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ABSTRACT

Nit ri te in toxi ca ti on is known to be a cau se of met he mog lo bi ne mia in se ver al spe cies. This ar ti cle des cri -

bes three ca ses of acu te mor ta li ty cau sed by mas si ve ing esti on of ni tri te by pigs rai sed on com mer ci al farms.

Bac te ri al con ta mi na ti on of drink ing wa ter with sub se quent ni tri te for ma ti on was iden ti fied as the cau se of

the met he mog lo bin for ma ti on. The pre sent stu dy in di ca tes that still stan ding drink ing wa ter wit hin the wa -

ter sys tems of mo dern pig farms con sti tu tes a risk for ni tri te in toxi ca ti on.

SAMENVATTING 

Nit rie tin toxi ca tie wordt bij ver schil len de dier soor ten be schre ven als oor zaak van met he mog lo bi ne mie. Dit ar -

ti kel be schrijft drie ge val len van acu te sterf te bij var kens teng evol ge van mas sa le ni trie top na me. Een bac te ri ële

ver ont rei ni ging van het drink wa ter met vor ming van ni triet was ve rant woor de lijk voor de met he mog lo bi ne mie.

Deze stu die be licht het ri si co op ni trie tin toxi ca tie door stil staand wa ter in de lei ding en, zelfs in de mo der ne var -

kens hou de rij.

INTRODUCTION

Nit ra te or ni tri te ing esti on is a cau se of met he mo-

glo bi ne mia in ani mals and hu mans (Buck et al., 1976; 

Fan and Stein berg, 1996). Nit ra te, from which the

toxic ni tri te is for med, is com mon ly found in plants,

fer ti li zers and ani mal was tes (Buck et al., 1976). High 

ni tra te le vels in wa ter can ori gi na te from he a vy ap pli -

ca ti ons of ni tro ge nous fer ti li zers to land or from the

con ta mi na ti on of run off wa ter by ani mal was tes

(Wendt, 1985). Mo no gas tric ani mals seem to be qui te

to le rant to ni tra te, whe re as rum inants are more sus -

cep ti ble be cau se of the sub stan ti al trans for ma ti on to

the more toxic ni tri te by the rum inal flo ra (Buck et al.,

1976). In pigs, Søren sen et al. (1994) con clu ded that

we a ned pig lets and gro wing pigs could to le ra te at le -

ast 2000 ppm ni tra te in the drink ing wa ter. By con -

trast, sing le oral do ses of ni tri te abo ve 20 mg/kg

(Muir he ad and Alexan der, 1997) or 70mg/kg (Wendt, 

1985) are con si de red to be le thal. 

Met he mog lo bin is for med when ni tri te oxi di zes

the Fe2+ ion wit hin the he mog lo bin mo le cu le to Fe3+,

thus in hi bi ting the oxy gen bin ding ca pa ci ty (Wendt,

1985). The re sul ting de gree of tis sue an oxia cor re la -

tes with the per cen ta ge of met he mog lo bin for ma ti on

and ac counts for the symp toms, which range from

rest les sness and dysp nea to coma and de ath (Wendt,

1985).

Most re ports on ni tri te in toxi ca ti on in pigs men ti on

the oral up ta ke of con ta mi na ted wa ter ori gi na ting from

a sour ce of still wa ter used to feed or drench the pigs.

Rain wa ter, with ex ces si ve alga and de cay ing le a ves in

open troughs or re ser voirs (Hoor ens and Thoon en,

1961; Gib son, 1975), com bi ned with a pe ri od of

drought (Coun ter et al., 1975) was iden ti fied as a

sour ce of ni tri te. Even so a ked cei ling ma te ri al ac ted

as a sour ce of ni tri te (McPar land et al., 1980) in met he -

mog lo bi ne mia in fat te ning pigs. The se re ports des cri -

bed small farms with ma nu al wa ter sup ply from an

open well or re ser voir to each pen. The pre sent stu dy
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des cri bes three ca ses of ni tri te poi so ning in mo dern

hou sing fa ci li ties, whe re ni tri te was for med wit hin

the wa ter dis tri bu ti on sy stem of the farm it self. 

CASE DESCRIPTION

Case 1

To ena ble the con struc ti on of a new buil ding for a

bree ding herd, in No vem ber 2000 a pig pro du cer mo -

ved 140 sows to anot her lo ca ti on, a sow fa ci li ty that

had been emp ty for 6 months and that was not cle a ned

pri or to the ar ri val of the sows. The sows were hou sed

in in di vi du al cra tes with in di vi du al trough and nip ple. 

They were trans por ted in two groups. The first group

con si sted of re cent ly we a ned sows and sows in ear ly

ge sta ti on; the se cond group con si sted of sows in late

ge sta ti on. Upon the ar ri val of the se cond group, 3

hours af ter the ar ri val of the first group, se ver al sows,

(most of them we a ned) were found dead. Wit hin 1.5

hours, se ver al sows of the se cond group also died,

most ly wit hout cli ni cal symp toms. One sow sho wed

ex ci ta ti on be fo re de ath and four sows were seen vo -

mi ting. Two hours af ter the ar ri val of the se cond

group, mor ta li ty see med to stop, but at fee ding time,

an hour la ter, anot her se ven sows died. The ve te ri na ri -

an no ti ced that the con junc ti vae and the mu co sa of the

vul va of all the dead sows, and of some of the ot hers,

were cy a no tic. Due to the sus pi ci on of ni tri te in toxi -

ca ti on, all troughs and wa ter pi pes were emptied. 

Post-mor tem exa mi na ti on of two of the sows two

days af ter mor ta li ty, re ve a led no sig ni fi cant ma cros -

co pic le si ons. Nit ri te le vels in the sto mach of the sows

were 570 and 1810 mg/L, res pec ti ve ly. In the troughs,

ni tri te le vels rang ed be tween 1610 mg/L and 2430

mg/L. A wa ter sam ple ta ken when the mor ta li ty had

stop ped af ter the wa ter sy stem was emp tied had a ni -

tri te le vel of 0.03 mg/L.

Fi gu re 1 il lu stra tes the wa ter cir cuit in the sta ble.

Wa ter from the pu blic wa ter sup ply en te red the sta ble

on one end and pas sed through the sow units. Four

bran ches brought the wa ter to the ani mals. Mor ta li ty

was hig hest at the long est end pi pes (C4, C5, C6, M4,

M3 and M6), whe re the ani mals had ac cess to the long -

est con ta mi na ted wa ter co lumn. Mor ta li ty af ter fee -

ding was hig hest in the re cent ly we a ned sows (C5,

C6), pro ba bly be cau se they had not been fed in the

mor ning be fo re the move and be cau se they were thir sty.

Case 2

In De cem ber 2001, a hou sing unit for 790 pigs in a

fat te ning herd of  5000 pigs was fil led in a two-day pe -

ri od with 22 to 25 kg gro wing pigs. On the se cond day, 

185 pigs from the same ori gin ar ri ved and were hou sed

in rows 3 and 4. Wit hin a few hours, 20 (11%) of them

died, most ly wit hout symp toms, so me ti mes with ner -

vous signs such as pa ra ly sis, mus cle we a kness and la -

te ral re cum ben cy. At first, the mor ta li ty was re la ted to 

the fact that the pig lets ori gi na ted from the same herd,

but when mor ta li ty con ti nu ed, the herd ve te ri na ri an

was cal led. Brown dis co lo ra ti on of the nose and cy a -

no sis of the con junc ti vae were no ted. Nit ri te in toxi ca -

ti on was sus pec ted and di ag no sed by exa mi ning the

drink ing wa ter with uri ne strips con tai ning a ni tri te
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Fi gu re 1. Wa ter cir cuit and num ber of dead ani mals at
each branch in case 1. The di rec ti on of the wa ter flow is 
in di ca ted with ar rows. Four bran ches bring the wa ter
from the main pipe to the ani mals. C: row of in di vi du al 
ca ges; P: pens; M: far ro wing unit.

Fi gu re 2. Ma cros co pic ne crop sy fin dings of a gro wing
pig that died from ni tri te in toxi ca ti on. Blood and tis su es
are cha rac te ri zed by a brown co lor due to the pre sen ce
of met he mog lo bi ne mia. No ti ce the nor mal co lor of the
pig that was not af fec ted by ni tri te in toxi ca ti on (up per
right).



test field (Com bur 10 test, Roche Di a gnos tics, Vil -

voorde, Bel gi um). 

On post-mor tem exa mi na ti on, brown dis co lo ra ti on

of the blood, in di ca ting se ve re met he mog lo bi ne mia,

was the sing le, stri king fe a tu re (Fi gu re 2). The ni tri te

le vels in the sto machs of 3 pig lets were 49, 164 and

1420 mg/L, res pec ti ve ly.

Mor ta li ty oc cur red in se ver al pens in rows 3 and 4,

at the end of the wa ter dis tri bu ti on sy stem. Be cau se of

the quick di ag no sis and the sub se quent emp ty ing of

the wa ter pi pes, mor ta li ty stop ped im me di a te ly. The

ob ser va ti on of the black co lor of the wa ter drai ned

from the tu bes in se ver al pens was a con fir ma ti on to

the ow ner that fur ther mor ta li ty was pre ven ted by

emp ty ing the pi pes. 

Case 3

A farm with 300 sows and 660 fat te ning pigs had

sold pig lets at 22 kg du ring a pe ri od of se ver al months

in an at tempt to era di ca te Aujezky’s dis e a se vi rus. In

July 2003, a com part ment was fil led with 159 gro -

wing pigs of ap proxi ma te ly 22 kg af ter it had stood

emp ty for a pe ri od of two months. One and a half

hours af ter fee ding (dry fee ding with a se pa ra te nip ple 

away from the fee der), se ver al pig lets were found

dead. They were im me di a te ly sent to the la bo ra to ry

for ne crop sy and fur ther ana ly sis. 

The brown co lor of the or gans and the blood was

pro mi nent. The ni tri te le vel in the sto mach of one pig -

let was 800 mg/L, whi le the ni tra te le vel was 700

mg/L. On the ba sis of the post-mor tem fin dings, in -

struc ti ons were gi ven to emp ty the wa ter pi pes im me -

di a te ly, af ter which mor ta li ty stop ped. 

In this com part ment, the wa ter pas sed through an

open bar rel equip ped with a flo at. Neit her the com -

part ment nor the wa ter sy stem was cle a ned be fo re the

en try of the pig lets. Plan ning to cle an the bar rel when

it was emp ty, the ow ner had clo sed the wa ter val ve to

pre vent fil ling with fresh wa ter. The re fo re the pig lets

were for ced to drink the wa ter that had stay ed in the

pi pes and the bar rel for more than two months, which

led to mor ta li ty throug hout the en ti re com part ment.

Wa ter ta ken at a nip ple du ring the mor ta li ty epi so de

con tai ned 570 mg/L ni tri te and 270 mg/L ni tra te, as

well as a high le vel of bac te ri o lo gi cal con ta mi na ti on

(1.88x 105 bac te ria per mL at 37°C; >1000 fe cal strep -

to coc ci / 100 mL).

DISCUSSION

The three ca ses il lu stra te the pos si bi li ty of ni tri te

in toxi ca ti on in pigs in mo dern hou sing fa ci li ties. Still

wa ter wit hin the wa ter dis tri bu ti on sy stem was iden ti -

fied as the sour ce of the ni tri te. The ni tri te for ma ti on

was li ke ly due to a bac te ri al re duc ti on of ni tra te wit hin

the pi pes. 

Two sour ces of ni tri te have been des cri bed in ca ses

of ni tri te in toxi ca ti on: the di rect in ta ke of ni tri te salts

(Go wans, 1990) and ni tri te ori gi na ting from a re duc -

ti on of ni tra te out si de the pig. A case of ni tra te re duc ti on

by plants was des cri bed by Wie se and Jou bert (2001) in

pigs fed with Cap sel la bur sa-pas to ris, but the most im -

por tant ni tra te re duc ti on is of bac te ri al ori gin. Dif fe rent

bac te ri al spe cies (e.g. Esche richia coli, Pseu dom onas

ae ro gi no sa, Strep to coc cus spp., Stap hy lo coc cus spp.

and Pas teu rel la spp.) are able to trans form ni tra te to ni -

tri te by me ans of the en zy me ni tra te re duc ta se (Car ter et

al., 1995; Li et al., 1997).  

Inge sti on of ni tra te by pigs is known to have no ad -

ver se ef fects at a con cen tra ti on of 2 g/L (Sørensen et

al., 1994). Trans for ma ti on to ni tri te af ter ing esti on is

due to ga stro-in tes ti nal bac te ria (Dun can et al., 1995)

and is as su med to be about 10% in in fants (Fan and

Stein berg, 1996). Data on ni tra te re duc ti on wit hin the

pigs in tes ti nal tract were not avai la ble. The pre sen ce

of ni tra te and the bac te ri o lo gi cal con ta mi na ti on of the 

wa ter in case 3, to ge ther with the nor mal ni tri te le vels

af ter the emp ty ing of the pi pes, con firm that the

stagna ti on of wa ter in the pre sen ce of bac te ri al pro li fe ra -

ti on was the sour ce of ni tri te in the se ca ses. Con si de -

ring the se ar gu ments, the time nee ded to build up

toxic ni tri te le vels wit hin the wa ter sy stem de pends on 

se ver al fac tors: the pre sen ce or pro duc ti on of ni tra te, the 

bac te ri al pro li fe ra ti on, the at mosp he ric con di ti ons

and the length of the stand-emp ty pe ri od of the sta ble.

Sin ce the stand-emp ty pe ri od in the se ca ses was at le ast

two months, the short pe ri od of sa ni ta ry va can cy

between rounds as ap plied in mo dern ma na ge ment sys -

tems is very li ke ly too short to build up toxic ni tri te le -

vels wit hin the pi pes. This was con fir med in a small

ex pe ri ment in which se ver al wa ter sam ples were exa -

mi ned af ter a stand-emp ty pe ri od of 10 to 14 days and

com pa red with sam ples of ad ja cent com part ments

that were oc cu pied. Only a slight in cre a se in bac te ri al

count and si mi lar con cen tra ti ons of ni tra te and ni tri te

were found (Vyt, un pu blis hed data).

Nit ra te, the sub stra te from which ni tri te is for med,

can ori gi na te from ni tro gen-fixing bac te ria, plants

and de cay ing or ga nic mat ter (Buck et al., 1976), or it

can be was hed out af ter the fer ti li za ti on of farm land
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(Wendt, 1985). This is an in cre a sing pro blem in the

EU and has been one of the re a sons for im ple men ting

the Nit ra te Di rec ti ve (Mon te ny, 2001). The exact

sour ce of ni tra te could not be es ta blis hed in the pre -

sent ca ses. In case 1, wa ter was used from the com mu -

ni ty wa ter sup ply, whe re as in ca ses 2 and 3 the wa ter

ori gi na ted from a dril led well. In all three ca ses, the

stand-emp ty pe ri ods with wa ter stag na ting in the pi pes

were very li ke ly the key fac tors in the ac cu mu la ti on of

ni tri te. 

When the ani mals con su med the drink ing wa ter, es -

pe ci al ly in as so ci a ti on with thirst or fee ding, they in -

gested high quan ti ties of ni tri te. Hoor ens and Thoon en

(1961) stres sed the im por tan ce of a sing le ing esti on of 

high do ses (> 70 mg/kg) to pro vo ke le thal ef fects.

Lon don et al. (1967) ob ser ved met he mog lo bi ne mia

with sub se quent re co ve ry in pigs ad mi nis te red pot as -

si um ni tri te in a sing le dose at 19.8 mg/kg bo dy -

weight, but mor ta li ty at a do sa ge of 21.3 mg/kg. Ta -

king into ac count the ni tri te con cen tra ti ons found in

the wa ter, the con sump ti on of 2 to 8 li ters was le thal

for sows, and 1 to 3 li ters was le thal for gro wing pigs

weig hing 25 kg at a do sa ge of 21 or 70mg/kg, res pec -

ti ve ly. The se amounts are only part of the nor mal dai ly

water in ta ke of the se ani mals (Hen ry and Ampley,

1999). The re fo re, an ing esti on of this quan ti ty at fee -

ding is con si de red to be li ke ly and was con fir med by

the le vels of ni tri te found wit hin the sto machs. 

After ing esti on, ni tri te is re a di ly ab sor bed into the

cir cu la to ry sy stem, whe re it is sca veng ed by the

erythro cy tes. Upta ke by erythro cy tes is fast, as was

de mon stra ted in vi tro by May et al. (2000), who found 

a half-time of 11 min for an up ta ke of 0.08mM ni tri te

with sub se quent met he mog lo bin for ma ti on. Met he -

mog lo bin con cen tra ti ons hig her than 75 % are as so ci a -

ted with acu te mor ta li ty (Wendt, 1985; Sai to et al.,

2000). The met he mog lo bin con cen tra ti on was not

me a su red in the blood of the se ani mals. 

The cha rac te ris tic brown co lor of the blood was not 

found in case 1. Sin ce Sato et al. (1988) men ti on a ra -

pid re duc ti on of met he mog lo bin in who le blood at

3°C, a pos si ble ex pla na ti on in this case might be that

the ne crop sy was per for med af ter the week end, which 

was two days af ter de ath.  

Con fir ma ti on of ni tri te in toxi ca ti on can be done by

de ter mi ning ni tri te le vels in the drink ing wa ter or by

de ter mi na ti on of met he mog lo bin con cen tra ti ons in

blood sam ples ta ken in ful ly fil led EDTA tu bes that

are not fro zen. Drink ing wa ter sam ples should be

trans por ted un der cold con di ti ons to pre vent fur ther

ni tri te for ma ti on.

Tre at ment with me thy le ne blue, which brings

about a re duc ti on of the met he mog lo bin to he mog lo -

bin (Wendt, 1985), was not used in the se ca ses. In ca -

ses of acu te mor ta li ty, a ra pid re mo val of the ni tri te

sour ce is es sen ti al to pre vent fur ther mor ta li ty, as was

de mon stra ted in ca ses 2 and 3.

The pre sent ca ses, re cor ded be tween 2000 and

2003, stress the risk of still wa ter wit hin the pi pes in

emp ty sta bles. Sin ce sta bles can stay emp ty for se ver al

re a sons (e.g. eco no mic or hy gie nic re a sons, dis e a se

era di ca ti on), cle a ning the wa ter pi pes or at le ast was h -

ing them through af ter a pe ri od of va can cy should be

part of good ma na ge ment prac ti ces. This stu dy de -

mon stra tes that even in mo dern swi ne fa ci li ties, ni tri -

te in toxi ca ti on should be in cor po ra ted into the dif fe -

ren ti al di ag no sis when fa cing pro blems with acu te

mor ta li ty in pigs hou sed in barns with a his to ry of

stan ding emp ty for se ver al weeks. 
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Uit het ver le den   

DE UIT VIN DING VAN HET GA REEL

EN HET VERD WIJ NEN VAN DE SLA VER NIJ UIT ONZE STRE KEN

De sla ver nij is slechts zeer ge lei de lijk uit onze stre ken verd we nen. Sla ven be hoor den net als huis die ren he le -

maal toe aan hun mees ters. Deze be schik ten over al les, le ven en dood in cluis. Sla ven be za ten geen enk el recht. Het 

was men se lijk vee. In de vroe ge mid del eeu wen werd dit sys teem af ge zwakt tot lijf ei gen schap. Spo ren daar van, in

het erf recht bij voor beeld, ble ven nog be staan tot aan de Fran se Re vo lu tie.

De oor za ken die aan de ba sis van deze af zwak king la gen, zijn com plex en moei lijk ach ter haal baar. De Fran se

mi li tai re his to ri cus Le feb vre des No ëttes liet in 1931 een werk ver schij nen L’attelage à tra vers les âges (De be -

span ning van trek die ren door heen de eeu wen) waar in hij voor op stel de dat de ge ni a le uit vin ding door on be ken den

van het ga reel een to ta le om wen te ling in de men se lij ke werk con di ties met zich mee bracht. In de Oud heid wer den

trek die ren al leen ing espan nen bij mid del van een band om heen de hals. Van af de 10de eeuw werd het schou der ga -

reel ing evoerd bij trek die ren al ler han de: koei en, os sen, paar den, muil ezels en muil die ren. De trek kracht werd op

re la tief een vou di ge en goed ko pe wij ze een veel voud van vroe ger. Op die wij ze werd de men se lij ke trek kracht in

de land bouw zo goed als over bo dig … en juist de nood aan men sen voor der ge lijk sla fe lijk werk was ver moe de lijk

een be lang rij ke re den ge weest voor het ont staan en het in stand hou den van de sla ver nij.

L. De vrie se


