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The t•1xicities ci 10 :ndustrial chem1cais to three types ::~f plantS lVere Jetermmed according 
to OECD Guideline ~08. ,,pan from two types of soU. -;ot.lless ;:uiture was •.ased in the te:1t. rae 
'e5UliS .,.,.ith terres;riai Dian IS :n the-.;e tc:siS ·.,ere also _;:)mpareti . ..,~th (l]cse <.lt '.he :;ame ;hemtc:Us 
~sted with aquatic plantS {dude weed. li~t :n nutrient >~>iution. It was found mat !n soilless 
culture tbe EC" vaiucs ->Ctained were mucll !ower than those in 30il ~"Ulture. Soilless .. "Ulture of 
terre:nrial plants Uld tt:sts with aquatic j)lants yielded ahcut !.he 1a111e :-esu1ts. It is conciudcd 
that ad.~rption 'Jf the cheml<::lls to soil .,articles is the main f.lc-.or ~overning the results. ln .m 
additionai ~xperimcnt with Cd. it ·was Jemcnsttated !hal tbe Cd content Ji ,"eaL"ting piants was 
aix>ut tbe laiDe in tests .carried out in soil and .in nutrient .'IOiution. poinons r.o the obvious iilct 
tlw the unuunt of chemical taken up is the basis for :he roxie ~!feet. ln the mterpreation ·Jf 
tests =mied out 'lVlth chemicals .Wded diTectly to 50il. this should be 'aXen inw ~unt. It is 
;a:ommended that soilless culture of terrestrial plants :,C :leriously cmmdered in ecotoxicolOIJI
cal lesting. 

INTRODUCTION 

'W"bereas r.he testing of chemicals tor aquatic toxicity is of1ong standing { cf. ~layer 
and Ellersiedc. 1986), a JilOre standardized approach to the terrestrial o!Cotoxicity of 
indllStf..al chemicals is a rather recent deve!opment. InstrumentaJ in r.his are the re
quirements .Jfthe so-called 6th Amendment levei i testing of the European Commu
aity (Official Journal CEC L2:59 of 1.5.10. 1~79) and the development of OECD 
Guidelines in this matter (OECD, 1984). Until now, few results based on these re
quirements have been published in the literature. In these regulations., tests with both 
terrestrial plants and worms are envisaged. The following paper, for reasons of meth
odology. will be restri<."ted to experiences with plants using the official test and some 
modiiications of it which appeared to be useful. 

In terrestrial tests the chemicals to be rested are usually added directly to a 50il of a 
certain prescribed type. In the case of the OECD Guideline 208, as used by us. this is 
a loam-type soil. The type of soil may influence test results with plants in rwo ways: 

( 1) The ra~ of growth of plants may be different in different soils. 

(2) Adsorption of the test chemical to soil particles may be involved. 

In order to gain some insight into the practical impofT..ance of these factors. the au
thors arranged for a comparative assay of l 0 different industrial chemicals in tests 
with terrestrial plants. Three different species of test plants (tomato. oats. lettuce) 
were cultured in t>~;o ty-pes of soil :loam and humic sand) as well as in soilless culture 
;aquaculture). In earlier tests (Adema., 1985) m of the chemicals had already been 
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tested against different aquatic plants, 1 wh.ich offered a furt.l1er possibility ofcotnoan 
son of test results under different conditions. In particular, the importance of~ISlbllll! 
adsorption of test chemicals to soil particles might be observed as well as the 
of these different growth conditions. 

viA TC:RJ.-\LS A~D METHODS 

The compounds used in the :ests :.vere pot.aSSium ~·ichromate (Cr). ::ad.mium .:hlo.
ride (Cd). r'()t.aSSium crJor.lte I KOO;), tnchloroacetic :lcid (TCAl. dii.scpropylamine 
iDlPA). 2.4-Jinitrotolu<!ne (D~T:. 2. ri -.:iimethy!qum.:; iine !DMQ). : . .t-1it:hioroan.i
line 1 DCA). tetrapropylene benzene sulfonate l,TPBS~. otnd 2 . .!.6-t.-ichiomphenot 
(TCP). TP9S was used as a 5% roiution m water: DN'T .:ontained lbout .!l)% water, 

. ··.:;:: -

but cased on dry weight \ts purity was 18%. The oilier chemicals were pure com- ::· 

pounds with purities > 98%. . . . .. ~~ 
Plants !.!sed were Avena ~crzva f~uts): L.•'coperszc:mt escu!e'1t :m1. Be!!ma RZ (~.:;.- · 

mato)~ and Lacruca sativa, Ravel RZ (lettuce). 
Two types of soil were used: humic sand (organic maner 3.7%. pH 5.1. silt 5 

sand 90.5%) and loam (organic maner t A <lb. pH 7.5. rut 17. i %. :>and 71.7% ). In 
tion, the piants were tested 00 1 ,;~mpiete aqueous autr:ient '3Ciution accordi.ng 
Steiner ( l 968). 

Soil test5 were carried out .1cccrding to OECD· Guideline :os ( 1984). the wan=r 
content of the soils :~ing 80% •.)f their maximum water holding ,:apacity. T .!51 concea
trations were spaced by a .factor of 3.2 and ~xpressed as milligrams per lclogram .X 
dry 'lCLi. 

DNT, DMQ, DCA, and TCP were dissolved in acetone and 1dded as concentrated. · 
solutions to fine silver 5a.Dd The 1cetone was evaporated 1t room temperature 
prescribed by OECD Guideline :os and the 33..Dd mixed with the soil. TJ.e other r. 
-:hemicals '!'ere added as concentrated solutions in water to :.be soil, such :hat tile 
Jesrred fin'al concentrations of chemk-afs and water in the sou ·Nere achieved. 

Five pots (disposable plastic. diameter 8 em, hright 6 em) were filled from 
batch of dosed soil~ one pot was us.."Ci for analysis of the cbem.icaJ at the nan ci 
test and four were 30wn with 10 seeds each. Since only five plants per pot w~ reo 
quired., any additional germinating plants were discarded Twenty plants ~ ttms 
exposed to each concentration of each chemical. Tbe pots were covered w1th 
piates until germination of the plants. The plants were grown in a culture room at 2S · 
:t 2•c, 65% relative humidity, and 6500 lx irom tluoresceot tubes (coior 57). 

Evaporation of water was accurately compensated daily by addition of"""" ........ '-'", 
water. in this way pots without holes could be used and cross-contamination or con. · 
tamination of the surroundings could be avoided. 

Two weeks after germination the plants were cut ctf just above the scil and the . 
,wet weight was immediately determined using an automatic balance, connected to · 

-=omputer for data processing. 
The pH and water content of the soil were determined at the start and end ol , 

the test. 

1 L:mna minor tduck weed). sever:tl •Jni'--e!lular aJ:pe. 1nd a flagellate. ·11z .. Sant!desmus sp. E:Jgierw 
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FIG. I. Test systrm !"or ?!ant growth te:st in autricnt solution i soilless -.-ultun: ). 

T ~with soilless culture (aquaculture} were carried out in !0-l.iter 1quaria as indi
.::lted in Fig. 1. The water was aer:awd md r~cuiated with .m arrtift. Plants were 
:lOwn as precultures in perlite soaked 'Ntth the ':eSt soiution !nutrient 30lution with 
che test chemical concentration) to be tested in r.he aquaria. T 'NO to three da-ys after 
germination 'lle young piants were taken from the pots with perlite and placed with 
their roots in the test solutions in the aquaria. Test ..:oncentrations were spaced by a 
factor of3.2 and expressed in mil.ligrama per liter of autrient solution. One :iQuarium. 
'1ti!th 20 plants.. was used tor ~ch test ccm .. -entr.1tion. 

The test conditions aad measurements were as J:ar 1S posszble anal~ous to :hose 
m the scil tests as noted above; in addition, the ox:-gen ccntent of the t.est 30iutions 
was monitored during the test. 

As far as possible the concentration oi the chemicals was determined by chemical 
;~nalyses at two or three dose levels in the soils and nutrient soiutioa at the start and 
:::nd of the test Chemical analyses were oot carried out for KC'JO, or TCA, or for 
OCAin soil. The other test compounds were analyzed after mild extraction (e.g., with 
acetone, ethanol, or methanol) of the scilmd usually by dirm anal~ cfthe nutrient 
solutions. Oeanup procedures were used where na--essary. Usual analysis and detec
tion methods were used (AAS for metals, GC with ECD or FID. or ~otomet
ric analysis for the organic compounds). Additionally, cadmium was also analyzed 
in s."Jrne of the piant samples. 

For each plant species, test compound. md medium, a carte o{ the a..,~ wet 
weight per plflot with its standard deviation after 2 weeks of growth venus the COil\."eel
trarion of the test compound was constructed (examples in Figs. 2 and 3) and from 
this relation the EC50 (and its confidence limits) was calculated according to Kooij
man i:!l a/. ( 1983): 

~c1 = Wo /[I + ( E~J1 ' 
w':lere Wfc1 is the weight at concentration ~- W1 is the weight of the control plants, g 
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F!G. 2. Growth of oats. lertuce, or tomato at -,arious concrnttations of 'K.003 in :nnrient ~ 
liter-'). (-l Oats. 18 days .uler sowing; (---1 :enuce. (9 days mer sowing; 1-·. -)tomato, !9 da'Yl'l 
sowing. 

is :he paramder tor the gradient, and ECj() is the concentration at which the 
Jf me plants is half ,Jf t.hat of the: control plants. 

The highest concentration te3ted that did net -."ause a plant weight significa:nd 
different from the control weight was .jeter.runed with the Student t test at a :5% 
of significance and is indicated as no observed ~tfect concentration (~OEO. 
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TABLE 1 

.-\ VEIUGE (Ol'<CE!'<TRA T:Ol'<S OF CHEMICALS lN TEST MEDIA AT THE START ( l = 0) A.ND E!'<D 

( l = 14 d) OF THE TEST 1N ?ERCENTAGE OF ~OMINA.L V "LL;"ES 

~utrem soluticn 

r <!St compoiJnd l = 0 : = .4 d 

Cr •-lQ l i3 
(j 1•)4 30 
D!PA l ' . 't J4 
DNI r !03 
DMQ l4 ~.., 

OCA lO ~7 

TPBS 9~ 57 
TCP Ill 0 

• ~ot de-.ennined. 
• Com:ctcd for background levels in the~ 

t=O 

~6 
;·.; 

'li) 

ijJ 
,-jJ 

n.J. 
83 

\.ledium 

Luam 

[ = 1-4 d 

n.d." 
106' 
63 
44 
39 
n.d. 
5B 

' i)..J 

RESULTS 

Humic sand 

t = t) ; = l4J 

36 11 &6b 
·n• 8.:: b 

43 n.d. 
34 65 
74 65 
n.d. n.d. 
78 64 
92 IJ.7 

The results of the chemical analyses (Table 1) revealed that the concentrations of 

the chemicals for the tests in nutrient ~iution '""ere within a range of about 20% 

around the nominal value at the start of j}e test. DCA and TPBS decreased to about 

50 and 60%, respectively. of the nominal value at the end of the test and TCP was no 

ionger detectable. The concentrations of the ether test compounds at the end of the 

test were about the same~ as those at the start. The concentrations of Cr and Cd in 

both soils, at the start ana end of the test, were-when corrected for the background 

values for these elements-about equal (·Nithin 15%) to the nominal values. The 

background .;oncentrations were about 20 (loam) or lO (humic sand) mg Cc per kilo

gram dry soil and about l mg C d per kilogram dry soil for both soih. The concentra

tions of the organic com~unds in soil were mostly somewhat lower tbaJi the nominal 

values. The concentration ofTCP -1t the :nan of the test was about equal to the nomi

nal value, but as in the nutrient 50iution, this compound disappeared almost com

pletely during the exposure period. 

The somewhat low figures deter.ni.oed. compared to the nominal values, are as-

sumed to be a consequence of a rapid adsorption to soil and the mild exlnctioa 

method used in the analytical deter.ninations. Furthermore. since a difference of a 

factor of 2 in results is not considered of great importance in environmental testing, 

all results ~expressed relative to the nominal concentrations tested 

Figures 2, 3, .md 4 present examples of the results of the growth tests. Flgures 2 

and 3 are straightforward dose-response curves tbr K003 in nutrient solution (Ftg. 

:!) and in one of the soil typ.!S (loam, Fig. J). Figure 4 compares the resuits in three 

media (nutrient solution. humic sand. and !oam) for one of the three plant species 

!JSed (oats). In Ftg. 4 the concentrations of the chemical in both soil types were calcu~ 

!.a ted in millignm per liter water based on the water content of the soils. e.g .. l 0 mg 

per kilogram dry soil equals 33 mg per liter water when the water conknt of the soil 
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F!C. !. Grcwtb Jf oats ;n three :nedia at •arioll5 .;on~ntranons ofKG~ cak"lllated per iiu::r -Jf 

;;hase 11 iter 1umem .;olUtion • l iter Jque<Jus ;mase: L.3 i(g ..vet ioam conSists of 1bout 300 nl 

ma ibout l kg <if" :oam: l.J wet humic sand con.Ssts of about .:00 mi .vater md about l q dry 

;and). i---) lUtrient ;oiution, tl! •Jays .after ·;owing;(--) ioam, 17 <lays after :JOwiug (-)humic 

jays alter 'ICwmg. 

is JO% based on dry weight. rnis conversion was made to estimate quaiitativef! 

enect ;Jf :lbsof1)uon of the chemical on the soil:· a large diffel"!!lce between the 

in :nilligr.ams ~r liter determint!d in the nutrient sclution and that cwc.~<raz,~~ 

milligrams per liter ~r •.he soli type t T.1ble J) implies :;ignificantly decreased ·•v< ..... -

ity vf the ...:cmpound to the piants. 'Wllen ilie presence in the soil is established 

:ihown by chemical analysis, it is assumed that substantial binding to the soil · 

occurred.. 
For each of the t 0 ·:hemicals tested. six figures were established, the results of 

are summarized in Tables 2 and 3. The EC50 and NOEC values 1n these tables 

based on the acminal concentrations. The oxygen concentrations in the · 

soiutions were always >6 mg liter- 1 and would not have influenced the test 

The pH values of the test solutions and scils were-with a few exceptions-the 

as these of the contro~ only high (~300 mg per kilogram or liter) COtllCCtltr.lltiOIMt 

D(PA or TCA altered the pH of the media to some extent. In the case of DIP A 

may ha,·e caused (,pan ofl the effects found. The dfects ofTCA were found at 

concentrations th.a!l those influencing the pH. The water content of the loam 

humic $Uld during testing was about the same in all tests, viz., 29.5 and 30.4%, 

tively, based on dry soil. 

DISCUSSION 

The EC~ values in humic sand Nere in ge:1eral somewhat higher (2-5 times) 

those in luam •T.1ble ~\ indicating less adsorption of most chemicals to loam, 1le 

type prescribed i.n OECD 208. Only cadmium was probably .1dsorbed more tu ' 

as revealed by comparison of the EC50 values. Since the adsorption of cadmium 
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TABLE 2 

EC50 .• .. 'lD NOEC VALL"ES" 

EC~o i mg ~~- 1 ) ~OEC (mg icg- 1) 

T~ 
~om pound \-fet1ium :_.-!rtuee -:-.~mato Oats ~.!!tuce Tomato Oats 

Cr Loam;) : . .:i 1.8 7.4 .).]:5 3.2 3 . .5 
Hum1c 'land >!l .:l 31 >' ~ lO I! 
~-utriem ;oiution !). !o •)..:9 1.4 i).ll4 0.1 t :).12 

CJ _oam '. I-; 159 32 l•) 

':-!um1C -;and 1.36 !() 97 3: <3.2 w 
'-iutrient >eiution 0.84 j_Q 6.0 <0 35 1.1 <3.5 

KC!03 L.uam ~.6 : :~ 107 LO 3.2 !0 
Humic :>and ~ :o I 17 3.1 10 iO 
Sutnent )Oiution 10 16 137 3.4 3.3 3A 

TC\ L;am ·~ I ~4 -1.6 3.2 3:! '0 _, 

Hurruc 'land 560 124 3.! 100 32 3.2 

::'l11trient solution 48 59 19 l! 3.2 l.l 

DlPA L}lllll 560 624 725 100 iOO 320 
Hum1c <;and 953 I I 1~ i880 320 32 100 
Sutnent 3Ciution 183 !30 594 34 108 108 

DN"T LJam 5.& 4.9 46 3.1 3_2 li 
Humic )aDd lJ :o 1<; -·- 3.2 3.2 10 
.'lutrient -;oiution 2.1 :.l 5.3 !.1 0.33 1.1 

DMQ L)llJQ l4 l6 26 1.0 10 10 
Humic sand 55 57 78 3.2 10 32 
:"iutrient 301ution ~.3 2.0 H 0.34 0.34 0.34 

OCA Loam 18 18 28 10 10 10 

Humic sand 136 68 107 32 32 32 
~utnent .30iution ~ ~ 

),..J u 6.8 i).J5 LI 1.1 

T?BS Lvam -:"0 11 t :os <1.0 32 :oo 
Humic :;and ~ 216 217 56.7 !0 10 100 
'fument solution 6.7 11 21 0.34 3.4 3.4 

TCP loam !80 3'~-· -J 560 32 100 !00 
Humic sand 144 398 514 32 100 100 
:"'utrient solution 2.2 l.O 6.8 O.ll 0.11 <0.35 

' Based on :ng tc:.'t .:omoound per kg dry ,00 or mg per liter ( = kg) nutrient 301utioo for 10 dlemicals. 
' Loam ;ACCOrding to specJ.fications in OECD 208. 

day particles present in silt is known to be high (CEC, 1981 ). this is to be expected. 

For all other chemicals the adsorption to humic sand was higher than tbat to loam. 

in agreement with tlle higher content of organic matter of humic sand :md the nature 

of the chemicals \neutral organics or ae-ptively cha.--ged ions)_ 

Lettuce and tomato were about ~uai in sensitivity to the chemicals. with lettuce 

:.eing slightly more sensitive_ Oats were-on average-three times less sensitive than 

the dicotyledons. ex1.-ept to TCA. a known monocotyledon toxicant. 

Table 3 clearly shows !ewer EC~ values {based on dosed amounts) for the chemi

cals when tested in nutrient solution than when tested in the soils. This indicates that 

part or most of the chemicals in the soils was not available to !.he plants. most proba

bly due to adsorption to the soils. 
By Jetermining the raucs between the EC~ values m soil (based on its water con

tent) and nutrient sclution (EC~ soil;EC~ nutrient solution), the lowest ligures (3- I 
~ 
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T.o\BLE 3 
EC30 V 4.LL:ES" BASED ON TilE ASSt.:'MPTION THAT TilE TEST COMPOL'ND COINC'ENTR PREsENT IN SoiL Is TOTALLY PREsENT IN THE W A TIR PHAsE_ 

COMPARED TO EC30 V.-\LL'ES IN :"fL'TlUEl'ol SoLUTION 

EC ~ • :ng .:>er liter -Nar.erl 
T~ :cmpound \ledium L;!t:uce T.:.mam 

Cr '-(utr.em solution 0.16 0.29 
lvam 5.9 22 
Humic >and <38 68 Ca Sutrient solution 0.84 3.0 L0am 114 561 
Humic sand -no 53 KCW1 :-iutric:nt solution 20 i6 Loam ~q 58 
Humic sand i43 65 TCA Nutrient.soiution 48 59 
Loam 123 510 
Humic sand 1300 407 DIP A :"lutrient soiurion 283 ;go 
[.<);UQ :300 2!00 
Humic sand 3062 3595 DNT ~utnem solution 2.1 2.1 
Loam \9 16 
Hum1csand 42 33 DMQ :'iutr:ient iOlution 2.3 2.0 Loam 49 55 
Humic sand 171 176 DCA ~utrient solution 3.5 4.3 
L1aiD 56 6.1 ,. Humic <;and 45! 225 T?BS :'iutrient .>elution 6.7 12 
LJam :39 382 
Humic1alld 743 748 TCP" Nutrient 10lution 2.2 1.0 Loam 560 1118 
Humic sand 470 1301 

" ln .:ng per titer ·.vater. 
• Probaoly mpidly degraded in all merlia and even faster in soil than in water. 

3r;4 

5) in both soils were found for K003 and TCA, very water-soluble dissociated pounds for which a relatively low adsorption to soil is to be expected. (The"''"""'·~-, ....... charged ions will not adsorb strong!y to day particles present in Uit-which are charged n~tively-or to organic matter.) For DMQ, DCA, and TPBS the were abo~t the same: :20-30 for loam and 70-90 for humic sand. DfPA and also had about the 5ame :-atio: 7-8 for loam and 10-20 for humic sand. The were high but irregular for Cr and Cd and exceedingly high for TCP. The latter neglected because of tbe probable rapid disappearance ofTCP. Figure 5 >bows the results for determinations ofCd in tomato exposed to con nated nutrient solution (at fcur levels) :x humic sand (at cwo levels). On the baSs the dosed amounts of Cd in nutrient solution, the EC50 for tomato is 3 mg 
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FrG. 5. Relaticn :,er.;vP.en internal concentration •lfCd in tomato plants :md tbe EC10 values obtained iD 

::tutnent solution IEC10 = 3 mg !-')or burmc sand (EClO = !6 mg kg-'). 

(Table 2); from the graph it is l!stimated that at that concentration the plants con

tained about 150 mg of Cd per \cilogram dry tomato plant leaves. On the basis of the 

dosed amounts of CJ in .humic sand, the EC50 for tomato is 16 mg kg- 1 (Table 2); 

from the graph it is e.~>'timated that at that concentration <:he plants contained aoout 

1 ZO mg of Cd per kllog:ra:m dry tomato plant 'leaves. Apparently the EC~ for Cd :S 
reached at about the same concentration llf Cd in the plants. This :nay taken as an 

indication that the difference in EC~ may be explained mai.nty on the basis of physi

caJ retention (adsorption) by the soiL 
Table 4 compares the toxicities of six of the chemicals to the higher pfants deter

mined in the aqueous medium with those to duck weed and unicellular green algae 

(cf. Adema 1985), a1l based on EC50 values for growth. The EC~ values for these 

various organisms are surprisingly dose, indicating common sensitivity of these 

diff'erent plantS to the chemicals used, which might be due to the invclvement of a 

plant system common to the species. Photosynthesis suggests irself as such. 

CONCLUSION 

It is su~ed that the test in nutrient ~lution can form a basis for toxicity determi

nations of chemicals for higher plants. The test is easily conducted; chemical analysis 

in water is less complicated than that in scils, test concentrations can be maintained 

when desired (as in aquatic toxicology by :ontinuous flow or renewal systems), and 

plant growth is standardized (in various soils this is dependent on the soil "quality,.). 
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. '• 
COMP.VUSON OF PL\NT TO~ 

Combined with the determination of the adsorption (and degradation if relevant) of 
chemicals to various soils, the toxicity (EC~ value) in those soils may be calculated. 

rather than determined by soil tests with plants; if necessary the result so obtained 

c:1n be conftrmed by a limited number of actual soil tests. Taking into account the 

considerable influence of adsorption of test chemicals to soil particles. and the indica

:Ion by the experiment Nith ..::~dmium that !he internal concentration of the agent is 
•he decisive factor in toxici~'· it is >uggested 1lat scilless culture of terrestrial plants 
should aiso be :;eriousty cc n:;aiered !n ~otoXJcological testing . 

. \CK;.'iO'i\'l.ED':-ME~'T 

This =rcn was supponerl :n pan ~Y ;be Mirust.ry Jt HoUSing, Physical P1.anning and Environment. 
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