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Copper contamination effects 
on earthworms by disposal 
of pig waste in pastures 

1. A. VAN IUIBE 

Research bstitull: fot Nablte Naoqemmt, 
Ambom 

INTRODUCTION 

Klnlw' s 0413 

the add~tion of large amounts of copper Balte to pig rations to ~n­
creaae we1gDt gain in the fattening pig has led to the prod~ction of 
excreta with bi'b copper eoncentrations. Regulations governing the die­
charge of, among oth~re 1 agricultural effluents into watercourses. the 
high cost of traneperting pig ~aste sl~riee to waste treatment plants, 
and the difficulty involved in the treatment ot this material have re­
sulted in the aPplication or pig wasta on adjacent pastures. 

Copper can hav~ toxic effects on earthworm populations. It is 
known that in orchard soils a copper level or as ppm is not to~erated 
by worms (van Rhee, 1963. 1969), and in grassland h~gh copper concen­
trations (260-360 ppm) proved 9Utficiently to~ic to eradicate worm po~ 
pulations almost entirely (Nielson, 1951). Laboratory expe~imenta pro­
vide eontirmation of the view that this element checks the reproductive 

. . 
capacity, albeit at ~gber concentrations than under field conditions 
(van Rbee 1 l969).Extermination or worme will inhibit the biodsgradation 
of organic matter. In pastures s~eh ettecte rea~lt ~ the formation of 
a thick mat ot un4ecomposed dead plant parte gene~ally carrYing loose 
and. poor soda. 

A eimilar problem arises froro the disposal of harbour eludge. 
Regular dredging of the RotterdBJII harbour is 'neeeBI!ISl',t to Dl8.intain 
adequate depth especially for the large ships touching at this port. 
Because of teebnieal dirficu1ties aeeooiated with the discharge of the 
mud in the North Sea. an ideal disposal procese was found in land-fill 
or areas in the vicinity of the harbour. On such depoeita a favourable 
development ot natural vegetation waa observed. Howevsr, it wo~ld also 
be desirable to investigate the development of shortlived o~gan~emB,. 
i.e. auoh decomposers as earthworma, whicb contribut@ to a rapid re• 
oycliQg or mineral components in plant wastes back into the plants. It 
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ee~~ed possible that earthworms would be excluded by the intluenee of 
deleterious substances occurring in the harbour ~ud as a result or, for 
instance, the high level of industrial wa~tes in the Rhine ~ater. In 
this case cowplete recycling would not take place, and disturbances 
would gradually appear in the system. 

The following ia a brief report of recent studies on both problems. 

DISPOSAL OP PIO WASTE ~ PAS~S 

For th~ evaluation ot the effects of the application ot pig waste in 
pastures it was of primary interest to know what level copper accumula­
tion had reached already in such soils and to study the worw popula­
tions. 

The sites chosen were mainly on poor-class sand~ soils and a few 
on peaty soils, all located in t~e Veluwe (Province or Gelderland, ~e 
Netherlands). From a large number ot paetures, which received pig waste 
over a period of 10 years, samples of surface soil (0-5 e~) were anal-
7sed tor their content ot copper 
eontent serves aa an indication 
residues. Worm sampling was done 

and organic matter. The organic matter 
tor the rate ot decomposition or plant 
in t~ee places (0,25 m2 ) per pasture, 

the wo~e being dug out and removed by,han~. 
As ror the effect ot copper accumulation on worm populations it 

should be mentioned t~at the populations of the pastures under study 
were very similar in species composition. L~mb~icue ~ubellue was most 
abundant numerically, followed by Allolobopho~a aaliginc•a. A. roeea 

was found in very small numbers. ~ere~ore, in Table 1 worm densities 
~@ expressed only in total numbers. !t is seen in this Table 1 that 
not all or the pasture soils were comparable, the variations being due 
•ainly to reeent ploughins. But a toxic ettect is.nevertheless evident, 
because in pastures with high copper levels wor~ numbers were on aver­
ase lowest. More evidence is expeeted trom a planned comparison between 
pastures with and without application of pig waste. 

In Pig, 1 a positive correlation between the copper and organic 
matter content is ehown. This suggests a poor development of earthworm 
populations in pasture soils where high copper concentrations are re­
ached, leading to inhibition of the biodegradation or organic matter. 
The low value or r is in correspondence with the variations ~n the 
pasture soile such as caused by ploughing, which must have interfered 
with the relationship. 
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Effect$ o! eopper contamination on earthworms 

DISPOSAL OF HARBOUR MUD 

To investigate tn~ chances for 
penetrating earthworms to eurviv~ 
in deposits of harbour mud. worma 
were introduced to such areas. The 
inoculated worms, p~edominantly A, 

aaliginaea. tailed to ~atablish. 

After a period of t~o monthe most 

of th~m were i~ very bad condition 

and some had even died. Breeding 
experimente witb worms in soil 
saruplee takem from three deposits 

showed tne same effects (see Table 
2) Bad p~ysieal conditions is man­

ifested in a decrease of body 

weight as well as complete dis­

appearance of the clitellum. 

Furth~r research on the extent 

of contamination showed that the 
mud soils are polluted with large 
amounts of various rather toxic 
substances. To collect rnore data 
about toxic effects on worms, lab­
oratory experiments wer~ ~ade in 

polder ~oil ~ixed with thes~ sub-

fltances up to concentrations cor-

responding with those round in tM 

Jll\4d. Soil of the Oostelijk Plevo-

lano polder i~ known to be very 

suitable for eartnworms. 

The ~esults (table 3) snowed 

that oil onl~ had no effect at all. 
Both DDT and NaCl cheeked cocoon 

production; and mixtures of thee~ 

substances had even more noxious 
effects, as shown by a sharp d~­
crease of body weight and complet~ 

disappearence of clitellum. With 
respect of NaCl, it should be kept 
in mind that high coneentrations 
in soil are usually rapidly reduc­
ed ae a result of the action of 
rain. 
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Fig.1. Orqani~ matter content in ~elation to copper con­
tent. 

T a b l • 2. B~e•din~ •xpe~iments with Allolobopbora eali~inosa i~ 

deposit soils (du~ation of •xp•~i~•nt 13 waek'} 

soU l'lody weight Cocoons/worm wora with Morto.lity 
t• initial veek clitellum (\.) 

w~iqht) ('} 

Control 
(po l<ier soil) 100 o.s 100 0 

Deposit A - 0 0 77 

a 57 0 0 0 

c eo 0 0 0 

Table 4 shows the effect of non-ferrous metals, A significant loss 

of body weight was observed only in soils mixed with zinc and in tnose 

containing a mixtu•e of metals. Some of the animals died, and the s~r­

vivors lost their clitellum. The effect of other metals was manifested 

in a •eduction of cocoon production, and copper also reduced the via­
bility of the cocoons. 
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Effect~ of copper contamination on earthvo~~* 1155 

T a b 1 e J. Breedin~ experiments in polder soil miked with oil, 
DDT, and Nacl (du~•~ion of e~periment 4•7 vee~s). ~older soil contain­
ing negligible ~u~ntities of soil. DDt. and NaCl 

Treatme.r;t. Body weight Cocoons/worm Wor'lls with species 
(\ initiAl waek cl!tellum (adult 
weivht) ('} Cpecimena) 

nl..l 137 o.7S 65 
oil soo ~~>s/k9 140 0.4 6S AlloJ.obopllora 
DDT 7S l'l'lll 140 0 JO 10ll9'il 

NaCl 2.5 9/ICg lOO 0 20 

ail 137 1.3 100 
DDT+oil+NaCl 53 0 0 

Allolobophorll 

Oil+NaCl 66 0 0 
Cllliginosa. 

T a b 1 e 4. Breedin~ ezperi•ents with Allolobopbora C4liginosa in 
polder soil mizeo wi~h non-terro~c ~etals (duration o£ expe~i•ent S~ 
week~). Polder soil co~teining in ppm; o.oS-0,2 a,., 2 Cu, and 16•60 Zn 

T:t:eat111ent Body weight Cocoonsjworm .llloz:t•lity worms with 
(me~als ift (' of ini- weele ('} ¢lit•llWB 
ppm) t:Lill weisrhtl jUY@ftilelil ( ) ''l 

llil 1S4 1.95 (0.54) 0 loo 
lOHg + 2oco 1~7 o.u (-) 0 eo 
110 Cu )..70 1.43 (0 .1') 0 90 

lloo zn 73 0 22 0 

Hg+Co+Cu+zn s~ 0 2~ 0 

CONCLUSION 

The subjects discussed form only two aepecte of the problem of soil 

pollution. Although the work is not yet compl~t~, it ie somewhat dis­
turbing ~o note that in both case~ th@ contamination of soil is la~gely 

irrev@rsible. Little more can ce done at the moment than point to the 

existence of a par~icular hazard such a~ ligh levela of especially zinc 

and copper where maintenance of worms becomes very dirricult. This can 

have consequences for natural life in the soil, and disturbancee of the 

system are to be expected in due time. 
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D i S k U B S i 0 n 

c. A. E d w a r d • : Mi9ht I ask if you investigated tho influence of 
heavy metal eonta~ination on pH in your first experiment? 

J. A. van a h e e , I know that, on mud defosits, a pH of 7.5 was 

tou~d. 

~. H. D o m s c h ' I like to point out, thAt data on heavy metal$ of 

waste product• are generally bAsed on total conte~t. The amount avail­

able to orqaniams is certainly mue~ lowvr (1-2 orders ot magnit~d~). 

The eoneentrAtion~ used in raarin9 experiments - u~1~g $olu~le sal~a of 

heavy metals- are therefore much more toxic a.ud not directly eomparahle 

to ti~ld observations. 

J. A. van R h e e ln my experime~t$ salts o( he4vy metals (chlo-

ride) were added. This means a large increASe of the chloride eontent. 

tirst, these high coneen~ation~ ot chloride h~va to be redueed to ~uch 

lowe~ concent~Ations. 

J. s a t c h e 1 l , There seemed to he a very wide variability in the 

relationship$ ~ou showed ~$ between o~9anic matter, earthwo~g popula­

tions and ~Opper content. The relationship ~$ presumably very complex 

involving the ~ic~oflora on which the earthworms !eed. Wo~ld the micro­

biologists present like to comment on ~icrobial toxicity o~ heavy met­

als which have been mentioned? 

J. A, Van R h • e : It is known to the author that the influence of 

copper -contAminated ~ig vastc has ~ean studied. An ine~ease of COD 

va~ found as a result of high copper levelg, 

A. J. ~ c i n e c k a You showed an approx~~ately direct ralat~on 
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Effects of ~opper contamin~tion on ear~hworms 

b~twean or9ani~ mat~er eoptent and copper ~ontent. Hov i5 this to be 

~xplained? lf we can e~pe~t or9anic matte~ ~~rati!io~tion can't we e~­

pect Cu strati£i~~tion as we~~ in a ~ertain soil and a res~ltin9 vert!• . 
cal ~i9~a~ion of eA~thworms as a ~es~lt of this stratifi~ation. 

J. A. van R h e e No analyses were made fo~ the copper content in 

gifferent l4yG~s. The O-~ em top l~yer only was analysed. Earth worms 

were ioufid in the 0-15 em layer. 
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