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ÀBSTRÀCT

The ranges of background values of 32 elernencs in DuEch topsoils (0-10 cm)
are presented. For Ehis purpose soil samples were collected in 28 nature
reserves. The sanples were analysed by means of neutron actlvatlon.
Considerable differences 1n element concentreEions may occur between the
sanpled areas. For the majorlty of the analysed elements a significanÈ
linear relationship exists betr"reen background values and clay contenÈs. For
part of the elements studied, the ranges of background values are in agree-
ment. reiÈh ranges reporÈed for soils in oÈher countries, but. for certain
e.lements distincÈ differences are observed. The concentrations of some
elements 1n clay soils exceed proposed naximally to1€rab1e concentrations
for farming 1and. I,lith Ehe performed analysis a good insight could be
obtained into the background values of many elements in soils. FoÍ t.he
elemenrs Cd, Cu,1lg, Ni and Pb another analyrical. procedure should be used.

INTRODUCTÍON

During Ehe last years a growing concero about soil contarni.nat.ion has
developed in The Netherfands as rrell as in other industrialized counÈries.
Contamination of Ehe topsoil with inorganic substances is one of the
problems in this respect. For judglng the degree of contaminetion of the
soil at a certaifl location, informatjon should be available on the natura],

'- èlement concencraÈions in the soil at t.haE Iocation. lIor,7ever, the original
element concentrations in the soil have been raised by diffuse atmospheric
j,mmissj.on of inorganic pollutants and by application of manure, sewage
slr-rdge etc. The concep! 'rbackground .ralue'r can be defined as lhe sum of the
naturaf concentration and Ehe concentration Ehat should be ascribed to Ehe
diffuse polluEion jusE mentíoned.
l,tron-destructive nÈutron acLivation analysis is applied to various research
projeccs in which large series of soil or sedimenË samples are involved. As
an example we mentlon a series of sludies of environrnental problems
associated wÍth the large quantities of trace elemenÈs bound to sediilents
moving rlrrough the Dutch rivers, estuarjes and coastal katers (De Bruín
l9B3).
The purpose of this paper is to report ranges of background valtres of a
number of elements in mineral soils in The l,letïrerlands, in rei.aeion to
general soil characEeristics.

J. ll. Assink and lït. J. van den Brink (eds), Contaminated Soil
@ 1986, Msrtinus Niihoíí Publishen, DordrechÍ. ISBN 90-247-i267-0 (hardback), 90-247-3268-9 (paperback)
hinted in the Netherlands
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HAÏERIALS AND !{ETHODS

General infotoatlon on soils

SoiI samples have been collected in 28 nature reserves distributed over the
qrhole counEry (Fig. l). l4ost of the sanpled soils have developed Ín aeolian
sedimenLs i.rÍEh a Sandy or loarny ËexEure. A minority of them has developed
in alluvial serli.ments, boCh river clay and sea clay. The main tyPe of elay
mineral in Dutch soils is Í1lite. The textural classes of the sampled soils
are indica[ed in figure I. The sediments are of Pleistocene or Holocene
age. In The Netherlands hardly any rock formation occurs at the surface of
Èhe earLhrs crust.

Sampling

For several reasons (direct cont.act, plant nutriÈion, soil ecology)
knowledge of background values in Èhe upper layer of Èhe soils r,:as
considered as Bost importanE. Thereiore, ehe layer 0-10 cm of Ehe mineral
soil was sampled. ThÍs depth comrnonly corresponds with the depth of the
/rI-horizon.
In each of Èhe sampled reserves 3 rectangular plors of 10 m x 12 m at a

disrance of 50 to 100 m were sefecÈed. In each rectangle 42 soil samples
were collected in a systeuatic grid sysÈem of 6 x 7 sampling poinÈs. From
each recEangle the 42 samples \nrere uniEed to I composi.te sample, resulting
in 3 composite samples per nature reserve. This method of sampling was
chosen to diminish rhe influence of local anomalies. The saÍnpling rras
earried out between aulumn 1979 and spring 1981.

PretreaÈmeBt

The soil samples were dried at 35oC during 48 hours. Clods were crushed
with a wooden morLar or with a Retsch mechanical stone breaker. The soil
was sÍeved hrith a 2 nm nylon sieve.

Ceneral characteristlcs

A part of the minus 2 mm fraction was used to determine Èhe particle size
distribution and the organic carboo content according to sEandard method§.

Neutron activatioa analysis

Another parL of t.he minus 2 mrn fraecioD was homogenized by milling wiÈh a

Retsch mechanical agaLe morÈar during 20 min. From the homogenized materlal
200 mg portions rvere packed into polyethylene containers. For the
determinaEion of elements using short-IÍved isotops an irradiation of 7 sec
$ras carried our, irnmediately followed by a measurement of Y-ray specEra.
For Ehe determination of elements using long-lived isotops an irradlaElon
of I h was carried out, followed by measr.rrements of y-ray spectr4^after.4
and I0 <lays. in borh cases the lhermal neut ron f Lux rnras abouc l0 r t 71f al' .
see. The y-ray spec[ra were converted itto element concentra!.ions using
computer based dat.a handling and analysis. For detailed information on
neuEron activaÈion analysis one 1s referred to De Bruln and Korthoven
(1972). The samples hava been analysed singularly. Srandards with known
element. concenErations have been ana.Lysed regularly together vriÈh the
samples under considerarion. The report.ed concentrations are Èhe
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Ftgure 1. Location, nameÍi and soil texturaI classes cf camp]ed sjtes.
Textural c16ss nanes according to Soil Surve_v Staff (1951). (s=sanrt, is=
loamy sand, I=loam, cl=clay loam, sil=silt Ioao, sl:sarrdy Ioarn, scl= sandy
clay loam, sic=sílty c.lay).
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arithneticaL means of the 3 composÍte samples per nature reserve and are

based on dry weighl (i05oc).

RESTíLTS AND DISCUSSIO!{

Ranges of backgrouud values

In figure 2 the ranges oÍ background values are presented. A striking
feaEure of thls figure ts its verEical extenL, with a spread in
coÍrcent.rafions of B orders of nagnitude.
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Figure 2. Ranges uE background values of 32 elemenÈs in Dutclt topsr)iIs.
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The concenEraEions of Si,.4l, Fe, K, Mg and Na are tire highest' This group
of elements including 0 and Ca is commonly referred to aS major elemenÈS.

These eight elements make up 99.3 weight per cent of the earthrs crust
(Taytor 1964).
The remaining elements are calfed minor or Èràce elements. À part of these

elements (e.g. As, Co, Cr, Sb, V and Zn) often plays a role in problems of
conÉaminated soll.
I"Iith Ehe ouelined procedure about 30 elements are deEernined ln the
sLandard procedure. trIlrh oLher procedures or \.rith preconcentraEion'
additional elements such as Cd, Cu, Hgr Ni, which also often play a role in
problems of soil conEamination, can be determined. For the elernent Pb

another BeÈhod of analysis has co be used.

Backgrouad values i4 relatloa to general soil characteristícs

The relacion of element concenlrat.ions to clay contents and organlc matÈer
contenÈs has been examined.
For the majorlty of the aoalysed elements a slgnificant Iinear correlaEion
exisÈs beÈween background values and clay conEents (Tab1e f). The increase
of element concentraLions wíth clay conÈent may be ascrtbed to high element
concentraEions in minerals j.n the clay fractlon in comparison $rith
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Table l. Linear correlation coefficlents for the relation between

background values and clay conlents in DuEch topsoils.
*'*,t sígnif icanr aE p(0.001; ** iden at p(0.01; * ídem at p<0'r)5'

element correlation number of significance
coefficient obse rvati ons

A1
As
Ba
Br
Ce

cl
Co
Cr
CS

Eu
Fe
Hf

La
Lu
Mg

Mn

Na
Rb
Sb
Sc
Si
Sm

Tb
Th
Ti.
U

v
Yb
Zn
Zt

0.98
0. 86
0.86
a.27
0.94
0.52
0.96
0.94
0.98
o.97
0.93
0 .06
0.8c)
0. 96
0. 87
0. 96
0.Bl
0.49
0.96
0.69
0.99
0.23
0.95
0.B7
0.94
0.9 5

r.r. öJ
0.9 3
0.99
0. 88
0. B7
0. i3

**?t

***

r(**
***
***

***

***

***

***

***

*rt rr

26
2B
28
AQ

28
al

28
2B

28
2B
CQ

,Q

28
aa

74
26
2B

2B

2B
no

25
2B
27
28
1Q

10

10
28
7B

27

concentrations in the loam and sand fraction and to adsorptton of elements
ar Lire surface of clay minerals. As an examp-le rhe relation between clay
conrents and the concentrations of È|e element V has been visualised (Fig.
3). also in other countries, e.g. Sweden (Andersson 1977), AusEria
(Aictrberger 1980) and Canada (McKeague f. I,Iolynerz i9B0) sueh correlations
have been found for a number of elements. However the co-.relaÈion
coefficienr-s are sysrenatlcally higher for rhe Dutch siCuaÈion. This shou}d
be ascribed to Lhe phenomenon Èhat soils in The Netherlands have been
developed from mi.neralogically rather uniform sediments, 1n contrast to
soils in che <:tlrer countries which trave generally been developed from
different types of hard rock.
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The elements Zr and Hf do not occur in common ninerals but in specific
minerals, usually zircon. The highest concen!rationS of these elements have

been found in sandy and loamy soil, which can easily be explained by the
high resistance against vreathering of zircon'
In Table 2 che ranges of background values are given' grouped to texlural
classes. The contents of Co, Cs, Sc, Sm, Tb, U and V sysLematically
increase in the series sand - loam - Clay. For the elernents Al, Ba, Ce, Cr,
Eu, La, Lu, Mg, Mn, Rb, Ta, Th, Ti and Yb soroe overlap can be norlced in
concentrations between the textural classeS; nevertheless, a clear inCrease
in concenErations can be observed in the series mentioned.

Table 2. Ranges of background values of elements (mg/ke soil) in Dutch
topsoi-Ls, grouped to soi.l textural classes (sand: sand and loamy sand;
loam: 1oam, silt 1oam, sandy loam and sandy elay 1oaml clay: sllty clay).
* conEents refer ro less chan 3 composiÈe sanples per nature reserve.
** no data available.

element sand .loam clay

A1
Às
Ba
Br
Ce

CI
Co

Cr
Cs
Eu
Fe
Hf

La
Lu
Mg
Mn

Na
Rb
Sb

Sc
Si
Sm

Ta
Tb
Th
Ti
U

V

Yb
Zn

4,740 - 24,600
I.4 - 18

BO*- 266
2.0 - 18
5.9 - 25
52 - r94

0.30 - 2.0
11-43

0.38*- 2.0
0.08 - 0.4r

760 - 20,000
r.3 - 16

2,760 - ll,90o
3.6 - 14

0.06 - 0.20
249*- 2,5r0
19 - 187

771 - 5,400
8.9 - 45

0.30 - 1.8
0.53 - 2.6

329,000 - 478,O00
0.50 - 2.0
0.10*-0.40
0.08*-0.19
I.l - 1.9
322 - t.770

0.47*- I.2
4.r - 2I

0.29 - i. I
6.4*- 43
5B*- 633

23,300 - 55,400
5.1 - i3
168 - 416
5.7 - 42
22-57

121 - 246
2.4 - i0
33 - 75

2.r - 9.0
0.36 - 1.2

7,860 - 23,000
3.5 - 16

8,620*- 18,400
t3-32

0.17 - 0.49
1,640 - 8,030

115 - 534
3,080 - 6,630

43 - i{)8
n qr*- , ?

3.0 - 9.2
331,000 - 453,O00

2.0 - 5.4
0.30 - 0.96
0.25 - 0.70

a 1 - O ,r

I ,390 - 4,470
r.4 - 2.6
25-68

t.o - 2.7
28* - 15{)

126 - 6t9

88,200.".- 90,9C0
19 - 21

466 - 525
14 - 16
69-81

t4-16
99-
13 -

t7
7

1.3 * ).7
13,300 - 39,000

5.O - 6.2
14,60Q:t- 21,800

39-49
0.48 - 0.58

I 1 ,800 -t 3,800*
470 - 65]'k

4,860 - 5,140
117 - t52
r <- r,
l2 - 16

6.t - 8,2
0.95 - 1.2
0.3i - (t.92

tI - 13
4,1+40*-4.,850

2.9 - 5.tt
t24*- t26
, q- 1)

13_5 - I.5l
2I?*- 280
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For a number of elements a significanC linear correlation exlsts between
background values and organic Ínat.ter conEents (:fabte 3). tttis correlation
is strongesE for the elemenÈs Br and C1. Also in Noruegian foresE solls
significant Iinear correlations were found between organic matter and

halogens (Lag e sreinnes 1976). There are indications that halogens are
coocenErated j-n the humus layer of the soil (La8 6l Steínnes 1976), buE the
binding roeehenisul is sÈi11 unknown.

Table 3. Linear correlaÈion coefficients for the relatioo beÈween

backgrouod values and organie carbon contents in Durch toPsoils'
**r. significanË at p(0.001; ** idem at p(0.0i; * idem at p(0.05.

e Leroe nt significancecorrelation
coefflcienl

nunber of
observati ons

A1
As
Ba
Br
Ce
cl
Co
Cr
Cs
Eu
Fe
nf
K

La
Lu
Mg

Mn
I{a
Rb
Sb
Sc
si
Sm

Ta
Tb
?h

U

\r

Yb
Za

0.r6
0.36
0.25
0. 66
0.38
0.69
0.35
0.41
0.34
0.34
0.38
o.32
0. 34
0.39
0.4 3

o.43
0.27
0 .06
o.29
u.44
0.38
0. 56
0.37
o.42
0.36
0.39
0.41
0,40
o.37
0.42
0.41
0.30

26
LO

2B

2B
2B
20
2ö
2B
28
)Q

28
28
11

2B
2B

24
Z6

2B
2B

2B

28
27
28
2B
1A

27

2B

2B
27

*
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Applications in studyÍng soil Pollution and air Pollutlon

ïhe reported ranges of background values can be used as reference data for
t.he detection of poiluted soi1s, merely by eomparing concefltrations. Rather
consLant ratios occur betrreen many elenents in the soils under
consideraCion. Deviation of Lhese ratios may also be used as an indicarion
for contamination. In Che field of air pollution these rat.ios can be used
to calculate the soil conlributlon to the Eotal eoncentratlon of a given
elenenE in aerosols. In a future paper we shall go into detalls concerning
these raEios.

Couparison sith backgroun4 values ia soí1s from other countries

The presented background values have a limited validity geographicalJ-y. To
illustraEe this some data on background values in soils from fír,e countries
have been listed (Tab1e 4). For a parÈ of the elemenÈs the ranges of
background values in differenc countrles agree, like As and Zn 1n Belgian
rnd Dutch solls, Cr in Canadian and Dutch solls and Co in Swedish and Dutch

- soÍls. Hor{ever, for certain elements dlsEinct differences are observed:
relatively high maximal concentratÍons have been found for Sb in Dutch
soils, for Cr and V in Belgian soi1s, for Co in Canadian soils and fot Zn
in Swedish solls. Differences in concenErations bet.ween soils from
differenE countries can be explained by differences in parenE Ínaterlal, in
so1l, genesis and/or in the degree of conLaml,netion. Also the meEhod of
anal"ysis can be important and especially rhe method of destructlon.
Therefore, a sysÈem of background values per counÈry should be made.

Proposed Eaxi.Itral coÍrceÍrtraÈions

Tietjen (1975) and KLoke (1979) listed the concentrations of several
element.s in t.he soil which they consider as maximalJ.y colerable, based on
Lhe upÈake of Èhese elements in crops intended for hurnan nutriEi.on. Table 5

shows a part of Eheir data. f'or the eleoent.s Cr and V Èhe background values
in some Dutch (c1ay) soils exceed lhe maximalJ-y colerable concentralions

Table 4. Ranges of background values of some elements (mg/kg soil) in
soils from several counLries.
Data on Austrian soils from Àichberger (1980), on Belgian soils from De
Temmerman ec al. (t982), on Canadian soiis from McKeague & Wolynetz (1980)
rnd on Swedish soils from Andersson (1977).
i and *,t : see Table 2.

element The i.let.herlands Austria Belgiun Canada Sweden

rls
Co

Cr tl - il7 i.4 - 38 20 - 2O0 10 - 100 0.9 - 57
sb 0.30 - 2.2 ** < a.2 - 0.5 '!* **

1.4 _ 2I )r* 0.4 - 25 ** **
0.30- 16 a* 0.3- 3C 5- 50 0.1- t7

v 4.1 - L26 ** 25 - 300 ilàL **-

Zn 6.4* - 153 7 - 22o 25 - 150 i0 - 200 4.0 - 310
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TabIe 5. Iíaximally tolerable concentraÈions of some elements (mg/kg sotl)
according to Tietjen (1975) and Kloke (1979).
*;l 3 g". Table 2.

elemenc maximally Èoferable concentrations

Tietjen Kloke

Co 50
Cr 100
5D

v**
Ztt 300

proposed by Tiecjen and K1oke. There is no motive, however, to assurne that
these clay soÍIs are conÈaminated. So Èhe conclusion Èhat the proposed
maximally tolerable concentraËions are not valid for the Dutch sltuetion
without due eonsideration seems jusrified.
In viel,, of the possÍble variation in background values for one element in
different soils, i! is advisable co make a differentiation in types of soil
when tolerable concentrarions of elements in soils have t.o be set. This
would be desirabLe because of differences beEween differenr types of soil
noÈ only in background values but also in effects of a certaín degree of
conEamination due Eo processes like caElon and anion adsorption.
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