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FiG. 1. Test system for plant growth text in autrient solution {soilless culture).

Tests with soilless cuiture (aquaculture) were carried out in {0-liter aguana as indi-
cated in Fig. 1. The water was aerated and recircuiated with an airlift. Plants were
sown as precultures in perlite scaked with the ‘est soiution (nutrient solution with
the test chemical concentration) 1o be tested in the aquaria. Two o three davs after
Jermination the young piants were taken from the pots with periite and placed with
thelr roots in the test sclutions in the aguaria. Test concentrations were spaced by a
factor of 3.2 and expressed in milligrams per liter of autrient solution. Oue aquarinm,
with 20 plants, was used for 2ach test concentration.

The test conditions and measursments were as far 1s possible analogous o those
0 the scil tests as acted above; in addition, the oxyzen ccntent of the test solutions
was moenitored during the test. :

As far as possible the concentration of the chemicals was determined by chemical
analyses at two or three dose levels in the soils and nutrient solution at the start and
2nd of the test. Chemical analyses were not carried out for KCIO; or TCA, or for
DCA in soil. The other test compounds were analyzed aiter mild extraction (e.g., with
acetone, ethanol, or methanol) of the scil and usually by direct analvysis of the nutrient
solutions. Cleanup procedures were used where necessary. Usual analysis and detec-
tion methods were used (AAS for metals, GC #ith ECD or FID, or spectrophotomet-
nic analysis for the organic compounds). Additionally, cadmium was also analtyzed
in some of the piant samples.

For each plant species, test compound. and medium, a curve of the averzge wet
weight per plant with its standard deviation after 2 weeks of growth versus the concen-
tration of the test compcund was constructed (examples in Figs. 2 and 3) and from
this relation the EC, (and its confidence limits) was calcuiated according to Kooij-

man ¢t al. (1983):
. C V¥
;’Vm: WO/{I +(ECSO) I’
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where W, is the weight at concentration ¢. W} is the weight of the conuol plants, g
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£1G. 2. Growth of oats, lettuce, or tomato at varicus concentrations of KCIO, in autrient sohrtion &
fiter ™). (—) Cats. 18 days 1fter sowing; (---} iettuce, {9 days after sowing; (~- - - ~) tomato, 19 days after
sowing. s

is he parameter for the gradient, and EC5, is the concentration at which the weiglny
of the clants is half of that of the:control plants. .
The highest concentration tested that did act cause a plant weight significantls
different from the control weight was .jetermined with the Student ¢ test at 2 3% v
of significance and is indicated as no chserved effect concentration {(NOEQ).
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F1G. 3. Growth of sats, lettuce, or tomato at various concentrations of KGO, in loam (mg kg™ based
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TABLE |

AYVERAGE CONCENTRATIONS OF CHEMICALS N TesT MEDIA AT THE START (£ = 0) AND END
(t = 14 d) OF THE TEST N PERCENTAGE OF NOMINAL VALLUES

Medium
Nutrient soluncn Loam Humic sand
Test compound t=0 r=.4d =0 r=134d t=9 ;= 14d
Cr 29 i3 36 n.d.* 86° 86°
Cd 104 30 i3 106’ 97° 33t
DIPA 141 34 20 63 43 a.d.
DNT ¥’ 103 63 44 34 3
DMQ d =2 33 39 74 55
DCA 30 47 a.d. n.d. a.d. ad.
TP8S 92 37 83 58 78 54
TCP 11t 0 w3 0.4 92 0.7
¢ Not determined.
# Corrected for background levels in the soils.
RESULTS

The results of the chemical analyses ! Table {) revealed that the concentrauons of
+he chemicals for the tests in nutrient sciution were within a range of about 20%
around the nominal value at the start of the test. DCA and TPBS decreased :0 about
50 and 60%, respectively, of the nominal vaiue at the ead of 'the test and TCP was no
ionger detectabie. The concentraticas of the other 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 siart and end of the test, were—when corrected for the background
values for these clements—about equal (within 15%) to the nominal values. The
background concentrations were about 20 :loam) or 10 (humic sand) mg Cr per kilo-
gram dry soil and about | mg Cd per kilogram dry soil for both soils. The concentra-
tions of the organic compounds in soil were mostly somewhat lower than the nominal
values. The concentration of TCP at the start of the test was about equal to the nomi-
nal value, but as in the nutrient sciuton, this compound disappeared almost com-
pletely during the exposure period.

The somewhat low figures determined, compared to the nominal values, are as-
sumed to be a consequence of a rapid adsorption to soil and the mild extraction
method used in the analytical determinations. Furthermore, since a difference of a
factor of 2 in results is not considered of great importance in environmentai tesung,
all results are, expressed refative to the rominal concentrations tested.

Figures 2, 3, and 4 present examples of the results of the growth tests. Figures 2
and 3 are straightforward dose-fesponse curves for KC10, in nutrient soiution (Fig.
2) and in one of the soil types (loam, Fig. 3). Figure 4 compares the resuits in three
media (nutrient solution, humic sand. and !cam) for one of the three plant species
used (oats). In Fig. 4 the concentrations of the chemical in both sotil types were calcu-
iated in milligram per liter water 2ased on the water content of the soils. e.g.. 10 mg
per kilogram dry soil equals 33 mg per liter water when the water content of the soil
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is 30% based on dry weight. This conversion was made to sstimate qualitatively |
affect of absorpuon of the chemical on the soil: a large difference between the £
in milligrams per liter determined in the nutrient scluticn and that calcuiated
milligrams per liter for the sou type (Table 3) impiies significantly decreased avaiia
ity of the compound to the piants. When the presence in the soil is estatlished
shown by chemical analysis, it s assumed that substantial binding to the soid
For each of the 10 chemicals tested, six figures were established, the resuits of whi
are summarized in Tabies 2 and 3. The EC, and NOEC values in these tables
based on the acminal copcentrations. The oxygen concentrations in the autnesf
soiutions were always >6 mg liter” ' and would not have influenced the test resel
The pH values of the test solutions and sciis were—with a few exceptions—the sares;
as those of the coantrois; only high (300 mg per kilogram or liter) concentrations
DIPA or TCA altered the pH of the media to some extent. In the case of DIPA &
may have caused {part of? the effects found. The effects of TCA were found at lov
concentrations than those influencing the pH. The water content of the loam
humic sand during testing was about the same in ail tests, viz., 29.5 and 30.4%, res

tively, based on dry soil.

DISCUSSION

The ECq values in humic sand wvere in geaeral somewhat higher (2-5 tumes) than
those in lvam  Table 2). indicating less adsorption of most chemicals to loam, the s

type prescribed in OECD 208. Quly cadmium was probably adsorbed more © lcam
as revealed by compariscn of the ECsq values. Since the adsorption of cadmium

<2
™)
o

bi

1 (<



-ilte
WX Canf. :ne,
3. % 3..06)
132.24 “.™)

4. .
P B 63.332)
3.59 8.5
nic sand
WX Zand. imt.
< .87 - 9.58)
{ M3.45 - 389.713
4 9.589 - 0.68)

Jer liter of aqueous gl
pout 00 ml water S3EE
yut | kg dry humic
—) Jumuc sand, 17

ualitatively the o
cween the ECy
t calculated in
sed availabil-
-tablished as §
. the soil has 28

-esults of which
‘hese :ables are
n the nutrient
-he test results.
ons—the same .0
ncentrations of 3§
e of D{PA this "%}
‘ound at lower
{ the loam and

-30.4%, respec- %8

‘-5 umes) than
yloam. the soil
more to loam, 3
f cadmium to

COMPARISON OF PLANT TOXICTYIES

TABLE2

ECs0 AND NOEC VaLUES*

EC.oimgig™ " NOEC (mg kg™
Tast
compound Medium tartpce  Tomato  Qats Latuce Tomato  Oars
Cr Loam’ 2.3 3.8 7.4 3.33 3.2 3.5
Humuc sand >1i R 31 >t 10 it
Nutrient soiution 1).i0 2.29 14 .04 0.1 212
Cd _cam Ek 175 139 iz 32 i)
Humic sand P36 16 97 2 <3.2 0
Ntrient sciuticn 0.84 3.0 6.0 <0.35 1.1 <335
KC10, Loam 3.6 3 107 1.9 3.2 10
Humac sand 34 0 117 3.2 10 i0
Nutnent solution 2 i9 137 14 3.3 3.4
TCA Loam - 1354 15 3.2 2 10
Humuc sand 260 124 3.1 130 32 32
Nuwsent sciution 48 39 {9 it 32 1.1
DIPA Loam 560 624 725 100 100 320
Humic sand 953 i1i3 1880 320 32 i
Nuinent sciution 233 130 594 4 108 108
ONT Sam 5.3 19 46 3.2 32 tl
Humic sand 13 K1) 1S 3.2 3.2 10
Nutrient soiution 2.1 2.1 53 .1 0.33 1.1
DOMQ Loam 14 1G] 26 1.0 i0 10
Humic sand 35 37 73 32 10 32
Nutrient sclution 2.3 2.0 3.9 0.34 0.34 3.24
DCA Loam 13 18 28 10 10 10
Humic sand 136 48 107 32 32 2
Mutrient soiution 3.5 4.3 6.8 9.35 1.1 1.1
TP8S Loam 70 11t 208 <1.D 32 100
Yumic sand To2i6 217 367 10 10 100
Nutnent sofution 5.7 12 21 0.34 34 3.4
TCP {Loam { 323 360 32 100 100
Humic sand i 398 514 32 100 100
Nuitrient solution 22 1.0 6.8 0.1t 0.1t <0.35

+ Based on mg test compound per kg dry s0il or mg per liter (= kg) nutrient solution for 10 chemicals.
7 { oam according to specifications in OECD 208.

clay particles present in silt is known to be high (CEC, 1981), this is to be expected.
For ail other chemicals the adserption to humic sand was higher than that to loam,
in agreement with the higher content of organic matter of humic sand and the nature
of the chemicals {neutral organics or aegatively charged ions).

Lettuce and tomato were about 2quai in sensitivity to the chemicais, with lettuce
neing stightly more sensitive. Oats were—on average—three times less sensitive than
the dicotyledons. except to TCA, a known monocotyledon toxicant.

Table 3 clearly shows lcwer 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 act availabie to the piants, most proba-
blv due to adsorpticn 1o the soils.

By determining the rauos between the ECs, values in scil (based on its water con-

tent) and autrient sclution (ECsq soil/ECso nutrient solution), the lowest figures (3-
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TABLE 3

ECy VALUES® BASED ON THE ASSUMPTION THAT THE TEST COMPOUND CONCENTRA _
PRESENT IN SOIL IS TOTALLY PRESENT INTHE WATER PHASE,
COMPARED TG EC. VALLES IN NUTRIENT SOLUTION

EC.o { mg per liter warer)

Tzst compound Vedium Lettuce Tomato
Cr Nutrient sclution 0.16 0.29
Loam 3. 22
Humic sand <38 68
Ca Nutrient solution 0.84 3.0
Loam {14 561 3
Humic sand 430 33
KCl0, Nutrient solution 20 i6 L¥2
Loam X9 58 Ind
Humic sand 143 65 :
TCA Nutriem sojution 48 59
123 510
Humic sand 13¢0 407
DIPA Nutrient sciudon 283 130
Lcam 1300 2:00
Humic sand 3062 3598
DNT Nutrient sciuticn 2.1 2.1
{ sam 19 16
Humic sand 42 33
DMQ Nutrient soiution 2.3 2.0
Loam 49 35
Humic sand 171 176
DCA Nutrient solution 35 4.3
Loam 36 83
~ Humic sand , 451 225
TP3S * Nutrient sciution 6.7 12
Loam 239 382
Humic sand 743 748
TCP? Nutrient sciution 2.2 1.0
Leoam 560 1118
Humic sand 470 1301

“'n my per liter water.
b Probably rapidly degraded in all media and even faster in soil than in water.

5) in both soils were found for KCQ1O, and TCA, very water-soluble dissociated
pounds for which a relatively low adsorption to soil is to be expected. (The negans
charged ions will not adsorb strongly to clay particles present in siit—which are
charged negatively—or to organic matter.) For DMQ, DCA, and TPBS the rz
were about the same: 20-30 for icam and 70-90 for humic sand. DIPA and D}
also had about the same satio: 7-8 for loam and 10-20 for humic sand. The raticg
were high but irregular for Cr and Cd and exceedingly high for TCP. The latter are.
neglected because of the probable rapid disappearance of TCP.

Figure 5 shows the resuits for determ:nations of Cd in tomato exposed to contami
nated nutrient sofution {at four levels} 5 humic sand {at two levels). On the basis aofj
the dosed amounts of Cd in autrient solution, the ECs, for tomato is 3 mg
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F1G. 5. Relaticn »etween internal concentration of Cd in tomato plants and the ECy, values obtained in
autnent solution (ECy = 3 mg 1™") or bumic sand (ECy = 16 mg k8™').

(Table 2); from the graph it is estimated that at that ccncentration the plants con-
tained about 150 mg of Cd per Giogram dry tomato plant leaves. On the basis of the
dosed amounts of Cd in humic sand, the EC5 for tomato is 16 mg kg™* (Table 2);
from the graph it is astimated that at that concentration the piants contained about

120 mg of Cd per klogram dry tomato plant leaves. Apparently the ECy for Cd is
reached at about the same concentration of Cd in the plants. This may taken as an
indication that the difference in ECs may be explained mainty on the basis of phrysi-
cal retention (adsorption) by the soil.

Table 4 compares the toxicities of six of the chemicais to the higher plants deter-
mined in the aquecus medium with those to duck weed and uniceilular green algae
(cf. Adema 1983), afl based on ECs values for growth. The ECy, values for these
various organisms are surprisingly close, indicating common sensivity of these
different plants to the chemicais used, which might be due to the involvement of a
plant system common to the species. Photosynthesis suggests itself as such.

CONCLUSION

Itis suég&ed that the test in nutrient solution can form a basis for toxicity determi-
nations of chemicais 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 1oxicology by :ontinuous Jow or renewal systems), and
plant growth is standardized (in various souls this is dependent on the soil “quality™).
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., TABLEY

COMPARISON OF TOXICITY AMONCG AQUATIC PY ANTS®

100 3 BCy, < 1000

ECm( | ! SEC,(‘ < )

10s EC;» < 100

Chemicalk A D O T LA D O + ¢t A p O T L a4 L) O T L §
Cr 03 02 11 13 14 :
>
DIPA 5 w0 a0 180 280§
DNT 3 2 52 2 x
PMQ 4 202 2 e E
DCA 7 4 4 11 ) r4
TPHS 760 20 21 2

R

Noute. “Thie dara on duckweed und unicellular algae are quoted from Adciia { 19835). The other dava are from the prescn
syslemis und caprussed as EC, values ( £, growth),

' * Unicellutar algac (A), duckweed (I2), and terrestriat plants (oats (0), wniato (1), and leuuce (1.)).

t publicaton. Toxicity determined in agueous
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Combined with the determination of the adsorption (and degradation if relevant) of
chemicals to various soils, the toxicity (ECy value) in those soils may be calculated,
rather than determined by soil tests with plants; if necessary the resuit so obtained
can be confirmed by a limited aumber of actual soil tests. Taking into account the
~onsiderabie influence of adsorption of test chemicals to sail particles. and the indica-
don by the experiment ath cadmium that the internal concentration of the agent is
:he decisive factor in toxicity, it is suggested that sciliess culture of terrestrial plants
should aiso be seriousiy considered in scotoxicslogical testing.
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