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I. INTRODUCTION 

In h i s excellent r epor t on scientific fundamentals of eutrophicat ion 

Vollenweider (1968) s ta tes that : "the eutrophication of wa t e r s , 

which means t he i r enr ichment in nu t r ients and the ensuing p r o ­

g r e s s i ve de te r iora t ion of the i r quality, especial ly l akes , due to 

the luxuriant growth of p lants with i t s r epe rcuss ions on the overa l l 

me tabo l i sm of the wa t e r s affected, i s a p rob lem of i nc reas ing u r ­

gency in the mo re highly developed coun t r i e s" . 

This s ta tement appl ies a l so to the Ne ther lands , but especial ly 

to the new l akes , c r ea ted within the f r ame work of the del taproject 

that i s intended to control the total wa te r management in the Ne the r ­

lands . 

Eutrophicat ion i s not a new p rob lem. Al ready in antiquity 

Augias c leaned h is s table by means of a s t r e am . And around 1800 

the f a r m e r s in the nor th of Groningen used the i r s table manure only 

"to fill up d i tches and pi ts because they cons idered manure a s un­

profitable rubbish" (Honderd J a a r P la t te lands leven in Groningen 

1952). But op to the p r e sen t a g rea t deal of u r ine and drainage 

water f rom dung heaps h a s been running into di tches in the wes t e rn 

p a r t of the Nether lands , where the peat l ayer has a depth of 15 m, 

which makes the const ruct ion of l iquid manure tanks uneconomical . 

Among the nu t r ien ts r esponsib le for eutrophication, n i t rogen 

and phosphorus have been found to be the mos t impor tan t e l emen t s . 

The genera l view i s that phosphorus i s the causa l factor in e u t r o ­

phication. However, Legg and Dingeldein (1970) a r e of the opinion 

that not phosphorus but c awnaceou s ma t e r i a l i s the dominant f a c ­

to r in the p r o c e s s . 

We shall not en ter into th i s question, which i s a p rob lem of 

l imnologis t s , but cons ider the role of ag r i cu l tu re in the e n r i ch ­

ment of surface wa te r s with n i t rogen and phosphorus . 



II. CONTRIBUTION OF AGRICULTURE TO EUTROPHICATION 

Inag r i cu l t u r e we can dist inguish t h ree sources which may contri­

bute to eutrophicat ion of surface wa t e r s . 

1. Leaching. 

2. Surface run-off and e ros ion . 

3. D i rec t pollution with an imal waste and f e r t i l i z e r s . 

1. L e a c h i n g 

Leaching can be studied in two manne r s : 

(A) movement s tudies in a profile ( indirect method), 

(B) l y s ime t e r s tudies (direct method). 

A. M o v e m e n t s t u d i e s i n a p r o f i l e 

a . N i t r o g e n . Of the different n i t rogen f o rms (org. N, NH . -N , 

NO,-N) n i t r a t e -n i t rogen i s highly soluble in wa te r and i s not a d s o r ­

bed by the organic ma t t e r or soil p a r t i c l e s . In addition, NH. -N, which 

i s s t rongly bound, i s oxidized rapidly to n i t r a t e by m ic rob ia l activity. 

The organic n i t rogen in the soil i s most ly insoluble in wa te r and ha s 

to be m ine ra l i zed and oxidized before the n i t rogen b ecomes mobi le . 

The or igin of high n i t ra te concent ra t ions in ground-water can 

be ve ry different and r anges f rom leakage f rom septic and l iquid 

manure tanks to leaching of m ine r a l n i t rogen f rom soil . Thus 

T r i n e s (1952) found in the southern p a r t of the Ne ther lands in p r i ­

va te wel ls on sandy soils concent ra t ions of up to 300 mg N / l . How­

ever , 40-50% of the samples contained B . Coli E s che r i ch i a , which 

i s an indicat ion of r ecen t fecal pollution. In the r emaining c a s e s 

leaching f rom the soil i s l ikely the main cause of the high n i t r a t e 

content. Also Stout and Burau (1967) draw the conclusion f rom 

t he i r study of deep profiles(up to 15 m) that the soil fe r t i l i ty level 

i s the main factor de termining the concent ra t ions of n i t r a t e that 

can exist below root zones both under cul t ivated and non-cul t ivated 
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c i r cums t ance s . It became apparent f rom this study that any-

fer t i le sandy soil has an inherent potential n i t ra te supplying 

power which may contribute about 22. 5 ppm N (= 100 ppm NO-). 

This i s the maximum concentrat ion allowed in drinking water 

in the Nether lands . Soils of low fer t i l i ty tend to t r anspor t l e s s 

n i t ra te to ground-water . The n i t ra te concentra t ions a r e reduced 

again d i rec t ly in p ropor t ion to the f ract ion of applied water that 

p a s s e s through the profi le . 

The r e su l t s of Stout and Burau (1967) make it c l e a r that 

the use of a r t i f ic ia l f e r t i l i z e r s i s not n ece s sa r i l y the d i rec t 

cause of high n i t ra te concentrat ions in ground-water . This i s 

a l so evident f rom exper iments of Headden (1910) who found 

high n i t ra te l evels in ground water at a t ime when fer t i l iza t ion 

p r a c t i c e s contr ibuted insignificant amounts . 

Regarding the n i t ra te level in deep ground-water (25-125 m) 

under P le i s tocene sandy soi ls , a s used by 22 water supply 

companies in the Nether lands , Kolenbrander (1970) found in 

33% of the water works a smal l i n c r ea se in n i t ra te content 

(0. 57 mg N / l = 2. 5 mg NC>3/l) over the per iod 1920-1970, but 

in 66% of the wa ter works t he re was not any change and the 

content of the r awwa t e r was stil l z e ro . It was not poss ib le to 

es tabl ish with cer ta in ty t h a t a re la t ion exis ted between f e r t i l i ­

z e r p r ac t i c e s and the smal l i n c r ea se in n i t ra te content. 

The low content of th is raw water (0-4. 5 mg N/ l ) in r e l a ­

t ion to the concentra t ion in a profile (Stout and Burau 1967) sug­

ges t s that denitr if icat ion t akes place in the subsoil during down­

ward movement . 

b . P h o s p h o r u s . In con t ras t with n i t r a te , inorganic phospho­

rus eas i ly f o rms " insoluble" compounds with Ca - , F e - and A l ­

lons . All t hese ions a r e found in varying amounts in sandy and 

clay so i l s . 

F ixat ion of phosphate by these ions r e su l s in a low P - con -

cent ra t ion and slow downward movement in the p rof i le . It i s 

conceivable that af ter prolonged fer t i l iza t ion the fixing capacity 

of the upper l ayer i s s a tura ted and that leaching of phosphorus 

to the sutwsbil s t a r t s . However, the subsoil may have a l so a 



great P-fixing-capacity which keeps the phosphorus concentration 

and the leaching loss low. That does not alter the fact that time 

will be an important factor in this downward transport of phospho­

rus, and that this movement should be studied in long-term expe­

riments. Such experiments are, however, rare. 

In the Maschhaupt lysimeter (1941), filled with a marine silty 

clay loam (23% <16 u), cropped, and fertilized with 25 kg P/ha/y 

during 40 years, the phosphorus penetrated to 5 cm below the top-

soil. 

Two cropped phosphorus field experiments on sandy soil show 

a penetration depth of 15-20 cm below the top soil after application 

of 44-88 kg P/ha/y as superphosphate for 14-18 years. In our 10-

year old grassland lysimeter, also filled with a sandy soil and 

fertilized with 75 kg P/ha/y, the phosphorus had penetrated to a 

depth of 10 cm after 10 years. Cooke and Williams (1970) published 

results showing that after 100 years the phosphorus had penetrated 

to a depth of 40 cm in the Barnfield and to 50 cm in the Parkgrass 

experiment. 

Table 1 summarizes these results assuming that the top-

soil on arable land has a thickness of 20 cm. 

TABLE 1. Penetration velocity of fertilizer phosphorus in different 

soils 

Sandy soil Clay soil 

arable land 
/, , . .,N l . l cm /y 0.1-0.2 cm/y 
(below top-soil) ' ' ' ' 
grassland 
/ j • i j j \ l-° cm/y 0.5 cm/y 
(sod included) ' } ' J 

We have to realize that the penetration depth on cropped land 

not only depends on vertical water transport. The rooting depth is 

also an important factor, as the roots transport phosphorus from 

the topsoil to the subsoil. Which of the two factors has the greater 

effect is not known and therefore it is not possible to conclude 



f rom table 1 that the depth of penet ra t ion in a sandy soil af ter 

100 y e a r s will be 100 cm (below the topu-soil). It may be cons i ­

derably l e s s ! 

The velocity of penet ra t ion a l so depends on the type of 

phosphorus compound. Ordinary f e r t i l i ze r r e l e a s e s the phospho­

rus in a form which can be adsorbed ve ry fast . However, when 

phosphorus i s applied in s l u r ry or sewage water f rom dairy 

and potato i ndus t r i e s the adsorpt ion of the wa te r - so lub le P con­

tained in organic compounds will be v e ry smal l . After m ine ­

ra l iza t ion in the root zone t he re will be no p rob lem, but high 

rainfall short ly after manuring may intensify the downward 

t r an spo r t . P e r h ap s the chance of high rainfal l af ter appl ica­

tion will be v e ry smal l in a given y ea r , but n eve r the le s s after 

a number of y e a r s the possibi l i ty of an i n c r ea sed phosphorus 

content of the sutv^soil i s r ea l . 

I r r iga t ion with high amounts of waste water will s a tura te 

the soil during a long per iod and t he re fore i n c r e a s e the down­

ward movement of water and s a l t s . Thus Rieta (1969) found 

in a l y s ime t e r study that at a depth of 40 cm the P content 

of applied sewage water f rom a po t a to - s t a rch factory was r e ­

duced f rom 53 to 9 mg P / l . Van Geneygen and Scheltinga (1970) 

found for sewage water f rom a da i ry applied to a l y s ime t e r of 

60 cm depth a reduct ion f rom 9. 4 mg P / l to about 2. 6 mg P / l . 

However, even this s trong reduct ion in phosphorus con­

tent of the i r r i ga t ion wa ter i s insufficient to p revent an en r i ch ­

ment of the subr-soil below the root zone. 

Van Geneygen and de la Lande C r e m e r (1971, yet unpu­

bl ished) applied in an exper iment on sandy soil 8 por t ions of 

30 t on /ha of swine manure in s l u r ry fo rm within a few weeks . 

Within a y e a r they found under no rmal weather conditions 

an i n c r e a s e in total phosphorus content to a depth of 100 cm! 

All these r e su l t s a sk for our a t tention a s they indicate that 

on sandy soils the poss ibi l i ty of pollution of the deeper l aye r s 

cannot be excluded. Such pollution can become a cause of i nc rea­

sed phosphorus concentra t ions of ground and surface wa te r . 



B. L y s i m e t e r s t u d i e s 

Th« lysimeter technique opens the possibility to study 

the l o u e s by leaching in a direct way. However, 50 years of 

hydrological research in the Netherlands has resulted in on­

ly 3 lyi imeter experiments in which also leaching losses 

Wire studied. This is a poor result in view of the great num­

ber of factors influencing leaching losses. Therefore, Kolen­

brander (1969) analysed the results of a great number of lysi-

meter experiments published in the l i terature. In addition to 

th§ amount of drainage water, also the type of crop, the nature of 

the i©il, th© amount of fertilizer and the time of application 

a r t important factors. 

a, N i t r o g e n . (1) N- loises from soil and fert i l izer. The 

N-l©§§§§ from soil and fertilizer on arable and grassland 

have been ealeulated by Kolenbrander (1969) for an annual 

ameuat ©I drainage water of 350 mm and a profile depth of 

100 gm. Eê iu ï t i obtained by Wind (I960) indicate that 300 m m / 

year would be a b i t te r mean value for the Netherlands. The r e -

gultg l©f 1Ô0 mm eaa be calculated easily from those for 350 

mm by multiplying by 300/350 a 0*856. In this way we find from 

fê§ult§ @f Kolenbrander (1969) that the annual nitrogen loss by 

lêâêhiag ©a aß uafertiliied arable sandy soil is about 50 kg N/ha 

aad ©a a g lay §©il ID kg N/ha, both on the basis of 300 mm 

drainage water and 1 m depth, For grassland a value of about 7 kg 

N/ha/y wag found. 

Th§ amount of nitrogen ferti l izer used in the Netherlands 

ig about 100 kg N/ha/y on arable land and about 225 kg N/ha/y on 

graggland. From the results of Kolenbrander (1969) we can es t i ­

mate again that the leaching loss of nitrogen on arable land will 

be increased by this rate of ferti l izer application by about 17 

kg N/ha on cropped sandy soils,by about 4 kg N/ha/y on cropped 

clay soils (14-40% <l6u) and by 2 kg N/ha/y on grassland. 

The great difference in leaching loss between cropped, 

sandy and clay soils is striking. F rom figure 1 we can see that 

the recovery by plants of ferti l izer nitrogen on arable land with 



different c lay content i s about the s ame , v iz . 50%. Hence 

the g r ea t difference in leaching loss on a r ab l e land mus t be 

pr incipal ly caused by a difference in the r a te bf deni t r i f ica-

tion. The l a t te r i s r e la ted to the difference in p o r e - s i z e d i s ­

t r ibut ion between sandy and clay so i ls . Due to t he i r g r e a t e r 

number of smal l p o r e s , clay soils will be mo r e subject to 

anaerobic conditions than sandy so i l s . 

(2) N - l o s s e s f rom organic manu re . In addition to f e r t i ­

l i ze r n i t rogen, about 100 kg total n i t rogen / h a i s applied a s 

f a rmya rd manure and ur ine or s l u r ry . The f e r t i l i ze r n i t r o ­

gen i s applied only in the growing season but organic manure 

a l so in autumn and winter because the s torage capacity i s 

most ly too smal l . We will a s sume that 50% i s used in autumn 
kg 

and winter and 50% in spring and s ummer . 100 t « R of N in 
s l u r r y » a p p l i e d in spring and summer^sequivalent to 50 

kg f e r t i l i z e r N a s a s s e s s e d by d r y -ma t t e r production on a r a ­

ble land and equivalent to 35 kg f e r t i l i ze r N in g r a s s l and . 

In the c a se of autumn and winter appl icat ions the effect i s 

sma l l e r due to leaching and i s equivalent to 3 7. 5 kg of f e r ­

t i l i ze r N on a r ab l e land and 27. 5 kg N on g r a s s l and (Kolen­

b r ande r en De la Lande C r e m e r 1967). We will a s sume 

fur ther that in spring the p lant -avai lable n i t rogen in o r ga ­

nic manure will be subject to the s ame leaching l o s se s a s 

Kolenbrander (1969) ca lcula ted for f e r t i l i ze r n i t rogen at t h i s 

low level of about 20 kg N /ha . 

Thus we a r r i v e at the r e su l t s of table 2 f rom which i t 

i s apparent that the annual leaching l o s se s p e r 100 kg to ta l 

n i t rogen in s l u r ry a r e 8 kg N /ha on a r ab le land and 4 kg N /ha 

on g r a s s l and . 
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TABLE 2 The annually applied, available and leached n i t r o ­

gen originating f rom s lu r ry applied to a r ab le land and g r a s s ­

land on sandy soils (kg N /ha / y ) 

N-appl ied 

leached in winter 

avai lable in spring 

leached in s ummer 

total leached 

Arab le land 

spring 

50 

-

25 

1 

8 

autumn 

50 

6 

19 

1 

Gras s l and 

spring 

50 

-

18 

0 

4 

autumn 

50 

4 

14 

0 

We a s sume that a l so in th is c a se the leaching l o s se s f rom 

c lay so i ls a r e sma l l e r than f rom sandy soi ls (20/50 x 8 = 3 kg 

N / h a / y ) . F o r g r a s s l and th is effect i s so smal l that it will be 

neglected. 

(3) N - l o s s e s f rom leguminous p lan ts . The effect of l egu­

m e s on leaching l o s se s of n i t rogen i s a lso ve ry impor tan t a s 

shown by l y s ime te r r e su l t s of Maschhaupt (1941) in f igure 2. 

It should be noted that Maschhaupt ca lcula ted the- annual d r a i ­

nage water production and the n i t rogen l o s se s f rom 1 s ep tem­

b e r - 1 s ep tember . 

F r o m f igure 2 i t s i s apparent that with spring-sown c rops , 

l egumes excluded,the annual n i t rogen loss through leaching i s 

about 32 kg N /ha with 300 mm dra inage wa te r . Under a 2 y e a r -

old c rop of r ed c lever and in the potato y ea r , after plowing -

under the c lover in November, the n i t rogen loss i s about 90 

kg N/ha which means an ex t ra N - lo s s of about 60 kg N /ha . 

However, af ter p e a s , h a rves t ed in the beginning of August, 

the n i t rogen loss through leaching i s s t i l l much h igher . When 

the soil r emained fallow after ha rves t ing the peas (next c rop 

mangolds) , the loss was 225 kg N /ha . When winter wheat was 

sown in autumn s t i l l 145 kg N /ha was lost . The mean ex t ra 

l o ss i s h e r e about 150 kg N /ha . 

F r o m these r e su l t s i t b ecomes c l ea r that a l a rge p a r t 

of the biologically-fixed n i t rogen in the root nodules of the 
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pulse c rops and l egumes i s not used by the next c rop , a l so 

when a ca tch c rop i s sown in autumn. 

The p r e sence of l egumes in a rotat ion w i l l r e su l t in 

an i n c r ea sed N- los s through leaching. In th is r e spec t 

g r a s s a s g r een manure c rop should be p r e f e r r ed . F igu re 

2 shows that with g r a s s the annual N- loss i s smal l (approx. 

4 kg N /ha) . But a l so after b reaking-up the sod Maschhaupt 

obtained quite no rmal N - l o s s e s during the next two y e a r s 

with oats and pota toes . 

However, the a r e a of pulse c rops and l egumes i s r e l a ­

tively smal l in the Ne ther lands . In 1966 t he re was about 

20, 000 ha of pulse c rops and 8,000 ha of l egumes . Since 

these c rops a r e grown mainly on clay soils we can make the 

following calculat ion (table 3). 

TABLE 3. The contr ibution of leguminous p lants to leaching 

l o s s e s of n i t rogen on c lay soils in the Nether lands p e r 100 

ha a r ab l e land 

without l egumes 

pulse c rops 

l egumes 

to ta l 

A rea , 

ha 

93 

5 

2 

100 

N- lo s s , 

kg N /ha 

20 

170* 

80** 

Total l o s s 

kg N 

1860 

850 

160 

2870 

* 20 + 150 = 170 kg N /ha ** 20 + 60 = 80 kg N /ha 

The mean l o s s , including leguminous p lan t s , i s about 

29 kg N / h a / y , and without leguminous p lants about 20 kg N / h a / y . 

So the mean contr ibution of leguminous p lants p e r ha i s about 

9 kg N / h a / y on clay so i l s . 

(4) The mean total N - l o s s e s through leaching. In table 

4 the different r e su l t s a r e s ummar i zed for m ine r a l soi ls 

only, a s for peat soi ls no leaching r e su l t s a r e ava i lable . F r o m 

th i s table i t b ecomes c l e a r that the mean n i t rogen l o s s through 
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leaching i s about 29 kg N / h a / y e a r . But it i s s tr iking that 

62% of th is loss i s a l ready found in unfert i l ized soil . This 

n i t rogen or iginates f rom the l a rge n i t rogen stock in the 

soil , (a soil with 4% organic ma t t e r and a C/N ra t io of 12. 

containes about 5, 600 kg N /ha in the top soil) p a r t of which 

i s m inera l i zed by mic rob ia l act ivi ty. The r e a l leaching loss 

f rom this N-s tock i s v e ry smal l , v iz . about 0. 3%/ha/y. 

Of the mean total l o s s , 17% or iginates f rom f e r t i l i z e r -N , 

but h e r e a l so the r e a l leaching loss i s smal l because out of 

175 kg N /ha , only 5 kg N/ha i s washed out, or 2. 2%. 

Table 4 shows a l so that the h ighest N-leaching l o s se s 

a r e found on a r ab le sandy soi ls . The t ex ture of t hese soils 

a l lows rapid downward movement of the n i t rogen, m i n e r a ­

l ized f rom the root r e s idues after h a rves t , in autumn and 

winter , while the loss by denitr if ication will be min imal . 

The lowest N-leaching l o s se s a r e found in g r a s s l and in 

spite of the high f e r t i l i ze r application. He re the f e r t i l i ze r l o ss 

i s about 1%. This i s because of the high r a t e of N-uptake and 

the long growing per iod of the g r a s s , the absence of fallowing 

and the fact that the total amount i s given in 4-6 split app l ica­

t ions , which a r e given only during the growing season. E s p e ­

cial ly these conditions opened the possibility of i nc reas ing 

f e r t i l i ze r use s t rongly without i nc reas ing the N - l o s s e s . If 

we a s sume that a l l the n i t rogen leached deeper than 100 cm 

will contr ibute to eutrophicat ion and that leaching loss f rom 

peat soi ls will be of the same o rde r a s on m ine r a l so i l s , 

then f rom table 4 we can e s t imate the to ta l contr ibution of 

ag r i cu l tu re to eutrophicat ion through leaching of n i t rogen. 

F o r 775, 000 ha a r ab le land the contr ibution can be 

e s t ima ted at 42 x 10 kg N, for 1,350,000 ha g r a s s l and at 
6 6 

17 x 10 kg N, totaling 59 x 10 kg N, of which 62% a r i s e s 
f rom soil organic ma t t e r by mic rob ia l act ivi ty. 
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TABLE 4. Annual leaching loss of n i t rogen f rom cropped 

f ields in the Nether lands in kg N /ha when the d ra inage 

water i s 300 m m / y e a r 

a r ab l e land 

soil (unferti l ized) 

f e r t i l i z e r 100 kg N /ha 

o rg . manure 100 kg N /ha 

leguminous p lants 

to ta l 

g r a s s l and 

soil (unferti l ized) 

f e r t i l i z e r 225 kg N/ha 

o rg . manu re 100 kg N /ha 

to ta l 

cul t ivated land 

soil (unferti l ized) 

f e r t i l i z e r 175 kg N /ha 

o rg . manu re 100 kg N/ha 

leguminous p lants 

to ta l 

Sandy-

soi ls 

0 . 3 5x l 0 6 ha 

50 kg N /ha 

17 " 

8 " 
t i 

75 kg N/ha 

0 . 7 5 x l 0 6 ha 

7 kg N/ha 

2 " 
4 II 

13 kg N /ha 

1 .10xl0 6ha 

21 kg N /ha 

7 

5 *' 
i i 

33 kg N /ha 

Clay 

soi ls 

0 . 4 1 x l 0 6 ha 

20 kg N/ha 

4 " 

3 " 

9 

36 kg N /ha 

0 . 3 8 x l 0 6 ha 

7 kg N /ha 

2 " 

4 " 

13 kg N /ha 

0 .79x10 6ha 

14 kg N/ha 

3 " 

3 " 

5 " 

25 kg N /ha 

Total 

(weighted mean) 

0 .76x10 6 ha 

34 kg N /ha 

10 " 

5 " 

5 " 

54 kg N /ha 

1 . 13x l0 6 ha 

7 kg N /ha 

2 " 

4 " 

13 kg N /ha 

1 .89xl0 6ha 

18 kg N /ha 

5 " 

4 " 

2 " 

29 kg N /ha 

% 

63 

19 

9 

9 

Tïïö 

54 

15 

31 

100 

62 

17 

14 

7 

100 

b . P h o s p h o r u s . The l o s se s of phosphorus in d ra inage wa­

t e r a r e mos t ly so smal l that different i nves t iga to r s have con­

fined t h emse lve s to the r e m a r k "a t r a c e " . F i gu r e 3 shows 

some r e su l t s f rom Fe i l i t zen et a l (1912), Ge r l ach (1926), 

Maschhaupt (1941), Geer ing (1943), Al l ison et a l .(1959), Reys 

et aL (1961), Vömel (1965) and our own l y s ime t e r e xpe r imen t s , 

where the l o ss of phosphorus was 0. 57 kg P / h a / y at 625 m m of 

d ra inage wa te r . 
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F rom these l y s ime te r r e su l t s it becomes evident that 

the annual total loss of phosphorus from a rab le land is a-

bout 0. 065 kg P / h a / y and from g rass l and 0. 24 kg P / h a / y , 

when d ra inage amounts to 300 m m / y and assuming a l y s i ­

me t e r depth of about 1 m . Based on a r a t io of a rab le land 

to g rass land of 1:2 the mean leaching loss is about 0. 18 kg 

P / h a / y (= 0 .4 kg P_0 , - / ha /y ) . This is equivalent to a con­

centra t ion in the d ra inage water of 0. 06 mg P / l . 

Minderman and Leeflang (1968) found a loss of 0. 052 

kg P / h a / y under a na tura l unfert i l ized dune sand vegetat ion. 

The r e su l t s of Low and Armi tage (1970) for g r a s s l and 

a r e somewhat h igher than found in figure 3 . They calculated a 

loss of 0.870 kg P / h a / y at 215 mm dra inage wa te r . The 

r e su l t s of Pfaff (1963) for clay so i l s , however, a r e far beyond 

this r ange . He found for a clay soil (30% 4.16 n) a l oss of 

2. 00 kg P / h a / y at 215 mm and for a light clay soil (14% 

<16 u) 4. 13 kg P / h a / y . However, such l a rge differences 

may easi ly occur in l y s ime te r e xpe r imen t s . After we r e ­

cently refi l led a number of our l y s ime te r s with a sandy soil 

containing 4% clay, we found that the d ra inage water contained 

1 g / l clay p a r t i c l e s . The total phosphorus content of the 

d ra inage water is 0. 75 mg P / l with clay p a r t i c l e s , but af­

t e r separa t ion in a high speed centrifuge the concen t ra t ion 

is only 0. 0087 mg P / l . It is evident that a l a rge fraction of 

the total phosphorus is adsorbed on the clay p a r t i c l e s , lost 

from the soil when the s t ruc tu re of the soil was des t royed 

by mixing before filling. Under na tura l c i r cums tances 

however , this effect will be ve ry sma l l . 

In con t ras t with n i t rogen, no relat ion was found b e ­

tween the amount of P - f e r t i l i z e r applied and the loss of P in 

the d ra inage water in these l y s ime te r s with a depth of about 

1 m . In view of the low phosphorus concentrat ions in soil 

mo i s tu r e and the slow movement , such a re la t ion can hardly 

be expected. 

Only Wilson and Staker (1937) found an effect in a l ys i ­

m e t e r (62. 5 cm deep, and filled in with peat) after an appl i ­

cation of 150 kg P / h a . However, the leaching ra te of phosphorus 



• l o ­

in this exper iment was a l ready high without f e r t i l i ze r , v iz . 

8. 7 kg P / h a / y . It i s poss ible that th i s i s due to the "filling" 

effect. The mixing s trongly s t imula tes minera l iza t ion of 

the soil organic ma t t e r . But a l so De Vr i e s and Het ter ich? 

(1936/37) ca lculated a l o s s of 7. 8 -15. 7 kg P / h a / y for a 5 -

yea r -o ld , newly r ec la imed peat soil . 

We can check these r e su l t s with the help of a g rea t 

number of r ecent ana lyses of d ra inage water f rom different 

a r ab l e soi ls published by Henkens (1971). 

F i gu re 4 shows the r e s u l t s . It i s evident that the differen­

ces in to ta l P -con ten t of the d ra inage water f rom ma r ine and 

fluvial clay so i ls , sandy soi ls and old r e c l a imed peat soi ls can 

be neglected. However, the newly r e c l a imed peat soi ls show 

a l so in th i s c a se a h igher to ta l P -con ten t . 

Assuming that af ter spr ing t he re will be again a d e c r e a ­

se in cone ent ra t i onâ We obtain the same p i c tu re for the P - c o n ­

cen t ra t ion of the dra inage water a s Kolenbrander (1969) found 

for n i t rogen. 

An es t imat ion of the mean product ion of d ra inage wa te r 

in the different months g ives us the poss ibi l i ty to ca lcula te 

the l o s s e s in kg P / h a / y . F o r the m ine r a l soi ls and the old 

r e c l a imed peat soi ls we find a l oss of 0. 085 kg P / h a / y , which 

i s of the same o rde r a s found in f igure 3 for a r ab l e land in l y -

s i m e t e r s . The mean P -conten t in the pe r iod Sep t embe r -March 

was re la t ively constant on t hese soi ls and amounted to 0. 0275 

mg P / l . 

On the newly r e c l a imed peat soi ls the ca lcula ted l o s s i s 

2. 1 kg P / h a / y . This r e su l t i s much lower than De V r i e s and 

He t t e r schy (1936/37) obtained but it i s s t i l l high compared with 

the o ther so i l s . The a r e a of newly r e c l a imed peat so i l s , how­

eve r , i s sma l l (about 23, 000 ha, o r 1% of our a g r i cu l t u r a l land). 

The to ta l leaching l o s se s for P can now be ca lcula ted a s fol­

lows: 

a r ab l e land a r e a P - l o s s / h a / y to ta l P - l o s s 

newly r e c l a imed peat soi ls 23, 000 ha 2 .13 kg 0.05x10 kg 

r emain ing soi ls 752,000 ha 0. 065 kg 0. 05x10 kg 

to ta l 775,000 ha 0 .10x10 kg 

g r a s s l and 1 ,350,000 ha 0 .24 kg 0 .32x10 kg 

to ta l 2, 125, 000 ha 0.42x10 kg 

Th i s i s a mean l o s s of 0. 20 k g / h a / y 
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P - l o s s 
k g / h a / Y 

0.60 

0 50 

04 0 

030 

0.20 

0.10 

0 
J_ 

0 100 200 300 400 500 600 
drainage water mm/y 

o o g rass land f ert il ized w i t h 17.5 kg P/ha/Y 
• • arable land „ ., 26.0kgP/ha/Y 

F i g . 3 A n n u a l leaching of phosphorus f rom 
cropped l ys imeters , (depth of profile appro x. 1m). 

mg P/l 

1.0 

0.8 

0.6 

0.4 

0 2 

J t » I 
J L 

X 

xnewly r ec la imed peat soils 
• different other soi ls 

J L J L J L J I 

9 48 66 66 69 36 6 0 0 0 0 0 9 48 66 
S O N D J F M A M J J A S O N month 

drainage water 
mm /month 

Fig.4 The total phosphorus content of drainagewater from different 
types of arable soil in the Netherlands (Henkens )• 
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2 . R u n - o f f a n d e r o s i o n 

A drawback of l y s ime te r s tudies i s that e ros ion and run-off 

effects cannot be measu red . But pa r t i cu la r ly by e ros ion 

l a rge amounts of soil, containing n i t rogen and phosphorus , 

can be d i scharged into the surface water . Relat ively l i t t le 

information regarding the amount of n i t rogen and phospho­

rus actually t r anspor t ed i s avai lable , however . 

Cook (1969) h a s given an equation to p red ic t soil 

l o s s e s by water e ros ion. This equation i s : 

A = R. K. L. S. C. P . 

A = computed soil l oss p e r unit a r e a 

R = rainfall factor 

K = soil erodibil i ty factor 

L, = length of the slope factor 

S = s teepness of slope factor 

C = cropping and management factor 

P = conservat ion factor 

To calculate the loss of total n i t rogen and phosphorus , 

the amount of soil (A) can be mult ipl ied by the total n i t rogen-

and phosphorus content of the soil . As only a p a r t of th i s n i ­

t rogen and phosphorus will d issolve we have to add a l so a 

"solubi l i ty" fac tor . 

It i s c l ea r that th is equation can be used for v e ry smal l , 

well defined a r e a s . But i t i s p rac t ica l ly imposs ib le to get 

r e su l t s for l a rge a r e a s . The re fo re , well e s tab l i shed mean 

va lues for these regions a r e lacking. 

However, the effects of water and wind erosion,(surface) 

run-off included, can be studied a l so by means of nutr ient b a ­

lance shee ts for b rooks and r i v e r s . Such r e su l t s can be compa­

red with l y s ime te r data to obtain an imp r e s s i on of the effect 

of e ros ion . A drawback i s now that d i rec t pollution of the sur­

face water with an imal waste cannot be d is t inguished f rom 

e ros ion effects in such s tudies . The re fo re , i t i s n e c e s s a r y to 

ana lyse the r e su l t s f rom different regions with d ifferences in 

run-off, e ros ion and d i rec t pollution with an imal was te . 



-19-

F r o m the above-ment ioned equation it b ecomes c l ea r 

that the effect of water e ros ion in the Nether lands where 

about 70% of the cult ivated soil i s flat g r a s s l and , will be 

v e ry smal l . Some run-off can take p lace only on heavy clay 

soils with poor pe rmeabi l i ty , and in winter when the soil 

i s f rozen and thaw se ts in. It i s imposs ib le , however , to 

give any quantitative data about the extent of th is factor in 

the Nether lands . 

3 . D i r e c t p o l l u t i o n w i t h a n i m a l w a s t e 

In the p rev ious pa rag raph we pointed out a l ready that nu­

t r i en t ba lance sheets for b rooks and r i v e r s can give us some 

information about the extent of d i rec t pollution with an imal 

waste but that a s epara t ion between effects of run-off and 

an imal waste pollution i s not s imple . The fact that r e s e a r c h 

in ca tchment a r e a s has been v e ry inadequate in the Ne the r ­

lands does not make the p rob lem any e a s i e r . 

Another complicat ion in th is type of r e s e a r ch i s the effect 

of r u r a l habitat ion on the pollution of surface wa t e r s . Before 

studying the pollution with an imal waste we will f i r s t give some 

a t tent ion to the effect of r u r a l habitat ion. 

A . E f f e c t of r u r a l h a b i t a t i o n 

Man t akes up about 13/3 g N and 1. 50 g P daily in h is food (ve r ­

slag van de Landbouw 1966). These amounts a r e fully excre ted 

in faeces and ur ine except a smal l amount that i s r e so rbed 

in the human body, but this will be neglected. The total daily 

product ion in domest ic sewage water according Imhoff (1950) 

i s 12. 8 g N and 1. 75 g P p e r capi ta . Based on these f igures 

we obtain the following annual production p e r capi ta . 
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TABLE 5. Nitrogen and phosphorus produced in human 

domestic sewage water in kg/year/capita excluding detergents 

N, kg P, kg 

faeces and urine 4. 5 0. 55 

domestic waste water 0.2 0. 10 

total domestic sewage water 4.7 0.65 

The contribution of detergents was so small in 1950 that 

this amount can be neglected. However, during the last 20 

years there was a strong increase. Douma (1970) reported 

a rise in sodium polyphosphate consumption (25% P) from 

400 tons in 1950 tot 40, 000 tons in 1970. This whole amount 

is used in housekeeping. With a population of 13 x 10 people 

this is per capita; 

40 x 10 x 0. 25 n __ , _ / z = 0. 77 kg P/year 
13 x 10 

So the amount of phosphorus in domestic waste water in 

1970 can be estimated per capita at 0. 10 + 0. 77 = 0. 87 kg P/y. 

This means that 53% of the total phosphorus in domestic sewage 

water now originates from detergents. The current nitrogen 

and phosphorus production per capita is 4. 7 kg N/y and 1. 42 kg 

P/y. 

As the mean density of the rural population living on our 

farms is about 0. 5 persons/ha, it is evident that the amount 

of phosphorus discharged in domestic sewage water will be 

higher than the phosphorus loss found in the lysimeter experi­

ments. Therefore, the density of the rural population dischar­

ging sewage water into water courses can­

not be neglected in catchment area research. However, it is 

difficult to predict what and how much will flow into drains. 

In some cases only the large volume of domestic water i s 
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Langbroekerwetering 

mass f low of (2200ha) 

Pkg/day 

Hupselsebeek stuw 10A 
mass f low (650 ha) 
N min kg/dây 
400 r 

40 80 120 160 200 0 4 8 12 16 20 24 
River f low 106l/day River f low 106 l/day 

• total phosphate oortho phosphate x mineral nitrogen 

Fig. 5 Mass f low of mineral nitrogen and total phosphorus in two r ivers in 
the Netherlands 

mass flow 
N min kg/day 
7 0 0 r 

(5000 ha ) 

F ig.6 

100 120 140 160 
Riverflowx10&l/day 

Mass f l ow of mineral nitrogen from the Hierdensebeek 
( rapport Homan) 
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discharged into d i tches . In other c a s e s f aeces , u r ine and 

domest ic waste water a r e caught in septic t anks . A .par t can 

be used a s organic manure , but it i s a l so poss ib le that a 

g r e a t e r p a r t will be d i scharged d i rec t ly . In dry pe r iods the 

waste water can move downward in the soil and the phospho^ 

rus will be fixed t h e r e . 

In the following pa ragraph we shall t r y to s epara te both 

effects v i z . ru ra l - l iv ing and an imal was te . 

B . E f f e c t of a n i m a l w a s t e 

Some r e su l t s f rom ca tchment a r e a r e s e a r c h a r e given in 

table 6. The r e su l t s 1 to 4 a r e ca lcula ted f rom ana lys i s of 

Go l t e rman (1970) a s suming that the mean to ta l wa te r flow 

under our c l imat ic conditions i s about 300 m m / y . The data 

f rom no. 5 a r e based on own exper iments (see a l so fig. 5), 

those f rom no. 6 have been ga thered by the P r ov . Office of 

Public Works in Utrecht (see a l so fig. 5), whilst the data 

f rom exper iment no. 7 have been taken f rom a r epo r t by 

Homans(1970), p r epa r ed for the P r ov . Office of Public 

Works in Gelder land (see fig. 6). F inal ly , the r e su l t s f rom 

Flevoland (no. 8) for n i t rogen a r e taken f rom Van Schreven 

(1970) (see fig. 7) and for phosphorus f rom Go l t e rman (1970). 

By subtract ing the amounts expected due to leaching 

b a sed on l y s ime te r r e s e a r c h (for g r a s s l and 13 kg N /ha and 0 .24 

kg P/ha)fromthe total l o s s e s we find the sum of the d i rec t po l lu­

t ion f rom r u r a l living and an imal waste according the equation: 

total l oss = leaching loss + an imal waste + population was te 

F r o m the re la t ion P - l o s s and population density (fig. 8) 

we e s t ima te that p e r capita about 0. 2 kg P / h a / y or 14% of the 

to ta l phosphorus i s contr ibuted to surface wa t e r s . On the b a s i s 

of th is pe rcen tage the co r r ec t i on for n i t rogen would be 0. 14 

x 4. 7 = 0. 66 kg N / p e r s / h a / y . 

We can now subtract th is amount f rom the sum of popu­

lation and an imal was te , to find the effect of the l a t t e r only. 
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F r o m table 6 it i s apparent that th is effect r anges f rom 

-0 . 02 - +1. 85 kg P / h a / y , which i s a r e la t ively smal l amount 

in re la t ion to the total phosphorus production in the organic 

manure . 

In the Hierdensebeek near ly 5%, in the Langbroekerwe­

ter ing 3 % and in the a r e a of the Hupselsebeek 0. 6% of the 

to ta l phosphorus production in the organic manure i s lost 

in th is way. 

F o r the n i t rogen we calculate a loss of 28% in the Hup­

selsebeek a r e a (no. 5) and 4% for the Hierdensebeek (no. 7). 

In F igu re 9 we have plot ted the ca lcula ted N - and P -

l o s s e s due to an imal waste against the total N-product ion 

in organic manu re . F igu re 9 shows that t hese l o s s e s a r e 

i nc reas ing s trongly above a production of 100 kg N/ha (100 

kg N/ha i s equivalent to about Z\ c a t t le u n i t / h a ) . The r e a l 

r e a son i s that the f a r m e r h a s a l a rge excess of po tass ium 

in h is organic manure , which he does not l ike to apply to 

h i s g r a s s l and because of g r a s s tetany h a z a rd s , when l i ve ­

stock r a t e s exceed Z\ c a t t le un i t s /ha . 

As the mean product ion to-day i s about 100 kg N /ha , we 

can e s t imate the annual contribution to eutrophicat ion f rom 

an imal waste at 0. 2 kg P / h a and 5 kg N /ha . F o r an a r e a of 

2 . 1 x 1 0 ha cult ivated land th i s i s 0. 44 x 10 k g P and 11 x 

106kg N. 

The high ra t io of N / P = 195 of the d i scharged an imal 

waste p roducts in the Hupselsebeek a r e a i s an indication 

that h e r e u r ine i s d rained off. This l iquid manure i s r i ch in 

n i t rogen (0. 42% N) and low in phosphorus (0. 009% P) and ha s 

a N / P ra t io of 48. That the N / P ra t io found i s much h igher 

may be caused by fixation of P in the sludge on the bottom 

of the b rook. 

As con t ra s t ed with t h i s , the s l u r ry f rom ca lves d i scharged in 

the Hierdensebeek a r e a h a s an N / P ra t io of 4. 9, which i s near ­

ly the same a s that ca lcula ted for the N and P l o s s e s in the 

surface water, v iz . 7 . 7 / 1 . 8 5 = 4 . 2 . 

We have ca lculated the N and P l o s s e s a s p e rcen tages 

of the total N and P p roduced. But when we a s s ume that in 
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th e Hierdensebeek a r e a only the s l u r ry of ca lves i s d i scharged 

th is p a r t can be ca lcula ted to be 9% of the P p roduced in the 

s l u r r y ( l . 85/22 x 100) which i s a r e la t ively high r a t e . 

4 . T o t a l c o n t r i b u t i o n of a g r i c u l t u r e 

Now we can make an es t imat ion of the to ta l contr ibution of 

ag r i cu l tu re to eutrophicat ion of surface wa t e r s . 

A summary i s given in table 7. 

TABLE 7. The to ta l annual contr ibution of ag r i cu l tu re 

to eutrophicat ion of surface wa t e r s in the Ne ther lands . 

a r e a , ha N, kg P , kg 

a r ab l e land 775,000 

leaching 42 x 10 6 O . l O x l O 6 

an ima l waste 

g r a s s l and 1,350,000 

leaching 1 7 x l 0 6 0. 32 x 10 6 

an imal waste 11 x 10 0 .44 x 10 

to ta l 2 ,125 ,000 70 x 10 6 0 .86 x 106 

pe r h a / y 34 0 .40 

F r o m table 7 it i s evident that the to ta l contr ibution i s about 

70 mil l ion kg N and 0. 86 mil l ion kg P . 

The r e i s yet another source of d i rec t pollution of surface wa t e r s 

in a g r i cu l t u r e . This comes f rom mechanica l applicat ion of fer t i ­

l i z e r by centr i fugal s p r e ad e r s . P a r t of the f e r t i l i z e r i s s p r ead 

into the d i tches too. However , th i s p a r t of the to ta l d i rec t pol lu­

t ion i s included in the effect of an imal was te and difficult to sepa­

r a t e . 
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III. PAST, PRESENT AND FUTURE TRENDS IN FERTILIZER 

CONSUMPTION 

The re a r e t h r ee pathways in which plant nu t r ien ts r each the 

soi l : 

l e . in f e r t i l i ze r 

2e. in organic manure 

3e. in r a in water 

The amount of plant nu t r ients in r a in wa ter a r e re la t ively 

smal l and will not be cons idered . 

1. N a n d P i n f e r t i l i z e r 

F igu re 10 shows the f e r t i l i ze r consumption in the Nether lands . 

The amount of applied n i t rogen pe r ha depends s trongly on 

the type of c rop . There fore we have t r i ed to make an es t imat ion 

of the a r e a of g r a s s l and and a r ab le land up to the y e a r 2000. 

In F i gu r e 11 we see that the a r e a of cul t ivated land i s d e c r e a ­

sing because every 5 y e a r s about 30, 000 ha of ag r i cu l tu ra l land 

i s taken out of production for different other pu rposes (Landbouw-

ci j fers 1971, table 13b). In the per iod 1970-2000 th is d e c r e a s e 

can be e s t imated at about 180, 000 ha . The amount of cul t ivated 

land will be about 2 mi l l ion ha in the y e a r 2000. 

F igu re 11 a l so demons t r a t e s that the a r e a of a r ab le land 

has been decreas ing s trongly since I960. This d e c r e a s e t akes 

p lace nea r ly ent i re ly on sandy so i l s . The f a r m e r p r e f e r s g r a s s ­

land to a r ab le land f rom the f inancial and technical point of 

v iew. If we e s t imate that about 50% of the a r ab le land will d i s ­

appear in the next th i r ty y e a r s , we expect in 2000: 

g r a s s l and 1,550, 000 ha 

a r ab le land 350,000 " 

hor t icu l tu re 100,000 " 

to ta l 2, 000, 000 ha 

In 1970 about 175 kg N/ha was used in the Nether lands . 

Th i s means an annual application of 100 kg N/ha on a r ab l e 
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F o r an a r e a of 2 x 10 ha cult ivated land th i s i s 175 kg N / h a / y , 

39 kg P / h a / y and 145 kg K /ha /y . Assuming that of the to ta l n i t r o ­

gen 50% will be available to the plant, the total amounts of n i t r o ­

gen, phosphorus and po tass ium available in 2000 will b e : 

N P K 

f e r t i l i ze r 245 kg / ha / y 5 k g / h a / y 17 k g / h a / y 

o rg . manure 87 " 39 " 145 " 

to tal 332 k g / h a / y 44 k g / h a / y 162 k g / h a / y 

We have e s t imated inFigure 11 that in 2000 the ra t io of a r a ­

ble land to g r a s s l and will be about 1:4. Hence the g r a s s l and has 

to accept the g r e a t e r p a r t of the organic manu re . The annual 

r equ i rement for N, P and K on g r a s s l and i s about 275 kg N/ha , 

20 kg P / h a and 100 kg K/ha . Also when th is need will i n c r e a s e 

somewhat due to h igher d r y -ma t t e r production, i t i s c l e a r that 

the amounts of P and K in the organic manure a r e far too high 

for our g rass land . This i s especial lytrue for the amounts of po ­

t a s s ium with a view to the g r a s s tetany d i sease in g razing cows. 

In fact the amounts of N, P and K applied in organic manure 

a r e even h igher than ca lculated h e r e a s the d is t r ibut ion over the 

to ta l a r e a of cul t ivated land i s not homogeneous. 

Here we a r e facing the p rob lem of the organic manure s u r ­

p lus . It will be a continuous danger to the quality of our surface 

wa te r s .The f a r m e r has found a p a r t i a l solution of the p rob lem 

by d ischarging a pa r t of the u r ine containing N and K into the 

surface wa t e r s , resul t ing in an increased, n i t rogen content of 

th is water . The phosphorus content ,however, will be influenced 

to a much l e s s e r extent, because ur ine contains l i t t le phospho­

r u s . On the b a s i s of F igu re 9 we may expect that the mean con­

tr ibut ion f rom an imal waste will i n c r e a s e in the next 30 y e a r s 

for phosphorus f rom 0. 2 to 1. 6 kg P / h a / y , and for n i t rogen 

f rom 5 to 40 kg N / h a / y , This const i tu tes an eight fold i n c r e a s e 

if no act ion i s taken. 
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IV EVALUATION O F THE SIGNIFICANCE TO THE WATER 

SYSTEM OF A G R I C U L T U R A L SOURCES OF N U T R I E N T S 

To e v a l u a t e t he s i gn i f i cance to t h e w a t e r s y s t e m of a g r i c u l t u r a l 

s o u r c e s of n u t r i e n t s , we h a v e t o s e e them.in r e l a t i o n t o o t h e r 

s o u r c e s of po l l u t i on . T h e r e f o r e we c a n u s e n i t r o g e n f i g u r e s p u ­

b l i s h e d by R e v a l l i e r (1971) a nd p h o s p h o r u s d a t a of B e e k (1971) . 

T h e v a l u e s f o r a g r i c u l t u r e a r e t h o s e c a l c u l a t e d i n t h i s r e p o r t . 

T a b l e 8 s hows t he r e s u l t . 

T A B L E 8 The t o t a l n i t r o g e n a nd p h o s p h o r u s c o n t r i b u t i o n 

t o e u t r o p h i c a t i o n f r o m d i f f e ren t s o u r c e s i n t h e N e t h e r l a n d s 

S o u r c e 

R i v e r s 

M e u s e (Ey sden ) 

Rh i n e (Lobi th) 

R a i n f a l l * 

A g r i c u l t u r e so i l 

l e g u m i n o u s p l a n t s 

f e r t i l i z e r 

o r g . m a n u r e 

a n i m a l w a s t s 

s ub . t o t a l 

P o p u l a t i o n 

I n d u s t r y 

T o t a l l o ad 

N 

1 0 6 

36 

4 

10 

9 

11 

70 

k g / y 

24 

280 

17 

70 

54 

62 

507 

% 

4 . 7 

5 5 . 2 

3 . 4 

1 3 , 8 

10, 7 

1 2 . 2 

l v . 'U 

P 

1 0 6 k g / y 

3 . 0 

3 5 . 0 

1. 75 

) 0 . 4 2 

0 . 4 4 

0-, 86 

1Ü, 0 

3 . 50 

62 , 11 

% 

5. 

56 . 

2 . 

0 . 

0. 

1. 

2 9 . 

5. 

100 

0 

5 

7 

7 

7 

4 

0 

5 

* Only on 550 , 000 ha s u r f a c e w a t e r 

F r o m t a b l e 8 i t i s c l e a r t h a t eut r oph i c a t i on i n t h e N e t h e r ­

l a n d s i s p r i m a r i l y a n i n t e r n a t i o n a l p r o b l e m a s 60% of t h e n i t r o ­

g en a nd p h o s p h o r u s o r i g i n a t e s i n t he r i v e r Rh i n e a nd M e u s e . 
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On a national level we see that the d i rect contribution of 

rainfall to surface water pollution i s about 3%. However, th is 

pa r t cannot be easi ly influenced. P e rhap s it will be reduced to 

some extent a s a l so a i r pollution will d iminish. 

The t h ree remaining sou rces , ag r i cu l tu re , population and 

indust ry make about the same n i t rogen contribution. However, 

the n i t rogen form can be ve ry different. The m ine ra l n i t rogen 

in domest ic sewage i s near ly completely ammonia , which demands 

oxygen f rom the surface water for oxidation to n i t r a t e . This i s a l ­

so the c a se with an imal was te , but 85% of the n i t rogen d i scharged 

by ag r i cu l tu re (leaching) i s in the n i t ra te form, which ha s no oxy­

gen demand but supplies i t under anaerobic condit ions. 

As r ega rd s phosphorus the high contribution f rom the popula­

tion of 29% i s s t r iking, indust ry and ag r i cu l tu re only supplying 

5. 5% and 1.4f r espect ive ly . The pa r t of ag r icu l tu re in phospho­

rus pollution i s smal l . However, we have seen that without any 

in tervent ion the contr ibution of an imal waste will i n c r e a s e 8 

t imes in the next th i r ty y e a r s and will then have r eached the s a ­

me level a s indus t ry now. 

An impor tant factor i s that pollution by population and indu­

s t ry a r e point d i s cha rges , whereas we find in ag r i cu l tu re ma in ­

ly d i scha rges of the diffuse type. F r o m a t echnical point of view 

it i s t he re fo re p re fe rab le to t r e a t the sewage water f rom popu­

lation and indus t ry . But f rom table 8 i t i s a l so evident that a 

drop in the phosphorus concentra t ion of surface water can be 

achieved only if the phosphorus in domest ic and i ndus t r i a l waste 

water i s r emoved by chemica l p rec ip i ta t ion . Biological oxidation 

alone i s of l i t t le value in this r e spec t , because only 30% of the 

phosphorus i s fixed in the s ludge. This p rocedure used on an i n ­

t e rna t iona l level will cause a l so a drop in the phosphorus flow 

in the r i ve r Rhine and Meuse . 

F r o m table 8 i t can be ca lcula ted that by stopping the use 

of f e r t i l i ze r and organic manu re , and without i nc reas ing g reen 

manur ing , a drop of 3% in the to ta l n i t rogen-bad could be 

achieved. But the consequence would be a d e c r e a s e in the 

fe r t i l i ty of our so i l s . Bes ides , i f would not solve our p rob lem 
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in the next decennia in view of the large stock of nitrogen and 

phosphorus in the organic matter of our soils. 
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V. LAW CONCERNING POLLUTION OF SURFACE WATER 

A short description of the new law concerning the pollution of 

surface water in the Nether lands was published by the Minis t ry 

of T r anspo r t and. Public Works (1971). 

About 1930 purif icat ion of sewage water started, in the 

Ne ther lands . Now (1971) about 5% of the sewage water or 1 m i l ­

lion i . e . (= inhabitant equivalent) y ea r ly i s d i scharged d i rec t ly 

into the sea (Koot 1969). From the remaining quantity (20 mil l ion 

i . e . / y ) 35% or 7 mil l ion i . e . / y i s purified in 437 municipal and 

100 non-municipal ins ta l la t ions . Thus 13 mil l ion i. e. / y a r e d i s ­

charged into the surface water , which has a capacityfox self pu­

rif ication of about 4. 5 mi l l ion i . e . / y . F o r 1986 the e s t imat ion 

i s an i n c r e a s e in total sewage water product ion to 31 mil l ion 

i . e. / y (16 . 5 mil l ion i . e. of domest ic and 14. 5 mil l ion i . e. of 

i ndus t r i a l or igin, excluding 19 mil l ion i. e. / y f rom the potato 

and s t rawboard indus t ry in the province of Groningen). 

The ins ta l la t ions now being used for purif icat ion a r e of 

the b iological type and not supplied with chemica l equipment. 

The phosphate and n i t ra te r emova l in such ins ta l la t ions i s about 

30% (Bayley 1970, Koot 1970), so only 0. 35 x 30% = 10% of the 

to ta l phosphate and n i t ra te i s r emoved. As 5% i s d ra ined d i r e c t ­

ly to the sea, the surface wa ter in the Ne ther lands i s loaded with 

85% of a l l phosphate and n i t rogen originating f rom sewage water . 

The new law in te rd ic t s every type of a r t i f ic ia l pollution of 

surface wa te r . That means that na tu ra l run-off and drainage 

wa te r f rom ag r i cu l tu ra l land does not const i tute pollution a c ­

cording to th i s law. 

The law fo rces a l l water control agencies (government, 

p rov inces , munic ipal i t ies and polder boards) to a t tack a r t i f i ­

c ia l pollution. The government i s only responsib le for governmenta l 

wa t e r s ( r iverSjCanals , l akes and t e r r i t o r i a l sea wa te r s ) , the p r o ­

v inces , munic ipal i t ies and polder boa rds for the remaining s u r ­

face wa te r . 
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Loading of surface water with sewage will only be p o s s i ­

ble with the p e rmi s s ion of the water control boa rd in question. 

F o r such p e rm i s s i on everybody has to pay in accordance with 

the type and extent of the source of pollution. F o r the p r e sen t 

the government will use only the i. e. a s the unit of pollution. 

The other water control inst i tut ions (provinces , munic ipa l i ­

t i e s , polder boards) may use o ther uni ts , for ins tance amount 
3 

or composi t ion of the waste water , or a fixed amount p e r m 

of living accomodat ion. Hence the c i t izen h a s to pay for d i s ­

posa l of h is domest ic sewage wa te r , the indus t ry for i ndus ­

t r i a l waste wa ter and the f a rme r for d i rec t pollution of su r fa ­

ce wa te r with u r ine or s l u r ry f rom h i s ca t t l e . 

With these t axes the water control boa rd has the pos s ib i l i ­

ty to build ins ta l la t ions for pur if icat ion of sewage wa te r . How­

eve r , if for an indust ry the cos t s of pur if icat ion grow out of 

a l l p ropor t ion , the water control boa rd can pay a compensat ion. 

A l so when a p e rm i t h a s to be refused, with the consequence of 

c losing or moving, the indus t ry can ask for compensat ion f rom the 

wa te r cont ro l boa rd in question. When t hese co s t s of c ompensa ­

t ion become too high, governmenta l support can be a sked for . 

In t echnica l and chemica l f ields the wa te r cont ro l b oa rd s 

have to co -ope ra t e with the governmenta l Inst i tute for Pu r i f i ­

cat ion of Sewage water (RIZA). The public heal th i n spec to r , who 

i n spec t s the wa te r quality mus t be in formed of every change 

in condit ions on the b a s i s of which a p e rm i t was i s sued . 
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VI. PRACTICAL CHANGES WHICH CAN BE ADOPTED TO RE­

DUCE THE EFFECTS OF THE AGRICULTURAL CONTRI­

BUTIONS OF NUTRIENTS 

In chapter IV we have recognized on a national level , the(s t i l l 

i n c r e a s i ng ) population a s the p r inc ipa l cause of eutrophicat ion 

with phosphorus . The contribution of ag r i cu l tu re was shown 

to be smal l , being only 4% of the combined contribution of po ­

pulation and indust ry (table 8). Even the d i rec t contr ibution of 

rainfal l to the surface wa te r i s h igher! It b ecame a l so c l e a r 

that th i s P - l o s s in ag r i cu l tu re for the p r e sen t can be r educed 

only to 50% by prevent ing d i rec t pollution with an imal was te . 

The o ther 50% cannot be d iminished because the organic ma t ­

t e r of the top^-soil contains a high amount of phosphorus which 

i s lost v e ry slowly a s a diffuse d i scharge . This p a r t mus t be 

accepted as the bas ic contribution of ag r i cu l tu re to eu t rophi ­

cat ion with phosphorus . 

The contr ibution of n i t rogen f rom ag r icu l tu re i s of the 

s ame o rde r a s that f rom population and indus t ry . But 85% 

of th is d i scharge i s of the diffuse type. That means that a 

d i rec t wa te r t r e a tmen t a s for domes t i c - or i ndus t r i a l sewage 

wa te r i s p r ac t i ca l ly imposs ib le owing to the l a rge volume of 

wa te r . Eut rophicat ion with n i t rogen a s a r e su l t of leaching i s 

a s soc i a t ed with a r ab le land, especia l ly on light sandy so i l s . 

A d i rec t reduct ion in leaching l o s s e s of n i t rogen i s poss ib le 

to a l imi ted extent by means of n i t r i f icat ion i nh ib i to r s . In' p r a c ­

t ice th i s method i s used on newly r e c l a imed peat soi ls which 

a r e t r e a t ed once every2-3years with DD (d ichloropropane-

dichloropropene) aga ins t potato nematodes . However , i t i s an 

expensive t r a t emen t (ƒ 400, - / ha ) and it i s not known how 

soil fauna and f lora will be affected by annual appl icat ion. Hence 

we do not see many possibilities for th i s sys tem of a r t i f ic ia l ly p re ­

venting leaching l o s s e s . 

It i s a l so poss ib le to change a r ab l e land into g r a s s l and . 

On the sandy soi ls a l r eady 70% of the cul t ivated land i s g r a s s ­

land. The fact that the a r e a of a r ab l e soil i s s t i l l dec reas ing 
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these so i ls , i s a favourable fac tor . On clay soils th is effect 

will be much sma l l e r a s table 4 shows. The total convers ion 

on sandy soils f rom a rab le land to g r a s s l and would reduce the 

mean total l oss p e r ha of cultivated land f rom 29 to 19 kg N /ha , 

o r nea r ly 35%. We have seen that the contribution made by f e r ­

t i l i z e r s i s ' smal l , because only 3% of the amount applied was 

lost by leaching. The convers ion of a r ab le land to g r a s s l and 

will a l so h e r e be a favourable factor . In spite of an i n c r e a s e 

in the N-applicat ion ' ron: .100 'kg NAÎU enar.-.b1* land to 

275 kg N /ha on g r a s s l and in the future, the N - lo s s by leaching 

will d ec r ea se s trongly. 

As we pointed out a lready, decreas ing applicat ions of f e r t i ­

l i z e r s will have littie effect on eutrophication, but r e su l t in h igher 

food p r i c e s , because of a l oss in fer t i l i ty and lower y i e lds . The 

N and P flow in domest ic sewage wa te r , however , will continue 

to i n c r e a s e with population growth and i n c r e a s ed impo r t s of 

food. 

In the light of these poss ib i l i t i es it i s c l e a r that new f e r t i l i ­

z e r s will never contr ibute much to l essening the p rob lem of eu-

t rophicat ion. However , we have to be v e ry careful with new 

types of f e r t i l i z e r s , because they could worsen the s i tuation, e s ­

pecial ly in the long run. 

The g r ea t e s t p rob lem in ag r i cu l tu re , however , will be to 

s top the i nc reas ing product ion of an imal was te . We have seen 

that so fa r the mean contr ibution of ag r i cu l tu re has been sma l l , 

but that we expect that without any in tervent ion th i s contr ibut ion 

will i n c r e a s e 8 t imes in the next 30 y e a r s . However , in a r e a s 

with a high l ivestock density the s i tuation i s a l r eady unfavourable. 

The f a r m e r found a way out for h i s l a rge exces s of nu t r ien ts in 

organic and liquid manure by d ischarging them into the surface 

wa te r , a method d i scovered long ago by local au thor i t i e s and 

indus t ry . 

The new law concerning the pollution of surface wa te r 

now forbids the f a r m e r to d ra in off h is nu t r ien t s without a 

l i cence . But a l so by charging a fee for a l icence we have not 

reduced the p rob lem of eutrophicat ion because i t i s imposs ib le 

for any author i ty to give a l l the surface wa ter a b iological and 

chemica l t r e a tmen t . The re fo re , the solution h a s to be found on 

the f a rm of the l i cence ho lder . 
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The f a rme r has the possibi l i ty of applying a l l the f a rm ­

ya rd manure ,u r ine or s l u r ry to h is land during the whole y ea r . 

He i s now over -manur ing h i s land, not using i t in the no rma l 

ag r i cu l tu ra l sense but a s a sewer . On sandy so i l s , s l u r r i e s 

will r e su l t in pollution of the subsoil and an i n c r e a s e in n i ­

t r a t e and phosphorus content of the ground-water . On c lay 

soils with a sma l l e r water penet ra t ion capacity, the r un ­

off to the surface water will i n c r e a s e . The law concerning 

pollution of surface wa ter does not cons ider th is run-off 

a s an a r t i f ic ia l pollution, but the effect on eutrophicat ion will 

be nea r ly the s ame . P e r h ap s a new law on "Quality of g r ound ­

wate r" , which i s under cons idera t ion , may p revent th is ove r -

manur ing , which i s , in our opinion, not t o l e rab le . The con­

sequence will be that the ag r i cu l tu ra l excess of nu t r ien ts 

mus t be r emoved f rom the f a rm (De la Lande C r e m e r (1970). 

Here a r e different poss ib i l i t i e s . 

(1) Near ly complete immobi l i sa t ion . Near ly a l l nu t r ien ts 

can be immobi l ized by mixing the manure or s l u r ry with (dry) 

town refuse in heaps with control led tipping^ Appropr ia te m e a ­

su r e s should reduce the production of d ra inage water to a m i ­

n imum; th is wa te r should be t r e a t ed biologically and chemica l ­

ly in a sewage t r e a tmen t ins ta l la t ion before it i s d ra ined into 

the surface wa te r . 

He r e the l imiting fac tor i s the cos t of t r a n spo r t . 

(2) T r ea tmen t of manure and s l u r ry in a b iological oxi­

dation sys tem. Ten Have (1971) r epor t ed on different e xpe r i ­

men t s p e r fo rmed with oxidation sy s t ems in the pe r iod 1967-

1971. The sys tem involves t r e a tmen t of s l u r ry in ac t iva ted-

sludge ins ta l la t ions with low loads , to get a min imum sludge-

product ion (load 200-300 g BOD 5 /m / day , OC/load = 2 and 

a sludge concentra t ion of 10 g / l ) ; 

A drawback was that about 60% of the d ry ma t t e r of the 

s l u r r y of swine and hei^tnanure had a high r e s i s t ance to. ivJ.crx>-

bia l ac t ivi ty resul t ing in a l a rge amount of r e s idua l s ludge, 

which ha s to be r emoved f rom the f a rm too. F o r the organic 

ma t t e r in u r ine th is was only 30%. With henananure the amount 

of surplus sludge was even h igher than the or iginal quantity 

of henirnanure used! 
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The remaining 40-70% organic ma t t e r r equ i r e s a high 

amount of oxygen for oxidation. However, in spite of the 

high reduction pe rcen tages (95-97, 5%) inBODg, the effluent 

s t i l l has a high amount of BC.?c (0-200 mg / l ) , ammonia (0-750 

mg N / l ) and n i t r i t e (0-300 mg N / l ) . During d i s turbance i n t he 

p r o c e s s these contents can somet imes be h igher . The cause of 

t hese high contents in the effluents, i s not quite c l e a r , but i t 

i s evident that these effluents to some extent, s t i l l cause local 

pollution of the surface wa te r . Hence t r e a tmen t of the effluent 

during s eve ra l days will be n e ce s s a ry . 

However, f rom the point of view of eutrophicat ion a low 

BODr, ammonia and n i t r i t e content i s not enough. The n i t rogen 

and phosphorus in the effluent have to be r emoved a l so . Th is 

again will i n c r e a s e the cost of such an ins ta l la t ion, which i s 

a l r eady high for the individual f a rm: r (about ƒ 25, - p e r i nha­

bi tant equivalent) . 

'o p revent high cos t s of cons t ruc t ion the ins ta l la t ions 

a r e not fully au tomat ic . So t he re will alv/ays be the danger that 

p a r t of the waste will be d ra ined off without sufficient pur i f i ­

cation by failing supervis ion and lack of knowledge of pur i f i ­

cat ion technology. An impor tan t advantage of t h i s method i s that 

the bad smel l c aused by applicat ion of un t rea ted s l u r ry of swine 

to the f ields i s complete ly e l iminated af ter t r e a tmen t in an oxida­

tion ins ta l la t ion. 

(3) Separa te t r e a tmen t of solid and l iquid manu r e . Voorburg 

(1971) comes to the conclusion that an ac t iva ted sludge p r o c e s s 

h a s good p ro spec t s only in the c a se of urine» which h a s a low 

content of organic ma t t e r and phosphorus . 

Such a t r e a tmen t will be only poss ib le when an imal was te 

can be s epa ra ted into a solid and liquid pa r t (cat t le , swine and 

ca lves ) . 

The cost of pur if icat ion in b iological oxidation s y s t ems for 

l iquid manure will be r e la t ive ly low; such s y s t ems can be u sed 

by g roups of f a r m e r s (co-operat ing with munic ipa l i t i es ) , b ecause 

t r a n spo r t through p ipel ines i s r e la t ive ly easy . However , a s 

opposed to s l u r ry , the cos t of c leaning s t ab les mechanica l ly i s 

h igher . 
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The f a rme r who has g r a s s l and and /o r a rab le land can 

apply the solid manure to h is land. I t s s torage i s much e a s i e r 

and cheaper than of s lu r ry , and the solid manure can be used 

a t the bes t t ime , which will influence the leaching l o s s e s fa­

vourably. Because a g rea t p a r t of the excess n i t rogen and po ­

t a s s ium i s r emoved with the liquid manure , the f a rme r can 

apply mo re solid manure , without the r i sk of ove r -manur ing . 

Because the water content of th is manure i s much lower than 

of s l u r ry , the penet ra t ion velocity of n i t rogen and phosphorus 

into the subsoil will be l e s s . 

The f a rme r with l i t t le or no land can t r anspo r t h i s 

excess of solid manure to an official town refuse dump. 

If t he re i s no possibi l i ty to t r an spo r t the solid manure to 

an official refuse dump, i t can be d r ied or burned af ter hyd rau ­

lic p r e s s ing . The t r anspor t of a sh f rom the f a rm will be no 

p rob lem; however , burning will give a i r pollution. 

To p revent i nc reas ing eutrophicat ion due to an imal 

waste in the future, it will be n e ce s s a ry to i s sue l i censes for 

keeping high l ivestock ra tes e .g . mo r e than Z\ ca t t le un i t s /ha , . 

jus t a s for se t t lement of an indust ry . The new law on pollution 

of surface water opens the poss ibi l i ty to cont ro l the develop­

ment of th is type of " b io - " indus t ry and to demand v a r i ous p r o ­

v i s ions . The ex t ra cos t s made by the f a rme r can be paid by 

the water control board , because it will s t i l l be cheaper to p r e ­

vent pollution than to c lean up a l l the surface water af ter pol lu­

tion. 

Th is a sk s for intensif ication of r e s e a r c h on the pos s ib i l i ­

t i e s of immobil izing t h e excess of nu t r ien ts in organic manu re 

to p revent pollution of the subsoil . 

We have to r ea l i ze that when we have e l iminated a l l s ou r ­

ce s of pollution mentioned h e r e , including the r i v e r s Rhine and 

Meuse , t he re will s t i l l be one l a rge source of n i t rogen and phos ­

phorus , in addition to the organic ma t t e r of our cul t ivated so i l s , 

in the form of mud and sludge on the bottom of our water c o u r s e s . 

We will have no c l ea r water without a l so c leaning up this bot tom, 

But th is i s a p rob lem for our water management au thor i t i e s . 
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It is clear that "controlled eutrophication" has the conse­

quence that agriculture has to learn thinking in three rather 

than two dimensions, so that in future people are able to buy 

meat instead of having to spend all their money on purification 

of surface water polluted with animal waste! 
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VII. CONCLUSIONS 

1. 60% of the n i t rogen and phosphorus load of our surface water 

o r ig inates f rom the r i v e r s Rhine andMeuse , whereas 23% 

of the n i t rogen and 35% of the phosphorus i s contr ibuted by-

population and indust ry . 

2. The contr ibution of n i t rogen and phosphorus made by a g r i ­

cul ture to eutrophicat ion i s r espect ive ly 14% and 1.4% of 

the total N and P load. 

3. 85% of the n i t rogen, originating f rom ag r i cu l tu re , comes 

f rom leaching and i s a d i scharge of the diffuse type, which 

does not lend i tself to biological and chemica l t r ea tmen t . 

4. The contr ibution of N - f e r t i l i z e r s to eutrophicat ion depends 

on the type of soil and c rop . On a r ab le land the n i t rogen 

leaching loss f rom f e r t i l i z e r s i s about 10%, on g r a s s l and 

about 1% of the applied N - f e r t i l i z e r . The mean cont r ibu­

tion in the Nether lands to the to ta l N- load of surface water 

i s about 2%. 

5. 50% of the total P -cont r ibu t ion of ag r i cu l tu re should be 

cons idered a s a bas ic contr ibution to eutrophicat ion, due 

to leaching l o s s e s f rom the l a rge phosphorus s to re bound 

to the organic ma t t e r in the topsoi l of our cul t ivated land. 

Th is p a r t , however , i s smal l and amounts to 0. 06 kg P / h a / y 

on a r ab l e and 0. 24 kg P / h a / y on g r a s s l and . The leaching 

l oss i s not appreciably influenced by the amount of phospho­

rus f e r t i l i ze r applied annually. A reduct ion in t hese l e a ­

ching l o s s e s i s p rac t ica l ly imposs ib le to achieve . 

6. In view of t hese smal l contr ibut ions one cannot expect new 

types of f e r t i l i z e r s to have an impor tan t effect on the r e ­

duction of n i t rogen and phosphorus eutrophicat ion. 
• 

7. A reduct ion in n i t rogen leaching l o s s e s i s poss ible by changing 

a r ab l e land into g r a s s l and . A tendency for th is change to con­

tinue i s expected, on the sandy soils for the next th i r ty y e a r s . 

This might r e su l t in a max imum dec r ea se in the N -con t r ibu -

t ion of near ly 35% in spite of a s t rong i n c r e a s e in N - f e r t i l i z e r 

u se . 
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8. Today contribution f rom an imal waste i s of the s ame o rde r 

a s f rom f e r t i l i z e r s . However, an eight-fold i n c r e a s e may 

be expected in the next 30 y e a r s , a s a r esu l t of an i n c r e a s e 

in l ivestock population of about 48%. 

9. The new law concerning pollution of surface wa ter opens the 

possibi l i ty of taking act ion to reduce th is pollution. 

10. A r e a l reduction in eutrophicat ion, however , will only be 

poss ib le through biological and chemica l t r e a tmen t of a l l 

sewage water f rom population and indus t ry because t h e i r 

contribution to the phosphorus load i s a s high a s 35%. 

11. F o r the Nether lands a reduct ion of mo r e than 30% will be 

poss ib le only if a l l the waste water f rom population and i n ­

dus t ry i s t r e a t ed in the er/ ' l re ca tchment a r e a of the Rhine 

and Meuse mos t of which i s located outside i t s b o r d e r s . 
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N % 

60 

23 

14 

3 

100 

P % 

60 

35 

1 .4 

3 

100 

VIII. SUMMARY 

An es t imat ion was made of the N and P contribution of a g r i cu l ­

tu re to eutrophicat ion of surface water in the Nether lands . The 

l o s s e s through leaching were based on l y s ime te r r e su l t s (table 

4, fig. 3). Those of an imal waste on ca tchment a r e a r e s e a r c h 

(table 6). An evaluation of this contr ibution was poss ib le by ma­

king compar i sons with other sources of nu t r ients a s ra infal l , 

r i v e r s , population and industry (table 8). The to ta l cont r ibu­

t ions of t hese different sources we re : 

R i v e r s : Rhine and Meuse 

Populat ion and indus t ry 

Agr icu l tu re 

Rainfall 

Total 

The mos t impor tant conclusion i s that the contr ibut ion of 

a g r i cu l tu re i s r e la t ively smal l . A r e a l reduction in eu t rophica­

tion by 25-30% will only be poss ible through biological and c hemi ­

cal t r e a tmen t of a l l sewage water f rom population and indus t ry . 

A s t ronger reduct ion i s only poss ib le by t r e a tmen t of a l l the 

waste water in the ca tchment a r e a of the r i v e r s Rhine and Meuse , 

outside the Ne ther lands . The contr ibut ion of ag r i cu l tu re to 

N- leaching can be reduced by convert ing a r ab le land to g r a s s l and . 

The max imum reduct ion in N - lo s s expected in th is way in the next 

t h i r ty y e a r s i s near ly 35% of the to ta l contr ibution of a g r i cu l t u r e . 

A v e ry s e r ious danger i s the i nc reas ing pollution with a n i ­

ma l was te . In the next 30 y e a r s an eight-fold i n c r e a s e i s expec­

ted. However , a new law concerning the pollution of surface wa­

t e r opens the poss ibi l i ty of controll ing this type of pollution mo r e 

effectively. A r e su l t , however , will be , that p a r t of the organic 

manu re will have to be r emoved f rom the f a rm .Re sea r ch on the 

poss ib i l i t i e s of immobil izing or r ender ing h a r m l e s s the exces s 

of nu t r ien ts in organic manu re , should be intensif ied. 
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CONVERSION FACTORS 

N-NH4(%) x 1.28 =NH4(%) 

N - N 0 3 ( % ) x 4 . 4 3 = N03(%) 

P(%) : : 2 . 2 9 = P 2 0 5 (%) 

P(%) x 3 . 0 6 = PO4(%) 

K% x l . 2 0 = K20(%) 
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