | :ti7'3."?;°

5;1- ‘ Summary and: Assessment of Response Cr1ter1a

fétj. ;aiv General Dlscuss10n v‘:' o

- | _' Conf1nement 1ntens1figs no an1mal env1r0nment 1nteractions more‘;ﬁ; s
| than those ‘nV°1V1n9 a1r-env1ronmental factors (37) Catcott (32) revlewed }J:fff
_q.the l1terature on gaseous pollut1on as affect1ng an1mals and concluded that}hf;p{;

v-:»the effect of spec1f1c pollutants 1s compl1cated by env1ronmental factors

v;‘Hence he suggested that the 1deal exper1mental approach 1s 3. process of

1n1t1al f1eld observat1ons, followed by spec1f1c exper1mentat10n under

f‘controlled cond1t1ons Regard1ng a1r pollution diseases 1n farm an1mals, tieraffl

\e:lL1ll1e (79) adv1sed that d1agnos1s should 1nclude the 1dent1ty and

| ffconcentrat1on of pollutants 1n the area a comparison of the cl1n1cal and

*‘dpatholbglcal symptoms of affected an1mals w1th those of the same species

"':%gtven a s1m1lar dosage level 1n the laboratory, a Comparison of the overa11‘~5'f'

' lyperformance of the animals in affected and unaffected areas, a thorough

"7'b21nvest1gat1on of the structural changes wfthin the aninnl body, and the

“ﬂ_{"degree of toxicity (acute versus chrontc) Although this approach appears 1ﬂ:»*“'

'nf;3h1ghly desirable 1t may be rather-1deallst1c 1W view of the present state °ffl*fff

- 3.the art Research 1nvest1gator§ have been cautioned"ls) not to rely too

:'"3“Lmuch on some of the published results relevant to air pollutlon becauseiny‘:‘“"’

'7,jmany of these results may not be true or nay be misleading(

In fact;lone'

. gf,nveétigitor termed some of the results facts and fableg (105); *Differences;ﬁ 5

Cin data obtained in field and laboratory environments nay be at*;{*l¢’

. T;}to 1nteract1ons of neny factors necessary to produce critical‘physioiogica__




i : pollutants and demonstration of their accuracy are essential to permit“’"“':
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' and pathological Situations (32) o

i
I
~.o

At present environmental engineers, veterinarians and
phySiologists are searchinq for an index or combination of 1nd1cei that
i % might measure the effects of exposure to practically encountered levels of
| nanure gases: on" cattle and other classes of livestock A number of y )

climatic stress indices for domestic animals have been reported (78) in .;bf'f
whlch the effect of given atmospheric conditions 1s assessed 1n terms of sone .i
$1ngle neasurable animal reaction All of these measures are crude and deal're
only-with partial and selective manifestations of the overa]l condition. R
Unfortunately, the more one seeks to refine them. the more the inhereﬁ\
philosophical difficulties become apparent (78) Judging the effect of the
cowshed environnent can be both deceptive and inexact (45) Comparable
resultsdandeefinite conc1u51ons can be drawn only from a study of both the ‘JE
animal s production and state of health The state of health like FEE
production, lS regulated by numerous different factors many ofmwhich R
affect both Knowledge of these factors howeve;, is too incomplete to f?fifl}f
allow reliable conclusions to be drawn from consideration of one aspect k-
only o .;. e .,‘ n; B :,n ; L i_,'” ne,'wd_.,, ‘_

_ ‘3”r ThlS review has shown that when studying animals to ascertain o
the extent of the nenUre gas problem, the application of a systematic and }fjj;5

fE“ con51stent exam1nation procedure is essential to attain useful results

Three broad sets of variables adopted from Lee (78) should be considered l?ff

-5g11)jf,ij, Environnental conditions i-d ff37sz3””‘ *77”"",

Standardization of methods for measurement of specific air

measured gas levels to be correlated with effects on anima]s. In.additio

to intensity, the effects of exposure dep%nd considerably upon the‘duration



' .:LrEQUIrEHEntS wili help 1nvestigators av01d some of the connnn difficu]ties o

N and sourCes of error in. their research

of'that exposure Strict contro] of other aspects of the env1ronmentai

‘ conpiex (14) 1s essentiai to minimize p0551bie maskinq or m151nterpretation';
of experinentai resu]ts | | . | ' v'

. : Controi]ed env1ronment chambers for animai research have been |

| described (62 94) and mandatory requirements in the design and 1nstaliation:

: of animai inhaiation expoSure chanbers set down (62) Comp]iance with thesef

'ai"2)_',sf_ Individuai characteristics pany Ja _ ,
| ' Exampies of ;7ctors that must be considered within this set of
:aivariabies are spec1e , breed and type, age, size body weight sex,

'zfrmetabolic state nutrition, degree of activity, voiume of breathing, rate hﬁﬁf};

o fiﬁof C1rcu1ation derangement and diseaSe, and 1nherent individuai variabiiity

“’fLS)Ff-‘i Criteria of effect
Lo Many difficuities are associated with attempting to distinguish

'.b;between toxic and sensory effects of manure gases in farm animals Overt

| fffbehav1or as weii as obJective signs (tears, infiammation of eyes and

| '{mucous nenbranes) might indicate a sensory response, whereas, the systemic
;t0X1C effects wou]daconsist of chemicai and morphoiogical changes of tissues
Tf”lindistinguishable in generai from those’observed in humans (79)

i

t'fdiSCUSS1ng the manifestations resu]minq from exposure to NH3 and/or HZS

ﬁ"f?a more desirabie approach may be to c0hsider them on the bases of 1)

”:_.production and performance data. and 2) state of heaith

One must realize that this is merely”’i"arbitrary distinction

'M«:\Aand in any case. of exposure both aspects often”may be‘affected by the’ e

'i.’;same factors In view of this distinction, produblion and performance

‘5lpf.data enconpass growth pi;ductivity and reproductio whagi;ﬁy»g_:-
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o health s measured by both general and clinicopathologic conditions and

l'jinc1dence of disease

Thus the methods and criteria outlined as . follows may be useful}fi'A

e in evaluating and elucidating the effects of HZS and/or NH3 on cattle At_,
'-this pOint there will be no éttempt to. interpret any of the criteria ﬁ:_ﬂfiffiifa
."listed as this has been covered in preceeding sections of the review. o

s Furthermore, there is no intention to prov1de collection or analysis HVl?ﬁ

. procedures for the data and methods summarized Rather, the purpose is to{
:provide a checklist-type of guide to broad\areas that might be considered

| in research 1nvestigations Any effects of NH3 and HZS given are from S
;.published data cited in Section 4 of this review, as such they are not ;iﬁff”
‘blnecessarily contended to be reliable nor encompassing - they are intended ~2ifl;

~,_nerely to serve as general examples and plausible compar:sons

: 5 2 f} Production and Perfonmance Data

Production and performance factors are emphasized by their direct}iff?l

‘,,bearing on the crux of the cattle industry - economics - and hence may

'~5f',fprovide ‘the most obv1ous changes and be of greatest concern to the stockmanvff 5?4

”iitsgand res%archer alike

"f;'5 2.1 - Growth Factors. f.f;

afuffteat inJuries, loss of flesh reduced carcass quality

- 52 3” Repnoducti on

i*,fﬁ”nés; abortions. excessive hemorrhaging with calving E

ifNH and H S inappetence (deéreased feed and water intake). reduced
'jspﬁgrowth rates and live-weight gains G T

Hv"fs 2.2° Productivity. | N SO | |
'._;'VINH3 and HZS' decreased feed conversion efficiency, decreased lactation

.:_,2}Nﬂé; 1ncreased age at sexual maturity

3 -2
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-. . ;’- I.
5.3 7 State of Health “". )
5;3;l» General Cond1t1ongand Appearance
CMigand Hys: o

2 . :
-0 B unhealthy appearance dull rough coat lameness

2) - ev1dence of paln d1scomfort or dlstress frequent lying down and _i-

” | gett1ng up, switching, general uneasiness pressure damage where

- cows rest on stall work to relleve weight on. thelr feet unnatural,t'

| stance | | "' . ,. | |

3) = ; overt behav1or l1stlessness standing w1th head lowered

e ‘: 1ncreased sneez1ng and coughing, head shakfng and jerklng, a_
slobberlng, eye 1nflammation and lacrimatlon, keeping eyes closed _
rubb1ng eyes, photophobia actinq blind frequent defecation or T?s‘f
scour1ng, 1nfrequent ur1nation, muscular spasms. staggerlng, :{ gff?ffz

convuls1ons, coma.av “"gf«f_fv?;"'

: :';; Included 1n th{s assessment of the general state of health should
be an attempt to estlnate the tolerance-and acclimatization period to the ;h;ﬁ»::

'1 ex1st1ng level of gas(es) Records also should be made of any noted 1ncreaseif;f

"A;ﬁ;_1n the 1nc1dence of respiratory disease and secondary 1nfections. e g..

chronlc cough, pneunonia pulmonary emphysema. calf ddptheria, brohchttis,.f;;;i?
pleur1sy o SR : L RO SRRy

' 5 3 2 Gross Pathology

.'y[» S

. :"oﬁl)"l?:fl eyes" efcessive lacrimation conjunctlval 1rr1tatlon corneal ldf73i

lvl,}}ifigf ~',ﬂ'gﬁ'pacity and eroslon blindness _1-f';jfﬂguf{i&;p)jnprf“"‘lz

R 2)';jf,f5 nose and mouth excesslve secretions. frothtng at mouth f;}3f;fﬂfﬂ

jfgu epistaxis. };
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'HZS%.‘ » Cyan051s (Tower abdomen) hemorrhaqing.(subcutaneous 5upreurai'\
o and in horn\of hoofs), cracks and 1nfec ion 1n hoofs, ioss of
motion in rumen~and 1ntest1nes,:""5
' 5;3.3__ PhysioiogiCaT Examinationiand,Observation,' e
) N Respiration changes d". o ::”i- | |
‘ 'NH3 and HZS : respiratory rate respiratory depth respiratory pattern .J
' (short, 1rregu1ar) dyspnea, shai]ow breathing ’
-7 :NHé:_’,' respiratory compensation may correiate wi>h changes in biood pH ,'“l.
| (minimum at higb pH, maXimum at 1ow pH) ! |
Connent~' Respiration rate as uch nay not necessarily be a: qood means T
for quantifying respiratory e'ficiency (58) Instead the voiume of
' rbreathing (60), aithough more inconvenient to measure may prov1de a more ji;

3 accurate assessment

2)‘ f". Body (rectai) tengera ure

"'stf ' increase R e
}Connent" Fever 1n mammals is ve / common with the infiammatory process |

’fjassociated with 1nfection, antige Fantibody reaction or necrosis (58)

| :3)f-‘;'ffﬂcardiovascular chang__

widla), increased wtd

. iT:H2§:3tt'ifincreased heart rate (tachy
o ;& .1s;;;biood pressure B
”f5}3,ﬁff;"lHematoiogz , G . R ,
"". ’_i=fc1inicians genera]iy recognize that appropriate 1abo ii?dy’
.:di‘can reveai many things that are beyond the SCOPe Of a physicai examination'i-i‘.
R fa;Severai hematoiogicai characteristics are studied routineiy as diagnostic
:ii;aids in’ cases of human and animai pathoiogy Correiations °f some

,f;,izihenatologicai values with adaptabiiity to adverse environnentai conditions

.;n,:,,have been reported (54) The use of tests on b]ood constituents may weii

have a future in making a diagnosis or prognosi‘iyacting as a guide to ":gf}
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rational therapy, and prov1d1ng a deeper understanding of the fundamenta]

. processes of manure gas p01son1ng At present the most serious 1im1tations

4

Ato ‘the fu11 uti]ization of iaboratory data are at the stage of interpretation B

-(89) ﬂdvantages of blood analysis (89) | |
i) "; b]ood is.. the ea51est tissue To samp]e by biopsy w1thouf“harming

the animai , o

ii)'- o a Sing]e sahple gives a sthtic picture,
"'iii) 2 ga series of sampies gives a dynamic picture of sequential
| .Vphy51oiogic and pathologic changes occurring during the samp]ing
_ gAY period B }p N B . ,. |
0 Merpholoyy. Sy f?'fﬁ,;;\\f<§c.*7i- S
_NH :f_ff Hb (1n1tia1 eievation uitimate suppreSSion) BT

B PCV (1nit1a1 decrease, u]timate incredhb) .Ui';f'_;'i. SR g
TR T v-iow Hb anemia) » ‘_ - ,."Q | "‘v:' igi vd " |
| »5lpw tota] white celi count, 1ncreased b]ood coagulation time

7). f.fBiood Chemistny *;Z-Ldﬁ: ‘

o b]ood pH NH and bilirubin“decrease and SGOT increases (1iver

‘:i‘maifunction), red ce11 [Na] (decrease) a"d [K] (1“°'ease)’¢,

‘jana]ysis of other NH3 bY*?roducts s ,:i-'
'HZSEL' ,f;coz cOntent (decrease), a@iumin/globin ratios (decrease), p1a$ma»;}:;]ﬁ

O R B L-f

"fcortisoi changes

ﬁ.{‘COHHEHtS Changes in blood chemistry whgch may occur during stress
'.{1) L1p1ds after—an initial deciine, cholesterol fpgégféitj 5¢id§;"fh}d:
. ,;;:}and triglyceride ]evels increase LR T e e e

Q7;eii)],}v'f¢Iops Na and C] decrease during shock phases of stress but

S ;;rebpund to above normal during chronic stress the reverse occurs=n;¢;“f

.,°".

b : - :



With K. Ca~ieveis rise with'chronic stress
i) o Carbohydrates: g]uconeogene51s 1ncreases due to 1ncreased
catabolism of protein and fatty tissue

>

iv) - Nitrogenous compounds- ‘non- protein nitrdhen, urea, and amino
acids “increase, but totai protein decreases \
‘ .Changes in blood chemistry tself can resu]t in patho]ogical
conditions which have'been termed 'diseases of adaptation' (114).

5.3.5 ‘. Post-nortem Examination and Histopathology,,

v ‘ S .

R - Respiratory tract. ~‘1 e
NHé; ) -pulmonary . edema, congestion hemorrhage ciliary 1oss, decrease o
) in goblet cei]s, 1ncreased thickness of trachea1 and nasa] :
_ ,,epitheiium, necrosis . | _ |
‘_HéS:#“_':-lung edema emphysema, pulnmnary hemorrhage, hypostat1c a .
| | o congestion lungs dark 1n\/olor,_ oot
2).';, Other tissues and org;ns |
- H2§:n;_ degeneration and hemorrhaging of nusc]es and viscera] organs, |
| '{'f'[~ .brain edema, back muscies aimost black 1n co]or offen51ve odor e
to carcass, intestines acutely infianned - gastrointestinai |
<\uiceration has been terned a 'disease of adaptation (1]4),.;-""
3) jﬁ. | gxgi._,i e T
Hy and HZS ‘ onaCity, thickening and erOSion-oiicornea{fceiiuiar ;"“

NH
. J‘:(

B

SRR ‘reaction, absence of Bowman s nembrane

4 Skelebons . .;; R 'f~ﬁ°i.‘f
3 :gweak ribs and 1ong bones (ca. deficiency reSUItinq from R

o environmenta]iy induced nutritionai stress (34))

»'Comment4 :The value of necropsy or a post-mortem examination is questioned

'.‘for the fo]iow1ng reasons ;1

: R o i
o f?‘,y_\; o
e
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i) Inconclusivenesscof resultsf Several researchers (7 38, 42 93,
100,118} have noted that damage to the respiratory tract and
v1sceral organs from low cgncentrations of NH3 “and H S may be |
undetectable with gross or histopathological examinations B
i) | Expense the scheduled sacrifice of cattle during a test period,.‘_
‘, in an attempt to correlate changes w1th exposure time could prove
extremely costly and consequently, even prohibitive Post—mortem' '
;follow1ng natural death from exposure 1s, of course, a different
case and is to be encouraged . |
i) " .Such examinations require a qualified pathologist, specialized
'_'equ1pment and facilities, and often tedfous ppocedures Many
..researoh s1tuations may be unable to neet these requirements

5.3,6 _ _Microbiology

4-NH3 and HZS : increased bacterial counts from tracheal and nasal swabs
Comment: Identification of potentially pathogenic microflora that may

'jbecome clinically evident 1f bodily resistance is undermined by gaSSing
'could be valuable in treatment or prevention of disease ' [

»5.3.7}f ' Infectious Challenge

V .

._.’NH3 and HZS Damage to the respiratory tract which might otherwise pass ::;f»'
o undetected may become apparent when the agimal is challenged ‘_ :
. w1th airborne infectious microorganisms (7 46 48) |
- :.Comment Availability of. appropriate test animals and experimental _ |
’;!»quarters may limit wide applicability of this method Animals should be e

:pathogen free or at least raised under identical conditions before any '
-results can. be considered reliable,: {;f | o

IR
! e

6. - Conclu51on __;~p,;a}bf1§”y

Clearly, the diffenentiation of reduced livestock perfprmance }f; i,-;;i
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..caused‘by manure gases from effects caused by other environmentai stresses‘:
‘(nutritionai disorders, poor husbandry practices, paraSItism, airborne |
pathogens, non- atmospheric poisons, temperature humidity, 1ight sound
and others)(29 79) can. be extremely difficu]t Little information is
, avaiiable on the ‘question of tolerance and. adaptation because the procedures .
‘1nvoived 1n studypng the effects for 1onq periods and at various levels of
exposure are expensive and tedious (95) This can be dea]t With in pért
hby making fui] use of fac1iities beionginq to stocknbn who also are seekinq | _f
new knowiedge and who are w1111ng to cooperate in research projects | ‘
No singie discip1ine et aione any one person, is likely to |
- be cognizant of ai] the areas 1nvolved in air poiTution Measurement and
'.resoiution of- the numerous effects assoc1ated with the nanure gas prob]em '.,
| will: require integrated research invoiving severaggdisciplines, a team

rapproach among the agricuiturai engineer, the: veterinarian the animai

: ._-scientist and others as required wiil be necessary : How best {o. effect this

i_form of reseqrch is a probiem in 1tse1f (29) "'7*5‘"”

s

-
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1L OBJECTIVES |
The rev1ew of iiterature indicated that there iS immediate -
concern as to.thevadverse effects of sub-iethaljconcentrations.of.‘ |
' manure gases'on-animai‘heaith and performanCe.over the:short=or'iong-
'term whiie manure gas p01son1ngs of cattie have been attributed mainiy
. to HZS suggestions have been made that other gas components may piay
an 1mportant role, with the combination of HZS and NH3 p0551b1y being
'of most significance However, definitive experimentai ev1dence to
’support this contention appears to be iacking ' | :
This study, therefore, was undertaken to investigate the o
B reSponse of caives exposed for a continuous period of seven days to.l
‘controiied ieveis of HoS and NH3, aione and 1n combinati‘t;’r? The
foiiowing criteria were, used ‘to eVaiuate response n S
.'d],f' " CiiniCa] observations A sequence of ciinicai and |
| | gross pathoiogic examinations, as weii as evaiuations of
‘ behavior and generai condition. were conducted 1n assessing
the overaii state of heaith and estimating toieranCe and o
adaptation periods Ciinical symptoms were to be compared .:
with those reported as characteristic for humans and animaisﬁ

"'; exposed to HZS and NH3

2. n Feed and water consumption. Feed and water consumptions were ‘é:‘

recorded as’ an index of production perfOrmance and generai
weii being Liveweight gain was inciuded as partﬁof the
production data | ' ~i;t R

E 3;’fﬂ;;.‘ Respiration rate Respiration rate was taken as a means to

quantify changes inVoiving the respiratory system and to ‘2f7d*";f'd

: N;thpdt compare responses with those reported fn the iiterature

f'v.a



o Blood constituents The blood was studied as a potentially

'.convenient adJunct to the diagnosis and elucidation of

o hydrogen ion concentration (PH)

PR T

St AU N . E
S N 1
. “ ®o

o .

: Rectal temperature Re‘tal température was measured as an
,1ndex of general stress and to detect p0551ble 1nflammatory

Aor neural effects Furthermore, body temperature was to _~_[ “

serve as . an indication of respiratory disease and to furnish

n‘a guideline to-determine whether treatment was required S f,,"

-3

| .'manure gas p01son1ng.. Although the review of literature
i -.1nd1cated that changes in blood constituents may be expected
.ij;pertinent reports were extremely scarce and lacking 1n general B
iagreement Hence the most efficient approach appeared to be
“to SUbJECt blood samples to a battery of tests., The laboratoryf;frﬂa
. information then couldige evaluated for possible correlations R
v~jiw1th the toxic effects of HZS and NH3 | In this light, ."f
| ':tfmeasurements were chosen to prov1de a comprehensive range of
e clinical data Included were tests for sulfhemoglobin and
f.NH3, a complete blood count, a total biochemical profile (l2
"e:constituents), and analysis of blood gases (poz, pCO ) and ;’ffff,




A MATERIALS AND METHODS o

T ggper1menta1 Design. '1. | "_i : ft‘ R :.lﬁt,',.-_ |
B The exper1ment was de51gned to expose calves to NH3 and H2$

‘gases, a]one and in combination,, The contro]ﬁed exposures consisted of- f' !

_three d1fferent levels of each gas zero, low and h1gh A.,f}1J’°

2
'3

"quant1tative descr1pt1on of the factor 1evels to be ma1nta1ned dur1ng

. the gas exposure period 1s included in Tab]e 6 Correspond1ng

'f:des1gnat1ons for the treatment combinattons are also shown _;’}}-_15-;b 5;:ﬁi3;:5
' Nine an1ma1 inha1ation exposure chambers were. ut11ized such e
”..;that each chamber, hou51ng two ca]ves. received a d1fferent treatment

'_comb1nat1on A second rep11cation with another 18 calves completed the ‘tfi'{;

' ';7jexper1ment Each replicate comprised three one week periods during which

"vf;_calf responses were eva]uated A pre-exposure (control) peruod of seven 5“"'u =

PRI @ x BT
‘lf'days preceded sevén continuous days of gas 1nfusion whichj1n turn were ff_;w~’*-'

U NHg

' 'iffo1lowed by a‘seven~day post exposure per1od Flffg;;.f?tglli:-ij :;_13_5,1f~
"'Q}TABtE_GQfSGAS-EXPOSDRES_ANﬁ;TREATMENT[pESIGNATIOng;f';f Ny

LoHS e ;iﬂO}';a~/gf.f? * 20~vpm*._‘ 150 ppm
. ' s ;‘1thp; p}hfiinie{ibtquff: 50 ppmfv ' 150 ppm _:'fh' o
: | Designation : Os ‘ "| ‘ | ., 2

. Treatment Combinations - - . .

2 Sy
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2. Facilities | B
2.1 fLivestock Env1ronmenta] Engineering,Laboratogx

ThTS study was conducted in the Livestock Env1ronmenta1‘

:Engineering Laboratory on the research farm of the Department of .
,Agricuitural Engineering, Univer51ty of A]berta, ]ocated at Ellerslie,‘t
fA]berta.} The 100 X 40 ft faciiity has been described previous]y (35)

‘ ' Situated between the Tivestock weigh room and the feed room is the .'=f
“-80 X 40-ft fuily slatted iivestock area The pressuri;ed ventilation |

system, incorporating a centrifugal fan at each end of the buiiding, '.,Ai_:f‘ -

h hforces out51de air 1nto the Tivestock area through centraT ducts fﬁ‘" IR

a o R R

-'j}running at a. height of 11 ft above floor Tevel

L Nine identicai animai exposure chambers, situated within the ‘f.i?“" 5

_gh ijlivestock area of the Iaboratory. were USEd for the ca]f exposure

‘g'ftrials.. The basic de51gn* and construction** of the experimentai unit

e had been comp]eted prior to the author s, involvement with the ]ayout

”'ngfthe west 51de of the area and faced the other fOur chambers and an

'”-Tginstrument room across a center aisTe (Figures 1 and 2) This 3*519

The arrangement was such that*five chambers were located along

‘\

f.»“prOVided space for a feed storage b1 n. the gas cylinders and a

ffwalkway of plywood sheets laid over the sTats around the perimeter*of

"[, .

t ff'*f Design recomm$ndations by Prof J.B. McQuftty, DEPt °f Agric 'ﬁ?*ffn)ﬁ**:f“f

/ Engineering, niversity'of Alberta Edmonton‘wA]berta

Construction superv1sed and assisted by Mr.JA* Blecha. Technician.
“Dept. of Agric Engineering. Unixersity of Aiberta, Edmonton,~*

Alberta
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‘ | The exposure compiex was de51gned to prov1de the animai
‘chambers with a. seif-contained ventiiation system A]l ductwork was’

' constructed us1ng masonite piywood and galvanized steei sheeting N
‘?.fastened to wood framing members The entire system was suspended from Lo |
i,;the steei iattice trusses of the environmenta] iaboratory L

_ Exhaust air was coiiected 1n a pienum buiit across the front
:of\each chamber Individuai ducts perpendicuiar to the pienums, e-f-'i*

‘f;:extended to a common exhaust duct running aiong the centeriine of the

: 3{buiiding (Figure 2) This centrai duct 9 1n. deep and of increasing

"‘fwidth continued to the waii partitioning the iivestock area and the

| feed room where it Joined a: transverse duct paraiieiing the inside of ;afjfei
a

S - the partition The transverse duct measuring 32 in. wide and 23 in

:;};affchambers. a cowi and skirting* were added to the top of the.stack
‘7“ff;This apparatus tended to s;abiiiz; fan capacities andlhence somewhat

'nrf'deep, men an' out]et duct that connected to a 10 ft exhaust stack rising f"iit”

"g;up tge out51de end.waii (Figure 3) Both the out}et duct and the ‘i .

. [;iinsuiated stack measured 24 in wide by 32 in._deep in CrOSS~section and}t!*j?f

*si;fhad been constructed as part of a previOus cattie housing study (52) :*?ifgﬁ
e Because initiai tests had shown that changes in wind veioCity ,;s:?;“

'7{*and direction resuited in fiuctuating ventilation rates through the

'°f'rjalieviated the task of maintaining uniform gas concentratio:s°within » jff

.f3>rthe exposure chambers.r- H~F*VW““'

-~

2 2 %nimai Inhaiation ExDosure Chambers"ppﬁa%gplslﬁ;:n SRR

2 2 i Generai Constru}:tion S ?1;';."..',.',‘ ‘ﬁf,:
~. 5 / 3 _b A"‘,";‘.' - = S T T
One\exposure chamber was designed and buiit as a protof pe or

Designed and constructed byfR .qBacon, Teohnician’wﬂept .0
Agric Engineering, University of - Aiberta, Edmonton. Alberta






| S | s
the ewght others that" foTTowed A’fToor of-3/4—in pTyWood sheeting B
was supported approx1mate1y 1 ft abOVe the: top of the sTats of wooden S

| fJO‘StS The rectangu]ar chamber measured 8 x 12 ft w1de and 8 ft h1gh

" The waTTs were formed with 4 x 8 ft 1/8 in. thTCk ma5°"1te SheEtS

na1]ed to the 1ns1de of nom1naT 2 X 4 in. spruce studs A H X 12 ft
-doub]e Tayer of 4 mil po]yethylene f1]m compr1sed the front half of the i;:f
ce111ng to aTTow 11ght from the sky paneTs and eTectric ]1ghts of the |

t jtTaboratory to enter the chamber The other han of the ce11ing consisted

'::of masonate sheets naiTed to 2 x 4-1n 301sts ATT Jo1ns and cracks 1n
the floor, waTls and ceiling were thorough]y seaTed w1th cau1k1ng ..!. .
t t°°mp°“"d e o ,p.f,. _ | .‘..v' : o h\ ‘ifak B
; The chambers orig1na11y were c0nstructed to house four 150-300

.hflb dairy caTves and one sheep 1n 1nd1vidua1 t1e staTTs spaced across the 7%1;

tiﬁfront sect1on Each can staTT measured approx1mate1y 2 1/2—ft wide

‘7ff;]wh11e the sheep staTT was about 2-ft w1de.‘ ATT staTTs were Tlﬂed and

-sfpart1t1oned w1th 3/4-in plywood sheets and measured 4-ft high by 5 ft

"f';Tong, 1nc1ud1ng the manger area‘ Eacm manger Was equipped with a built-:-v  ;

"h:t

5}

Cin water paﬂ and a removabTe feed box i . N '

The unavai]abi]ity of suitab]y SmaTT dairy calves at the

"f'yaﬂbeg1nn1ng of the experlment forced the purchase of beef-type calves

5iug;3These an1maTs wereflarger than desired and as a consequence the chambers.ptes;

;“fﬁhad to be remodeJTed Subsequent aTteratfons e&%ent1a11y prov1ded two”.'

sqV'_iiShown in Figure;%;?

‘7_15 X 8-ft box staTTs for the acconmodation of two caTves per chamber. as

9 The sheep stall was simply boarded across the back =

: ;fa"d each Ca]f Stail now. conta1ned two mangers (Figure 5){f““‘

A Targe 3 1/2 x 5 T/Z-ft door of 3/4-1n. p1yw°,,tihhf‘a'.

t'uxfffat the back corner of each chamber The door swung ou'fa,
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a,;with1n the chamber to prevent any outward Jeakage of gases _»5},.5,f{;f;g“;;ﬁ

:i;4 ft from the floor A P]ex1glass diffuser plate, projecting inward
t%~[5;approximate1y 3 1n , overlapped the 1n1et area and served to distrtbute fﬂ;f'F

'553';the 1nflowing a1r even]y throughout the chamber (Figure 10)

'ef;jL(Figure 6) Sliding wooden plates mounted ove:ﬁthese ’orts on‘the outerfg

TR 76
h'aga1nst the side wa]] of the 1aboratory. a]]ow1ng convenlent access to
the stalls from the-a]ley Latches and weatherstr1pp1ng ensured a t1ght
| 7‘sea1 when\the door was closed." B | o : . ' |

| P]ex1glass observatton w1ndows were 1nsta]1ed 1n the front of
hthe chambers d1rect1y over each- manger (F1gure 5) A broad 1ns1de v1ew ?‘-v
was a]so poss1b1e thrOugh the vent11at1on 1n]et port located in the back» : o
' :wall of the chamber (F1gure 10) A 100-watt bu]b 1n a ce111pg f1xture L
| L‘]ocated between the sta1ls, prov1ded amp]e 11ght for: observat1on purposes. _e
AThe 11ght sw1tch was access1b1e from outside the chaﬂber '_

Finally, a trap door. measur1ng s1ightly less than 2 X 3 ft, o

.ﬂ‘and set 1n one corner of the chanber floor, .llowed excreta to be L i

'shove11ed directly 1nto the under1y1ng pit

.22 2 | Vent‘i]at'lon System " o SR

}J | Each exposure chamber was vent11ated separately by means of a ff;h;J7
4_r'dd1rect drive prope]len}fan secured within the fronta? ductwork (Figure *?fth
':;;f}) This method oﬁ/exhaUSt1ng awr maintained a slight negative pressure;tc?iie

Air from the 1ivestock area was drawn through a 9 1n. square

"af1n1et port centered 1n the back wa11 of the chamber. at a hEith °f

/ T e o

Five pairs of 3 1/4 -in. diameter holes. located 1 f‘be]d& theff

"ifce111ng and spaced across the front wa11 functioned as out]et ports

:effiwa11 enab]ed ventilation ratcsfto_be adJusted for each chamber.: For theia

Dayton model 3M230 1500 rpmvgthermaIIy protected
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»
purpose’of this &xperiment, the pair-of ports above the vacant sheep

stall-were closed off, thus providing equa] out]et areas over both calf

stalls. - 2

A}

From tHe plenum, exhaustbair conrerged into a short Tength of
ductwork hbusing the exhaust fano(Figure 7). dhe dimensions of thjs and
adjacent ductwork «being 9 in, square in cross section were based
primarily 09 tite m1n1mum area required to accommodate the fan. Each

individual frontal duct subsequently joined the common centra] duct via

a long radius 909;ehbow. ' ' . v . ‘-
R A

2.2.3 Gas Infusion System. | ; % | -A' S _ )
Both NH3 and\hzs gas were supolied in c}]inders chained to a
stand 10cafed in the centér a%s]e (Figure 25 One'pair of oylinders eachA_
conta1ned 100 ]b of anhydrous NH3 under an 1n1t1a1 pressure of 114 psig
at 70° Fb wh11e the othef pair each conta1ned 170 1b of HZS under an
initial pressure of 252 psig atd70°Fc. Each 6y11nder pair was connected .
to a two-stage corrosion-reéistant, pressure regulatfngLVQ1vec, as shown
in Figure 8, with 1/4 in. aluminum tubihg and Swacjelokd fiftings " From
fhe regu]ator delivery gauges, 3/8 1n pé]yethylene tub1ng ran. through
size 50 psig e]ectro magnet1c shut off valves These ‘two- way safety

 valves Were employed to block the gas supp]y 11nes in thi\'V?nt of- an
t _

\"

',electr1ca1 fa11ure

The gases were d1str1buted separate]y via two man1fo]ds sealed4

-

Eanadian Liquid Air Ltd., 8615 Stadium Road, ‘Ednonton, Alberta.
© Matheson of Canada Ltd., P.0. Box 322, 530 l~.'atson'S‘treet-EaSt,
" Whitby, Ontario. ‘

Edmonton- Valve and F1tt1ng Ltd., 9639 - 62 Ave., Edmonton A]berta .

_e Cantech Contro]s Ltd 10567 - ]11 Street Edmonton, Alberta.»'
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Figure 8.

cmmr me-
rmved)

Amonia eylindcrs (fouground) and
cylinders. (background) with gas ﬂtt
pressure reguhtors '
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On‘the.top‘of the central'duet.l Eachlmanifold,tfabricated from l»in,‘ |
diameter‘seamless stainless‘steel'.was appointed with -nine oUtlet'tittinos.j
From the manifold outlets, 3/8 in. polyethylene tub1ng led to 1nd1v1dual
fflowmetersf mounted on the back wall of. each chamber (F1gure 9). The.
vflowmeters~lw1th needle valves, prov1ded the~means of‘measur1ng andl
'controlllng the rate of gas del1vered to. each chamber . '~,:
‘.f;' A‘ Two 1nfus1on tubes ; ebns1st1ng of 1/4.1n. alum1num tubing bent0
near the end at r1ght angles and suspended in the 1nlet port, 1ntroduced
the gases directly a9a1nst'the d1ffuserxplate to.fac]lltateum1x1ng with -
the incoming air (Figure 10). In\the inltial setup, both‘gases.had beeni -
teed together to be 1nfused through a. s1ngle tube | However when H2§
and NH, were m1xed in the commén li\e‘ a sblid yellow-colored depos1t -
.Abegan to form and tended to plug the l1nes ‘
» - Immediate attempts to have the depos1t analysed chem1cally
. were unsuccessful, and the samples deter1orated with t1me Furthermore,
personal 1nqu1r1es and a br1ef search of the l1terature fa1led to prov1de
any enlightenment as to the cause or nature of the react1on. From a |
v1sual and olfactory appra1sal the depos1t was presumably a sulfur
compound perhaps 1nvolv1ng NH3 or. some contam1nants that -had accumulated
~in the l1nes Notably, only l1nes in which H S and NH had been mwxed
formed dep051ts, and individual l1nes for each gas elwm1nated any

further compl1cat1ons of this sort. :

-'2.2.4 Safety Feature.
| A gas-flow cohtrol circuit was lnstalled for;each'expOSUre'

chamber. The concept:consiSted.of-an air-flow control-g (Figure )

Brooxs Instrument D1v1s1on Emerson Electr1c Canada Ltd., P 0. Box 150
Markham, Ontar1o o

g Stapleton Instruments Ltd., 62l2 Dav1es Road Edmonton, Alberta.



" Figure 9.

- Figure _.iO Inlet port in back wa'l‘l of chanber"_"";- |

Gas floumeter systen uounted on outbr back wall of
chanber. c

" 'with gas infusion tubes and

o oo ’ Plexiglass diffuser p'late., . “
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wired in series to an ejectro—magnetic shut-off valve® positioned in the. R
.gas d?ne.. When the common line uas e]jmin;ted, as mentioned ear1{éb, the

HZS line was connected throughithe e]ectric valve uhile\the less-toxic - \uih
NH4 1ine was by -passed.. | _ - 1? | .A c x-‘

The air- f]ow control sw1tches were secured on top of the

. individual ducts w1th the paddles positioned downstream from the fans '_\6'

and perpendwcular to the direction of flow The control detectg air f]ow
or the absence of air flow 1n ducts. respond1ng only to the ve]oc1ty of
air movement An oppos1ng spr1ng force sets the cfm Flow requ1red to ‘

act1vate an 1nterna1 sw1tch To rea11ze sat1sfactory operat1on at the K

re]at1ve1y Tow duct ve]oc1t1es, 6 X 8 1n padd]es were fash1oned from .

© 28 gauge: a]um1num sheetmgh and subst1tuted for the sma]ler standard j\ .

. paddle. The c1rcu1try was such that HZS could -be 1nfused on]y when the

€
fan Was operat1ng and hence ma1dta1n1ng the e]ectr1c valve 1n the H S

11ne at’ the back of the chamber 1n the open pos1t1on

¥

2.3 ‘-' SafeAy Egu1pment

| For emergency protect1on two sets of se]f-conta1ned breath1ng
apparatUs (F1gure 12) were mounted at strateg1ca]]y access1b1€ 1ocat1ons
in the. laboratory In add1t1on, HZS detector ampou]es were p]aced
‘ throughout the building and at t1mes worn by woqhers to 1nd1cate 1f
<excess1ve exposure had occurred These ampou]es were. aiso he1pfu] 1n |
'detect1ng leaks in the HZS 11nes and ductwork |

To test the air, an ampou1e is: crushed to saturate the cotton

jCentral Eng1neer1ng and Electrontc Stores Chemical M1nera1 i
_Engineering Building, Un1vers1ty of . A]berta, Edmonton. A]berta.,'

T MsA. Canada, 14608 116 Ave., Edmonton, Alberta. = -
J " 'Safety Sunply Cd.; 6120 - 951 St., Edmonton A]berta e

S 7 A [ S T S I AL
: Lo L N . . ' . o T . e - R
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~covering with.a reactive sqution. Comparison with a color chart after
_ one'minute tndicateswmhethermore or less than 10 ppm\(TtV)* is present
by the color change to a shade of brown. . The solution remains(active |

for approXimately‘six days after the ampoule is crushed.
. 5 . L4

.

3. Environmental Measurements. | ‘ 0
T Gas Ana]ysers. ; D
reo. ' ' ‘ R 4
3.1.1 ‘Ammon1a and Carbon Dioxide. ' : ‘

Ammon1a and CO2 ]eve]s'were measured by two Beckman Mode] 315A

non- d1spers1ve 1nfra red ana]ysersk, des1gned speC1f1ca11y for. each gas'
,
(F1gure 13) These Tnstruments operate on the pr1nc1p1e of’measur1ng

-

the d1fferent1a1 absorpt1on of 1nfrared energy thween a samp]e ce]l and
a reference ceH As a chopper b]'ocks and unb]ocks‘the Mfrared beam
to. each ce]], a d1aphragm, in a detector f1]1ed w1th vapor of the
.component of 1nterest pulses because of pressure d1fferent1a1s between -
- the compartments on each s1de Th1s pu]se is converted e]ectron1ca]1y |
per- cent def]ect1on on a voltmeter sca]e The correspond1ng ‘

concentrat1on of.the gas sampTe 1s determ1ned from a.Ea11brat1on curve
0perat1ng deta11s have been d1scussed by Brann1gan (23) |

' : Start up: procedures 1nc1uded ca11brat1ng the ana]ysers w1th ai

p Zero gas standardb and, appropriate span standards]. Pr1or to record1ng;
o gas 1evels dur1ng the: ;?ber1ment both analysers were rout1ne1y checked__'

‘o aQamst the "11brat1on standards ;5'_

o jThresho1d 11m1t value _ _ .
~ .k:;Beckman Instruments, Inc ' Process Instruments D1vislon, Fu11erton,&’,':
| Ca11forn1a % :

'ﬂAlberta Oxygen Ltd., 5834 - 87 Street Edmonton, Alberta
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Samp]es we/e/drawn through a 3/8 in. po1yethy1ene 11ne'from the |
NH3 and C0, sﬁmp11ng site 1n‘\h§ top of each chamber outlet duct (F1gure (
14) by means of @ self- conta1ned vacuum pump. A wa]l-moun{e; g]ass .
manifold in the 1nstrumgnt room (F1gure 14) collected theAn,ne lTines from
the samp11ng sites. JA ser1es of Ief]oh‘va;ves 1ncorporated 1n the
manifold permitted samp]es to be success1ve]y and exped1t1ous1y 1§o]ated -
and'fed,through»the analysers.‘ Airflow was controlled to each instrument
by separate-tlonmeters | | - . | |
A]though gas Tevels normal]y were recorded every morn1ng and

3 3
afg%rnoon for a]] perﬁods, the NH3 1eve1s often were checked more

’ requent]y dur1ng the gas. exposures Mean daily NH3»concentrat1ons.Werer

callculated from ali measurements taken w1th1n a day. Carbon dioxide

" was not infused; measurements were taken on]y to record background leveks

3.1.2- ﬂydrog;h Su1f1de o 'h;" -
| "v»F1nd1ng a su1tab1 and accurate HZS analyser proved to be a-
maJor prob]em In1t1a11y, RAC Mode] GZ SER 3915 automat1c samp]er
(Figure 13), owned by - the Department -of Agr1cu1tura1 Eng1neer1ng, was. .
‘insta11ed for HZS ana]ys1s purposes Th1s~un1t uses. the f0110w1ng bas1c' :
sampling procedure; 15 cfh of air is drayn past a sgct1on of HZS" | :
.'sensitized (1ead acetate) tape and exhausted through a pump. However,
the samp]er is des1gned to automatlcal]y record gas concentrat1ons}to a
y max1mum of approx1mate1y 0.4 ppm* HZS The 1eve1s to be analysed durtng
this exper1ment ranged,ﬁigm 20 to 150 ppm. - .

- A_h In efforts to overcome the des1gn 1im1tat1ons pure nitrogeh e

gas . Was metered into the-aJr stream as a sample was drawn,1nto_the -

-m Rese!rch App11ance Company, Route 8 A111son Park Pa s 15101 ULS;A,"
parts per m1111on by vo]ume L _ o



v

<;ﬁ. Figure 13.
T R

;recorder (1eft), NH; and C0, analysers. (top conter),.'._'_{_'f

Figure 14

Interior'viu ofiust'mnt‘roof t.hcrnoco le
" pltard Hs: m'm’ (bqt_p'-hnur). md L
autmtic smler» (top%ri&t);s?.-f S
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Apmonta and °“"’°""“°’““° gas. sampling manifold W
1nstrument room S Bt BERN v{5:ﬁ._:€ 
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,aana1yser. This technjqUe was intended to di]ute'thefsampteé to withfn‘
the instrument's operating range. Hoever, various attempts'to_achieVe
satisfactory esults failed, and the analyser finaliy was abandoned :

. The seoond instrument acqu1red was a Bu]]afd Model 2103 H
Hydrogen Su]f1de Gas Mon1tor (F1gure 13), des1gned to detect 1evelsu B )
between zerg and 200 ppri w1th an accuracy of + 3% of actual reading.

The heart of this monitor is a solid state e]ectrdlytTC‘eell_gas sensor.
In the presence of H28,‘the‘gasAmo]ecu1e§ diséo]Ve’into»the solid state"‘
matertaT;'condutting electricity that is cOilectedfpy_é]eotrodes.and:usedd
to drive a meter :&‘ ' ‘. o | o ? -
: The unit, a]though tested by several. samp11ng methods, had to -
be regected due to a 1ack of accuraqy and repeatab111ty, 1n add1t1on to ?.
unstable meter dr1ft* A_replacement mode] was a]so unacceptab]e,for,

8 L

similar reasons.

a q§rpw‘  The samp ng method fxna]ly adopted for HZS measureme ts ;..
'ut111zed a Gastec Mu1t1 Stroke Gas Samp11ng Pump and Gastec De' ctor
.Tubes - The detect1on pr1nc1p]e 1ncorporates the reactwon of H2$ W1th
1ead acetate to form ‘brown- co]ored lead su1f1de ' . bf/,

st "+ Pb (CH C00)., ~ PbS + CH 5CO0H. - Y

| 3 )2
'»rThus, movement of HZS through the detector matér1a1 in the“tube forms a-

v co1orat10n change Wh]Ch s quant1f1ed by read1ng the concentrat1on at

(4

the 1nterface of the s%a1ned -to- unsta1ned reagent

o ‘E 0. Bul]ard Company, Dept IST, 2680'Brtdgew5yﬁ Sadsa]ito;.'r |
»Ca]1forn1a' 94965. . o
" % Tested by ‘the - Laboratory Chem1st I'ndustrial Health Serv1ces,, ’
10523 - 100 Avenue, Edmonton A]berta. . e . :

0 ‘Levttt—Safety Ltd. ; 5539 - 99 St., Edmonton A1berta.

L _:. S
0 " tear : . * 3‘ o
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*f "~ Hydrogen sulfide concentrations in the chambers were measured

'difectly thfbugh a ho]éjboréd in thé-bottomygf egdnrekﬁaust plenum
(Figures 4 and 15), Briefly, the pr&gédure iﬁvolved‘breaﬂing the tips
--off éFéh end of a détecfor tube thatVbad Beeq<gu§Se& t%rough thé‘boﬁe of
‘a'rubbeé\stopper,'and inserting the stopper into the sampling hole.
 jafter p]acing\the'prbtrgding éndrfnto;the inlet of the pump, the plunger
hand1e wa§ pulled oﬁtg drawing ; gamb1e of air through thé‘tdbe.A The
Operatok'thenwwaited two to thrée miﬁutes, uﬁti] §taiﬁiﬁg stopped, before
wfthdrawing the apparatus. - R o -,
. For measurement of the low and high HyS levels emp]oyed‘in 'the
expériment, different tube siées were used. An ext?a Tow rqngé (0.5 -
- GOIﬁS )'fuhe-was sufted'tq,the 20 ppm cohcentfatiohs,‘anq required one - -
bdmp Stroke (100 cc).toigrodUce @ true.reading. The 150 ppmi-Tevels were

measuke with a.low‘fange’(10 - 12015pm)'tubéxby7pu1ling one half dﬁ a

i full stroke and doubling the.cafipratibn sca]e‘;éadjng‘fo bbtain the ;
,frUe condéntrdtion;/_Tbe‘minimum agcuraéy pf'theSe‘fuheérwas gUaranteéq

by theimanQﬁacturér to + 254, but trials on some -tubes, with a known
concéntfation_of‘HZSfin nitroggnb,:fdd1Cated that ;heuéccurécies_were |
within i;]O%:-'Répeaiabj]itvai¢H thé tubeéltésted was most satiéfactgryiv

.Spotvchecks;madé’pripr to the-gas¥eXposu;e pe;iods found n&b-,._-

: measurapié quantities:of HZS inlthezstal1s. Therefpre?'HéS ﬁevgls were*f:
not taken EoUtfhe]y during thg:preevand bbst'e*POSUFE periods.. _ij_ -y

.‘fCongé;tratiONS:WEfe.fe¢drded reéulafly;.ét 1éé§t’fwfc§'dafﬁy;jaurjhgifhe;"

’ Qasﬁeprsure period§;_ Al meésufehentéutakeh,d;eria:day QefeiaQeraged fd; f

 ,]5}byide‘a;meanidai]¥ H2§v1¢Ve1. - .,;i -, | ».u-k ~ 'fﬂjf- | -

| vThe-Gastec unit;’bejng.fhé’mogt.mobj]e_éda]yser,7Was_ngd to B

T chéck the diStribUtioh_pffgqsvWithin a Chamﬁér'contafningjboth‘éa1Ves;
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Measurements‘of_the HZS concentrations takenvat various hetghts between
thg floor and exhaust plenum irdicated that the gas was d1str1buted
equa]]y throughout the chamber. These results were accepted as

conf1rmat1on that the samp11ng s1tes prov1ded reT1abTe measures of the

'gas concentra;1ons ex1st1ng at calf Teve]; ‘

3.2 Temperature Instrumentat1on

o

Air temperatures were measured: us1ng copper-constantan
"thermocoupTes; Wet-bulb and dry-bulb;thermocouples were -provided in
..-pairs for each chamber, with bothhjunctions centered in‘the air stream
through one hole in the top 0fithe exhaggt pTenum(ngure.42;f_Three
 otrer thermocoupTe pairs monitored temperatures'in»the outTetAduct, the o

inlet port of chamber 4, and the center aisle of the Taboratory The

i wet- bu]b Teads were covered by . one’ end of a standérd psychrometr1c sock

the ‘other end of which’ extended ,into a pTast1c jar conta1n1ng water
' (F1gure 15).. v |
| The 24 thermocouplés;ueré wired into a HoneyWeTT temperature
recorder? situated.tn the instrument room (Figure 13). The recorder
was. equ1pped w1th ;] sw1tch1ng dev1ce that permmtted e1ther dry— or wet- l
bu]b temperatures to be sequentially pr1nted on chart paper.. Temperaturev‘
measurements were’ conducted twwce da11y at approx1mate1y 0800 gnd 1600
.hr JThese data prOV1ded a reasonabTe appreciat1on of the temperature v
:.extremes ogcurr1ng throughout a day ' _' '
A thermocoup]es were 1nd1v1dua11y ca]1brated by comparing ‘ff
1read1ngs to a sT1ng psychrometer that had been prev1ous]y ca11brated \

us1ng standard Taboratory procedures (19) ATthough the a1r veToc1t1es -

o .
P M1nneap011?~HoneyweTT Reg Co ) Brown Instruments Dlvis1on\\).~ e/"
Ph1]adeTph a, Pa. . A v ‘ o

- I

e



- Figure 15  Gastec hy gen sumde dmctor applrltus n supHng
position. Hot-bulb reservoir located ,,on ]oft. _),_ :

Figure 6. Hot-wire anembneter with probe in central dict:

&4 :
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orer the bulbs were less than the 800 or 900 fpm considered neceSsary
bo ensure wet-bulb accuracies to‘within 0.5%, the slight wet-bulb
depress1on can be 1gnored (71). Average relative humidities were
determ1ned for each day by entering a psychrometric chartd w1th the
corrected‘mean daily dry-bulb temperatures and the corresponding
corrected mean daily wet-bulb temperatures

s
343 Ventilation and Gas Flow Rates.

i

The ventilation rate for chamber 9 was determined using a hot-
wire anemometer’ to measure the aireflow ve]ocity in the first section of

the central duct (Figure 16) Pr1or to,use, the accuracy of the

~ anemometer was checked in the test setup illustrated by Brann1gan (23)

using the procedure descr1bed,€y Jorgensen (71) /; "
’ s
A cross-section of the 9 x 9 in. duct was d1v1ded 1nto 15 equa]
. \

.squares. . The velocity was meesured at the center of each square by mak1ngi

successive horizonta]-tagverses with the heat-sensitive probe The 25

va]ues then were used to calculate the average velocity in the duct.

_Th1s procedure was repeated several t1mes before aTr1v1ng at’ a- f1na1

~

- average veloc1ty

With the outlet ports'above'the calf'staT]s.openedﬂfully, the
average velocity was almost 260 fpm Th1s provided a chambe§%vent1]atlon

rite of approx1mate1y 145 cfm (72 5 cfm per calf), or just -over 11 air . -

Tiechanges per hour. Since the other chambers were. adJusted to ha;\\butlet

-areas equal to that of the reference chanber, for aH practwca] purposes ‘

the air-flow rate through each chanber was - assumed to be the same

P

e

: g Norma] Temperature Psychrometr1c Chart, Carrier Corporatwon

,5"

‘Hastings-Raydist, Inc., Hampton V1rg1n1a 23361
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Besides satisfyina the venti}ation req@irements for the calres
(30), the air-f%ow control switches functioned consistently well at this
flow velocity. Furthermore, calculations indicated that with gas flowing -
at the desired rates,-the f]owheter floats would be positioned near mid-
scale - the ideal operatinq range for précise control. |
Preliminary\tria]s with the gas-infusion system fndieated-that
flow rates through the meters were steadier at cylinder de11very pressures
above 5 psig. Hence, the regulatOrs were ma1nta1ned to deliver gas at
10 psig durinq'the’gasyexposure per1ods In1t1a1 a1r-equ1va1ent sett1nqs
of the gas f]owneters were calculated bagkd on the chamber vent11at1on
rates, as detailed 1n~Append]x T. : g e B o
| Three d1fferent tube s1zes w1th an accuracy of + 59 of max1mum
sca]e were used to measure and regu]ate the infusion rates Meters with
. capacities* of 140 cc/m1n , 1.2 scfh and 2.0 scfh were 1nsta11ed for the
"respective levels of 20 ppm HZS 50 ppm NH3, and 150 ppm H2S -and NH3

N,

Regular fine adgustments were necessary to ma1nta1n the gas 1eve1s w1th1n .

the ‘desired ranges. ‘
The corrosive action of HoS on metaf surfaces was'evidenCed )
during the exper1ment and posed part1cu1ar ma1ntenance prob]ems w1th some
~of the gas hand]1nq equ1pment In1t1a11y, a ceramlc bronze f11ter had to.
be 1nsta11ed in the. 1n1et nipple of the HZS regu]ator to prevent cy11nder
.vdebr1s from’ enterlng the regulator and caus1ng the valve seat to 1eak
.4Near the end of the second gas-~ 1nfus10n per1od this f11ter became so
p]ugqed w1th a black depos1t that the gas flow was. 1mpeded drast1ca11y A .h
"'rep1acement f1]ter returned the system to. normal

* Ar<flows at 14.7 psia and 70°F. .

\
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During pre]imtnary proceedings, corrosion of the stainless Steel.‘
tubino in_the hZS cylinder hookup resulted in particles accumuTating
downstream in the 1ines and flowmeters. fhe‘repTacement ot all stain]ess
steel tubing with'aluminum tubing prevented further incidents ot}thggf
nature. | |

After the first gas exposure per1od the 11nes were purged with
«n1trogen gas and the f]owmeters were c]eaned thoroughly However even
w1th these precaut1onary measures, the surfaces of some'of the sta1n]ess
stee] rotameter f]oats beqan to corrode and roughen not1ceab1y dur1ng the .
second rep11cate Th1s caused the floats to behave rather unstably 1h\t,e
gas stream and therefore,constant survei]]ance was necessary to prevéht
excessive fluctuations in the_gas-1nfus1on rates. Note that,after.the»~
first replication, most of the f]owmeters:hadhto be'SWftched:to'correspond‘
" to the gas treatment combinations randomly'allocated to thetchambers for
the next repiication Hence some meters were SUbJECtEd to h1gh flows of
rHZS dur1ng both gas exposure periods, wh11e others may. have been used for
~high K,S 1evels only once. 'qﬂcause.of this, the attent10n required.by |

~
)

each neter var1ed

4, Ca]f Managengnt o
a1 Ad,]ustment Periods.

'Calves for both replwcates were . purchased 1n separate 1ots
through a 11vestock buyer* at the Edmonton Pub11c Stock Yards The f1rst:
" load of 27 steers arr1ved at E11ers11e on Ju]y 10 1974 A]though this: |
‘1oad conta1ned an assortment of breeds and s1zes, the caJves were

"predom1nant1y beef types Se]ect1on at the t1me of purchase was poor duelif"‘

s

J'v

. B N — T T o e
A-*__Don'Danard Livestbck Ltd., 127.Ave. - 52 St., Edmonton;.A1berta;'t;
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to a lockout by local meat packers that resuited in a very limited turnover
of stockyard cattle. ‘ o - : » : Ly

- Upon arrival, each.animal was weighed; eaeragged, injected with |
vitamins.A-DfE,-and Vaccinated for Blackleg and Infectious Bovine
Rhinotracheitis (I.B.R.). Weights ranged from 298 to“542‘1b,-With‘the
‘average initial weight per ‘steer being 441 1b.

o After six days in an outs1de feedlot, the calves were conf1ned
three per chanber, in the pre-ex1st1ng tie stalls. A1thoughrthese stal]s .
had been improuised w%th extension frameworks to hold the'1arger.ca1ves,.a ‘
trial perfod of sewen days indicated several stressino“probfems that -
demanded rect1f1cat1on before the prOJect could proceed successfu]ly The
most serious problems were an1ma1 overcrowd1ng\\nd d1scomfort compounded
fby the overwhelm1ng t1ne and manpower requ1red to care for the ca]ves )
under these cond1t1ons Subsequent a1terat1ons to prov1de two box stalls -
per chamber. have been d1scussed ear11er in Sect1on 2. 2 1 of th1s chapter
; Meanwh11e the steers were ma1ntained in the feed]ot on a rat1on of hay
~and pelleted Calf Deve]oper - | | _

- On Ju]y 26 18 of the best eat1ng steers were d1v1ded 1nto two.
groupsvaccordtno to'welght (11ght or heavy), and ranked from 11ghtest
v}to heav1est within each group Then one steer from each group was '

Aa]]ocated random1y, f1rst]y to .an exposure chamber and second]y to a sta]]

Th1s procedure resulted 1n the chambers a11 hav1ng a s1m11ar tota] 1n1tia1,;_

11vewe1qht

Rout1ne samp11nq of the chamber a1r revea]ed that after four _ o

#p;days, natura]]y—occurr1ng background 1eve1s of NH3 had r1sen to :

I surpsz1ngly:h1gh'va]ues ' Some- chanbers reached a Tevel of 50 ppm Thdstthfal?

S United Feeds Ltd., 102 s't.-,} Saskat chewan om"ve,. Edmohton, Alberta.

. 3
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undesirable situation was alleviated significantly, although not
: : nit 5

eliminated, by simply adding wood_shaVings on tdpAof the old bedding,

_rather thah,c]eaninq thehpens out every two days as had been the previous

practice. This procedure actﬁaI]y resulted in an initial decline of-‘

3 levels which later stabilized within an acceptab1e

range (< 20 ppm). Add1t10na1 benef1ts -included reduced 1abor time a10nq

P

with cleaner and-more comfortab]e ‘calves. A forage harvester was

re]egated to exped1te handling of ‘the. shav1ngs (Figure 3)
During the adJustment period, the “author was 1ntrodhced* to

proper b]ood samp11ng techn1ques, and collected severa1 samples from a few

'calves for pract1ce At thi same time, this prov1ded an opportun1ty to NIy

111t1es

'y

The ca1ves also were 1ntroduced to a coarseoground concentrate

mlxture that came bagged for conven1ence of hand11ng and storage 'The L

compos1t1on and nutr1ent ana1y51s of the comp1ete rat1on, as stated by |

the manufacturer , are’ g1ven 1n Tab]e 7 Due to s]1ght prob]ems w1th
bloat approx1mate1y 2 1b of a]fa]fa-brome hay were’ supplemented at each

feed1ng After 1. consecut1ve days of adJustment in the box sta1ls the o

. steers were ready to begln the pre~exposure per1od of Rep11cate 1.

"’,‘th1s time ?11 ca]ves were on oncé-a- day feed1ng and 1eav1ng gra1n 1n the1r ,~y.

A

" The second 1oad of 23 ma]e ca1ves for Rep11cate 2 arr1ved on"

‘ August 28 1974 Th1s was a un1form1y s1zed lot of ﬁereford and Herefordeﬁ;j

cross ca1ves wfth an 1n1t1a1 we1ght range of 310 to 424 ]b and an average'

We1ght per anima] of 371 1b Fo110w1ng the pre11m1nar1es of tagg1ng and

| vaccrnatlng, as descrwbed for the f1rst rep11cate 18 of the ca]ves were

t"

o Adv1sed by Ma]co]m Wharton , Surg1ca1 Medical Research Inst1tute, -ya;f-_'v '

Q. R

Un1vers1ty of Alberta, Edmonton Alberta
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:randemly allocated to sta11sa"8etween rep]icates;,tne stalls had:been .
-mucked out, aired to dry and sprayed with a.f]y insecffcide before being
re—bedded. | | -
| The coarse- ground rat1on (Tab1e 7) nas-started at'1.5% of ody ?
we1ght d1v1ded “into two feeds per day The amount of gra1n was 1ncreased
‘by 1/2 1b per animal per feed1ng unt11 the calves were on fu]] feed
'Thereﬁfter, th1s rat1on was supp11ed once- a day SO as: to be ava11ab1e ad
- 1ibitum, Dur1ng the adJustment per1od one s]ow- ining steer was - |
q;removed‘from a chamber and.subst1tuted with a “calf that-had‘beenbmaintainedd
: “in the feed]ot\eipresely for re51acenent-punpbees -‘The rep1acenent ca1f f
weighed within 10']b of‘the cu11' Fo1]ow1ng 18 days of adJustment all

ca]ves were on fu]] feed and prepared to enter the pre exposure per1od of :

Rep]1cate 2 .
o TABLE 7. _ COMPOSITION OF CALF- RATION.
Oats 900
':Bar1eyb" B ‘: : ‘._'..f ’. ‘_.;)»-,:7 R 1n gOOi_A

.'Beet Pulp - sd}OOd_ﬁ S

Sweet cattle supp]ement* S _— !twf- - O }j?109~- S

 utrients . Protein’ " Faj - Fibre  Ca P

—-

,‘?“;*i Inc]udes 5 ]b trace m1}erp1 sa1t and 0 1 1b V1t A and D per 100 1b

of supp]enent A
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4.2 Exposure Per1ods

Rep11cate 1 began at noon on Tuesday, August 6, ]974 w1th the
7—day'pre—exposure per1od.‘ Seven days of gas egbosure followed, after-
which the calves were observed for a post-exposure periodfof,another 7'
days.' In conforming to the«management‘schedu]e, an ewperinentalgday'was'
‘treatedras'eXtending between noon'tinES of successive‘days ‘ TueSday,_
_Septenber 17, 1974 marked the start of the. second rep11cate ‘s1m11ar1y
consvst1ng of three consecut1ve one- week tng*berwods

"The chanber 11ghts were sw1tched on at - the beg1nn1ng of each
| morn1ng and shut off after thq>f1na1 even1ng check The ca]ves were

‘removed from their sta]]s on]y for data co11ect1on procedures in the

d Awe1gh room.’ Norma]ly, this occurred three t1mes each per1od and requ1red
cat most-S mjn.gper calf. Fresh bedd1ng waS-added‘at_these t1mes.w -
' Accordingly. durfng»the gasteXposure ;eriods; the‘gaSes'were intused:u

.cont1nuous]y, except when 1nterrupted for the data co]]éct1on 1ntervals

5. . Measurement of Response Cr1ter1a
51 - Feed and water Consgmption |
. The manger fac111t1es, conven1ent1y accessxb]e froh outs1de the_

.'lChambEFS, prOV1ded each. calf w1th two removable feed boxes and two 2 14? o
gallon water Pa‘ls (Figure 7). Dur1ng the gaS-exposure per1ods, th1s

'arrangement enab]ed feeding w1thout shutt1ng off the gas supp]y

Feed was d1str1buted from a-cart (F1gure 2) equ1pped w1th two ,” |

e\spr1ng sca]es graduated in. tenths of a poundt Consumpt1on was recorded _’L"'

:da11y, JUSt before nobn when 1eftover gra1n was we1ghed‘back and a freshf_h_I

-A'frat1on we1ghed 1n In add1t1on, a 2 Tb f]ake of hay was prov1ded 1n the giz~

o :;;1 o '”:;' e

t Hanson Dairy Scale, Model 600, "_D1'a11_0'7_30'_V1>b',”,6‘()) b capacity. *
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* Figure:17. Box-stall'

5
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second manger.
Drinking water from a'pressure hose was added to each pail v1a."
a clear plastic tubde mounted on the chamber waH and connected to a sp1got
at .the bottom of the pail. A s1mp1e U- tube manometer setup perm1tted the
'volume of water in the pa1] to be read by comparing the waten 1eve] in the
tube to an under1y1ng gauge board. Mater intake was recorded, and the

1
pa1ls ref111ed, at 0800 hr and again ]ate in the afterhoon to ensure an _

amp1e supp]y throughout the n1ght Feed boxes and water pails were, cleaned :

out as necessary

5.2 L1vewe1ght Ga1na o _aad | |

| The calves were weighed three t1mes per per1od an the morn1ngs
of‘days 2« 4 and 7 S1nce each replicate on]y extended over: a tota1 of :
three weeks, feed and water were not w1thhe1d pr1or to wewqh in. The stock
fsca]e was furn1shed w1th a‘suspended p]atform and a dynam1ca11y ba]anced
| we1ghbeam, and featured a b111ar d1a] graduated in two pound 1ncrements

(F1gure 18). The scale was checked for zero adJustment before each ca]f

"‘o. .-
: i

was- we1ghed

5.3 ffWXResp1ratory Rate, :-h‘ SRR '. | .‘ ' t : |

Resp1ratory rates were taken each morn1ng just after sw1tch1ng - _

A

- on. the chamber 11ghts Dur1ng the gas- and post exposure per1ods, rates

S o
.were recorded a second t1me each even1ng At these twmes ‘the ca]ves were

. usua]]y 1n a recumbent state and hence eas1er to\;bserve
U51ng a stop watch f1ank movements were counted for 15 or 30

‘second 1nterva1s when the resp1rat1on pattern was as steady as poss1b1e

4iNormal1y, two or mgre count1ngs were averaged to determine the rate

PO

U Co]t Industr1es, Fatrbanks Morse Ne1gh1ng Systems D1v1s1on 711 East ;;‘;iﬁ

St Johnsbury Road ‘St. Johnsbury, Vermont 05819

N
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per minute.} These ‘proceedings were followed by evaluations of
qualitative responses such as demeanor and evidence of sneezina, coughina

and excessive lacrimation. -

5.4 Rectal Temperature.

Recta1 temperatures were measured on- thebmorn1nqs of days 2, 4
and 7 of each period when the calves: were in the stock squeeze : Read1ngs :
were,taken<w1th a battery-operated probe (F1qure 19) and recorded to the '
nearest tenth of a degree Ceistus The 1nstrument has an accurjcy of
: +0 15 C and a readab111ty of +.0. 05 c¢¥, and was checked for meter N
adJustment before each set- of record1ngs To decrease the response time
of the.meter,_the_probe was placed in a container:of narm tap:water oetween;_

R4S
a

insertions. _
5.5 '-' - Blood ConstituentS»’
_ 5;5.1‘A1 SeeEJ1nq Procedures | Lo }‘ _' | ‘{ﬁ .

Whenever posstb]e samp11ng days were schedu]ed S0 . that b]ood
was co]]ected 1nmed1ate1y after each calf's. welght and recta1 temperature

'had been recorded In a]] these proceed1ngs took from two to five m1nutes

per head depend1ng on the b]ood samp]es requ1red To effect1ve1y pos1t1on‘i -

the an1mals, each ca1f was restra1ned in the stock squeeze w1th a headgate,
jthen ha1tered and snubbed around to a post (Flgure 20) The externa1
fJugu1ar ve1n was’ ra1sed for puncture by us1ng a throat Tatch and ‘a wedge |

Q{g S U

'pressed 1nto the Jugular groove The vesse1 was penetrated Whﬁh a 20 gaugehp“"

x 1in, d1sposab1e needle attached to e1ther a syr1nge or a VendJect tube

g

ho]der s depend1ng on the part1cu1ar samp]e The mater1a1s used ?or

;>

_ seCUr1ng b]ood are. 111ustrated in F1gure 19

SCEI aran

"YufTe1e thermometer, Mode] 46 TUC Ye11ow Spr1ngs Instrument Co s Inc ,'
-~ Yellow Spr1ngs, 0h1o '

wﬁ;Standard Hosp1ta1 Supp]y Ltd 15819 - Stony P1a1n Road Edmonton
- Alberta. : o -

[
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. Figure 19. Tenperature recorder with rectal probe (left) and hlood
~ sampling equipment (right) - throat- latch assembly (top),
- syringes and accessories: (bottom left), Veno.ject tubes
and” holder (bottom right) o

i

‘Figure 20. “Calf positioned in-squeeze for blood collection purposes.
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‘ The Venoject tubes are supplied either plain with a silieone |
coat1nq or with a measured amount of ant1coagu1ant, and sufficient vacuum
to draw the predeterm1ned volume of blood. A double- po1nted need]e SCrews
into the ho]der and a tube is placed so that the rubber stopper sea]1ng
the tube JUSt rests on the short end of the needle. After the vein 1s
punctured, the tube is pushed all the way 1nto the ho]der break1ng the
‘vacuum and caus1ng blood flow into ‘the tube.’ After the f]ow ceases, the

tube may be remoVed and another tube inserted 1nto the ho]der This methods

£

- permitted a]l VGHOJECt samples to be co]]ected from a s1ng]e puncture

_Table 8 11sts the tubes used for sanp]es tested durlng the exper1ment

| TABLE 8. VENOJECT‘BLOOD SAMPLES. |
2 I - ., *M\

Test') ' ' o - ' Tube Spec1f1cat1ons ) 4'
> | o &Draw (ml) R Ant1cbagjant i
'COmpletefoood Count (C;qup) ‘~‘ '3 . '.:.’ " EDTA (K3)
Ammonia (NHB) o s ';41 ‘Sod1um hepar1n
| SMA-T? Th»' e 10 | ‘“j‘none | | N
‘Sulfhemoglob1n (SHb) fs - 5 - - '.Sod1um hepar}n -d'
BN 3111. 5.6.0.T., L.D:H,*ﬁ; s _‘." 7 Sodium heparin

* Ethy]enedTam1ne tetra acet1c acid (potass1um sa]t)

**Blood urea . n1trogen, bilirubin (tota]), serum g]utam1c oxa]acet1c G
transam1nase, 1act1c dehjdrogenase respect1ve1y :

‘ Samp]es for blood gas (p02, pCO )*** and pH detenn1nat1ons were
fcol]ected in. e1ther 3 m] p)ast1c (d1sposab1e), or 2 m1 g1ass syr1nqes r;ifi"'

? {'prev10us]y.1ubr1cated‘and-sealed wnthsminera]”o11 andhwetted~w1th sod1um;e;_ﬁ'

B T AT TRREES s o e
- *** p denotes partial pressure of gas. - =
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“heparin. The'syringes were filled to capacity, capped immediately upon
w1thdrawa1 and stored in crushed ice.

AN samples were fabe1]ed and preserved in a covered styrofoam‘
cooler. Special care was taken to keep the b111ruh1n samples out of the
1ight;.wh11e the b]ood ammonia tubes were kept in ice.

. A series of semp]es for eacn test Qere taken at vdrying interva1s
~ to give a dynamic picture of blood changéé occurring across ‘the period§i
Table 9 odt]ines the samp1ingvschedu1e for both replicates. o

i

TABLE 9. BLOOD SAMPLING. SCHEDULE.

o , , Exposure Period and Day
Replicate Test Pre . - Gas . Post
- ' 0123456 7: 1234567 1234567

v
. SMA-12 X ) X X g X
“SHb o x x X X
1 . o N . S :
CBC ‘ X - o X X R {
NH3 X .-x_ X X
“BUN, Bili, |
. SGOT, LBH- X X L X X
o _N‘H3 S ._ X . .x' . X - . X
| pO,, pCOLPH. —  ~  x - %]

5.5.2 - Laboratou? Tests.

Immed1ate1y after samp]1ng, the v1a1s of b]ood were transported'f'
' to Edmonton for analys1s Two Taboratories were emp]oyed 1n th1s regard*hlgdf
1) Surg1ca1§ped1ca1 Research Instltute (S M R 1. ) Un1vers1ty VSR

of A]berta, and
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'2) Dr. S. Hanson and Associates, Medical Laboratory (Hanson's
e : ' \

Lab.), 203 Professional Building, 10830 - Jasper Avenue.

5.5.2.1 Hanson's Laboratorx

]

Hanson s Lab. conducted two different tl%ts on samp1es taken
during Replicate 1 only. o B . ,} . _ c
1) sMA-T2. | | ; |
| _ >This battery of tests was performed~by continuous flow analysis
on a Technicon Corporat1on SMA 12/60 Auto-Analyser systemx A serum
chem1stry qraph of 12 test prof11es is produced as per Instruct1on Manua]
T67- 109 A. The fo]]ow1ng b1ood const1tuents were tested caJc1um,
_1norgan1c phosphate, g]ucose b]ood urea n1trogen, ur1c ac1d cho]estero]
totaT.prote1n, albumin,: total bilirubin, a]ke]1ne phosphatase; L.D.H,, and
- $.G.0.T. | ‘ | | N _ | |
S1nce the SMA 12 samples were centr1fuged at S.M.R.I. before‘tne \\
-serum was taken to Hanson' s Lab for ana]ys1s, the de]1very time from '
 £11ers]1e was approx1mate1y 1 1/2 hr.
2) Su]fhemoglob1n S o : | |
| ‘ | who1e blood samp]es were analysed for sq]fhemog]ob1n us1ng the o i
method of G E. Cartwr1ght D1agnost1c Laboratory Hemato]ogy 316.‘_Pub1,> |
Grune and Stratton 757 - - 3rd Ave. , New York N, v. 0017, R
tS 5.2. 2 Surg1ca1 Med1ca1 Research Inst1tute -

{

Sanp]es were co]lected for the f0110w1ng tests

1y Comp]ete B]ood Count. o -"; - d5‘3f”' A; d
. ~The C. B C s taken dur1ng Rep11cate 1 on]y, was conducted 1n “Je-"

:’ﬁaccordance w1th standard hematolog1ca1 procedures The test 1nc1uded

-‘x Techn1con COrporat1on, Tarrytown, New York 10591

Y Persona] communication, Superv1sor of B1oche1§stry, 5. M R I University;.
of A]berta Edmonton A]berta DR
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hemoglobin, hematocrit, white cell count, differential count and red cell
zecount. |
2 Blood Ammonia.

B]obd NH3 values for both replicates were’determined from whole
%ﬁ& blood by the method of Natelson: Microtechniques of Chemica1VChémistry:

@5"

; 96-1017.

:éa) CB.ULN., Bili., $.G.0.T., L.D.H.
C;%hﬁ These constituents were ana]ysed during Replicate 2 using
standard colorimetric and enzymatte/}hethodsy on blood serum.
2) POy, pCOH; PH, - .‘ o
These measurements were performed on.who]e blood samp]es, taken
dur1ng Rep11cate 2 only, us1ng a- Rad1ometer b]ood gas mach1ne pH meter 27%.
R The de11very time for a11 samp1es transported between Ellerslie
and S M:R.T. was : approx1mate1y 1/2 hr However, s1nte up to-1 1/2 hr could
elapse between the t1nes that the first and 1ast ca1ves were samp]ed a
‘questqon arose concern1ng the p0551b111ty of blood chem1stry va]ues |
- changing dur1ng this 1nterva1 Subsequent]y, a feed1ot calf was b]ed
"1mméd1ate1y before and after b]ood had been co]]ected from the exper1menta1

ca]ves, to prov1de sanp]es for all the tests performed dur1ng the second

, rep11cat1on ) A compar1son of the 'before and after Ta oratory resu]ts

1nd1cated that at 1east for the purposes of th1s the changes

occurr1ng in blood walues between the two sampllng t1mes were 1ns1gn1f1cant.
The series of b]ood chem1stry reports for these samples are g1ven in

‘ /
~Append1x 2. -g"ﬂ.' : _nﬂ-v.'

z

A further procedural check 1nvo]ved severa1 v1als drawn

R

z. Radiometer, Copenhagen,rDenmahk.
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concufently from the sane calf and subm1tted for 1dent1ca1 tests wh11e
another trial was cdnducted to compare the su1tabi11ty of plast1c versus -
g]ass syringes for collecting blood gas samp]es The reSpectlue/outcomes
confirmed that the sampllng‘procedures producejpcnnsistent,resu‘ts, and
( that plastic syringes were equal to glass in preserving blood gas samples
(Appendix 2)

. , .
5.6 : C11n1ca1 Exam1nat1on \

To evaluate po§k1b1e qua]1tat1ve effects‘!* the gas exposures, a
ser1es of four c11q3ca1 exam1nat1ons of the exper1menta1 calves were
“conducted during Rep]icate 2 by a veter1nar1an*, at the author s request.
The c11n1ca1 and. gross patho1og1c examinations, made wh11e the calves were_

'restra1ned in the stock squeeze, comprised the fol]ow1ng sequence.

]) " Pre- exposure eva]uatlon

2) Day 2 of gas- exposure per1od , . N
.3) Day 6 of gas- exposure per1od - L ‘ S
4) Day 6-of post-exposure per1od,

»

6. - - StatfstiCaT Ana1ysis

: Response data were subgected)to a mu1t1way ana]ys1s of var1ance -
Sources of var1at1on for all measurements except certa1n blood parameters :

consisted of ammonia (n = 3) hydrogen su]fide (n = 3), replicatwons

(n 2) and ca]ves (n 2) Analyses were computed both across per1ods

(n 3) and w1th1n periods | The number of observations (days or samp]es)

:.W1th1n each per1od varied according to response criteria and have been . -

descrlbed in preceding sect1ons of th1s chapté Certain b1ood

" Dr. B.E. Qeck An1ma1 D1sease Section Vet rinary Services Branch
Alberta Department of Agr1cu1ture 0 S Loﬁgman Laboratory Bui1ding._
Edmonton 1berta ‘
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A_const1tuents were tested durlng one rep]wcat1on on]y
The sources of var1at1on used as meaefres of ‘'error are shown
-in the Ana]ys1s of Var1ance Tables presented in the Append1x and were
der1ved using the procedure for expected megn squares outlined by Hicks (6]).
Ana1yseS-were.copputed using a Comput1ng Serv1ces.An;qys1s of
lvarience'Program (127). The same program was empToyed to eé1cd1ate the
- means and staddard.deviations of the‘environmehtalhdata, ive., tempefiﬁdre

measprements,_relative humidgties and gas levels.

“a
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V. RESULTS AND DISCUSSION

I. : Environmental Conditions.

1.1 Background Gas Levels.’
As nent1oned prev1ous]y, naturally occurr1nq Tevels of NH3 were

encountered dur1ng the pre11m1nary trials and persisted throughout the

experiment, a]though somewhat under control.  The 1ncrea51nq]y deep layer of

‘ bedd1ng presumab]y provided the manure pack with suff1c1ent capactty to

absorb and retain the vo]at11e urine such ‘that - stab]e NH3 1evels were

maintained. The means and standard dev1at1ons of NH3 background measurements,

. for a]] chambers conb1ned were 12. 9+5 5 ppm and 13.0+4.5 ppm during the
pre- and post- exposure per1ods respect1ve1y

Reference to the 11terature 1nd1cates that these va]ues may not

have been abnorma]ly h1gh under the: c1rcumstances An 1nvest1qat1on by the |

Swed1sh Institute of Agr1cu1tura] Eng1neer1ng showed that NH3 occurred 1n
pract1ca11y all cattle and pig fac111tdes surveyed (97) “The h1ghest

contents, approx1mate1y 30 ppm, were measured in. sta]]s w1th so]1d manure

hand]lng A subsequent report (115) summar1z1nq the resu]ts of the Swed1sh’

~ study conc]uded that concentrat1ons of NH3 from so]1d catt]e manure have c

~

' somet1mes been troub]esone if too T1tt1e bedd1ng mater1a1 was used or there;_ '

.were no spec1a1 dra1nage arrangements for ur1ne In th1s exper1ment the

- tlghtty sea]ed f]oors of the an1ma1 chambers prevented the ur1ne from ;:l_.ﬁ‘7

escaping. Laboratory co]umn stud1es have shown that 25 to 90% of the

"‘:n1trogen in oatt]e ur1ne ‘can be volat111%ed 1nto the air as NH3, and

-3that about ha]f the totaI n1trogen in. cattle excrement 1s in the ur1ne (92f;f, -

Conparab]e s1tuat1ons 1nvo]v1ng bacquound NH3 levels have

'OCCurred 1n other a1r factor studles Dur1ng one exper1ment (42), the meanf_.;;?

'NH3 concentrat1on 1n an env1ronmenta1 chanber hous1ng 51x or fewer weaner
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e

' . . / . _
pigs for controls was:8.0 ppm. In ‘this case, the fecal mageria1 collected
below a steeT’mesh floor and was emptied daily.
Cons1stent w1th the Swed1sh reports (97, 115), no measurab]e amounts

'of HZS were found to have been released from the manure pack On the other

- hand CO2 occurred in a]] chambers because of. the fact that th1s gas stems

'ma1n1y from air exhaled by the animals (97) The mean and standard
_deviation of the.“CO2 levels., averaged over the- three exposure per1ods were |
0.1350%(1350 ppm) + 0.0208%. A s]rght but cons1stent increase in the mean.
concentrat1ons from 0. 1273% to 0. 1302% to 0.1476% for the pre-, gas- and

| post exposure per1ods respect1ve1y, wou]d sugqest that the CO2 content was‘
sensitive to the ]1V€W€19ht ga1n of the. ca]ves Levels in a]] chanbers were'zl
near]y equa] and showed s1m11ar trends as the tr1a1 progressed Concentra-
tions of CO2 between 500 and 3000 ppm have been’ reporped as normal in cattTe
fac111t1es (55 97) S df oy '

t 1.2 . Infus1on Gas Leve]s o L |

| | The actual concentrat1ons of NH3 and HZS adm1n1stered to the an1ma1

| chambers durxng the gas exposure periods were close to the des1red ]evels if:“i
'(Tab]e 10) Based on - the NH background 1eve1s of chambers Uo wh1ch NH3 )

- was not added flow rates were: adJusted to ma1nta1n the re1at1ve

[y

concentrat1on d1fference of about 50 ppm- between the 1pw and zero' 1eve1s
S of - NH3, as or1g1na]]y p}anned Accord1ng1y, the 1owﬁhH 1evels were kept

” at approx1mate1y 65 ppm rather than 50 ppm Increas1ng the h1gh NH3 1eve15
ﬁfp‘proport1onate1y was cons1dered unnecessary s1nce the d1screpancy between g ]i-“;
'150 ppnrand the low and zero ]eve]s appeared suff1c1ent1y 1arge

Greater dally f]uctuat1ons at the high levels of HZS than’at the

o 1ow 1eve1s, as. represented by the standard deviat1ons (Tab]e ]0), ref]ect

R the preV10US1y ment1oned 1n$tab111ty of the f]owmeter f1oats as they were o:if‘f:



progressively corroded by ithe - gas.
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The comparab]y large standard deviation

(+ 14.6) for one high NH3 1eve1 was also probab]y due to a flowmeter that A

had been used for h1gh HZS f]ow contro] dur1ng Rep11cate 1.

EATABLE 10 ~ AMMONIA - AND HYDROGEN SULFIDE LEVELS DURING THE GAS EXPOSURE

BTN

* Standard deviation.

L3 Tempe!bture and Re]at1ve Hum1dity

The dry bu]b temperatures and re]at1ve hum1d1t1es 1nvthefchambersEh‘f_

.',‘during the exposure per1ods were s1m11ar (Tab]e 11)

The mean chamber ;'rjh.‘.]

' temperature over the complete exper1ment was 69 F wh11e the re1at1ve

'hum1d1ty averaged 63%

,fﬁand 76° F. and the re]at1ve hum1d1t1es between 53 and 75% For any one day,:f?4}

Mean da11y chamber temperatures ranged between 61

the var1at1on between 1nd1v1dua1 chanber measurements was never greater

‘”than 5 F and 28% re]at1ve hum1d1ty

4

. PERIODS. )
Treatment. HoS (ppm) NH, (Ppm)
HyS  NH, Mean - -~ S.D. Mean S.D.
0 -0 0 18,4 . +6.3
o 1 0 A NN
0 2 0 SR -7 B I
10 19.9 T uia.a,d
1 Ezoei | .,.5571~1i¢9a'
2 200 s 157 #6.0
20 148.5 e s
2 1 1436 "’«ijz.7i, | - 65.5° - 45.0
2 - 2 s m2in | |
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TABLE 11: CHAMBER DRY-BULB TEMPERATURES AND RELATIVE HUMIDITIES DURING

THE EXPOSURE PERIODS

' A
Measurement - S Pre Gas - . - Post
. . - \ o . : - '. .
Temperature (°F) - 70.243.2% 67.5+46.3 69.343.6.
Relative Humidity (%) - 62.1+44:3 . 65.5¢5.9 62.446.9
* Data expressed as mean + standardrdéViation.f
2 Clinical Observations. | . %?{) _
. Clinical symptoms observed in the calves were charfcteristic’ of -

- responses reported fn the:1iteraturé for other'farm animals' Frdm'outhard'
appearances, ca]f react1ons to HZS and NH3 were s1m11ar in nature, but f |
var1ed in sever1ty accord1ng to treatment 1evels and comb1nat1ons.a A]thought -
to a ]1m1ted extent calves w1th1n a treatment somet1mes exh1b1tedlvary1ng

;‘effects emphas1z1ng that the c11n1ca1 s1gns from exposure to tox1c gases _ L

L cannot be categor1zed r1g1d1y

The most prom1nent s1ng1e observat1on dur1ng a11 treatments was

: eye 1rr1tatwon ev1denced 1n1t1a11y by redness and excess1ve 1acr1mat1on

B Th1s appeared to be the pr1nc1pa1 effect of NH3 Even s]1ght but pers1stent?l’

.water1ng of the eyes was detected for one contr01 ca1f exposed to backgroundfvf”

-]evels wh11e at 1nfus1on concentrations NH usua11y 1nduced 1acr1mat1on EJ"}'"
.and 1nf]annet10n of the mucous membranes w1th1n the f1rst few. days of

:jgass1ng Add1t1ona1 symptoms 1neluded serous nasal discharge 1n amounts
\

.l"from sl1ght at 65 ppm to profuse at 150 ppm, and 1nfrequent dry coughing

"E-Calves exposed to the h1gh NH3 leve] tended to~keep the1r eyes c]osed and
. per1od1ca11y d1sp1ayed an 1rregu1ar reSpiratory pattern acconpan1ed by
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shallow breathing. Rubbing the-head and eyes were interpreted as sidans.of
irritation or'dtscomfort | |

B The gross patho]og1ca] examtnat1on revealed that the worst effect
of NH3 apparent]y was suff1c1ent 1rr1tat1on to cause a slight 1nf1ammatory
: reactton 1n the cornea ev1denced by the m1grat10n and 1nf11trat10n of |
]eukocytes Very s]1qht c]oud1ness resu]ted Howevera.as exposure t1ne
progressed the an1mals appeared to accomodate or adapt, suggesttng that
the1r t1ssue defence nechan1sms had overcone the 1rr1tat1ng effects of NH3._‘
Hence, the c11n1ca1 symptoms were no 1onger readlly apparent by the latter
part of the exposure period. B ‘ B |

At all: 1evels of H2§ def1n1te detr1nenta1 effects were apparent.'
At t1mes the ca]ves appeared 1etharg1c ‘and stood w1th heads 1owered eyes
cTosed (F1gure 2]), tongues out and s]obber1ng, wh11e at other t1mes,-
dfscomfort and d1stress were ev1denced by head shak1nq and rubb1ng, b1OW1ng
| through and ]1ck1ng the nose, paw1ng, ta1] sw1tch1ng, rest]essness, and '
.‘uneas1ness Scour1ng and- vom1t1ng were observed 1n 1so]ated cases Th1s
overt behav1or 1nd1cated 1rr1tant and possib]e neural effects of HZS in
.‘the ca]ves Resprratory patterns often were errat1c and var1ed from sha]]ow
| vbreath1ng and pant1ng to breath ho1d1ng and Tabored breath1ng or. dyspnea
Spasmod1c cough1ng a]so was noted General]y, the above cond1t1ons ,':”
appeared to have 1essene by the last one or two days of exposure

Rather than produc1ng a pr1mary 1rr1tant effect as. d1d NH3, hé, S

appeared to have a d1rect degeneratlnq effect through cytotox1c nechan1sms

i:‘on the v1ab111ty of the exposed menbranes of the eyé - the conjunct1va and

f,cornea and of the nasa} mucous membranes At both leve]s of HZS s1gns
‘h‘>0f DhOtophob1a were eV1denced by strabwsmus and refusal to open the eyes

-y These responSes were partlcu]ar]y apparent when the chanber lnghts were

[CH
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\ .
switched on after the caTves ‘had beem in darkness overn1ght, and when the

i an1ma15 were exposed to dayquht in the weigh and hand11ng room (Figure 21)
. At 'the higher Teve]s, corneaT opac1ty was severe. (F1gure 22). In two
: notab]e cases, total corneal opac1ty restr1cted vision to the extent of
apparent b11ndness, “the caTves ran past doors and. bumped .into waTTs and
other ObJECtS The examining veterlnar1an (15) concTuded that. exposure to
20 ppm HZS for one week resu]ted 1n tissue damage to the cornea wh1ch coqu :
be cons1dered permanent in nature Even though the. worst of these Tes1ons‘
woqu probabTy heaT to- sattsfactory funct1ona] capab111t1es, there shoqu
be some res1dual damage At 150 ppm H S, suff1c1eht damage was present to -
weaken the cornea and cause keratoconus | This wou]d suggest that rupture
of the organ is. a very rea] poss1b111ty where an1ma]s m1ght be exposed to :
such Tevels for pertods of one week: or more.t The. eyes. of wh1te faced caTves
‘7fappeared to be the mos t suscept1b1e to 1nf1ammat1on - an effect that probabTy
51s reTated to_the light sk1n p1gmentat1on o B
Irr1tat1on of the mucous membranes was emphas1zed by 1nfTanmat1on,;
lcongestvon, nasaT d1scharge (F]gure 21) and hemorrhage or. eplstax1s of the - -
' -nasa] nenbranes The 1nstd1ous act1on of HZS at. 150 ppm, aTone and 1n
.:comb1nat1on with NH3, 1nduced vary1nq degrees of ep1stax1s 1n f1Ve out of
the six ca]ves exam1ned dur1ng the second repltcat1on Pronounced effects
'weré‘oﬁserved for the 150 ppm HZS - 150 ppm NH3 treatment Dur1ng Rep]1cate
.,}] bTood fTowed from the nostr1ls of one’ of the two calves exposed to th1s 5
.itreatment after 2] hours In add1tton as d1agnosed by the pres1d1ng '

veter1nar1an*, rumen funct1on was decreased in frequency and 1ntens1ty of

fmovement The an1ma1 was . treatéd‘w1th antib1ot1cs and an estrogen1c b]ood f!f:f

@

- f*z‘R;H;,Shute;'D.V.Mg,gteduC;VeterinarnydspitaT:mLéduc, A]berta;-'j;"wh“'
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clotting agent and turned out. Three days later, and apparently.fu11y

‘ recovered,,the steer was returnedvto the -test chamber on the premise that
a.repeat reaction would\confirm that gas,exposure was. the causativebagent.
Within‘23.hours,'a b1oody nasa]”discharge was again observed. In'accord;*
' both ca}ves exposed to the same treatment.in Replicate 2 exhibited seyere
epistaxis (Figure 22). s

| A genera1 tendency to hemorrhage has been reported in alleged
chronic manure gas- polson1ngs of catt]e,(67). Even in cows w1thout
manifest illness, | the b]ood coagulation tfme was pro]onged (16,109).

»Sa]]vik (109) noted‘that the coagulation was normaiized within a few hours

]

after stopp1ng ag1tat10n of 11qu1d manure wh1ch had produced about 1 ppm

'HZS in the an1maT area

“In conc]uswon, a]though the effects of H. S were def1n1te1y more

severe and extens1ve than those of NH3, the c]1n1ca1 observatlons ‘tended to»"d”

"~'obscure the effects of HZS and NH3 in comb1nat1on Eye ]es1ons were more y

consistently -

371for HZS alone suggest1ng that NH3 d1d not 1ntens1fy'
!fd might even have a spar1ng effect However, as

-previous; ”‘ the severe react1ons of the nasa1 mucous membranes to
" the highfa ;ure of HZS and NH3 wou]d sugqest an add1t1vz or

:act1on There appears to.be ‘no obv1ous expla,at1on‘foh,ia?

" synergistic]
“these diffen

; post exposure exam1nat1on conducted s1x days after gas
. 1nfus1on cedy

i_cases Howeﬁir, affected areas genera11y showed s1gns of heaT1nq, and no

{, c]1n1ca1 symptoms were st111 apparent 1n the more severe IR

'.;after effects were observed Deta1ls of the four c11nica] and oross :;i :f_'” :

T e
'.cpatho]og1c exam1natwons of the calves are. 1nc1uded 1n Append1x 3

e
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3., . Production and Performance”Data.

3.1 Feed and Water Consumption.

JData on'the effects of NH3 and HZS on feed,conSUmbtion are éiveni
in Table ]2.;~Figure 23 presents the average daily feedmconsumptions for
the pre (control)-, gas- and post- exposure per1ods Ammonia a]one'at any
treatnent Tevel did not have an apprec1ab1e effect on mean per1od
consumptions. The natural background NH3 concentratjons apparently did
not adversely affect'appetites of the control (QH S -QONH ) ca]ves over
the three week trial, as 111ustrated by the s1m11ar mean per1od va]ues of
.course, the possibility exists that appet1tes of all ca]ves were suppressed
-:by the background NH3 even bef;re the test per1ods began, i.e. dur1ng the .
adJustnent per1od thereby misrepresenting the pre exposure 1ntakes as -
being normal. However, if such were the case, consumpt1on of the contro]
anima]s woqu be expected to dec11ne as t1me progressed -Actual]y, the L
o maximum. mean per1od 1ntake_of the contro]s was recorded for the second week';
of exposure when the background NH3 concentrat1on averaged 18 ppm -
.approx1mate1y 3 ppm higher than e1ther of the other per1ods Th]S argumeﬁt <£}§
is demonstrated more emphat1ca11y by the 65 ppm NH3 treatment 1n wh1ch |
consumpt10n dur1ng the gas- exposure per1od 1nCreased 9% above the pre- i
exposurelﬁean, and then fell back s]1ght1y in the post-eXposure per1od

Even though the h1gh Tevel of NH3 a]one d1d not reduce the mean D y
gas- per1od 1ntake any more - than 0 6% consumpt1on dropped by 16% on day 1 f;V
V'i‘of 1nfus1on before return1ng to norma] the next day Th1s 1n1t1a1 dec11ne;
along’ w1th the abrupt 1ncrease 1n feed consumed after the gas was turned

off suggests that 150 ppm NH3 may have suppressed appet1tes

Hydrogen su]f1de a]one at both low and hwgh 1eve1s reduced _.
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) faverage intahes durinq the gas period by 3.5 and 26% respectfue1y, compared
to\the pre-gas means. fxposure-to 20 ppm HZS reduced intake by as»much asi
14% on day 2 and normal consumption was not regained unti]_day-St The pre;u
exposure mean intake was-surpassed on days 6 and 7, suggesting‘that 20 ppm
HZS may onTy tenporari]y induce anorexia. Intakes for the post-exposure
‘per1od remained at about the same 1eve1 as that for- the 1ast two days of
gassing. At 150 ppm HZS’ consumpt1on decreased by112 5% on day 1 and |
'appetites were affected adversely throughout the rema1nder of thefgas
period. Intake dropped a maximum of 40 5% on dayf33and was still 22% below
norma1 on day47 Food consumpt1on recovered dur1ng the first day of post
exposure and 1ncreased thereafter toiresult in amﬁean per1od 1ntake 1. 5%
~ above that of the pre- exposure norm. i ‘u ' | |
Cons1deratfon of the H S and NH3 mixtures shows that 20 ppm HZS |
‘Q%th 65 ppm NH d1d not affect appet1tes any more severely than d1d 20 ppm |
HZS a1one Da11y 1ntake was not reduced until day 2 of gas exposure and
~ Was never more than 7% be]ow norma] The gas per1od mean- 1ntake was only
.',2 5% below that of the contro] period.  These resu]ts suggest that 65 ppm v
NH3, rather ‘thari hav1ng a synerg1st1c (1nten51fy1ng) effect wfth 20 ppm e
) H,S, may have either. a s1mp1e add1t1ve (n11 1nteract1on) or even an
" antagonistic (spar1ng) effect o }"_ o s-f--" ”. :AH fﬁ _
The conbwnat1on of 20 ppm HZS and 150 ppm NH3 caused the ﬁban 'f’A“
h qas per1od feed consumpt1on to decrease by 6. 5% ~ Since th1s 1s approx1mate--

ly twice the percentage reduct1on than that for 20 ppm H2$ a]one, the h1gh

'NH3 level may add to or poss1b1y potent1ate the action of H2$ As such

the ear11er suggest1on that NH3 1n conb1nat1on w1th st\may have a spar1ng j‘ ‘,”

effeciino 1onger appears va11d Intake dropped on day 2 gf gass1nq and

| reached a 1ow of 82% of the pre exposure norm o@ day 7 Consumpt1on djd P

o
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not return to norma]‘untij stx days later. According]y,_this was the only
treatment for which mean post-exposure intakes failed to exceed the controi *
norm when @ reduction in consumption had‘occurred during the qas‘period.

| Data for the 150 ppm HZS - 65 ppm NH3 treatment reveal that feed
intake dec11ned an ‘average of 19 5% during the gas per1od Th1s reductton
is not as great as that for 150 ppm HZS’a1one,‘wh1ch c;ncurs with the |
'preyious suggestion ‘that 65 ppm NH, does notvappearlto jnténSify the effects
of HZS The. trend in(loss of appetite was'simi1ar to that for the high |
level of HZS alone, except 1ess severe. The Towest intake rec0rded-on‘
'day 2, was 73%‘of~the-contr01 mean. Norma] am0unts of feed were consumed
during the first day of post exposure " | - .

| . The most drast1c reduct1on 1n'feed 1ntake resulted from exposure
to the.h1gh levels of NH3 and HZS together Averaqe consumpt1on for the ‘ |
gas- exposure per1od was 32. 5% below that of the control per1od Inappetencefv
was evident durtng the ent1re week, w1th 1ntake fa111ng 50% be]ow norma] by
! day 2, On the 1ast two days, consumpt1on recbvered to- 80% of norma1
One day after gas f]ow ceased, the pre exposure mean. 1ntake was surpassed
Aga1n, in agreement w1th the 20 ppm HZS - 150 ppm NH3 resuTts, 1nd1cationsjm
N are that NH3, at the h1qh concéhtrat1on may 1ntens1fy the adverse effect
of HZS on feed consumpt1on At ]east the effects of 150 ppm NH3 and 150
ppm H,S appear ‘to be additive. h SR
- Ana1y51s of var1ance (Append1x ) showed that neither:the'main

factors (HZS and NH3) nor the s1mp1e 1nteract1on,of HZS and NH3 were
s1gn1f1cant1y d1fferent However, the d1fference 1n feed consumptton
Bgtween per1ods was hlghly s1gn1f1cant (P 0 01) as was the 1nteract10nip3yl
between per1ods and HZS 1eve1s Flgure 24 shows ‘the nature of th1s .
'.] 1nteract1on. In add1t1on, the d1fference among days was s1gn1f1cant

%

I3
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(p <,0.055‘ “For reasons presented in the preceding dtscussionpandh-
with parttcu1ar reference.to the;response curves of‘ngure 24,]theA'
.stgnificant adverse:effects on feed consumptton‘can.be attributed'
primarilyttofthe 150 ppm_HZS factor level. | |
Means of da11y water 1ntake are presented in Table 13 and
shown graptha]ly for each per1od in F1gure 25, As‘was the casepw1th"
| ' feed,consumpt}on, NH3 a]one at background,.1ow or high;1eve1s =
apparently did not suppress;water:intahe.i‘Inffact,:consumption tor ;
all three treatments increased during the.gaS—exposure period-:which-:
m1ght suggest a d1rect corre]at1oh between NH3 concentrat1on and
greater degree of th1rst Seem1ng]y though no such relat1on can be o
ascégged s1nce)the h1gh NH3 1eve1 caused the 1east 1ncrease 1n m
consumpt1on Furthermore e]evated post-exposure mean 1ntakes of 5. 5.ﬁ
and 13% above those at concentrat1ons of 65 and ]50 ppm respect1ve1y,i:‘w
"would tend to refute the poss1b111ty that NH3 enhances the des1re to ‘
' dr1nk Instead the margwna] 1ncrease dur1ng the 150 ppm NH3 exposure\
compared to the re]at1ve1y ]arge r1se for the post exposure per1od
-i‘_1nd1cates that the effect of NH3, 1f any, is. to 1nh1b1t water consumpt1on
| The 20 ppm HZS treatment showed a very s]1ght consumpt1on |
1ncrease for the gas per1od but at 150 ppm HZS mean per1od 1ntake was
'_on]y 75. 0% of normal Nater 1ntake at the 1atter concentrat1on decl1ned -;vf
25, 5% dur1ng the f1rst day and then rema1ned near]y constant throughout L
R the»gas per1od Nhen the HZS 1nfus1on ended consumpt1on for the 20
 ppm- treatment aga1n rose s]ightly, wh11e the des1re to dr1nk recovered
1mmed1ate1y for the calves exposed at 150 ppm, the average post-

:exposure consumptlon«almost equa111ng that of the control pertod

Y
\
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Both 20 ppm and 150 ppm HZS in comblnatlon W1th 65 ppm NH
 caused 12. 8A dec11nes in mean per1od consumptlons For the Tow

TeveT HZS - NH. mtxture, th1s 1nd1cates a far more severe curta1lment

3
of water 1ntake than for e1ther gas concentrat10n alone when in. fact,
'. ntakes had 1ncreased sT1ghtTy Incons1stent1y, the 150 ppm HZS -
~j65 ppm NH3 treatment caused a Tess drast1c reduct1on in. consumptlon |
than d1d the h1gh TeveT of HZS aTone Intakes for. the Tow Teve]
comb1nat10n rose to just beTow normal- on day ! of post-exposure and 'Tvgb

: rema1ned so’ dur1ng the subsequent days. In contrast ‘the caTves f‘: <
"subJected to 150 ppm HZS and 65 ppm NH3 consumed more water than normaT .
;dur1ng the ftrst post exposure day and cont1nued TLXewgﬁe for the rest o
of the per1od, surpa551nq the pre-exposure mean by 7. 5A | i
d. AT The h1gh TeveT of NH3 1n comb1nat1on w1th 20 ppm HZS decreased
'nean 1ntake by 5 5% wh1ch is not as severe as the low TeveT comb1nat1on

.However, s1nce consumpt1ons dur1ng the gas~ and post~exposure per1ods

,*for both of these treatments were s1m1Tar, the adverse effects of the

‘ -”conb1nat1ons probabTy are s1m11ar also On the other hand 150 ppm

: "NH3 appeared to 1ntens1fy the effect of 150 ppm HZS w1th th1s treatment

havtng the most drast1c reduct1on 1n consumpt1on A sharp drop of 44%

- "on day ] of gas. exposure tended to recover during the period to a

‘*smax1mum of 72% of normaT on the Tast two days The gas per1od 1ntake
ffaveraged 34 5% be]ow the controT mean Two post-exposure days passed

'“7ﬂlbefore consumpt1on atta1ned the normaT Teve] but the average pertod

L i % ake equaTTed that of the pre-exposure perlod

| ?ﬂ};fgﬁ‘ The var1at1on 1n reSponse d1ffered sign1f1cant1y (Append1x 4) ?;’:
‘u'xfor exposure per1ods (P < 0 01) and aTso for the 1nteract1on between *

C o H 2, TeveTs and exposure pertods (P < 0 05) Th1s 1nteract1on is Tfff"*



ar,

45

[ PRE -
GAS o
WrosT . A

E-3
o
T

N

(gallons-/dq)-()
S .
an
N

‘\\ e

W
o
T

=

. WATER

AN

25¢

Y

'2:0H2'S o -

~n

D
%]

NH 'O 1.2 .0tol b2 0 T2 e

" Fiqure 25. “Period means of daily water consumption per calf: =~

©

(oollons/ calf/ d.oy‘)

sk

WATER

cooaolaer o
T URREL e T GAST
© L% .. EXPOSURE PERIOD-

- . . v

. Figure'26.  Interaction of exposure period:and hydrogen: -

~+ .sulfide concentration on water consumption. " A

o

. ;‘Q"v o



- 126

i]]Ustrated tn,Figure 26. As,with the trends in feed consumption, a

| negative response to the highiHéS teve]I(tSO ppm) accounts 1arge1y e
- for the d1screpanc1es in da11y water intake between perlods A
'51gn1f1cant (P < 0. 05) 1nteract1on between days and periods, S1m11ar1y, -
can be attr1buted ma1n]y to the 150 ppm HZS level, notab]y in e

: comb1nat1on w1th 150 ppm NH3

Feed and Water A _
| ‘ Genera]]y, NH a]one at background (15 ppm) ]ow (65 ppm)‘ori o
high (150 ppm) 1evels had 11tt1e or no adverse effect on feed and
.jwater consumpt1on In contrast HZS alone- reduced feed 1ntake by
-',amounts proport1ona] to concentration, i.e. by 3 5 and 26» at 20 and
150 ppm HZS respecttve]y The- h1gh 1eve1 of HZS decreased water
‘:consumpt1on by the same percentage as feed whereas the ]ow HZS ]eve] -
.d1d not appear to affect water 1ntake 5 ' | .“ -
Data for the 65 ppm NH3 - HZS comb1nat1ons 1nd1cated that
.vappet1tes were reduced no. more severe]y by the gas m1xtures than when

25 at e1ther 20 or 150 ppm was 1nfused a]one. Water 1ntake dec]1ned

'vfor both treatments These resu]ts suggest that the effects of NH3 and.',é'-i~

HZS at these 1eve]s are add1t1ve 65 ppm NH3 d1d not 1ncrease the :
"'assault of HZS on feed and water consumpt1on The 1ack of a :

"»potent1at1ng 1nteract1on between HZS and NH appears to be SUpported o

tcf\by a report of Curtls et a1 (38) show1ng that 50 ppm NH3 w1th 2 ppm st?;7<"7 k

v',had no. more effect on pwg performance than d1d HZS a]one at 8. 5 ppm
On the other hand NH at 150 ppm seem1ng1y 1ntens1f1ed the
jfadverse effects of both 20 and 150 ppm HZS on feed and water F'f‘f.v !

’;f;g‘consumpt1on A1though these results suggest a possnb]e synerg1sm |

: _f:between HZS and the high level of NH3, the lack of Complete cons1stenqy"f;il'°“
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in resbonse to the']ow'and hjghNH3.concentrations'favors'a'repeat
proposa1 that the.effects of H2§ and NH3 are-additfve |

o For all treatments causing anorex1a, the effects usua]]y were

/apparent dur1nq the first. day of gLs ‘exposure or short]y thereafter |

) w1th s1m11ar rap1d1ty, in cases where feed consumpt1on was - suppressed

'throughout the. 1nfus1on perlod appet1tes genera]Iy‘recovered one or

“two days after the gas flow. ceased .These trends 1n_responsehalso.he]d:

true for water 1ntake | - A

F1e1d measurements conducted in cowsheds by Noren et a] (97) _f;

found no HZS 5 to 10 ppm NH3 and 1500 to 3000 ppm 002, as lono as

11qu1d manUre rema1ned und1sturbed : Under these cond1t10ns, the des1rev =

of ca]ves to consume food and water wou]d not appear to be apprec1ab]y B

B affected However, other workers have suggested that pract1ca1 levels ,

or1g1nat1ng w1th1n a catt]e bu1]d1ng can reach 20 ppm H,S (120) and

30 PPm NH _(55). - The resu]ts 1nd1cate that such gas concentrat1ons f'7l .

cou]d we]] be detr1menta1 to the performance of ca]ves Dur1ng mtxxng

;f operat1ons, gas concentrat1ons at an1ma1 1eve] have been reported to 1;i75"

range from ]5 to 600 ppm HZS (55 68 97) and up to 700 ppm NH (55)

Barr1ng death a drast1c and 1mmed1ate reductton in consumptton wou]d
nbe expected under these c1rcumstances ;;hl';ff;f;;if‘i‘Q;‘nﬁ:e;f
| A]though the mechanlsms 1nh1b1t1ng the des1re to consume .
5:{food and water are not 1ndlsputab1y obvaous, several possab111t1es fipgfaf

xfex1st One of the most 1og1ca] exp]anat1ons 1s that the gases may

"»1e;have reduced the pa]atab111ty of the feed and watem 1n‘_hevmangers

;3;hTh1s effect may be app11cab1e part1cu1ar1y to the des1re to drlnk as -Iﬁf*f {;[

| };both HZS and NH3 are so]uble in water at room cond1taon3ameReasons

N support1ng th1s suggestlon are that water 1ntakes d1d not show a

- r/ -

aa] o
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'Vtendency to recover over the gas period as did feed consumpt1on Furthermore,

when the water palls were cleaned out f0110w1ng the Tast day of gas
_exposure a d1st1nct odor of HZS cou]d be detected Presumab]y the
' more soluble NH3 was a]so present in chambers that rede1ved NH3 1nfus1on,
:jbut since the odor threshold of man for NH3 is h1gher than that for H2
"k,ats presence may have escaped detect1on The supp]y of fresh water
: 1mmed1ate1y after the gas- exposure per1od a]so may exp1a1n at least :A‘
part1a11y, the rap1d recovery of water consumpt1on . _
_ Pursu1ng the same subJect, perhaps the restr1cted 1ntake of
water caused a decrease in feed consumpt1on, an. 1nteract1on wh1ch has_i»h
i been found w1th dry Ho]ste1n cows (112) Posswb]y the drive to consume f_f
’food overcame the effect of water restr1ctlon dur1ng the 1atter days
o of gas exposure, thereby account1ng for the trend to rega1n appet1tes._‘_ wf -
. However whether an 1mmed1ate decrease in feed consumpt1on cou]d be :
_due s1ngu1ar1y to a synchronous decrease 1n water 1ntake 1s doubtful 25
Another poss1b111ty, as suggested by Hays (58), s that the ;."
reduced feed and water consumpt1ons were due to the effect of su]flde
l_on the taste receptors, or to decreased sa11vat1on Wh11e HZS c]ear]y
:-‘was the more detr1menta1 factor 1nf1uenc1ng appet1tes, the apparent
.1iobserved eagerness of ca]ves exposed at even the h1gh cbncentrat1ons to

= consume fresh feed wou]d tend to refute th1s proposal = at ]east WTth

~{*respect to feed

Swnce H S has neuro]ogical effects of headache and

:tfgastr01ntest1na1 d1sturbances 1n man at concentrat1ons below 150 ppm

:1; (91) the occurrence of s1m1]ar symptoms cou1d be understood for cattle

h;'fhays (58) has reported that hypotha]am1c centers 1n the bra1n of goats

',rhave been shown to qontrol feed and water 1ntake and hence neura1 e
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s
“control of appetite and thirst"could'pOssibly be affected with exposure o
to'HZS.‘ Because the mammalian body reportedly has the ability,to

rapidTy'OXidize'HZS in‘thelblood (66),’the prompt\reéoveries»after the

gas was turned of f appears feas1b]e

3.2 : L1ve Welght Ga1ns
S1nce feed and- water were not w1the1d prior to we19h—1n and

the exper1ment was of’ re]atwvely short term, 11ve welght changes

largely would be expected to ref]ect 1mmed1ate d1fferences in consumpt1on_f, :

o and body f]uid content w1th th1s acknowledgement average daily ga1ns~_

and feed convers1on eff1c1enc1es cannot be cons1dered as hav1ng abso]ute o

‘ S1gn1f1cance : However, the we1ght data ﬁgab1e 14) 1nd1cate some

' ~1nterest1ng trends. As shown in F1gure 27 'NHé and the 1ow HZS treatmentSf,' '

. did not appear to apprec1ab1y affect we1ght qa1n as evidenced by the

]s1m11ar gains .for the gas and post exposure periods The fact that some
" of the calves, notably those exposed to 150 ppm NH3 and the NH3~- 20 ppm :_,”
QHZS comb1nat1ons,é%educed feed' and water 1ntakes durlng exposure may W
- 1nd1cate~a retent1on of body fluids due to. 1nfrequent ur1nat1on ’ .
| ~In. compar1son changes at the h1qh level H S treatments would
'suggest that these exposures have an adverse effect on we1ght galns, f;-a-v7

f'the 150 ppm HZS - 150 ppm NH3 comb1nat10n even caused an apparent 1oss

,f_eof weight Granted th1s we]] may be due to decreased consumpt1on and

B 1oss of body water through scour1ng Nonethe]ess the 11vewe1ght

Jdga1ns d1sp1ayed dur1ng the post-exposure period are of relevance These

'\ﬁfresults would suggest firstly that exposure for up to one week at even ‘fiffwi”’

I

v .
the h1gh gas 1eve1s may not have an extended detr1menta1 effect on

'f:‘11ve we1ght ga1n = the ca]ves appeared to recover from any set—back

'p' W1th1n a few days Such occas1ons may occur 1n pract1ce whenamanure
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pits are cleaned out.’
Secondiy, ‘however, if trends exhibited by calves at the. high

HZS treatments were to be continued for weeks or months rather than |

days, 1ndications are that weight gains wouid be severeiy curtailed

Aithough exposure to the elevated TeveTs that 1nduced this reSponse may

be unrealistic, equ1vaTent effects would appear pOSSibTe for proionged -
: exposures to the NH3 - low H S levels since feed and water intakes were
' suppressed by these treatments | | |

4, . _hysioiogical Data

4.1 Respiratory Rate L
_‘ The mean respiratory rates are presented in TabTe 15 whiTe E

changes in the rates for each period are iTTustrated in Figure 28 i |
Mean frequencies for the controT caTves tended to decTine over the triai
ifrom a pre-exposure high of 85/min to a post-exposure Tow of 78/min |

: The decline probably was ‘due nnre to a progressive adaptation to :.- |

. chamber conditions than to the effects of background NH3 This conten-

5§tion however “does not" exciude the possibility that proTonged exposure 1‘

_to such Tow TeveTs of NH3 may tend to depress respiratory frequency

B Ammonia aTone at 65 ppm caused a 3/min increase in rate whiTe at 150 ppmy;j,"i

‘ . ;pthe rate decreased sTight]y by T/min.‘ These resuTts indicate that NH3
does not affect respiratory rate 3ufficiently tgishow definite '_ '
4Tresponses NevertheTess the apparent increase at 65 ppm and decrease
ih,lpat 150 ppm suggests that Tow and high TeveTs of NH3 might affect the 4
f‘.,:respiratory system different]y. "\. ”_' BRI :' fv_}__
| ;.;p vl As with NH3, the changes caused by HZS alone were fair]y _7~"“ |

a txinconsistent and indecisive At 20 ppm, HZS induced a rise of
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approximate]y 3/min utereas 150 ppm caused a decrease in rate of about
3/min Likenthe NH3 exposures,lthese responses suggest that HZS
conceisably may. elicit different or even oppos1te effects at low and
high concentrations For both HZS and NH3 aione, frequencies during the
post-exposure period averaged above norma] at either lTow or high 1eveis
This couid be compatible with a genera] tendency for HZS and NH3 to -
"‘suppress respiratory rate The ]owest rates for both HZS and NH3 alone '
at 150 ppm océurred on day 7-of»the gas period However, a 51miiar
tﬁend was noted for the controi ca]ves. suggesting that aithough
respiratory frequency was lowest during the high level exposures, the .
decrease might not be- attributab]e to the effects of the gases - at
least not entirely | ‘ | ‘ | |
. . Neither combination of 65 ppm NH3 with 20 ‘or 150 ppm HZS -
‘appreciabiy a]tered the effects of HZS aione However, when 150 ppm
"NH3 was mixed with HZS changes were noticeable Rates for the 20 ppm .
HZS - 150 ppm NH3 combination heid constant over both the pre and qas |
‘periods but dropped 2/min during post exposure This response suggests ,
that the actions of HoS and NH3 are probably additive i‘
The only substantial decrease in respiratory frequency occurred‘ff
, w1th the ]50 ppm NH3 150 ppm HZS combination Rates were depressed . B
’_from a pre-exposure norm. of 87/min to a gas period average of 63/min |
"Since this change was. drastic in comparison to the other treatments,}
o possib]y HZS and NH3 at high ieve]s interact synergisticaiiy to 1ntensifys@
'van assau]t on the respiratory system Frequenc1es for the 150 ppm NH3
-150 ppm HZS exposure decreased during -day 1 of gassing -and a i;; of :

'.52/min was recorded on day 7 Aithough degree of depression appears to o
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correspond'with time exposed, the,irreguiar decline,.as weii as the
comparable variation in rates exhibited by the control calves, leaves.
any proposai of an-apparent trend in daiiy reSponse-without’foundation |

' That the various gas treatments did not Significantiy affect
respiratory rate is affirmed by the ana]ysis of variance (Appendix 5). |
Only the interaction of days and periods was Significant (P < 0.001).
A discuSSion of this variation is meaningiess‘because of the_erraticeand
inconsistent f]uctuations-in daily rate5'~a1soesimiiar daiiyjtrends were:
exhibited by ai] treatments, inciuding the contro] o |

Hays (58) has suggested that respiration rate per se may not

| necessariiy be a reiiabie means for quantifying respiratory efficienqy
~Resu1ts in this study wouid tend to support this view. especia]ly at
the Tower exposure Tevels of NH3 and HZS' HOwever. Sa11v1k (109)
‘reported that respiratory rates of cows were considerably higher when the;
HZS concentration in the respiration area was about i ppm, for some cows,‘

rates increased as much as 25/min above a normai vaiue of approximateiy ,7

30/min. As mentioned previousiy. the 20 ppm~H25 treatment caused an
n_’appaéent increase in frequency, suggesting that one effect of HZS at |
‘these low 1eveis may register as an increase in respiratory rate N

Hays (58) reported that frequencies decreased significantiy in goatsf'

' ’v_exposed to 100 ppm H2 ,which agrees with the trend observed for the :;1_;1

: caives at 150 ppm HZS Perhaps an infiection pOint exists where thel"zt:
;feffECt of H25 on the- respiratory centers in the brain changes from -
stimuiation at. iower concentrations to depression at higher vj‘
aconcentrations o | | N B | RN -

‘ Variations in response Simiiar to those noted for HZS wereo}_'y

t indicated at the iow and high 1eveis of NH That is rates appea ed ::f

]
/
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to be relatively unaffected or even increased at thehlow concentrations, -
‘but were slightly reduced at the high COncentrations. ‘This response
may be enlightened by recalling that the severity of. irritant action y"

does not vary in proportion to gas concentration mu]tipiied by the

duration of exposure A high concentration for even a short time has
an. intense effect, while reducing the concentration by one- haif ailows an -
irritant to be withstood for much more than twice as. 1ong'with less
'f\effECt (60) Consequently, thﬁ high levels of - HZS and NH3 probab]y
| resulted in a more than proportionate assau]t on the membranes of - the
'respiratory tract. Therefore NH in particular may have had 1itt]e
) effect at the low level, whereas a. reduction in respiratory rate at the
high 1eve1 couid have been due to: irritation of the upper respiratory
litract cauSing subsequent constriction of the 1arynx and bronchi a

N Hydrogen suifide, being 1ess so]ub]e than NH3, has a more
lexten51ve Tocus of action in the respiratory tract Hence the 1ungs
may be severeiy 1rr1tated The substantiai decrease in respiratory -
rates observed for the 150 ppm NH3 -‘150 ppm st treatment may be due
| to the combined attack of the two gases. resu]ting in puimonary edema
' This condition seriously interferes with exchange of 02 and CO2 Since ::h
iess edematous areas tend to be hyperaerated the 002 1eve1 1n the | |
'biood may be reduced beiow normai inducing an aimost proportionai
H _decrease in voiume of breathing (60) ' o

Residng respiratory frequencies for catt]e in the 300 to i]OOZ;;ﬁ

- -'1b weight ranqe are 30 to 34/min (119) The ayerage pre-exposure ,"

f reSpiratory rate for aii ca]ves-was BO/min, indicating that most’

'animais were stressed to some - degree during this period and hence :?J'f

-over the entire trgai Consequently, even though abnormal respiratory-;A-f

“"
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patterns definiteiy were suggested from v1sual appearances during the gas-
exposure period mahy- changes may not have been refiected distinctiy
in the aTready eTevated and unsteady respiratory rates | .

4.2 Rectai Temperature

Rectai temperature data are given in Tabie 16 Figure 29
1iiiustrates the ‘mean temperatures for each gas treatment and exposure
.period. During the experiment the controi caives maintained an’ average o

| body temperature of 39 11° C within a range of 0 10°C indicating that

.._.background NH3 TeveTs had little or no. effect on homeothermy Simiiariy;1fx
-the mean temperatures of: ca]ves exposed at 65 ppm NH changed by Tess

.'_ than 0 10°C over. the three periods However, the highest daily average : -

"-(39 55°C) was recorded on day 4 of gas exposure while the Towest s 3
: temperature (39 00°C) oCCUrred on day 7 of the same period The TSO ppm
.NH3 treatment caused a comparativeiy Targe increase in temperature. |
| Pre- and gas period means were 39, 16° nd 39 32°C respectiveiy, WTth a.
'peak value of 39 50°C being recorded on day 4 of gas exposurei Temper--'
ature had deciined to almost normaT by day 7 These responses suggest
,‘that NH5 particuiariy at 150 ppm, did affect body temperature during
}'1'the initiai “four days or so, but the animais were capabTe of attaining |
"~near normai ieveiskwithin the foTTowing three days T' | “" "

| The effects of 20 ppm HZS aTone did not appear to be ,t..i

Aapprec1abie Mean temperatures increased by oniy 0 02°C during

Hsuccessive periods The mixture of 65 ppm NH3 with 20 ppm HZS caused

iﬂ; temperatures to ciimb no more than did the Tone HZS treatment However, “4f

: f~the highest (39 78°C) and iowest (39 08°C) temperatures occurred during

' fthe gas. period on days 4 and 7 respectively. The combination of

O 3150 ppm NH3 a"d 20 PPm H 3 had essentiaiiy no effect on the gas-,.,.: o

“igperiod mean vaiue Again though the highest daiiy temperature
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: was recorded during the gas period The 1ncrease from 39 08°C on - day 7 |
of pre-exposure to 39. 32°C on day 2 of gas exposure sugges;s that this
‘,treatment hed some effect on body temperature Somewhat unexpectediy,
'.the iatter HZS - NH3 combination apparentiy had iess effect on body |
temperature than did elther gas ievei aione This wouid suggest that
7 the combined effect of 20 ppm HZS and 150 ppm NH3 1s, at most, one of
"_Hsinpie addition . o R
- | Either alone or in coubination with NH3, 150 ppm H
"con51stentiy eievated mean rectai temperatures for the gas. period
A‘The treatment with HZS aione at this ievei recorded pre- and gas period
'vaiues of 39 31°, and 39 52°C respectiveiy The 150 ppm HZS-- 65 ppm NH3 7
mixture caused an increase from a pre—exposure norm of 39 19°C to an -
| average 39. 41 C over the gas period whiie the high 1evei combination |
| "had corresponding vaiues of 39 ]6° and 39. 36°C The equivaient effects
~of the three. treatments as ii]ustrated by the simiiar temperature ff"
- 1ncreases between the pre and gas periods, supp]ies additionai evidence -fff
. that synergism does not occur with HZS and NH3 Furthermore, this "5”»
~.Fsuggests that HZS was the predominant factor affecting rectai temperatureel
: Foliowing the same generai trend noted previousiy for the 65 |

. ,7and 150 ppm NH3 treatments and for the 65 ppm NH - 20 ppm HZS

| 'f!combination highest temperatures durinq the 150 ppm HZS treatments

were recorded near or on day 4 of gassing,_but approarhed normai by the
"uiast day of gas exposure Thus, there appears to be a thermai controi

'_‘mechanism that has the abiiity to compensate for the effects of the

B &‘gases and subsequentiy return body temperature to normai.‘f;°jl"f‘”’:"“

where temperatures were eievated by gas exposure, some cases
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exhibtted post—exposure means‘below those of theapre-eXposure'n0rma1;~
while others'shOWed the opposite tendency There appeared topbe no
.cons1stency in post eXposure response as assoc1ated w1th treatment
| w1th reference to the ana]ys1s of var1ance (Appendix 5? a
y s1gn1f1cant d1fference (P < 0 05) between per1od mean vaIUes can be
- large]y attrtbuted to the 1nteract1on of periods and HZS leve]s, as shown .
in F1gure 30. Th1s s1gn1f1cant (P <'0. 05) 1nteract1on,1n turn, is :
‘Zpr1mar11y due to ‘the effects of 150 ppm H S wh1ch caused a re]at1ve1y
'.apprec1ab]e_r1se in recta] temperatures when a]one>and in combinatton pf'
~ with both 1evels of NHj. - F1gure 30 a]so 111ustrates an 1nterest1ng
.'trend perta1n1ng to the aforement1oned apparent abillty of the ca]ves to f’
:'recover normal body temperatures As hypothes1zed, at 150 ppm HZS the o
“‘compensatory mechanlsm establlshed post-exposure temperatures near the ',;":

- pre- exposure 1eve1 On the other hand ca]ves exposed to 20 ppm HZS

| fexh1b1ted post exposure temperatures below the pre-exposure norm Perhaps -

-~ the s]tght11ncrease 1n body temperature dur1hg exposure st1mu1ated the

'._recovery mechan1sm to over-compensate, caus1ng sub norma] temperatures

- fA subsequent re-adJustment of- thermal equ111br1um may part]y exp1a1n the o

”f..‘s1gn1f1cant (P < 0 001) sources of variat1on The response curve of

r1se in temperatures durlng the post exposure per1od (Figure 31)

Days, and the 1nteract1on of days with perlods were hwghly

‘.fda11y average temperatures for the eXposure per1ods (Figure 31)
-,111ustrates the genera] trend of temperatures dur1ng the gas per1od to

:1fincrease up to day 4 and subsequent]y dec]ine back to or be]ow normal

| '.'by day 7 From prev1ous d1scus510n the pronounced changes occurring

e‘over the gas per1od are probab]y due aga1n to the 150 ppm HZS treatments
| Cranston et al, c1ted by Hays (58) have reported that fever 1n
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- mammals is very COmmon with the inf1ammatory process associated uith f\yi '

1nfect1on ant1gen—ant1body reaction or necros1s As;expounded‘by '

Hays (58), endogenous and. bacter1a1 pyrogens affect the thermoregulatory

apparatus of the hypotha]amus L1ke1y, exposure to HZS and NH3 |

part1cu1ar1y at the hwgh 1evels produces 1rr1tation wh1ch then cou]d

be respons1b1e for the 1ncreased body temperature | Since HZS is’ a1so

a system1c po1son, 1ts effect on the hypothalam1c 'set- p01nt"’ could a]ter

'.the state of homeothermy A counter—adJustment in, output from: this

'contro] center may exp1a1n the apparent recovery of norma] body tempera- o

tures N | _ L ‘_ . N S

| '. A]though temperatures d1d not reach the 40. 5 to 41 7°C range [

| recorded in most catt]e dur1ng the 1n1t1a1 stages of respiratory d1sease 1:

(57), average da11y temperatures for some treatments surpassed 39 7°C -{p G

2 va]ue wh1ch’ accord1ng to. Hanson (57), 1nd1cates a fever Th1s wou]d

suggest 1nf1ammat1on of the resp1ratory tract and a probab1e lowertng of

bodle resistance - factors that wou]d be expected to pred1spose a calf

l_ to resp1ratory tnfect1ons Body temperature, then wou]d appear to be a-
jzrelxable and effect1ve 1nd1cat1on of hazardous exposures to h1gher 1evels ;

-of st (150 ppm) such as m1ght occur when 11qu1d manure 1s ag1tated in a 7/

 cattle facility. v,, o | o ‘

.:_S.{f, ‘a‘Hemato__chal Data

5,1;;;Af:78100d Chem1stﬂy

In the presence of oxygen, hemoglobtn reacts w1th HZS to form

'f_:fa green1sh compound ca]]ed su]fhemoglobin (39) whether ox/hemoglob1n

;or other der1vat1ves of hemog]ob1n react direct]y w1th HZS remains It'jﬁgt[;;f

obscure Apparently, su]fhemoglob1n cannpt transport oxygen nor be
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: . o C S ,
reduced back to hemog]objn; it xemdins in the corpuscles until "they

.'break down (39)

Laug and Draize (75) have asserted that the blood of rabb1ts&
whose skin was exposed to NH4HS carried from 10 to 20% satUrat1on W1th
su]fhemoglob1n ' However tests conducted for all treatments and ;‘;
”per1ods dur1ng Rep11cate 1 to detect su]fhemog]ob1n in the b]ood of the o
calves were negative. . This suggests that HZS may not react with |

'hemog]ob1n 1n the b]ood of catt]e to form su]fhemog]ob1n At 1east,_1f

. analys1s for su]fhemog10b1n does not appear to be a- re11ab%e

‘1nd1cat1on of exposure - to H. S a]ong or in comb1nat1on w1th NH N

5.1.2 N1trogenous Substances,
~ 5.1.2.1 - Amonta:’ R ,
‘_i The re]evance of blood NH3 to veterinary c11n1ca] patho]ogy
has’ been discussed by Medway et al (89) Th1s s a h1gh1y tox1c '
'._compound and is usua]]y in very low to- non-detectable 1eve1s in mamma]ian
blood plasma Norne]]y, NH3 is absorbed 1nto the b]ood from the 1ntest1ne |
’ .and carr1ed to the 11ver where it 1s converted to urea “In rum1nants fedE
. h1gh ]eve]s of urea, absorbed NH3 and the resu]tant alka]os1s has been f'
;suggested as the cause of death Moreover when the 11ver 1s unab]e to
;detox1fy the NH3, hepat1c coma resuits \ﬂ o | '.‘ ‘d e
. - In this experiment blood was tested to discover whether

:hatmospher1c NH3 m1ght be absorbed 1nto the c1rcu1at1on, thereby possibly 2fb
5iupsett1ng the ac1d base regu]at1ng mechanism E]evated NH3 levels a1so
J ;have been described for an1ma1s 1n shock (39) Lo
| Mean b]ood NH3 values forlthe samples taken during the exposureb :

:per1ods are g1ven 1n Table 17 As shown 1n F1gure 32 most treatments, ;;f.

,jv:1nc1ud1ng the contro], caused s1m11ar changes Theuggnﬁralztrend Was. L
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for blood NH, to be 1owest at the pre- exposure samp11ng, to 1ncrease ¥

3

success1ve1y on days 2 and 7 of ga551ng, and to drop by day.7 of post- vg'
exposure, © Thus, a]though the means of the four samp]es were h1gh1y L
S1gn1f1cant1y different (Append1x 6) the source “of var1at1on cannot be ;
'attr1buted to any part1cu1ar treatments 3

_ The results m1ght suggest that blood‘-NH3 values werelsensitive
to-all exposures, even to the background NH,. Honever, the sudden |
decllne for the post- exposure contr01 sanple wou]d not appear cons1stentt
wlth the previous 1ncreases in b]ood content of NH3 Furthermore, the
responses were not proport1ona1 to gas concentration as may be expected
if atmospher1c NH3 d1d have a: dwrect effect on[b]ood NH3 S1nce NH3 :
- content apparently was affected more by the samp11ng ‘date and rep11cate
(Appendix 6) than by the gas treatments, changes in blood values are -
most 1og1ca1ly accounted for by the contro]]ed f]uctuat1ons of : homeosta51s :
or by dlscrepanc1es 1n b1ood co]]ect1on and/or ana]ys1s techanues |

_ Notab]y, ‘the results for Rep11cate 1 demonstrated profound 1ncreases
h_fduring the eXposure per1od while those for Rep11cate 2 were . ne1ther
‘apprec1ab1y affected nor did they exhibit comparab]e trends A review
of procedura1 methods failed to revea] any errors oﬁfreasons for e
;‘1nconsistenc1es ; Neverthe]ess the s1gn1f1cant var1ation between
rep11cates and. the s1m11ar responses for al treatments forego the cthi'”h

resuTts as 1nconc1us1ve and suggest that b]ood NH may not be a

re]1ab1e 1ndex of exposure to sub]ethal Tevels of HZS and NH3 gases

‘5 1 2 2 Urea N1trogen o oo B

' Of the tota] noh-prote1n n1trogen (NPN) 1n who]e biood the
”;ch1ef component respons1b]e for most of the fluctuatlons seen 1s urea,:.‘;;ff
'.wh1ch by 1tse1f may account for 40 to 50% of the tota] : Urea 1s o
-'produced by mamma]s 1n the 11ver as the end“product of prote1n

A"icatab011sm and 1s e11m1nated from the body ch1ef1y through the k1dneys

B \1.3

L S
g
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In rum1nants on a low prote1nbd1et blood urea is recycTedilnto the rumen.
E]evat1ons 1n NPN content of blood may be due to cases of renal
1nsuff1c1ency, fever, dehydration and cardiac fam]ure. In~a1]‘probab11tty,
the élevation in NPN can.be related to;eleration of blood urea nitrogen
(BUN)(89). | Sirice the clinical caseS'Tisted(abore have-been'referred to
in reports of an1ma1 exposures to manure gases, urea n1trogen appeared

to be a potentia]]y useful parameter to 1nvest1gate At present the

R tox1c1ty assoc1ated w1th uremia genera]ly 1s be11eved to be the resu]t

of the retention of many waste compounds be51des urea w1th urea perhaps'
pTay1ng a leading role as a protein denaturant, and 1n the formation of
_toxic breakdown products (89) S ;j "i ;th . ';f' "" :

Blood urea nltrogen va]ues aré presented in. Table T7 with the
fluctuations shown in F1gure 33 A]though the overal] caif averages on
the four samp]ing dates were s1gn1f1cant1y d1fferent (Appendix 6) the

' gas treatments: d1d ‘not have a s1gn1f1cant effect on BUN, 1ndicat1ng that
the d1fferences were pr1mar11y due to the samp]ing date and other
'1nf1uences The s1gn1f1cant variation between rep11cates (Append1x 6)
.suggests that ca]f age or body weight ney affect BUN concentration

Also the decreased feed and hence protein 1ntake of" calves exposed to
the h1gh 1eve1 gas treatments may have st1mu}ated BUN recyc11ng

However, this cannot account for the 1ncreases exhibited by the contro]
ca]ves and others wh1ch did not reduce feed consumption Based on the
normal range 1isted for catt]e BUN va]ues, 1 e 6 to 27 mg/]OO ml (89),
-the var1ations recorded, i.e. 6 6 to 13 8 mg/]OO ml probab]y were _ t_éﬂ'lr
~hmere1y reflect1ons of the’ ever-changing but contro]1ed composition of E

"norma1 b]ood f

A
TR
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5.1.2.3 Uric Acid.
Uric. acid is the end product of purine and pyrimidine:cata-'
‘Bolism in animals. The s1gn1f1cance of this compound in the blood of
mamma]s is unknown. However, since most domest1c animals, 1nc1ud1ng
catt]e are capable of converting uric acid to al]antain in the ]1ver.
L its e]evat1on in the blood has been' suggested as an 1nd1cator of ]lver
;_malfunct1on (89) | | |
a ~ The mean uric acid levels for the samp11ng dates showed
similar trends for all treatments (F1gure 34) That-is. qjst values
were highest at the pre- exposure samp11ng and lowest on the last day
of gass1ng Subsequent1y, the post exposure samp]es genera11y demon-'l
strated 1ncreases ' Thus‘ a]though means on: the four success1ve samp]ing
'_dates were s1gn1f1cant1y different (Append1x 7) “the responses do. not

7

appear to be en11ghtening nor dependent to any extent upon the effects

{ of the gas treatments L1keW1se the sign1f1cant interact1on between o
\sampling date and st concentrat1on (Figure 35) appears to be due more N f
. to the var1ation of- uric acid va]ues oh sanp11ng dates other than day 7
of gas exposure. Consequent]y, these var1attons are probably norma]
The overa11 mean content of ur1c acid 1n the ca]f serum was 0 56 mg/
100 m] while 1nd1v1dua1 samp]es ranged between 0. 25 and 1 OO’mg/IOO : .Tl'd
| i'm1 (Tab1e 18) /_f,_ L R j»-.ff_ fﬁ o "
53 Bﬂirubih B .‘S" B N
| ,. Bi]irubin formed 1n the ce]ls of the ret1cu10-e dotheTial
"system from hemoglobfn is excreted 1n the bile.. As such e}evation
of th1s piqment serves as a test of liver ma1function (39) Product1v1ty
‘:;15 the essence bf large anima] husbandry. and b10chem1ca1 methods may '

07:be emp1qy§d to assess the degree of 11ver function and hence the economic
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value of an animal However, in a chroniC'disease'with reiativeiyfsiow-
degeneration of 11ver parenchyma celiu]ar destruction must be |
‘extensive before the health of the an1ma1 is impaired a]so the
suggestion has been made that the estimation of serum bilirubin does B
~ not provide a very sen51tive 1ndex of ]iver function (89) | f
The overall means of bilirubin 1evels generaliy declined on
succeSSive sampiing dates (Tab]e 18), suggesting that 1iver function
of the calves was not impaired Furthermore the gas treatments d1d not
- 'have a gignificant effect on biiirubin (Appendix 5), nor d1d any sampie
v_exceed 0. 47 mg/]OO m] - the upper 11m1t for normal bovine serum (89)
'Indications, then are that bi]irubin tests did nbt a551st in evaluating
the effects of the various gas treatments in the ca]ves.g |

5 1.4 Serum Enzxmes. -

'3 1. 4 1 Glutamic Oxalacetic Transaminase _ o
- | EieVations in the activity of serum glumatic oxalacetic
transaminase (SGOT) can be aSSOciated w1th a]terations 1n ce]] necr051s

of magy tissues, hoWeVer, the concentration of this enzyme is higher in

5 musc]e ceiis than 1n other body cells (89) Pathology invoiv1ng the

' ;'skeletal or cardiac musc]e and/or the hepatic parenchyma aiioWs for the
ﬁieakage of 1arge amounts of the enzyme into the b1ood (73) Serum GOT

is "the most widely used serum enzyme determination in neuromuscular

- diseases of domestic animals (74) and Significant elevations have been

_5observed in muscular dystrophies of neariy a]i species (73) Furthermore, _;

’»experimentai work with anima]s.suggests that the degree of rise of

*'fff serum ‘GOT is reiated to the extent of myocardial necrosis while mild

’to moderate degrees of SGOT e]evation have been reported in some uman




- 152

,pat1ents w1th congest1ve heart failure and in those wlth marked
ltachycard1a (39) Elevat1ons of SGOT act1v1t1es also have been reported
1n white muscle dlsease of lambs and calves and myodegenerat1pn due to

| 1ngestion of toxic plants, in cattle (74)

Sample means of SGOT values are presented separately f0r

~Repl1cates 1 and 2 (Table 19) since a different laboratory was employed

/.

_:for each repl1cat1on Unfortunately, the laborator1es used d1fferent
'un1ts to express the amount of enzyme act1v1ty per volume of serum. |
: Var1at1ons between SGOT values measured dur1ng the f]rst replicate were f
not s1gn1f1cant (Appendix 7), and as shown in Figure 36 changes were-.
1nconS1stent Although rather sharp 1ncreases were registered for the
Tone 150 ppm NH and the lone 20 ppm HZS treatments these trends were
not exh1b1ted by the other treatments 1nvolv1ng the same gas levels
:.fact the 150 ppm HZS - l50 ppm NH treatment showed essentlally no
‘change in enzyme activlty, $uggest1ng that the 1ncreases,£as related to L
9as exposure were meaningless. In accord the s1gnificant sources of
'-avar1ation 1ndicated by the analys1s of varfance for the results of S
.Repl1cate 2 (Appendfx 7) appear to have no value fn 1nterpret1ng the rstﬂfti
effects of the gas treatments F1gure 37 1llustrates that the only
apprec1able 1nerease 1n enzyme level occurred in the control calves
fwTh1s response wheh compared to’the other treatments, notably those with

\ 150 ppm HZS where the most drast1c rises. if any, would be expected

‘»L:f appears 1llog1cal and perhaps even erroneous Furthermore, the changes f:_ii

*-fdisplayed in the two replicates for the same treatments were not

‘ﬂ.compatible (F1gures 36 and 37) Consequently, GOT determlnatlons 1n
';'cattle serum would not appear to be sultable for 1ndex1ng exposure to S
;;manure gases at the concentrations and duration applied in: this study

. \I,,'

fht%?y
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'-_*However, the p0551bility cannot be’ excluded that cases of different

.~and therefore, is rather non-speC1fic (89)

natures may exhibit elevated SGOT levels Post mortems on cattle killed
by nLnure gases have revealed extensive hemorrhaging and degenerative
processes in muscles and viscera, and encephalitis ‘while symptoms of ,

_ chronic conditions have 1ncluded tachycardia (67).

5. l 4, 2 Lactic Dehydrogenase
| actic dehydrogenase (LDH) is widely distributed in mammalian
‘tlssueS. beinq rich in myocardium kidney, liver and muscle (39) This o
lenzyme is- elevated in almost every process involv1ng necrosis- of cells -}Aﬁ\
| The daily means of all samples taken four times during the =
R jexperimentIWEie 51gnificantly different (Appendix 8) and exhibited
- Similar trends for both replicates (Table 20) The enzyme levels were
'lowest at the pre—exposure sampling date, increased success1vely on
s ,days 2 and 7 of gas exposure, and then dropped slightly by the last day
" of post eXposure Although the general reSponse appears plauSible, ;;Zf;;f
'fcomparisons among the ind1v1dual treatments and betweén the replications

',(Figures 38 and 39) cast some doubt on the usefulness of the data

Firstly, the treatments showing the most pronounced LDH elevations were

o f,.not those that might be expected to cause cell necrosis For example, ."f;vd

' %;7.while enzyme actvv1ty for the calves exposed to the l50 ppm HZS - l50

B ppm NH3 treatment in Replicate 2 was the lowest on day 7 Of gas exposure,},fﬁ

- the control calves exhibited the greatest increase in LDH Secondly,_ ff’}?[

':‘q response to the same treatment in each replicate was not conSistent

f'except that the more severe treatments according to gas concentration,

f'did not elevate enzyme levels any more than did the lpwer gas concent-f- :

-«:“_vrations Thirdly, the highest value during the second replicate was



-y

156

LT

L tspuun epiodg-asbiag +

s

8 L6S1

8°5¥91

8°0€ =
m.ommﬁ

RS

:v vsvlL

eig6  L'lge £2ls

_.#,wp m_ “W'3°S.
I P .

2'62S1
€846l
85891

2opSL
8°0£5L

572981

. £'€§ =
m L9l
Lo Loyl
§-2991L

85551t

‘W' 3°S.

2 9091
€°€621

8°G68

o zves
- e'0l6
C o erees

L 06 - ._m.mmwn, .:o.mmN .mq.__w.;” e
. 0°S¥6.- - €°8L6. - 0'0E8 . .. oo oL
Lewe L FNm e mpm R

.‘.\. ' R . , . w.NN ".\z.m.m

G zstl

¢ ¥89L
£°929L

8°09%L
8°68/1

80691

€€ =

0°9€4L
0°6491
N.Fomp

-z.'m om
0°09eLl
8°009L
m.Nmeﬁ

0°588

L0126

8°088

. _,Q.mww<_.;,n 98- €°z28 .
U €'U6 008 —LZle
0565 L9 008

w NN .z.u.m_

0°05t1L
LA

0°08bL
§°29S1

-§72LLlL

S LLLL
0°G6/S1

. 0°G0Sk

- 07008l

. gl

0°Stvl
G 2irt

0°62§SL
G°2E9l .

0°06Z1
705261
0°5551
0-0eYL
S (802

¢ Nm
0°009L

- TGTLESL -

S (9%l
070091
92151
5216l
2991
.aJmNN_

§TLLS1

W3S

| o,mom_.
GUZLEL.

§°29¢1
0°009L

- 0'06El
gzisl
- §LOLL

S LLLL
52651

0 09/

0°0L6 .
0°686
0°098’
0°696

0°0v6

0°558
0°GE6

0°S6L" - 0°S§L - 07228 . ..
© 0096 . 0'G6 ..0'028 -
~pr2l6 ¢ 0°066°  0°§e8 - -
07616 . 07506 0°0FL.

1 0°668 ~  0°GE8- »oﬂowN
0°016 . 0°SLL o 0TLES

¢ mm Z m m  amUnmw@;1%wg%

0'086 . 0'S/6 006 - . T
0:sloL o°ols . o0'86L . .. -
0°000L ~ 0°006 . - 0°Sl8"

O~ NO~NO~N

m“zmo_
31504

L keq

v

N.»mq
sen

L 9dd

L Aeq
Hmoa

L %mm .N Nwd; S ...Amm .%,%ﬂA“,H“ﬂm.wMIZ.,.WWI.
s T qusugeady

L("N"g°9) ¢ o3eol|doy -

Ha

A—E\:HEV 1 mpmupﬁnmm RO

.A.I.o14v.um<zuuomo»=ma ILLOYT W3S 40-SNVIW 31dWYS - 102 378yL

A

M-tk

Ibcéréﬁngﬂ

iﬂeff?i:'

g @ ) ;' .



157

MIRARNR 1777/7/557/ 755

§\\\\\\\\\\\ LLLLLLY . LR

" (Replicate 2). -

e N
. \\\\\\\\\\\\\\\\\\\\\\\\\\\\ .e ) & Q- 2 N P
g o a4 0. -
_ £ & 0.0 2 .o e
: ~ .%\\\\\\ A\\\\\\\\\\&m\\ \\\\\\\; o B _ \\\\\\\\\\\\\\\\\\\ CE T &
x X R £ B g
- 22 , 3 L SR
w5 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ : S g .
<L - - QO
5 8 . . o s
B8 . V\\\\S\\\\\\\\\\\\\\\\\\\\\\\\\\\\\s : Hr T g
— — 9 T 9.
— v -
. 7 : 5 22y o E-
o L 0 BT o~ e
“ ‘ - O . O
& O Am..l mm
g O - B
a @ 4+ _ @
s B
0l , D i
- aa . . \\\\\\\ 22220 | @ =
23 . o N e - a .. B
L SE s NP G WP W e T N W NI T8
o S 88 g8 g9 ¢ m: g 'g . gxz. . ..
o . B = T o O o - EEN = SN = SN
2 3 RESSSSSEEEE
(lw/Mmw) 3SYNIOONAAHIA JIDVY - (nee) mqumoox>xwo u:u<d:

Figuré 38.
.- Figure 39,



P 158

recorded for the controT caTVes Besides being unexpected; the actual
vaTue of 2087.5 Berger-Bro1da un1ts (é B. h ) was Tess than 3560'B;§.Ut,
_ reported as the ce111ng leveT in normal serum of cattle (89) "On this
“basis, the fluctuat1ons in LDH TeveTs cannot be cons1dered abnormal
and consequent]y there wou]d appear to be no grounds to~1mp11cate the |
gas treatments as hav1ng any apprec1ab1e effect on enzyme act1v1ty in
the serum. Therefore, the value of LDH in the d1agnosis of manure gas

jexposures swm11ar to those of the experiment appears dubious

51,4, ki ATkaTine Phosphatase

o ETevated serum alka]ine phosphatase (SAP) Tevels may occur Jin i
‘ ‘any d1sease process‘of the spTeen Tiver, kidney, intestinaT mucosa -or
: ;bones and a]so is elevated markedTy in b111ary obstructton s1nce the K:
enzyme is e]1m1nated 1n its nat1ve form by the 11ver (89) One o
d1ff1cu1ty encountered w1th SAP 1s the many d1fferent un1ts used to
‘express 1ts act1v1ty Consequent]y, a- norma] value for cattTe was not )
,efound However. analys1s of variance procedures (Appendix 9) and an .
7’exam1nation of the data dtd not detect any trends attributab]e to S .
"possibTe effects of the -gas. treatments The grand mean was 105 m1111 ;f tf:"
_ Internat1onat,Un1ts per m] (mIU/mT) and sampTe va]ues ranged from 75 5
':to 146 5 mIU/mT- For reference purposes, the sampTe %s §e mcluded
i Appendix 9 : B e e
.5, .1-54 Serum ETectroT.ytes
"5, 1 5. AR

.-

‘Inorhan1c Phosphorus.

Ci_centrations of 1norgan1c phosphorus are presented 1n

l1_7Tab1e 21 and shown graph1caTTy 1n Figure 40 The s]gn1f1cant difference

B ,between average vaTues of aTT ca]ves for the four sampling dateS'can PR

: 'f;,be attributed Targely to the sign1f1cant 1nteract1on of st TeveTs with

[ "‘I-lv
L
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A

TABLE 21:. SAMPLE MEANS OF SERUM- INORGANIC PHOSPHORUS.

Iho?ganic»Phosphorus (mg/100 m1) a

Treatment » ‘ f Pre- © Gas Post

_ HZS NH3 Day 2 - Day 7 . Day 7

o o . - 845 8.000  7.25  6.90 .
o .1 815 - 825 820 . B8.60
7.80 .90 0™~  sa0
7.0 . 825 . 830 . 860

——
o N

1 720 - 725 o735 6.90 ¢
’ﬁ 8.05 . 8.2 7;30'_' , __' «,s.zofL

FL I

8.05  7.40° 815 . 9.5

r
. O i N .

2 1. . 8e0 7.3 LIS sk
2 2. 83 - 7.05 7.5 . 835

| OS.EM.=0.32

o . 8 sos w8 .19
T - pz 0 790 . 7.65 807

2 3% a6 80

'S.EM. = 0,18

0o "  v” .f -”8.13'5': o L;lvéé" :”"‘7;9Q ’_7' ,‘H ?:8;22  l>f
o am e am
2. a5 792 745 s

% |

. S:EM, =08

ca e

CSUEM. =
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sampiing date (Appendix 8).* As shown in Figure 41, the O and 20 ppm
HZS treatments exhibited Simiiar responses. with mean phosphorus

concentrations declining slightly during the gas period and recovering
,near'pre—exposure levels by the seventh day of post-exgpsure. However,
.changes were minor considering that normal concentrations-lie in the .
range 4 to 8 mg per ]00 ml for cows, with ca]ves tending to have va]ues
~about 3 mg per 100 mi higher (89). The 150 ppm HZS ‘treatments appeared
to depress phOSphorus from a pre- exposure norm of- 8.3 mg/lOO ml to

7 3 mg/100 ml by day 2 of gass1ng. Then, in contrast to the 0 and 20
ppm HZS treatments, phosphorus content rose to 7. 7 mg/100 mi on day 7, "'W;
and rose ‘again even more sharpiy during the post—exposure period to

- 8.7 mg/100 ml on the seventh day. These differentigé responses 'to the
Tow and high 1eve1s of HZS suggest that gas exposure may have affected
the phySioiogic contro] of serum phosphorus However whether the .

' observed changes can be considered detrgmentai to the health of the
calves, or meaningfui as an indication of:disrupted reguiation is iirb
questionab]e since ai] changes occurred within the normai bounds reported
for catt]e The contr01 of p]asma inorganic phdsphorus is not weil

: estabiiSEEd but level is affected by tﬁk paratherid giand dietary

: intake, effiCiency of absorptioﬂ Ca P ratios and meta]s phosphorus o :t

deficiency ieads to depraved appetite (89)%1»Aithough only speculative,_“ R
perhaps the deégeased phosphorus 1evels noted for the 150 ppm HZS “
treatments on day 2. of gas exposure caased de#ressed appetites, whiie
the increased levels inf]uenced the tendency of‘appetites to recovere,,.?"k
toward the 1atter part of the gas exposure period On the other handA '

p o

the recovery of feed intake may have caused the rise in phosphorus ﬂevels
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5.1.5.2 " Calcium. “

_ Analysis of biood talcium TeveTsQfaiTed to reveal any trends |
associated with the gas treatments However the sampie means and i
anaiysis of variance are presented in Appendix 9. Apparentiy, diurnai
fTuctuations and day—to day variations within normaT cattle are siiqht.
- and values for most animais faii within the narrow range of 9 5 to.11. 0
mg/100 ml (89). “In close. agreement the overaTT mean for the repiicate

was 9. 4 ‘mg/100 m1, with 1ndividua1 sampies varying between 9.0 and
9.9 mg/TOO ml.

5.1;6¥- Serum Proteins: o - 9

.15.1;6.1 TotaT Protefh

) The total pTasma or serum protein is composed mainiy of two
p'iérge groups, the aibumins and. the giobuiins. These and. other proteins s
present in much smaTTer amounts are affected more or Tess by aiT |
disease processes; however, the significance of the fiuctuations has
yet to be determined in many instances (89) The totaT protein :
concentration 1n serum'of cows has been reported as 7 6 g/TOO mT (4) .
_ Vaiues far the test caives aVeraged 7.0 g/iOO mT and varied between 6 35 ‘
" and 7.45 g/iOO mi The gas treatments had ‘no apparent effect on protein
Teveis as demonstrated by the anaiysis of variance andetabie of
‘means (Appendix o). | C "; .
5,].6:2 Aibumin . _ .
o The aTbumin of bTood as weii as aii of the giobuiins, w1th
"the exception of some of the gaMma giobulins, is synthesized A0 the |

llliiver Therefore, decreased aibumin in the bTood occurs in fibrosis

L of the iiver whiie gastroenteritis aTso may contribute to decreased

ievels (. ); with an average aTbumin to giobuiin (A/G) ratio of 0 92. ,' 1.
and totai protein partitioned into a]bumin and giobuiin, the respective _ o

2
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contents of normal cow-serum are 3.63 and 3 97 g/100 ml (4).. The .
experimentai data did not exhibit ‘any significant changes in serum
proteins,-but the sample means and analysis of variance are presented :~7
- in Appendix 10. The'average'aibumin-content of all calf samples was
~3.34 g/100. m ,"res.uiting'in an A/o' ratio of 0.91. |
5.1.7  Glucose. o -

| ifThe blood glucose ievei‘refiects'the'nutritionai,.emotionaié
and»endocrine condition of the"animai~ The concentration does. not |
.1ncrease after feeding in ruminants, but does increase during exc1tement
,probabiy as- a metaboTic effect of norep]nephrine release.. Food p_]
deprivation tends to.diminish the b]ood glucose concentration'siightiy

o . The serum gTucose Teveis averaged for each saining date. -fl
were Significantly different (Appendix TT) The overali mean)on day 2
of ga551ng remained almost unchanged from the pre-exposure norm of ,‘;‘,
582 2 mg/ 100 m1, but a generaT increase to 87 7 mg/TOO mi occurred by |
‘ the seventh day of gas exposure after which the vaTue decreased sTightTy ih,_

‘ito 85. 4 mg/TOO mT on- day 7 of post-exposure ‘(Appendix 11) This trend

suggests. that gTuconeogenesis was somewhat stimuiated during the gas— l o

‘»eXPOSUVe period and that the caTves might have been mdeTy excited
fHowever the absence of any other significant sources ‘of variation 1_!» o
;impiies that the various treatments did not induce markedTy different

responses, thereby Teaving the effects of the individuai gas exposures

“i-as inconciusive NotabTy, though the combinations of 20 ppm HZS -

150 ppm NH3: iso ppm st - 65 ppm NH3 and iso ppm st --150. ppm MM,
'exhibited the greatest increases and as such appear to have -
'“*,j»contributed the most to the increase in bTood gTucose on day 7 of / f~j7,fj

St ’ Bl
o
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, gas exposure |
In spite of th1s, the ‘maximum and m1n1mum va]ues recorded
were 97.5 and 70.0 mg/lOO ml respect1ve1y. One reference (89) suggested
_ fasting p]asma g]ucose concentrat1ons in the ranqe 40 to 90 mg/100 m] .
Rl hea]thy adult ruminants while another.(4) 11sted 118 mg/IOO m] as |
o normal for Ca1f serum, Thus, the fluctuat1ons were not abnorma] even -
- if treatment did have some 1nf1uence : - .
518 Cholesterol, - S ;,f
A]though cho]estero] is present in a11 1ip1d fract1ons of
blood, 1ts importance in. d1sease of domestic anwma1s 1s not yet -
‘ estab11shed (89) ‘The normal content in. the plasma of cattle hi& been .’k
' 1va1ued as 110 mg/100 m1 (4) but a. rather wide ranqe from 50 to 230
ﬁ9/100 ml - alsq has been reported (89) In this study, neither the'gfw
ana]ys1s of variance nor an exam1nat1on of the samp]e means (Appendix
1) revealed any s1gnificant changes 1n cholestero] 1eve1s that could
" be attr1butab1e to the gas exposures The cglf‘serum averaged 75 2 _~;‘d

f mg/]OO ml with extremes of 52 5. and 96. 0 mg/lOO m1

52 i-‘Comp1ete B]ood Count

520 Erythrocytes

521 "_Red Cell Count. . G | SRR
] uCounttng erythroqytes 1s a procedure abounding with possibie

Q s

| sources’ -of errors errors due to the size of the saane or. to thgg

nﬂlnature of the sample. the operator s enror errors due to equipment. IR
-,3iand the so—oéIIed unavoideble errors (errors of the field the counting | T

g , gchamber and the p1pette) For these reasons, the red cel] count (RBC)

-}Vyhas lost much of 1ts former popularity (39) Summarized data (111)

o 'revea] the marked disparity 1n red cel] counts, and 1ndexes derived

R 4
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therefrom, encountered in published reports on the hematology of cattle

Schalm (lll) concluded that until techniques that-are free from inherent

errors are developed and widely used to apply normal data of erythrocyte

numbers collected 1n one locality to clinical interpretation elsewhere
= appears 1mp0551ble Even then, regional difﬁerences are of such |

magnitude as ‘to suggest that breed climate, and ﬁhtrition may have a

51gn1ficant 1nf1uence on the red cell count However, a range of 5 to‘,'
6 -

| cells/cmm, are considered normal for nearly all cattle above one year :

lO X lO erythrocytes per cmm of blood, and.an average of 7. O X lO

- of age (lll) | e |
o In agreement with the literature. a wide variation in countsf:: :
-was recorded for the test calves (Tabl@ 22) In fact differences
‘between the HZS - NH3 interaction means were statistically 51gn1ficantj-f_f“

T as were differences between mean values on the four sampling dates
(Appendix lZ) “An examination of the effects of individual treatments:: L

on RBC however. suggests that the variations were due to extraneous ait:”‘l

B 1nfluences rather than the gas treatments themselves For example,_!f'?-.»
B the control calves and the calves subjected to the 150 ppm HZS - 65 ppm -'i:
NH3 and 150 ppm HZS - 150 ppm NH3 combinations exhibited‘very similar S
trends and counts, whereas the greatest chanqes occurred for the lone o
Hgf and NH exposures Thus. response does not appear consistept with. d."

treatment and RBC cannot be regarded as a reliable indication of gas
B giL; exposure The overall mean count was approximately 4. 5 x lO6 cells/cmm

HL{' while sample means ranged from 3 0 to 7 3 X 106

cells/cmma ~These
\" results when compared to published data, indicate that most of the
?* test calves may have been slightly anemic This. however, is merehy
B
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‘,speculation.

' 5,2.1;2 Hematocr1t

Hematocrit the. vo]ume of erythrocytes expressed as a
percentage of the volume of who]e blood in a samp]e is recognized as |
~the most accurate method avai]able for the detection of anem1a (39)

.The normal range for the packed ce11 vo]ume (PCV) 1n the b]ood of cattle
is 24. 0 to 46 0% whi]e the mean va]ues 11e between 34 and 38% (111)

A . The hematocrit means (Table 22) were s1gnif1cant1y d1fferent“7
on the four sampling dates (Appendix 12) However. the 1ack of | ‘
statistical]y signtficant effects of the gases wou!d suggest that all f’
the ca]ves reacted 1n a. simi]ar manner, in other words, the variationsh:jfﬁ

were not attributab]e to treatment The average of a]] samples was

32; 8% at pre-exposure and 1ncreased to 34, 7 and 36 2% on days 2 and

B 7 of gassing respective]y The mean on day 7 of post-exposure was

34 2% A]though these results show a genera] e]evation for PCV during}f o

gas exposure. an examinatibn of the 1nd1v1dua1 treatment va]ues failed_vl,'"
, R

to reveal conatstent trends for either HZS or NH3 Apparently no -

_ factors caused any appr?ciable change 1n hematocrit, as a]l va]ues were o

w1th1n the normal range mentioned above. DT

5 2a1 3 emoglobi

o A mean hemoglob1n value for cattle of 11 09 per 100 ml of
blood 1s common‘ while the norma1 range apparently 1s 8 0 to 15»0 9/100
S (111) In strict agreement the overal] mean bf the test samples was
11 1 g/100 m] and the range was 9 50 to 12 25 g/100 m] (Tablev23)

Similar to the PCV resu]ts the average figures for the sampling dates ,Vaﬁ’f

were significant]y different (Appendix 12) but neither the analys1s . SRS
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.of variance nor an exam1nat1on of " the data for pOSSIbTe trends in response

_1nd1cated that the gas treatments nght have had a s1gn1f1cnnt effect on

‘hemoglobin concentrat1on. Again, the changes appear to -be non spec1f1c :-f

_3and fatgly uniform. -~ . ;,.T. ' <".‘ . IR o

'.5,2.2 '- Leukocyte «
5221 Total whlte Cell cOune

The mean totaT white cell count (wsc) of cattTe is between 7000

_and 9500 per cmm .of. bTood but normal vaTues may range from 4000 to -

e, OOQ per cmm. (TTT) Apparent]y, the gas treatments d1d not s1gn1f1cant1y

aTter the totaT Teukocyte numbers, as 1TTustrated by the ana1y51s of

: var1ance (Append1x 13) g The overaTT mean WBC was 6507 per cm (TabTe 23).},',_

indicating that Teukocytosis was not preva]ent during the exposure periods

'-,Leukocytos1s 1s usually a response to t1ssue damage or necrosas produced

‘ ibye 1nfTammat1on neop1a51a trauma or 1ntoxication (89) However, the

"average WBC of the two caTves exposed to 150 ppm HZS aTone, almost reached

»‘though was exh1b1ted by on’ one can 1n which the count exceeded 29, 000

‘“_per cmm. If the count was not erroneous, as might be sugpected indications

lh‘—the abnorma]]y h1gh count The dlscrepancy 1n response between the two

S _;caTves 1s one reason SecondTy, a count of Tl 100/cmm recorded for the

;ecan 1n quest1on at the pre exposure sanplwng suggests that an 1ncrease in

'””Zh-the count dropped to about 9200/cmm by day 7 Qf 93551"9’ whereas 3, SUStainEd

Vh1gh count woqu have been expected 1f the HZS had stimu]a”ﬁi

tbe apparent

| fhhr1se on day 2 of gas exposure Furthermore, the other two'treatments

.._.18 000 . per cmm on the second day of gassing (TabTe 23) The increase,_: p-fi

':'fi;are that at Teast the gas exposure would not appear to be responsib]e f0r gf =

PR
i .

?‘Id.leukocyte numbers ney have been 1nduced prior to gas exposure ThirdTy,.f;}f"'

"1nvo}v1ng 150 ppm HZS did not cause a simi]ar reactlon The means of aPT
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. 'j,'fear and feeding. If continued need for neutrophiis occurs because of

, 170
‘treatment sanpies with exception of the high count Just discussed variedﬁ
between 4142 and 8976/cmm and hence were within the normai range.

5.2.2.2 Differentiai Count

Granuiocytes
As discussed by Medway}gt al (89) the ceils which be]gpg to the

granuiocytic series can be diVided into three main groups - neutrophi]s, B
.6081n0ph115, and basophiis. Of these, neutrophiis comprise the/iargest
group and are the most important from a diagnostic point of . view Neutro-f'
' {phiis in the blood compose circulating and marginai poois that are rqyghiyf"
_gequivaient in 512e » The marrow reserve is five times the totai biood
: igranuiocyte pooi S U' '?f‘ _:: 'f}f_ o fﬁ;f -';~f o “eﬁ.:-”'
H when there is. a sudden deuend for neutrophi]s the marginai

- pooi can suppiy ceiis to'doubie the count aimost instantiy' The marginai

| pooi is responSibie for the rise in, ieukocytes after exercise excitement,f}gfil

e

tissue damage, the iarge reserve of ceiis in the bone marrow is responsibie"if,

“,‘for meeting this demand The neutrophii is reSponsibie for phagocytosis fﬂ'c'i

- of bacteria and smaii particuiaté matter, and functions as a part of the

. body s first 1ine of defence j,f'_fjﬁﬁ_; *‘ff'ff', ZQ jﬁf?t”7[¥’3}'

Antigen antibody reactions mobiiize eosinophi]s at the si

’ff 1ncrease the ievei circuiating in the blood Like eosinophiis, basophils

| ©are formed in the marrow, but 1itt1e information is avaiiable concerning

‘7<ff:and are decreased in the B

e 1eukocyte count iS Pr'"C1p§]]y due

':]otting of biood and iymph, ”y,ﬁf;

‘".theirf kinetics However, baiophﬁijisaiphi*ﬁij:

The rise in

;,-from the marginal pooi Dueing an acute response to tissue damage’ the ’hij{*7
. Coe i Co '”...ja K P T O

'to the initiai dutpouring of neutrophiisff:fg




: numbers The: pre exposure count revea]ed 1% eosinophils 1n each of two

]ca]ves, otherw1s% the count was zero Nh11e no basoph1ls were noted 1n N

;jZ% occurred 1n a few samp]es collected on the Tast days of gassing and

.v"post-exposure This response 1f meanfngfuT is contrary to that expected
;3liafter cattle have been stressed (89) The normal percentage range for
"eos1noph11 and basophi] nunbers apparently are 2 to 20% and 0 to 20%
irespective]y (). | B OO

hf'L _

Ah therefore the age of an an1ma1 must be considered 1n evaluation of
| 9{]ymphocyte Teve]s. Young cattle have hiqh Teveis of Iymphocytes (89)
S Lymphocytes are essentfa] to formation of ant1body, can transform into {;b“

S macrophages and may have the abiTity to form other Ieukocytes and

'during the gas- and post-exposure periods indicates that tissue damage as‘

17

| eosrnoph11 count is depressed but rises as a resu]t of chron1c 1nf1ammat1on'

~ with prote1n breakdown and ant1gen ant1body react1ons

In accord w1th the totaT WBC the analys1s of var1ance

' (Appendix 13) did not reveal any s1gn1ficant sources of var1ation for the ‘

number of neutrophr]s The d1fferent1a1 count 1nd1cated an overal] average.f

‘percentage distr1but10n of neutrophils of about 27% while -the individual

samp]e means varied from 14.5 to 48, 0% (Tab]e 24) These figures compare N g
close]y to the normal values reported for catt]e, i.e. an average and
range of 28 0% and 15 to 45% respectjveTy (111) | o

The apparent absence of eos1n0phils 1n the circu]ating blood

a resuTt of the gas treatments was not sufficient to elevate these ceTT

any of the sanp1es taken prior to or on the second day of gass1ng. l to :

'hOC'tes._,tf-'"'*b"i';trﬁfif,f;'vﬁ7”}3;7fkfe»;;.f':"1h‘“‘:ftﬁ‘fffffi._ e
- Lymphatic t1ssue 1s most abundant in young an?mals up to puberty,

et

' "i~'erythrocytes 1n the marrow Adrenocorticotrophic hormone. and Tl-oxysteroidsfﬂhh
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arrest lymphocyte formation and produce-lysjs,of these‘ce11s so that fn
. severe stress the 1ymphatic tissue is dep1eted and’lymphocyte nunbers{fa11s
However, 1ymphocytos1s is seen in the recovery phase of v1ra1 1nfect10ns
and in chron1c inflammations (89),_>‘ ‘ |
~ The analysis of variance resuits (Appendix 13) showed thatythe '
gas treatnents did not signwf1cant]y alter the re]at1ve nunber of
“lymphocytes The overall distr1but1on was about 69% and sample mesns var1ed
" from-46. .0 to 80.0% {able 24) These Tevels were probab]yrnorma1'for the
‘test steers since the average and range for adu]t cattle are 58. 0% and |
45 - to 75% respect1ve1y (111) N
y Monocytes. . ' ' |
| L The nnnocyte deve]ops from reticuloendothe11a1 ce]ls throughout
‘ the body It is capab]e of 1ngest1nq protein break down products and 1s
’thought to phagocyt1ze ant1gen1c substances so antibody formation can “H
: ?commence 1n plasmocytes A]though scanty 1nformatjon 1s ava11able ,”;'i
concern1ng ‘the st1mu11 for formation and: factors cohtro]ling periphera] |
b1ood cell levéls, monocytosis is usually a response to chronic Qf,i
1nf1ammat1on (89) o A ,v o ,
A]though the analys1s of variance (Append1x 13) 1nd1cated | f{,?
d “s1gn1f1cant sources of variation the 1ack of corre]ation between nnnocyte r
ﬁlj :1evels and observed degree of 1nf1ammation suggests that the responses :3f
ha,cannot be 1nterpreted as be1ng due to the gas exposures Furthermore, the
'.overaH average (4 4%) and range (1 5 to 8 0%) of sanpfe means (Taa 25)
'n;f are equiva]ent to the normal va]uas quoted or cattle (111)

:i.;S 3 B1ood Gases and ﬂydrogen Ion Concentratﬂon

Mean values for pO2 and pCO2 appear 1n Table 26 The overal]

f‘of:fperiod means of the sanples taken once during each period were statistica]]y“f}l'

. .
A,
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significéntly different (Appendix ]4) for both pO and pCOZ‘meaSUrements
However, since-no other sources of var1at1on were 519n1f1cant this suggests
that all treatments, 1nc?ud1ng the * contro] exhibited s1m11ar trends in
response. Hence, 'apparently the caives did not'react differently to the
_(d1 farent gas levels or conb1nat1ons and, therefore, a discuss:ln of the
vaf)at1on among treatments is unwarranted. (t C ‘ .

As 11]ustrated in‘Figure 42, the highest pOé tor‘each treatment
~occurred at the pre—gas sampling and then dropped on average from.31}3 mnk
Hg to 2327 mm Hg by-the sixth day of gas exposure (Table 26) Between .
th1s time and day 6 of post expéSure some p02 va1ues 1ncreased wh11e |
others fe]], resu1t1ng in a mean part1a1 pressure for a11 treatments
re]at1ve1y unchanged from that of the gas period sample. There appeared to

@

be no cons1stency 1n "post-exposure changes as assoc1ated w1th treatment :

S1m11ar1y, the h1ghest pCO va]ues were recorded at)the first samp]tng XH\\ |

‘(F1gure 43) and then unxformly dropped from a pre- gas average of 39.7 m \\:Z
Hg to 33.9 mm Hg on.day 6 of gas exposureh(Tab]e 26). Again, subseguent L

changes inﬂvalues weresinconsistent'and reTative1y minor, résuftihg in a :$L

post-gas average of 32. 9 o Hg P§b11shed vaiues on part1a1 pressures of g

‘ O2 and CO2 in the b]ood cattle appear to be 1acking However, reference to .
data on human b]ood may provide an apprec1at1on of normal va]ues that

shou]d be comparab]e to catt]e Human venous blood normal]y has pO2

_ va]ues near 38 to 41 mm Hg and pCO2 va]ues near 43 to 46 5 mm Hg (4). ’

Apparent]y, then, the mean partia] pressures of both O2 and CO2 1n the |

- calfiblood samples were relatively 1ow. S '

| : The concom1tant decreases in p02 and pC02 measurements between

the pre- and gas- exposure sanpl1ng dates’ may have been part1a11y due to L'T.

‘the e1evated resp1ratory rates exh1b1ted by most ca]ves during the// :
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experiment. 'As mentioned previously when discussing redpiratory rates, _
heat stress may\have induced panting, or a rapid; shallow form of

breathing (polypnea). Irritant effects of the gases; partiCUIar1y at the

| high levels, may have accentuated‘this abnorma1‘reSp1rator pattern. When

res1stance to breath1ng arises from 1rr1tat1on and 1nf1ammat1on with

consequent narrOW1ng of the re5p1rato \a1rways exp1rat1on is 11keLy to
r\y .

be impeded much more.noticeably than 1nsp1rat1on (60). - Th1s also tends‘~‘ .

to induCe polypnea by which only a part of the lungs 1s vent11ated Thus,

: the fraction of b1ood f1ow1ng\\hrough the: vent11ated area is overaerated

4 Q 3

- and 1ts 602 content reduced below norma] wh11e the other fraction of b]ood

o Passes through the unventtﬂated-parts with little or'no gatn_of_Ozfor

-

decreasevef C0,. The mixed arterial blood then may have a normal or Y ©

slightly subnorma1vcontentf0f COzé‘however. the blood is incomplately

oxygenated because the'overventilated fraction cannot tahe’Up more than

its Qennglob1n allows, wh11e the other fract1on 1s unOXygenated PuTmonary':

edema may have similar effects by caus1ng 1ess edematous areas to be

h)'Perventﬂated b b : ' ‘:

-

e v Thk conparative]y 1n§1anfficant changes between the gaL and

post-exposure per1ods may reflect’ a tendenCy of the ca]ves to acc11mat1ze_

after two weeks-in the chambers However, the failure of the b]ood gas

part1a1 pressures to’ regain the pre e;gosure values also suggests that

- other factors may have 1nf1uenced b1ood gas content more than the f'
“treatments themselves Whatever the reasons, the simi]arity 1n response t’j

':-for a]l treatments throws doubt on- the merit of these blood gas neasurements*

,.

as a sens1t1ve and reliab]e 1nd1cation of response to exposure to HZS and

-A]tergtjons in,p1asmahoHﬂmay,be;causedxbvchespiratory*Or ;;f,*" o
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metaboiic disturbances Ac1d051s, the conditiom where pH is below normai

: ney occur in cases of diarrhea pneumonia puimonary edema andmpuimonary ~

' emphysema On the other hand 2lkalosis may arise from hypervenfiiation

Y

caused by heat stress, hypox1a or hypercapnia and has been observed 1% 7
nephritic cqys (8 )‘ Aiso, the alkaline prop‘rties of NH3 gas m/ght be -
expected to upset the bodiiy pH after. prolonged exposure. |

o 4 However, dev1ations in pH vglues of the calf biood sampies weﬂb

-
statisticaiiy 1n51gnificant (App dix 14) <The overall mean pH was.7.43
A

; and individual- sampie means ranged from 7. 29 to 7.48 (Tabie 25) A}normai
pH vaiue of extraceiiuiar fiuid is given in most species as 7. 40 with a

| range from 7.30 to 7.50 (89).A Therefore, either:the»gas treatments d-d_

'not'disrupt the -acid-base baiance'of thq:caives or any disturbances‘m re

¢

compensated so that the pH’ was corrected quick]y The latter phenonén‘_‘
nmy be expiained by the tendency of any aiteration 1n plasma. pH to activate

‘ reguiatery mechanisms that sbbsequentiy retu?n the pH to as near, nOrmai as

1Y

p0551bie Hence on ana1y51s, the pH may - be found to be normal with ' h
o aiterations oniy in the proportions of the salts of- the.buffer ac1ds (89)

This may. be the/cdse in respiratory disturbances such as pneumonia or
3\ . N~ .
puimonary edema where iimited gaseous exchange nmy increase'the pCO2 in

piasma, cau51ng acid051s Hypoxia and 1ncreased pCO2 act’ as respiratory
stimuiants and the 1nduced hyperventiiation iimits change in pH | s
5 4 - f Conciu51ons from Hematoiogicai Resuits e

*

A]though no 51gnificant contribution to the diagn051s of ,f‘_y, ‘tl

i exposure to HZS anaggr NH was made in the area of hemato]ogy by the ‘ f 'r;

foregonng tests, this shouid not suggest that further efforts cease in i B
this area of research Since the exten;ive and routine anaiysis of- b]ood

“in the fieid of vgterinary medic1ne,1s a re\atively hew approach to , 7A:jv*;

SRR e
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: d1agnost1c problems, on]y through cont1nued 1nvest1qat1ons w11] the true
value: of any constituent be known. | | f

“Chronic manure gas poison1ngs in cattle have been reported
,frequently However, in a. chron1c d1sease ce11u1ar destruction may be
s]ow and must be extenS]ve before the hea]th of the an1ma1 is 1mpa1red
.(89). Furthermone, as emphas1zed by Medway et al (89) there is a 4
predisp051t1on of the b]ood to promote a stab1e 1nterna1 environment

‘ S1nce many of th%)parameters that were tested are. used as indications of

gross c11n1ca] diseases, perhaps the tests were not sens1tive to the

N &

‘changes that may have occurred dur]nq the re]atiﬁe]y short exposure. period B}
‘ A]so, as demonstrated by the resu]ts, differeht methods designed to o
| measure the same parameter will often %@ve different answers S1milar1y,.q
| ‘d1fferent technicians using the same method may consastehtly obtain pjs
'd1fferent results (89) On the spot ana1yses by one skilled techn1cﬁan
may have prov1ded more accurate and rel1ab1e resu]ts The most d1ff1cu1t

‘ problem and b1ggest 11m1tat1 nin 1nterpret1ng the,data was to determ1ne

EY I



VI SUMMARY AND CONCLUSIONS
: From reports cited in the 11terature review, normal. 1eve]s of.

HZS and NH3 or1g1nat1ng frﬁéﬁﬁQquld manure stdred w1th1n catt1e

bu11d1ngs may range from 0 to. 20 ppm HZS and 5 to 30 ppm NH3

Dur1ng ag1tat1on measured concentratwons at an1ma1 1eve1 have
,reached 600 _pp HZS and- 700 ppm NH3‘ Furthermore, manure,.‘a |
| gases do not diffuse and accumulate in the atmosphere at \E\\ |
- different 1eve1sudepend1ng on the1r,re]at1ve3denswt1esr }The,
distribution of gases is determined'by'dtfferent;factorslf
dependent to a ]arge extent on the heat product;on of the

an1mals and on the movement of vent11at10n a1r currents n

dThe mOst prominent clinical symptom of caiwes exposed to both

Ho$ and NH3 was eye‘1rr1tat1on, ev1denced fn the 1n1t1a1 stages N
by‘?n\Jannmt1on and 1acr1mat1on._ This appeared to be the |
* principal effect of NH, and was usua]]y npticed within the oS
- f1rst few days of exposure to e1ther 65 or 150, ppm Sllght
‘corneal opac1t_y was caused by the }SPppm concentratmn whﬂe

A

add1t1ona1 symptoms 1nc1uded serous nasa] d1scharge that

‘ var1ed from s11ght at 65 ppm to profuse at ]50 ppm, and f"d
v'1nfrequent dny cough1ng | Ev1dence of ‘the 1rr1tat1ng effects
of NH ‘here no longer read11y apparént by the Jatter days of -
~ exposure. ‘ e e o h
Q Rather than produc1ng a pr1mary irr1tant effect as v
?2»d1d NH3, HZS appeared to have a dlrect degenerat1ng effect on
f the | viab111ty of exposed membranes of the eye and the gasa]
‘nucous membranes Exposure to 20 ppm HZS for one(yeek o

- 'resu1ted in t1ssue damage to the cornea that ‘was cons1dered



i on day 3. Appetltes were st111 22% be]ow norma] on the 1ast

. 182

3

N
)
<

- permipent even'thOUgh the 1esions would probab]y hea] to

sat sfactory\ﬁkpct1onal capab111t1es “wAt ]50 ppm HZS (7,

severe corneal opacity restricted v1s1on 0 the po1nt of

. apparent b11ndness in~extreme cases, and rupture of the cornea
'appeared poss1b1e toward th end of the exposure perivd. A

.promlnent feature of exposure to 150 pph H S -especially in

-
combination w1th 150 ppm NH3, was a tendency of the nasa]

: membranes‘to hemorrhage. With al¥ HZS treatments , signs of
'photophobia were evideht) spasmodic coughing was. noted, and
| demeanor bar1ed from 1ethargy to rest]ess activity. Genera]]y,‘

| these overt symptoms 1essened by the last one or two days of

exposure wh11e affectedemembranes showed signs”of hea11ng by

the 51xth day of post exposure No after eff&ts were

'observed

N Exposure‘te NH3aalone‘at_]ow (65vppm).or high (]So'ppm)‘leveis--

for a periddﬂdf one week had ]ittle or no adverse:effect'on

-feediand-water conSUmption However, feed 1ntake of ga?ves
: exposed to 150 ppm NH3 decreased by 16% on the f1rst day of

.7_ gass1ng before return1ng to norma] Hydrogen Su1f1de alone atvhf_

»

-20 and 150 ppm reduced mean feed consumptions dur1ng the gas~ .
o )

bEXposure per1od by 3 5 and 26% reSpect1ve1y th1e exposure

to 20 ppm HZS reduced intake by 143 on dayr2 the pre~exposure'hfb

1ntake was rega1ned by the f1fth day and subsequentlyr »
surpassed on. days 6 and 7 At 150 ppm HZS consumptvon |

: decreased during the f1rst day and drOpped a max1mum of 40 5% -'“u
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day of gassing, but recdveredgduring_day 1’0f post4p<posure;
Although e:S?sure to 20 ppm HZS did not appreciably affect

water inta e, at 150 ppm H,S water intake declined 25.5% on ‘-

)

" the first day of gas exposure re5u]ting tn a mean period

-

intake that was 75% of normal.  When gas 1nfus1on en%ed ‘the

des1re td drink recovered 1mmed1ately : '5‘ _ -
'_ Results of the NHj - HZS_comb1natfon treatments
suggested that 65 ppm NH3 did not intensify the adverse
‘effects’of HéS on feed and water consumpt1on However, the
desire to’ eat\and‘d fhk ap eared to be more severe]y curtafled
when ]SOLppm NH3 was,m1§ed w1th 20 or 150 ppm HZS than when
either level was infused alone. The 150 ppm NH‘ - 150 ppn HZS
| treatment caused the most drast1c reduct1on in, consumpt1on
'h dur1ng the ‘gas- exposurenperiod feed and,ﬁater 1ntakes averaged
]32 5 and 34 5% respectively be]ow the pre-exposure norms "
- General]y, fOr a]l treatments cau51ng anorex1a, the effects
..were apparent during the f1rst daz.of gas exposure or short]y :
thereafter With s1m11ar rap1d1ty, in cases where feedf" -
consumgfnon was suppressed throughout the gas- exposure per1od
:appet1tes recovered one or two days after 1nfu51on,ceased. “
S1m11ar trends 1n response were exh1b1ted for water intake; l(,r
;'Calves that decreased feed and water consumption dur1ng the
| gas- exposure per1od part1cu1ar1y those ahimals sﬁbjected to
-—-the treatments 1nvo]v1ng 150 pem HZS’ showed an apparent set- .
1,,' back 1n 11vewe1ght ga1n but dlsplayed compensatory gains over

o the post expOSure per1od To a large extent, 11vewewght ,"f‘a,»l
e : : LA _ R e
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changes probab]y reflected differences in feed and water

consumption and body f1u1d conteqt. . o .

L. ”
.

5. Resp1ratory rates appeared to be re]at1vely unaffected or

~sTightly increased at the Tow levels-8F H,S (20 ppm) and NH3

-

(65:ppm) wh11e frequenc1es tended to decrease at the h1gh :
concentrat1ons (150 ppm) of HZSxand NH3 However, the ontyl
: substantial change occurred with the 150 ppm HZS - 150 ppm NH3

LY combanat1on where the average rate d#ring gas exposure was

depréssed by 24/m1n from the pre- exposure norm Respy;ation

rate was not yegarded as a re]iaé}e means for quant1fy1ng '

the ‘effects of the gases on the re5p1ratory system Ve
j@t;: ’ Dur1ng exposure to 65 ppm NH3, the mean per1od recta? temper-

ature was re]at1ve]y unchanged wh1]e that of the calves ex osed

g NH3 treatments rose 0 23 and 0. 34°C respect1ve1y but dec11ned
- to near normal by. day 7 of gas exposure E1ther alone or 1n
o comb1nat1on W1th_NH3, 20 ppm HZS had essent1a11y no effect on

the gas per1od mean values However, the highest da11y |
temperatures for the 20 ppm HZS treatments, a]one and when
m1xed with NH , were recorded with1n the first four days ‘
of gas exposure and subsequent]y returned to normaf'or below
- by day 7 These resu]ts suggested ‘that.-20- ppm HZS affected
;'homeothermy slight]y but that 1ts effect was not cons1stent1y

intensif1ed by combinat1on with 65 or 150 ppm NH3 Exposure ”’:_fi.'

to 150 ppm H S a]one and in conblnation w1th 65 or {50 ppm

NH3 e]eVated a;erage per1od temperaturgs by 0 21 0 22 and O 20°C »"

-

‘“ BRI

-
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respective1y,'suggesting that-HZS bas the predominant factor

.affecting rectal temperature Fo]]owing $he same general

) PN

trend noted for the aforement1oned treatments temseratures

- _
were highest near or on the fourt day,of gass1ng'but”approached

- normal by the; 1ast day of exposure. Fever was sUggested to be

<

<@

~an 1nd1cat1on of inf]ammation and respiratory infection -

potential effec%s of-pro]onged exposure to mahure _gases. o
Extensive measurements -of blood const1tuents genera11y were
Y

1nconc1us1ve and hence fa1]ed to reveal any hemato]og:ca]

va]ues that may have been corre]ated with the tox1c effects of

~ H,S and NH3 Tests to detect su}fhemoglob1n 1n the b]ood were

2

o negat1ve for a]] ca]ves Where changes 1n Values occurred for ?
' other parameters,e1ther responses to the treatments ‘were |
"un1form and non- spec1f1c or the varvat1ons were w1th1n ranges
-,regarded as norma] for catt]e Intr1ns1c sampling and ana]yz1ng

, errors, 1nsensit1ve -tests, sIow and 11m1ted cellular destruct1on,

(]

the re]at1ve]y short exposure per1od and the ever—chang1ng but
contro]1ed f]uctuat1ons of homeostas1s may. have ‘Contributed to

the diff1cu1t1es encountered 1n 1nterpret1ng the data.
. o ° ﬂ

‘The 1mpresswon ga1ned from these tr1a1s was that the apparent

detr1menta1 effects of sub 1etha1 exposure to HZS and NH3
L

were re]ated more to gas concentrat1on than to 1ength of
"-exposure t1me Th1s agrees w1th the 11terature on the act1on L
.“ of 1rr1tant gases Ind1cat1ons were that the effects of HZS “j['_

: e
: von ca]f response were 51m11ar but mor!‘§evere and extens1ve

than those of NH3
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.
Furthermore, the\effects of'HzS-and NH3 in‘combination usua]]y
appeared to be‘;hditiue; that is; one gas did not 1ntensify
the action of thédothen.; a I‘
The resu]ts-of~this/study’suggest thatldesirab]e_threshold
]imit values for Tevels.of H,S and NH, in catt]e bu11dinos

_would be below the concentrations to which the calves were

I ) . . - . .
subjected While the gas 1evels«that were applied may be

encountered 1n pract1ce undér poor ventilation cond1t1ons or |

durlng pit cleaning Operat1ons, even when the vent1]at10n has
been assessed as adequate, the effects‘of veny’low B
concentrat1ons of HZS and NH3 that may occur above und1sturbed
liquid manure remain 1arge1y unresqlved. Thus, the response :
of catt]e exposed cont1nuous]y to ;ery Tow ]eve]s of manure
.gases, part1cu1ar1y for pervods extend1ng 1nto months, appears _

v

to warrant further 1nvestlgation 4However, as astute]y,
po1nted out by?other researchers (7) and‘confirmed 1n‘tPfS‘
hexper1ment one cf the greatest d1ff1cu1t1es exper1eneed in
determ1n1ng the toxicity of 1ow concentrat1ons of most
atmospher1c po11utants 1s measurement of the ef‘ects ‘No‘
one criterion, nor even a se]ected few, is 11ke1y to serve-
u“as anh adequate and spec1f1c measure Because the procedures
.,»1nv01ved in study1ng the effects for 10ng per1ods are
unquest1onab1y expens1ve and ted1bus,<comp]ete reso]ut1on of
oo

-the manure gas prob1em, by nece551ty, may. have to awa1t

Cmulti- d1sc1p11ne research at an establ1shed exper1menta1

l?.?"sf,ﬁt“.“°'.‘---“‘ T \F :f
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APPENDIX 1: GAS FLOWMETER CALCULATIONS.

5 . v
Slnce the f]owmeters were graduated ‘to prov1de a dlrect readina

in scfm of a1r, des1red gas f1ows under actua] meter1ng cond1t10ns had to
~ be converted to the: corresponding air-flow equ1va1ents.f The fo]]ow1ng
equation was used to[make'the required ‘conversion (26): .-

o P o

. (Séfm air- °_ (scfm metered "..g, To 4.7 -
equivalent) = gas flow) */T.0 X530 % Po. v - - 1]

. where s.g. = specific gravity of meteredtges‘(airv= 1.0)v"
: . - . . . ) N ) N ) 3 ‘

To 'dperatind temperatune absolute (460 + °F)

. Po operat1ng pressure abso]ute (]3.54*‘+.psig) '

[}

* Barometr1c pressure at Edmonton 700 mm Hg;ab561ute‘=.13.54 psia;.

LRE
Wy

Spec1f1cat1ons

'Chanber'venfi]atidn rate = 14S'scfn .

o Gas dperating‘qdnditioné: | .

o . To = (460 + 70) = 530°F ‘
02 (13.54‘+‘10)d= 23.54 p;fa:

5.9. of NH3 = 0)59>

V5.0 of H2 = 1;19ij- '. ~,,,v"‘3' ..5 Q"l
i Subst1tut1ng for To and Po 1n equat1on [T]}ﬁ;did V
(scfm air: (scfm metered | r—-- .'“':ﬂn ffnfdh" j
' equ1valent) ‘ gas flow) - 0 79 5.9 ‘l;:(g';.’1f'°}f[2]‘
Insert1ng the s. g 's: of NH and HZS 1n equat13n [2], fhe convers1on
o R . ; Lo ST P
' equatsons become 'v; 3 f ‘.-.> .H," : ‘,e :u-,__-,i , &»«g;??;n;_,, »
; ' R L g T

P e s 8 e e & sie s . e »

Clscfmair _ (schmmetered o0 e o
EQU1va1e"t R flow). -fxﬁo’slf-ﬁ-»a‘.”:~ SRR I A

'-(ecfm "'. (scfm metered - o f-efi.9;*’%{,?”1':“"}f:f ;
- equfv a1ent) - HyS flow) *.Qf3§~ﬁ-'-3- e ;(f‘3n.[4j. ;

e
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.~~)The gas flows ‘hequiréd for the ventilation rate of 145 cfm were

calculdted as follows: .

' 4
(desired gas . _
-concentrat1on_6) %L\] 45'c.ﬁn =

~ ppm x 10 gas flow)

Conversions |
- cfm x 60 = cfh 4 o Y
cfh x 472 = cc/min

(scfm metered

ooooooooo

" The final }esults of the flowmeter calculations are summarized

' be,] OW..

Gas Concentration | MePerel Gas - Air Flow \F'I?bw, meter

. Flow’ . Equivalent .

Air Capacity* =

20 p“pm_HZS o - 82 cq‘/mfn | : 71 cc/min

50" ppm NH,

M50 ppmMH, - L.3I'scfh  0.8'schh
150 ppm H,S | T30 scfh _."_.‘1’.11 scfh.

. 0.44scfh . 0.26 scfh

L .‘J;AO .'cc/mi'n -
1.2 scfh
2.0 scfh

2.0 scfh
SR

_’J

'™

* Afr flows at 14.7 psia and 70°F. - o
N B : .A" T B ‘ )

[ . ' . v,

. . ) o . RN o : L ; R ; ’
S R . co . . . . . N
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APPENDIX 2:

L S
- RESULTS OF BLOOD TESTS ON FEEDLOT .CALVES.

T. "Before and’ after’ ‘values to compare changes between samp]1ng
times. (A1 samp]es taken from same calf.)

-

199

&

P

i
Calf | N BN, oo PO pllp pH
Number - Time  ugh/100 ml ‘mg/100 ml Syringe ~im Hg .mm Hg. -
SN2, 0850 v 8.0 “glass  28:0 - 35.5 .44
B TN : glass., 28.0 ~34.5 7.45
P 4p1ast1c 25.5.° 36.5. - 7.44
1000 8% . 9.0 —glass - 27.2 - 37.8 . 1.35
T | ~glass | 28.2 - 37.8 ~7.45
ol 7 plastic '29.5 . 34.0° 7.45
N4 0900 96 1L glass 26,5 32,5 7.46 ¢
. o IR o "“p1ast1c 22.2 35.8  7.43
1015 . 88 S d2.3 7 glasst 20,2 345 7.40
T . plastic 21.0 33.8 7.43
- ¥ Sample not valid. = R . S
) N y ’ . ¥

Per1od Pre Pre  Gas , - Gas - Gas Post Post
Day N 2 7 2 6 7 6 -
Time before 0830 - -08303. 0900 0800 0830 0800 0830'
Time after: 0940 1015771030 . 0925 0940 0940 . 0940
B.UN. 11.2¢ . 10.0 - 10,0 ) 15.8 -
'mg/100 - m] .__11.5 11.0 - .12.0 16.0
CBILT. ) 7 0.00 —0.20° 0.00 0.00
mg/100 m1 0.12 +0.080 0.00 - 0.13
L.D.H. - 1350 - 1275 ~ 1325 1350
B.B.U. 1225 1300 - * 1325
S.G.0. T 126 L1071 - - 138 149
.Trans Ac Units 120 101 . 151 : 145
= NH T 46 RS A 15 00
" g N/]OO ml A3 L - 69 , 67 ' 89.
- p0, o 31.0 - 24,2 24,0 .
mm-Hg 31.2 , . 24,2 _32.0
.-pc02_ . 34.0 - - 36.0. - 33.5
dmm “Hg ‘7 30,0 0 38.5 29.8 -
pH -, - 7.46 T 7.42 - 1.52
| , -7.41!§_A- 7.37 . 7.52
* No sample. o -

2. Samples taken to‘ e J cons1stency of analyses and to compa#e plast1c
- versuys glass syr1n s for preserv1ng b]ood gases o , '
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APPENDIX 4:  ANALYSIS OF VARIANGE: FEED AND WATER CONSUMPTION.
| Feed | - Water
Source of Variation CdfX MSXXF d.f.. MS. F

S Tevels) 3.60  0.38

H (H2 2 73.92  0.92 2
N (NH3 Tevels) 2 84,20 1.04- 2 . 20.31 2.17
HN ; 4 11,17 014 4. 7,20 0.77 o
. R (Replicates) 1 5563.89 6.87* 1" 100.1] 10. 71*
~Error (1) 8 - 80.64 .8 9.35 ‘
(HR + NR + HNR) S - oo
C (Calves)/HNR) = 18 - 61.38 18 432
. P (Exposure periods) 2 204.91 10.p9** 2 11,76 . 7,86%*
PH S 4 123:51 6.08** 4 - 6,66 4.45%
PN 4 - 6.98 0.3 . 4 . 0, 68 0, 46.
PHN R -8 14.46 0 n 8 - 0.69 Q. 46
Error (2) 18 20. 30 18 . 50 -
(PR +'PHR + PNR + PHNR) ST o ,* e '
PC/HNR . 36 20.68 .36 0. 88‘ s
D (Days) IR .8.87 2 8g* 6. 1.94 0.09
DH v o2 3,200 10040 120 0.24. .0.54
DN - - 12 2.62 --0.85 12 . 0,69 1.54
DHN - . . 28 . 5,14 1, 67 - 24 - 0.27 '0.61
Error (3) ’ ' 54 3,08 54 - 0.45 .
(DR + DHR.+ DNR + DHNR) L N R
~ DC/HNR : 108 2.72 . léS 0421 B
- DP ST 12 4,51 1.21 12 _'0.67_.,2\07* o
DPH | —_— .24 5,49 1,48 24 - 0.15 . 0.47-
CDPN- e 2 2,55 70,69 . .24 . 0,40 .1.25 .
~ DPHN : ‘,._j 48 © 4,39 1.18 48 - 250,360 1,11 -
Error (4) - 108 3.7y - 108, 0 0.320
(DPR + DPHR + DPNR + DPHNR) : ERTPERAE
. DPC/HNR R 212 3.42 2Nt 0.28
N Y 0.05 ' B
** - p < 0,01 ' CoT .
+ 4 d.f. subtracted for 4 m1ss1ng values est1mated us1ng anaT&sis
: - of covariance procedure (117).

S _ of covariance prbcedure (1]7)
P S ~Degrees of freedom L
XX Mean’ squares

,++,fr‘5 d.f. subtracted for- 5,missing values estimated u51ng analysis ﬁl"; el
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g g7een o

. of/covar1ance procedure (1177

s . :
I
RE

TEMPERATURE

- Respiratory Rate __Rectal Temperature -
Source of Variation - d.f. M.S. F- d.f. MS. F
H (HZS.Teve]S). 2 2212.7 0.51-~ 2 1.05 2.38

- N (NH3_TeveTs) 2 - 2456.7 0.56 2 1.10 . .2.48
HN 4 488,3 0.11 -4 0.80 1.81
R (Replicates) . 1 " 254.9 0.06 - 3.59 8. 13*

- Error (1) ‘ 8 . '4348.7 - 8 0.44

"(HR + NR + HNR) . » e o
C (Calves)/HNR 18 4028.0 -~ . 18 = 0.5 §
P (Exposure. periods) 2 - 1519.1 0.79 2 '0.31 4.76*

H ' : 4 1341.5 0.70. 4 0.21 3.719* .
PH.. 4 . 916.0° 0,47 4 0.02 0.32 -
PHN, 8 “678.4°0.35 - 8 . 0.1 1.68
Error (2) o 18 . 1930 1 .18 0,07 .

(PR + PHR # PNR + PHNR) - - SR
PC/HNR 36 - 677. 5_:,* 36 B 1 P & R
D (Days) 6 343.2 1.02 3 . 0,38 8.20%%*
‘DH 12 7 - 102, 0.30 6 - -0.05 1.04 -
‘DN o 12°. . 958.0.28. 6  0.09 .1.97
DHN = . . 24 . 116.3-0.34 12 - -0.05  1.08
Error (3) ' : .54 ~-337'2‘ -2 0,05 '
(DR + DHR + DNR +: DHNR) : 3 o o o

'DC/HNR 108 130.4 54 < 0.04
DP 12 ' 1472.0 f3 2]*** 6 -.0.59
DPH ] 24 100.2 0.2 12 0.08 " 1:14°

DPN - 24  -131.0 0.28+ 12 - 0,03 -0.44
- DPHN - , .. 48~ .186.6 0.41 284 0.04 0.61 "
Error (4) . 0 - 77 108 7 459.0 .. 54 0,07
{DPR + DPHR +: DPNR +. DPHNR)+ ) S ST VSR T
DPCZHNR 212% . 144,37 .- 108 0.05 .
ok P < 0.0 . -
. ¥kx p 000] _ . , e '
ot A dof, subtracted “for 4 m1551ng values estimated using ana1y51$ P
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APPENDIX 11

Continued:. ... SAMPLE MEANS

Glucose (mg/100 m1)

Cholesterol (mg/100 ml)

Post

- Gas

Post -

Day-7

Day-7

Pre

Day-7

Day-7

Gas

"Pre

- Treatment

SO OoOLWLLWLWLW

Day-2

Day-2

‘mmmmmmwwn.

.O\G\P~F~G)F~F~G)

S a2

NHy

HZ§»

n:q-c>u)ﬂ>q-a)u;h~ﬂ
r\r\cntomc(n\r\co '

757
77.8
80.5

©
i
OCWLOWOWO W~ |
NMmOgtEMma~NOVw oo
COIWWOWONWBO oo~

mommOmmOmNOOO

[ P =)

DWW AGOL NI Sjo~ 0 o o
I\P\\DmlOf\r\Ln

fl .v|w

CO M W WO COLW MM

= =
c>u7c>u>u>u7u)u’“’“*““”‘n‘”

°%8$®§ agngLey

VOO OOO !
NgﬁdwNQM¢j
ONMNOWO RO

“85.7
85.3
85.3

-

LOLOoOWLOoOWLWL OL
NOWWOWONON®M. k0w
ONNO~NNDO 0

o

oomommooofmo
ommmmmommoT

<t
"

S “

omomooooowj

OOl\wmtOOQ'F‘U).

ohmdr@Q*N

O~

.Esc>c>r-r-r?éd°ﬁﬁlf

LOI\(X)

N
P~

T80

877

215



216

- .»r- &JAM.MUV )

~ “(LL1) poyzaw ,sajex bursn vmuS_Smm m3§ mSmmE L ;o+;kuo2un=m 3p i ++

~(LeL) uoﬁm& mmpf, buisn pajew(3sa san LeA m..:mmE z .S..v pagoedigns *3°pz .+

T B AR C o 10000 > d e

- A e i A S o
_ | R o I Azz\um
. Levo 9z €988 " 9z w8 ez (2) ;ogwu
G6°1 6¥06°0 . **21 vl gETCL NP €L° — A3 M NP o Tl : z_._m,,
98°0.. v66€°0 9 - £6°0  896°L 9 ©°S5°0  9p'0 .,m LT e TR
227l 2995°0 - 9 GE°L €257l g 19° 60b°Ll. g He
=26’ 02822 ¢ sV PBE'SE . € wxxb6'8l 186°GL° . ¢ . Amxwu mc_PaEmmv S
_ - , S _ SaA|e
B 6 745 (R T s0v'2 6 s W AFW wwwwu
Ev°0 5650° 1 v €e*l - ¥§8°91 v 2Lt 906°6, e SRR i
22°0  0/S5°0 ¢ . WL S22z - 60l 42972 2 . (stamap m:zv |
65°0 go6SY°L 4 2t evorsi Z 20 zootL .z Am_w>w_ S zv H
4 T S 5 swo e . .,:o,B..mTm>.¢o,._mugzom
Ulgo[bowey = “yraoojewsy T 3unoj 1197 poy . .

"NISOT90W3H NV ‘LTMDOLVWIH INNOD T130 0078 03 :3ONVINVA 40 SISKTYNY 2L XION3ddv



217

. . . L Lo . T

Amppv bocums mmvm> m:_mz vmumswwww w:rm> mcpmmwe L an vmuumgunam m v p

| . Lze 92 e peeg .. 92 ‘__ﬂm;, TR ANV gogsm
x6€°2 €S . 21 oLl 8yl otz Tl e z:m”
20" L A o§g0 - weee NS
200 T g9l - €9°0 . - 6E°SS
£95°€ - [0°8 vL'z- . 60°2ve

. v 9%
7910 - - .0L'L

9 L
9 HS- <
. 3 Auawu m=?~nsumv s -
T Azz\ﬁmm>PmuvuV

‘ . - 68°8L L e - so;gu4

- , €672 getlez: oo oy o o HN
05z '89°9 65°0° 7 0§°9¥. 2. Am,m>«_ zzv N
£E°5 . 2zl . C o pst09. z . J..w,,_nwwm>w..m~z~.:
- ~§97A00UOH . S T mmuauo:aexJ P el T .,._.

N N O MWW

o B A_...;uaa.,_.xfg.‘;;. q. o Azsaﬂ
.. Us0L - o4 oL X e2yssie 92 T T ANV a0ad3
6L°0  £L°€8 T 0 - gOL X'6EP8TL . Tzl T o NHS
820 - g6z . 9 - [£0 '0L'X€£8S9'C S I .,/w,; NS
€€°0 " EE°SE : | ¥L°0 GOl X'GbgEiL . 9. CHSS
Sb9TL . 90°ELL oL xolgzrz - € S Amawv mcppnsamw
| . S ST Azz\ﬂmm>~muvu
mop X logl*e- - , AFV goxsu

N
r—
7
Q
oo}
o

m
m
L _nm.om...ﬂ\m_
19'z . fzene Ty
2
2

o | 6
B 9ETL 0L X $956°2 - R 2 ,,.p..x , MR
£8°0 8e'sL . - 8L 0L X /l06°€ -z T Am,m>m— m:zv N
9€"L creet - 80 0L x.N_mm 1 Z Ampm>mp S%H) H )

i USTW st AW et  =onwmu4>.moAu@¢=ow;

sbejussaag LIYdommeN T 3un63 (133 mgpgz (eroL

. . B o

- © “SILADONOW ONY. ‘SILAJOHAWAT -
.mJHImomF:uz 40 NOTLNATHISIC mw<h2uumma ONY Fz:oQ.AJMU JLIHM TVL0L  *IONVINVA.40 SISATWNY m_ chzuaa<.



218

~ .,, . x .
S 100705 d xwe
. - 50°0>d s

v6°0

..25°0

08°1L

$6°0

€8°0
62°0

€20

1 286200°0
182000

0551000

L8ES00°0-
£18200°0

_E¥L¥00°0

99¥£00°0

£12100°0
6€6000°0

N NGO N DO

—

axa0P°8G

5870
8571
560

ETAE
cLLE
88°9 -

8L - 05 hL

8 igep. 08wl

R

vey v
_ N

m

b

2

.

S

1507092 x89° FN. 26-piE

80°6
. £9°01L.
96°5L
99°22 4

Vi e
»L6° 9 FN.WNA
L'l gpg

111
971
06°2

w.__ﬁz:\umv

,m@;p__ ._m«__mu,.ANv d0u4y

NHS
Lo . NS -
7 Hs

Amxuv m:r_nsmmw S
Azx\Amo>P~u #) B
Apv 40443

. NH
Amﬁo>m—\ HN) - N

Amnw>m— mmzv H"

S

Y
. .U.

B4 S

.
.
v

[

Hd poojg

1

Noua.voopm. __Noa.uoopmw

"NOILVYINIONOD NOI zumomo>z‘oz<.mum<w.ooowm 

-

:30NVINVA 40 SISATUNY.

91 XION3ddY



